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Abstract

Dryer systems play a very significant role in most process industries. There are different composers of dryers based on its
nature of drying and the item being utilized for drying. Some dryers use direct contact and some involve indirect contact
for drying. But most widely used dryers are associated with a conveyor system which utilizes the transportation of materials
along with smooth drying. Implementing a proper design of dryer along with a conveyor is very much essential and
eliminates or reduces the non-uniformity in the drying of materials to improve the system efficiency. Some dryers work on
electricity and some on solar systems. In this paper, we have prepared a literature review of the proposal and performance
of various dryer and conveyor systems. Application of thermography for dryer systems will help in predicting the nonlinear
nature exhibited in the dryer system thereby enhancing the protection and proper control for even drying of materials.
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1. Introduction

Drying is one among the imperative procedure associated
with pressing, saving and expulsion of dampness in ventures.
Outdoors or sun drying is the most widely recognized and
least expensive technique utilized as a part out of every other
place on earth particularly to dry farming items. Nourishment
items are dried for safeguarding them for a more drawn out
period. Leafy foods constitute a noteworthy piece of the
nourishment items in creating nations. Drying is one of the
regular and normal techniques which is utilized for protecting
the leafy foods. Numerous assortments of natural products are
occasional and a large portion of them are saved and
expended in their dried shape to quite a while [10]. Drying
evacuates the dampness inside the item by the warmth and its
resulting dissipation from the item. Subsequently, drying
includes concurrent warmth and mass exchange [25].
Exposed sun drying involves prolonged drying time and item
quality is hard to control on account of lacking drying, high
dampness, contagious development, and infringement of
creepy crawlies, flying creatures and rodents, and others.
Open sun drying likewise requires a huge space [17]. Warmth
touchy items like nourishment, natural products, vegetables
and pharmaceutical items on use of high temperature diminish
item quality. For this situation, drying at low temperature and
dampness is required to keep up the crisp shade of the item
utilizing the desiccant framework [27-29]. The parameters
used to assess the dryers incorporate physical highlights of the
dryer, thermal execution, nature of the dried item, and price
of dryer alongside repayment time. These factors are likewise
appropriate for any dryer framework [30]. The assessment of
ease drying strategies utilized as a part of creating nations
depended on the accompanying contemplations: (I) starting
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expense is low; (ii) framework is anything but difficult to
introduce, work and keep up; and (iii) high drying rate and
better item quality are delivered. In the determination of dryer
composes, everything contributed at an alternate rate to the
last score [31].

Numerous dryer writes have been utilized as a part of the
household and industry areas. The dryers that are usually
utilized are plate type, burrow type, drum type, fluidized bed
type, splash type, streak type, revolving type, belt type,
vacuum type and stop dryers. Among these dryers, the plate
dryer is the most widely utilized due to its basic and monetary
plan. Warming might be created by hot air stream over the
plate, conduction from the warmed plate, or radiation from
warmed surfaces. In a plate dryer, more items can be stacked
as the plate are organized at various levels. Great wind stream
appropriation will guarantee the last dampness substance of
the dried out items on the plate are uniform. Regularly the
dampness content is dictated by utilizing electronic adjust to
get the distinction between a last and starting mass of the item
[17].

The conveyor is utilized as a part of numerous ventures to
carry products and items between phases of a procedure.
Utilizing conveyor frameworks is the decent method to
diminish the dangers of musculoskeletal damage in
assignments or procedures that include manual taking care of,
as they lessen the requirement for tedious lifting and
conveying. These conveyors stay a ground-breaking material,
taking care of hardware. They offer the chance to help
efficiency, lessen item taking care of and harm, and limit
work content in an assembling or circulation office.
Conveyors are for the most part delegated either unit load
conveyors which are intended to deal with particular identical
units, for example, containers or else beds, and process
conveyors which are intended to deal with free item, for
example, sand, rock, espresso, treats, and so forth which are
encouraged to hardware to promote tasks or blending. It is
very regular for assembling manufactory to consolidate both
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process and unit load conveyors in its tasks. Roller conveyor
isn't subjected to the multifaceted circumstance of stacking
and still, it brings into being that it is composed with a
sophisticated feature of security. On the off chance that we
have updated basic parts like roller, shaft, bearings & frame
and so forth at that juncture, it is conceivable to limit the
general mass of the assemblage. Driven belt conveyors are
significantly long enough from 9 kilometers to 10 kilometers
when contrasted with roller conveyor [1]. Belt-conveyors are
further tolerable than other different methods for transporting
mass materials. They work unnoticeably and recurrently on
their own particular fenced in areas, which when attractive
can be situated over the perplexity and wellbeing dangers of
surface movement or in little passages outside of anyone's
ability to see and hearing distance [32]. Belt conveyors are
one among the principle transport gear in coalfield, driving
barrel and strap is the crucial part. Rubbing standard is
utilized to start machine-driven energy for strap conveyor. So
rubbing is the main impetus and utilized to raise
transportation effectiveness of conveyor along with the
acceleration of the dynamic energy of barrel. Vitality sparing
and proficiency, erosion, fire and security, upkeep and
investigation are the other key variables of belt conveyor plan
[33]. The greater part of the analysts concentrated on plan
change to diminish the pulley (barrel) and strap catastrophes,
upkeep fee, interruptions, vitality utilization & in general cost
of the framework for consistent transportation of material [2].
There are the floor and overhead conveyors accessible in the
showcase. This kind of conveyor comprise of intensity and
free, encased tracks, I-Beam, and towline based. These
frameworks are utilized as a part of different ventures in view
of the advantages they give [4]. Conveyor framework is
normally utilized as a part of different segments including
Automobile, Agriculture, Cement industry, Fertilizer, Food
Processing, Chemical, Pharmaceutical, Coal mine,
Limestone, Aerospace, Bottling and Canning and so on. The
reason for such material taking care of gear is to exchange
merchandise with high proficiency, less material transport
time, no compelling reason to loosen off the chain or re-strain
while changing Flights and simple establishment [5].
Appropriate consideration ought to be paid while planning the
roller conveyor framework for the specific application. For
instance, Gravity conveyors are outline without considering
the torsional impact on the roller shell. As the application
changes, the plan of the roller may differ as far as shaft,
center, and shell get together. In the majority of the
exploration papers, essential parts of roller conveyors like
Roller, skeleton and segments and orientation were focused
for weight streamlining. By applying essential outline ideas
precisely as per the stacking conditions for every individual
from the framework, one can plan the framework with a huge
change of the segments [6]. Presently multi day's request of
worth items from client, meticulousness, and fastidiousness
in definite yield from the material management is essential
because the manual material management has some
restrictions and is required for best material dealing with
framework emergence. It was discovered that such huge
numbers of businesses are as of now utilizing manual dealing
with which brings about the mistake in powder extents at end
utilize, delay in activity because of manual blunders and
different constraints [7]. All raising and passing on
mechanisms can be separated by their working standards into
dual extensive gatherings as sporadic movement and
unceasing movement. Discontinuous movement incorporates
a wide range of cranes, lift carriers, surface conveyor
methods, airborne trams and links, skyscrapers and so forth.
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Nonstop movement incorporates conveyors with pneumatic
and water driven implies and so on which may be called as
constant conveyor machines or passing on machines.

The conveyors are ordered into various classes those are
as per the following chute, wheel, roller, chain, slat, level belt,
Magnetic belt, troughed belt, bucket, vibrating, screw,
pneumatic, cart on track, tow, trolley, power and free,
monorail, sortation conveyors [8]. Conveyors are picked in
view of the applications or procedures with a mix of at least
two conveyor writes as per the need. The conveyor
development speed is likewise chosen in light of the
application it is being utilized. A few conveyors framework
for transportation of containers, coal, sand, and so on require
rapid and a few conveyors taking care of delicate and fine
materials require to bring down the speed of developments.

Thermography is a system used for failure investigation
approaches in electrical businesses. It is additionally the
science devoted to the securing as well as handling of heat
data from non-interaction estimation gadgets [36]. It depends
on IR emission, a type of electromagnetic emission with
lengthier wavelengths than the noticeable light. Any factual
at a hotness above absolute zero emanates IR emission [37].
The mortal eye can't grasp this kind of emission. In this
manner, IR estimating gadgets are essential to obtain and
route this data [38]. An IR thermography camera is
fundamentally an audio-visual recording gadget, which
measures each edge or grouping put away, in a moved
wavelength radiometric warm air and grasps, for the heat
assessment. The hot emission indication identified by the IR
camera is the consequence of the hotness subordinate dark
body emission and the estimation of nearby infrared
emissivity [34-35]. Infrared estimating gadgets get infrared
radiation discharged by a protest and change it into an electric
indication [39]. The utmost essential infrared gadget is the
pyrometer, which creates a solitary yield utilizing a solitary
sensor. Recently developed gadgets incorporate a variety of
feelers to deliver a definite IR picture of the scene. The
distinction between an obvious picture and an IR picture is,
the observable picture is a portrayal of the replicated light of
the scene, while the IR picture is the source which can be seen
by an IR camera deprived of light. Pictures obtained utilizing
IR cameras are changed over into observable pictures by
allotting some shading to every IR vitality level. The outcome
is an untrue-shading picture termed a thermogram [40].

2. Modelling and Overview

2.1 Dryer Systems

For every last item, there is a delegate bend that depicts the
drying attributes for that item at a particular temperature,
speed, and weight conditions. This bend is alluded to as the
drying bend for a particular item. Figure beneath
demonstrates an ordinary drying bend. Varieties in the bend
will happen mainly in rate in respect to carrier velocity and
temperature. Drying happens in three unique periods, or
stages, which can be obviously characterized [48].

The principal stage, or introductory period, is the place
sensible warmth is exchanged to the item and the contained
dampness. This is the warming up of the item from the
channel condition to the procedure condition, which
empowers the resulting procedures to occur. The rate of
dissipation increments significantly amid this period with for
the most part free dampness being evacuated. In a few
examples, pre-preparing can diminish or dispose of this stage.
For instance, if the feed material is originating from a reactor
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or if the feed is preheated by a wellspring of waste vitality,
the bay state of the material will as of now be at a raised
temperature.

First drying stage
/

,n"l
4

Second drying stage
.n-""-----

Rate of drying

Third drying stage

-

Time
Fig. 1. Drying curve

The second stage, or steady rate period, is the point at
which the free dampness holds on the surfaces and the rate of
dissipation adjusts next to no as the dampness content
diminishes. Amid this period, drying rates are high, and
higher channel air temperatures than in resulting drying stages
can be utilized without hindering impact to the item. There is
a progressive and moderately little increment in the item
temperature amid this period. Curiously, a typical event is that
the time size of the consistent rate time frame may decide and
influence the rate of drying in the following stage.

The third stage, or dwindling rate period, is the phase
amongst which relocation of mugginess from the interior
cracks of every single fragment to the peripheral surface turns
into the coercing cog that decreases the desiccating rate.

A mistaken dryer for a specified tender is as yet a pitiable
dryer, paying little respect to just how sound it is outlined.
Take into account that negligible variations in the piece or
physical assets of a specified item can impact its dehydrating
attributes, dealing with characteristics, and so forth,
prompting an alternate item and in approximately few
circumstances leading to severe impasses in the dryer.

Assessments ought to be completed using "genuine"
inputs and not a "recreated" one anywhere achievable. Albeit
at this juncture we will concentrate just on the determination
of dryer, as it is essential to take into account that practically
speaking we should choose & indicate a dehydrating
framework which will incorporate pre dehydrating steps and
additionally the post-drying phases of fumes gas cleaning,
item accumulation, incomplete distribution of depletes,
cooling of item, covering of item, agglomeration, and so on.
The ideal financially savvy decision of dryer will depend, at
times essentially, over these steps. Meant for instance, a solid
pale raw material can be weakened to the propel-able semi-
liquid mixture, fine droplets and dehydrated in a splash dryer
to deliver a triturate, or it might be made to pellets and
dehydrated using a liquid bed or through exchange dryer or
dehydrated using a revolving or liquid bed component.
Additionally, now and again, it might be important to analyze
the whole stream sheet to check whether the dehydrating issue
can be rearranged or wiped out. Ordinarily, warm dehydrating
is a request of-greatness more affordable than dissipation
which, thusly, is many-overlay vitality effective than warm
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drying. Requests on item quality may not generally allow one
to choose the minimum costly choice to construct exclusively
with respect to warmth and mass exchange contemplations,
nonetheless. Regularly, item quality necessities have a
superseding impact on the determination procedure. As a
base, the accompanying quantitative data is important to
touch base at an appropriate dryer [49].

The complete modeling of the dryer process along with a
belt conveyor with the technical specifications has been
discussed by Kiranoudis (1994) [51]. According to the
physical construction these dryers are classified into Rotary
Dryers, Pneumatic/Flash Dryer, Spray Dryers, Drum Dryers,
Fluidised Bed Dryers, Tunnel Dryers, Band Dryers, Hot Air
Dryer, Infrared Dryers, Tray Dryers, Freeze Dryers, Vacuum
Dryers and Microwave (MW) and Radio Frequency (RF)
Dryer [41]

2.2 Conveyor Systems
The plan of belt conveyor structure embraces assurance of the
veracious dimension of the strap conveyor segments and
additional elementary constraint esteems in a direction to
assure idyllic proficiency amidst mounding and evacuating
situations. A ration of the sections which are used to model a
conveyor system are roller diameter, dimension of the belt,
capacity of the conveyor and speed of the conveyor, strap
power and tautness, idler typography, pulley breadth, position
and planning of pulley, motor, type of drive unit, regulating
approach, projected presentation and maximum loading
capacity.

Roller diameter must be thought about alongside the belt
width. The equation for roller diameter is given by [53]

D =.,/(0.001273 * L x g) + d? )

The complete diameter is denoted as ‘D’ in meters, the
central diameter is denoted as ‘d’ in meters, the strap length
is denoted as ‘1’ in meters and the strap chunkiness is denoted
as ‘g’ in millimeters. The dimension of the strap which is to
be rolled is given by [53]

L=[d+{(57)» menj] @
The above equation can be rewritten as given below,
L=H*zn*N 3)

The external diameter of the roll is denoted as ‘D’ in
meters, the diameter of the roll core is denoted as ‘d’ in meter,
the no. of wraps of the strap is denoted as ‘N’ and the
elevation of the middle core is symbolized as ‘H’ in meters.
The total conveyor belt length is given by

l= “

E
0
here 1 is the total conveyor length in meters, a is the horizontal
distance in meters and 0 is the inclination angle in degrees.
The basic length of the belt is given by two times the length
of the conveying path. It is given as an equation below,
B=2*f %)

where f'is the total conveying path in meters and B is the basic
length of the belt in meters. The connection between the most
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extreme strap speed, roller breadth, and the comparative
upheaval or revolution every moment is specified as

__ V*1000%60

Dxm (6)

The number of revolutions per minute is mentioned as ‘n’,
roller diameter is mentioned as ‘D’ in mm and belt speed is
mentioned as “V’ in m/s [53, 54]. The breadth of the driver &
driven pulley is uttered by the type and dimension of
conveyor belting. The breadth of the pulley should be outlined
to such an amount that it doesn't put unjustifiable strain or
stress on the strap. The total span of a strap conveyor in meters
is the extent from the crucial point of pulley parallel to strap
stripe. Strap span is subject on both the pulley breadths and
focus partings [55].
S=d*n @)

The capacity of the conveyor is the multiplication of
swiftness and strap cross-sectional zone and is denoted in
kg/sec. The equation is given by
C=36*V*A*p ®)
here C is the conveyor capacity in kg/sec, the velocity of the
conveyor belt is mentioned as ‘V’ in m/s, A is the cross-
sectional area of the belt in m?, and p is the material density
in kg/m®. The conveyor strap distance across must be amply
widespread to achieve the material bump assessment [53].
The viewpoint of the supplement is a standout amongst the
utmost vital qualities in deciding the conveying ability as it
straightforwardly administers the cross-sectional region of the
factual in the strap and thus the bulk being passed on. The
viewpoint of supplement depends on the roughness among the
conveyor strap, the factual and how the factual is loaded to
the strap. The steeper the conveyor, grander the strap
capability and the slighter the viewpoint of the supplement
[56]. The belt capacity given in tonnes/hr of a conveyor which
has three equal roll idler is given by [53]

pxVx Cr* Cr
1000

C= ©
Capacity is mentioned as ‘C’ in tonnes/hr of a strap conveyor
with three identical roll idler, Cr is the capability of troughed
straps with three roll identical dimension idler, p is the
concentration of the material in kg/m®, C; is the capacity
factor and is a constant, and velocity of the strap is mentioned
as ‘V’ in m/s. If the straps are running horizontally and are
uploaded with input equally, then the volumetric belt load
also is given by

(10)

here Ly is the volumetric load on the belt in m3/hr, Lc is the
load capability of the strap conveyor in tonnes/hr and specific
weight of the conveyed material is mentioned as’W’ in
tonnes/m3. The quantity of material M or cargo per meter
loaded over the strap conveyor denoted in kg/m is given by

C
V*3.6

M=

(11

conveyor capacity is mentioned as ’C’ in tonnes/hr and the
velocity of the conveyor strap ‘V’ in m/s. The assurance of
strap width is to a great extent an element of the amount of
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conveyed factual which is demonstrated by the outline of the
conveyor strap. The conveyor strap distance across must be
adequately wide to accomplish the factual irregularity
estimate [57]. When the extent of the strap is longer, the
control essential for the conveyor to operate is more and the
greater the upright separation of the lift, the complex the
intensity of control required. The control required to operate
the pulleys is given by

F *V
cp= ==
1000

(12)
here Feg is the overall lateral force at the fringe of the drive
pulley in terms of Newton and CP is the control required to
operate the belt in KW. For calculating the tangential force,
the above equation can be rewritten as

CP%1000
14

F= (13)

The control needed by the conveyor to produce the lifting
force is given by,

3.75*H*C
1000

F =

(14)

where CP is the control of the conveyor in kilowatts, lifting
height is mentioned as ‘H’ in meters and C is the conveyor
capability in tonnes per hour. The strap of the conveyor
dependably encounters elastic load because of the revolution
of the electrically powered drive, mass of transported
resources and because of idlers. The strap strain must be
sufficiently awesome to predict the slippery between the drive
pulley and strap [58]. Strap strain at a consistent or stable
stage is given by

Te=137*f*1* g [2M)) +
(2Mp + Mp)Cos 0] + (H*g*Mm) (15)
here T, is the belt tension or strain at consistent or steady
state measured in Newtons, f is the coefficient of friction or
resistance, 1 is the conveyor length in meters, g is the
acceleration due to gravity in m/s?, M; is the load or mass due
to the idlers in kilograms, M, is the load or mass due to the
belt of the conveyor in kilograms, My, is the load or mass due
to the materials being transported in kilograms, 6 is the
inclination angle of the conveyor system in degrees and H is
the vertical height of the conveyor system in meters. All
through the beginning of the conveyor structure operation, the
strain on the strap will be more than the stable stage strain.
The strap tautness, while the conveyor starts to run, is,
Te = To * K (16)
here K is called the start-up factor which is a constant and Ty
is the belt tension during the start of the operation.
Considering an inclined belt with pulley arrangements, the
tension at head pulley and the tail pulley is given by

Thigh = Te + Ty (17)

Thigh = Te + T1+ (Tp - Fr) (18)
here T is the strain or tension at any particular point, Ty is the
tension occurring on the belt, F; is the friction occurring on
the return side and T. is the effective tension measured in Kilo
Newtons and is given as
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Te=Fre+FL+ Ty (19)
where Fr. is the total empty friction or resistance on the belt,
Fiis the friction occurring due to the load of materials and Tg
is the tension occurring on the slope due to the load. The total
empty friction is given by
Fre=Fe+(L+F)* W *938l¢? (20)
where F. is the equipment friction factor which is a constant,
W is the mass or weight of the material or load along with the
belt in kg/m, L is the length of the conveyor system in meters
and F\is the terminal friction constant. The friction occurring
due to the load of the materials is given by

C
V*3.6

FL=F.+(L+F)* *98le3

e2y)

The capacity of the conveyor strap is measured in
tonnes/hour and mentioned as’C’. The friction occurring on
the return side is given by
F,=F.*W*L*0.4*9.81¢e? (22)

The tension occurring on the slope due to the load is given
by the equation,

C+H
3.6xV

T = x9.81e73

(23)

The highest tension occurring in the conveyor system will
be the strap strain at the points where the conveyor system
involves a greater strain. It is given by the equation
Ton=(1+K)*T, (24)
where K is called the drive factor of conveyor arrangement.

The maximum unitary strain of the conveyor system belt is
given by

T *10

T, =
mu b

(25)
where b is the width of the conveyor belt in meters. The total
power occurring on the conveyor strap is given by
Pp=T.*V (26)

Strap strain of a conveyor framework is of a changing an
incentive besides the framework flight and is represented by
the accompanying impacting aspects like the span and path of
the framework, total and plan of pulley, qualities of the
moving and decelerating gear, sort and area of the strap begin
gadgets and working & stacking condition of the framework
[59]. Shaft configuration comprises basically of assurance of
the right shaft diameter across that will guarantee agreeable
unbending nature and quality when the pole or shaft is
transmitting movement under various working and stacking
conditions. The estimations of belt width and pulley diameter
across helps in choosing the measure of shaft breadth from
various conveyors handbook. Minimal Programmable
Controllers also called application controllers can be utilized
for the control of the framework. These controllers can be
utilized for time control and supervisory capacities, like
conveyor speed control, speed control of individual drives,
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speed and belt slip control, stack equilibration between two
driving drums and speed contrast control between two
engines on one driving drum, etc [60]. Idlers are introduced
at graduated dividing to guarantee that the droop because of
load changes contrarily with the strain in the belt. The total
load which is live on the conveyor belt is given by
TL = LL * LC (27)
here L is the total load on the conveyor in kilograms and Lc¢
is the length of the conveyor belt in meters. There will be a
presence of a dead load on the conveyor system which is the
summation of roller weight, belt weight, and drive pulley
weight. The idlers can be placed at distinguished spacing and
this spacing can be equated as,

8+T*S
Mp*9.81xe~3

(28)

s =

here T is the tension at a particular point which can be
measured in kilo Newtons, Mp is the mass or weight of the
conveyor belt and live load and at last S is the spacing of the
idlers given in percentage. Generally, the recommended idler
spacing is one meter for the belt conveyors for huge load
transporting belt conveyors [57]. When considering the pulley
diameter some of the main factors which we have to take into
account is the wrap angle, belt speed, system of belt strain,
belt tension, the width of the belt, splice type which is being
used for the conveyor belt. The diameter of the pulley and
coupling sizes are obtained from the catalogs available for
different conveyor systems and the length of pulley wrap in
the terminals is given by,
Lew=2*n*D (29)
here D is the diameter of the pulley measured in meters. The
driving pulley system can be wrapped which will increase the
resistance in the conveyor belt and improve the transmission
or spread between the pulley and the belt of the conveyor
system [61]. Wrapping up of the pulley with elastic materials
will keep the pulley clean and increase the duration of
resistance. Using a corrugated wrapping removes the
moisture and enhances the resistance or friction. The effective
pulling force in the belt is given by

For = terg (Mc+ 2)+ ppr g (24 M) (30)
here Feg is the effective pulling force measured in Newtons,
pr is the coefficient of friction with roller support, p, is the
coefficient of friction with skid plates, g is the acceleration
due to gravity, M; is the total load of the transported materials
in kilograms, Mg is the total mass of the belt in kilograms and
M; is the total mass of the idlers in kilograms. The above
equation’s result can be used to find the power calculations of
the belt conveyor. Similarly, the acceleration of the conveyor
belt can be found by the equation given below,

Tst—Tss
[Lx @M j+2Mp+ M¢)]

A, = (31)

The other parameter which is to be considered along with
the acceleration of the belt is the breaking strength of the
conveyor belt which chooses the required belt for the
application. The breaking strength of the belt is given by,
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(32)

here Cy is the friction factor of the conveyor belt, Py, is the
power exerted at the driving pulley arrangement measured in
kilowatts, V is the velocity of the conveyor belt and Ci¢is the
breaking strength loss factor of the conveyor belt.
Considering the selection of motors, based on the application
the motor may be an AC motor, DC motor, Gear motor,
Helical motor, etc with transmission or gear wheel systems.
The threshold power requirement for the range of motor is
given by,

Pap
Prp = —=

(33)

here Py, is the threshold power required for motor measured
in kilowatts, 1 is the efficiency of the gear systems used and
Pg, is the power exerted at the drive pulley arrangement. The
horsepower of the motor used is calculated by using the
equation,

HPpR

HPy = =

(34

here HPy is the minimum horsepower required which is given
by the equation,

HPy, = HP; + HP, + HP,, (35)
here HPg, is the horsepower required to move the conveyor
belt at bare conditions, HP; is the horsepower required to
transport the material level plane and HP., is the horsepower
required to take material up vertically. The twisting moment
of the motor is given by

My =0.5*D* (f + (u*m=* g)) (36)
here D is the diameter of the pulley measured in meters, f is
the force required for motion in Newtons, p is the coefficient
of friction, m is the mass of the material being transported by
the conveyor belt and the belt in kilograms per meter and g is

the acceleration due to gravity. The total number of rotations
made by the motor is given by the equation,

9550%1000%P
M

N = (37

The cycle time of the conveyor system to complete one full
cycle is given by the equation,

2L
v

Cr (38)
here L is the length of the conveyor belt measured in meters
and V is the velocity of the belt. The torque being developed
by the motor rotation is given by,

9.55%P

T, = "

(39)

here P is the power required for the conveyor to move or
operate, T. is the torque developed by the conveyor
movement measured in kilo Newton-meter.

2.3 Thermography
The tale of IR imaging has begun amid World War II [65].
Hence, this procedure has stretched out to different fields, like
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medication, support & maintenance, horticulture, mechanical,
process industries, electrical, automobiles, gas detection,
aerial survey, etc [66]. The essential wellspring of infrared
radiation is heat or heat radiation. It is the radiation created by
the movement of molecules and atoms in a material. The
higher the temperature, the more the molecules and atoms
move and the more IR radiation they deliver. Any material
which has a temperature above absolute zero (- 459.67
degrees Fahrenheit or - 273.15 degrees Celsius or 0 degrees
Kelvin), emanates the IR radiation. Absolute zero is the
temperature at which all nuclear and sub-atomic movement
stops. Indeed, even products that we consider as being
extremely cold, also produce infrared. At the point when a
material isn't sufficiently hot to emanate visible light, it will
transmit the vast majority of its vitality in the infrared. For
instance, hot charcoal may not emit light but rather it emits
infrared radiation which feels like heat. The hotter the
material, the more infrared radiation it transmits. In 1860,
Gustav Robert Kirchhoff characterized a blackbody as a
surface that neither reflects nor transmits occurrence
radiation. Rather, a blackbody ingests all occurrence radiation
independent of course and wavelength. Notwithstanding be
an impeccable absorber, a blackbody is likewise a flawless
radiator. Along these lines, all radiation leaving a blackbody
is transmitted by the surface and no surface can emanate more
vitality than a blackbody. The produced radiation is an
element of the wavelength and temperature however free of
the course [67, 68]. Similarly, a grey body is a body with
constant emissivity over all kinds of temperature ranges. In
this manner, a genuine dark body is characterized by an
emissivity of 1. The distinction in the conduct of a normal
form concerning the black body is demonstrated by parameter
spectral emissivity [69]. According to Plank’s Law, the
spectral distribution of radiation concentration from the black
body will be given by,

2xhxc?
ASx e(%)—l

=hy=E

EAT) = :

(40)

where h is the Planck's constant (6.62 * 1034 Js), ¢ is the
velocity of light, A is the wavelength measured in meters and
T is the temperature measured in Kelvin. Using Planck’s
equation the spectral distribution can be found corresponding
to the maximum possible emission from a normal body. After
this discovery Wilhelm Carl Werner Otto Fritz Franz Wien
discovered that the product of the wavelength at which
maximum radiation is emitted by a body and the body’s
temperature will be equal to a constant which is given by,

T * A, = 2897 (41)
where T is the temperature measured in Kelvin and A, is the
maximum radiation wavelength emitted by a body measured
in micrometers. The above equation can be rewritten as,

2897
Ay = —
m T

(42)
For any real body the sum of energy being absorbed, reflected
and transmitted will be the total energy of a body or equal to
1. According to Kirchhoff’s law of thermal radiation, a perfect
black body will have,

a =

€ (43)



Ajith. B. Singh, V. Rukkumani, P. Manjul, R. Srinivasan and Anie Selva Jothi.A/
Journal of Engineering Science and Technology Review 13 (1) (2020) 171 - 192

10° 100 100 10¢ 10° 107 meters

here a is the absorptivity and € is the emissivity. But for a \domeiss A meter 1 milimetr 1000 nanameter
real body, the equation slightly varies and is given by, N s s I e e

Broadcast Radio Microwaves X-rays Cosmic
band rays
LELETS Infrared Ultraviolet Gamma

at+e+ =1 (44) — \/\ﬁ\ L) rays "

Long Wavelengths Short Wavelenghts

where 7 is the transmissivity of the real body. The total energy
of the body can be therefore given by

Visible Light

Infrared Ultraviolet
(IR) (uv)

Etot = Eabs T Etrans T Erer (45) | | |

700 nanometers 600 nanometers 500 nanometers 400 nanometers

Fig. 3 . Electromagnetic spectrum [79].
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From the figure there are four infrared spectral bands
which are the near infrared band (NIR) which approximately
from 0.75 pm to 1 um, short-wave infrared band (SWIR)
which approximately ranges from 1 pm to 2.5 um, mid-wave
Fig. 2 .Total energy through a body infrared (MWIR) which approximately ranges from 3 um to
5 um and long wave infrared (LWIR) which approximately
ranges from 7 pm to 14 pm [73, 74, 75]. As the infrared
radiations are invisible radiations, the infrared cameras are
required to attain and detect these invisible info and mark it
as visible data [76]. Among these bands the normal
temperature region measures form 8 um to 14 pm and for
higher temperatures it ranges from 2 pm to 3 um. The normal
temperature region comes in the band of LWIR which has the
band of peak emissions and atmospheric transmittance [77,
78].

When a thermographic analysis is to be made the factors
to be taken into account are spatial resolution, changes in
emissivity, reflections, solar heating, induction, and wind
flow rate [69]. The infrared camera and its lens have a spatial
resolution that defines the size of the smallest object whose
temperature can be measured from various distances. The
resolution is expressed in milliradians and helps to determine
the size corresponding to a pixel at various distances. The
geometric resolution of the object depends upon field of view
(FOV) of lens, instantaneous field of view (IFOV) of lens,
distance from the object and the no. of pixels of the sensor or
sensor size [69]. The lens and processor system used in

Etrans

Before Kirchhoff’s law of thermal radiation there came
into existence the law proposed by Josef Stefan and Ludwig
Boltzmann known as Stefan-Boltzmann law which is given
by,

E=oxT* (46)

where ¢ is the proportionality constant which is given as
5.670373 * 108, The power radiated by the body can be
calculated by

E=Axexox* T* 47)

where A is the area of the object in square meters, € is the
emissivity of the object and T is the temperature measured in
Kelvin. The Stefan-Boltzmann law is therefore called the law
of black body emission [67, 70, 71]. Later Fumihiro Sakuma,
Akira Ono and Susumu Hattori proposed Sakuma — Hattori
equation which states that the electromagnetic radiation
produced from a hot body will be based on its temperature.
This equation is almost a derivation from Planck's equation

which is given by, thermography uses a correction which is formed by using
c inverse square law which is given by,

S(T) = N2 (43)

e\TAx/ -1 L D2

b= (49)

where C is a constant, A is the temperature dependent :
wavelength and c, is the second radiation constant and T is the pZs1y
temperature measured in Kelvin. L=="% (50)

The electromagnetic spectrum comprises of diverse
particle emissions like cosmic rays, gamma rays, X-rays,  where I; and I, are the intensities at distances D; and D,. As
ultraviolet, a tinny section of visible light, infrared, terahertz  the atmosphere changes with distances this formula seems
waves, microwaves, radar waves, radio waves and broadcast  correct with mathematics but proves wrong with physics. Flir
group waves [73]. made cameras uses this correction. Another factor to be
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considered in thermography camera is the optical and digital
zoom. Optical zoom use more focal length lenses but in digital
zoom only image is enlarged electronically. As focal length
increases the image size also increases. Therefore, when
making measurements or producing a thermogram, three sets
of characteristics must be considered which are characteristics
of the target surface, characteristics of the transmitting
medium and characteristics of the measuring instrument.
Thermography camera has a starring array using which the
IFOV is calculated. The IFOV is calculated using the formula,

Target size in mm

IFOV = (51)

Distance inm
The IFOV is further classified into two types as horizontal
and vertical field of view measured in terms of degrees of
angle. The HFOV and VFOV are calculated based on the
detector or sensor element size or pixels. Smaller the angle
better the sensitivity of the camera. The minimum detectable
target size is given by,
MDT = IFOV = Distance inm Sh
If “a’ is the actual detector size, ‘A’ is the total pixel size,
‘FL” is the focal length and ‘B’ is the pitch of focal plane array
then the fill factor is given by

Fill Factor = = (52)
This fill factor shall be greater than 0.75. The detector angular
sub trends and detector cut-off frequency is given by

DAS = —
FL

(53)

1
DCF = — (54)

The pixel angular subtrends and the system cutoff
frequency is given by,

PAS = = (55)
SCF = — (56)

The sampling frequency to the IR camera sensor is given
by,

SF =2.56 * SCF (57)

While considering the dynamic range of the camera we
must consider the thermal resolution, thermal sensitivity,
minimum resolvable temperature, minimum detectable
temperature and noise equivalence difference temperature.
MDT is a measure to detect the object and depends upon the
resolution and sensitivity of the imaging camera. MRT is used
to predict the range at which a target can be detected,
recognized, or identified. It has become the standard metric of
image quality. Smaller the MRT better the infrared camera
and is given by,

KsNR*NEDT* Kpactor
MTF

MRT = (58)

where Kgnr is the empirical constant that matches the
theoretical prediction to measured values, Kgacior represents

178

various eye “filters” that interpret the various noise
components and MTF is the system’s modulation transfer
function. When considering the sources of errors, the basic
sources are lens aberration, amplifier frequency response,
defocus, and additional error causes. The noise equivalence
difference temperature is given by,

VRMS
SiTF

NEDT = (59)

where SiTF is the signal transfer function which is given as
av . o
e The dynamic range of the camera is given by,

2M«NEDT
AT

DR = (60)
When the dynamic range is more the sensitivity of the

camera is less and vice versa. These are the main details to be

considered when selecting a thermography camera.

3. Conveyor & Its Types

The conveyor systems are categorized into diverse groupings
and are given as chute, wheel, roller, chain, slat, flat belt,
Magnetic belt, troughed belt, bucket, vibrating, screw,
pneumatic, cart on track, tow, trolley, power and free,
monorail, Sortation conveyors [8]. The conveyors are picked
in view of the applications or procedures with mix of at least
two conveyor composes as per the need. The kinds of
conveyors are talked about one by one beneath.

Chute Conveyors: These conveyors are used for transporting
Unit/Bulk materials with on-Floor orientation and accumulate
products in the conveyor. This is a reasonable strategy and is
utilized to interface two dealing with gadgets. It gives
gathering in transportation territories and is additionally used
to pass on things between floors. The main disadvantage of
this system is that it is difficult to control position of the items
on the conveyor [42].
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Fig. 5. Chute Conveyor system.

Wheel Conveyors: These conveyors are used for
transporting unit supplies with on-floor orientation and allow
products to accumulate in the conveyor. It uses a sequence of
skate rolls astride over a shaft (or axle). Typography of the
wheels is reliant on the cargo being conveyed. Slant for
gravity drive depends on cargo mass. This method is more
economical than the roller conveyor system. It’s mostly used
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for mild-duty solicitations and it is stretchy, inflatable and
itinerant varieties are also existing [42].

Fig. 6. Wheel Conveyor system

Roller Conveyor: These conveyors are used for transporting
unit materials with on-floor orientation and allow products to
accumulate in the conveyor. These conveyors may be
powered (or live) or no powered (or gravity) and the supplies
must have a rigid riding surface. These conveyors have a
minutest of three rollers and must provision slightest heaps at
all epochs. Tapering rollers on curves are used to retain cargo
alignment. Parallel roller arrangement can be used as a (roller)
pallet conveyor (extra lithe than a shackle pallet conveyor
because rollers can be used to lodge are grander disparity of
pallet girths).

Gravity roller conveyors are alternative to wheel conveyor
systems and are used for tough tenders. Slant (i.e., decrease)
for gravity development relies upon stack weight and this is
for the most part utilized for aggregating loads. Live (fuelled)
roller conveyor will be strap or shackle driven. Power delicate
spread can be utilized to separate rollers for gathering. It is
ordinarily  utilized for  gathering burdens and
combining/arranging activities and it gives constrained slope
development capacities [42].
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Fig. 7. Roller Conveyor system Gravity roller & Live roller

Chain Conveyor: These conveyors are utilized for shipping
piece supplies with in / on-floor orientation and do not allow
products to accumulate in the conveyor. These frameworks
utilize at least one unlimited chain over which loads are
conveyed specifically. Parallel chain arrangement is utilized
as (chain) bed transport or as a fly up gadget for sortation.
Vertical chain transport is utilized for persistent high-
recurrence vertical exchanges, where material on flat stages
are joined to steel [42].

Fig. 8. Chain Conveyor system

Slat Conveyors: These conveyors are used for transporting
unit materials with in / on-floor orientation and do not allow
products to accumulate in the conveyor. It uses in isolation
boards coupled to a shackle for transportation. The units
which are being transported retains its position. The
orientation and position of the load are controlled in this
conveyor. This system is used for hefty heaps or heaps that
might harm a strap of the conveyor system. Bottling and
canning industries regularly utilize level chain or slat
conveyors on account of clammy environments, hotness, and
tidiness necessities. These slant slat conveyors are used for
sortation of materials in industries [42].

—_—

Fig. 9. Slat Conveyor system
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Flat Belt Conveyors: These conveyors are used for
transporting unit materials with on-floor orientation and do
not allow products to accumulate in the conveyor. It is used
for transferring light and average mass materials between
maneuvers, divisions, stages, and constructions. At the point
when a slope or decay is required, it gives extensive control
over the introduction and arrangement of materials. There is
no even gathering, integration, and categorization on the strap
and it is roller or slider bed support. The slider bed is used for
minor and erratically shaped items to be transported [42].

Fig. 10. Flat Belt Conveyor system

Magnetic Belt Conveyors: These conveyors are used for
transporting bulk materials with on-floor orientation. A steel
strap along with either an alluring slider bedstead or a
magnetic winch is utilized to provide a magnetic belt. It is
chiefly used to transference ferrous supplies steeply, topsy-
turvy, and about turnings of its establishment floor [42].

Ferrous .
scrap WA

Fig. 11. Magnetic Belt Conveyor system

Troughed Belt Conveyors: These conveyors are used for
transporting bulk materials with on-floor orientation. The belt
looks flat and when it is burdened, the strap imitates to the
silhouette of the troughed rollers and idlers. These are used in
the transportation of coal blocks and limestone in cement
industries [42].

Forward
position of
belt

q"— Return jr

position of
belt

Fig. 12. Troughed Belt Conveyor system
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Bucket Conveyors: These conveyors are used for
transporting bulk materials with on-floor orientation. It is
used to transfer wholesale supplies in an upright or inclined
track with the help of bucket systems. Buckets are committed
to a towline, shackle, or strap which will be running all along
the path. Buckets are routinely unburdened at one end of the
conveyor route and emptied automatically at the other end
[42].
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Fig. 13. Bucket Conveyor system

Vibrating Conveyors: These conveyors are also used for
transporting bulk materials with on-floor orientation. The
conveyor system involves a furrow, bed, or tube which
quivers at a comparatively extraordinary frequency and trivial
amplitude in order to deliver the vibration to distinct pieces of
yields or bulk factual. This system can be utilized to transport
practically all grainy, free-flowing supplies. The Vacillating
Conveyor is comparable in development, however trembles at
a minor recurrence and bigger amplitude (not as delicate)
keeping in mind the end goal to pass on bigger objects, for
example, hot castings, stone squares, and so on. Gold mines
use vibrating conveyor for their sand cleaning process [42].

Fig. 14. Vibrating Conveyor system

Screw Conveyors: These conveyors are also used for
shipping bulk constituents with on-floor orientation. This
framework comprises of a cylinder or U-moulded immobile
furrow over which a pole mounted helix rotates to drive free
factual advancing in an even or slanted course. This is a
standout amongst the most broadly utilized conveyors in the
preparing business, with numerous applications in agrarian
and synthetic handling. The straight-tube screw conveyor is
also stated to as “auger feed”. These are the most dominantly
used in grains and cereals transportation [42].

v

Fig. 15. Screw Conveyor system
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Pneumatic Conveyors: These conveyors are also used for
transporting bulk and unit materials with overhead
orientation. This system uses air pressure to transport supplies
over a scheme of erect and flat tubes. Factual is totally
encased and it is anything but difficult to execute turns and
erect moves in this shut framework. There are two types of
pneumatic conveyor systems and they are (i) Dilute-phase
pneumatic conveyor and (ii) Carrier-system pneumatic
conveyor. Here Dilute-stage pneumatic conveyor uses a blend
of air and rock-solid. Thrust (progressive pressure)
frameworks push the factual starting from one section point
to a few release focuses. Pull (negative pressure or vacuum)
frameworks moves the material from a few passages focuses
to one release point. Push-pull frameworks are blends with
numerous passage and release focuses which are broadly
utilized as a part of a system of transports in ventures. Carrier-
system pneumatic conveyor utilizes a carrier medium to
transport material from one end to the other. These carriers
are utilized to transference items or paperwork.
Transportation of oil by pumping water as the carrier is one
of the examples [42].

Silo

Rotary airlock
—

Fig. 16. Pneumatic Conveyor system dilute phase and Carrier system

Vertical Conveyors: These conveyors are also used for
transporting unit materials with on-floor orientation and do
not allow products to accumulate in the conveyor. These
frameworks are utilized for low-recurrence irregular vertical
exchanges of load to various floors as well as mezzanines. In
any case, upright shackle conveyors can be utilized for
nonstop high-recurrence upright exchanges. It fluctuates from
the carriage elevators in such a way that it is not planned or
specialized to transfer individuals. It can be physically or
robotically burdened or well-ordered and can interface with
level conveyors also. It is a substitute to chute conveyor for
upright “drops” when cargo is brittle and/or space is
restricted. There are two sorts of vertical conveyors (i)
Vertical lift conveyors (ii) Reciprocating Vertical Conveyors.
In vertical lift conveyors, a progression of adaptable conveyor
bearers turns in a circle, where void carters flex vertically to
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give admission to stacked carters moving past them the
inverse way. In reciprocating upright conveyor, a carter is
utilized to elevate or subordinate the masses. It can be fuelled
(hydraulic or mechanical) or non-fuelled conveyor line. The
non-fuelled version can be used only to subordinate a cargo,
where counterbalance is used to return vacant carter to the
topmost [42].

Fig. 17. Vertical Conveyor system — Vertical lift and Reciprocating
vertical conveyor

Cart — On — Track Conveyors: These conveyors are also
used for transporting unit materials with in-floor orientation
and allows products to accumulate in the conveyor. It is
utilized to transference carts alongside a pathway. The carts
are conveyed by a spinning cylinder to which a drive wheel is
linked to each cart. The cart respites on the tube and is used
to differ the hustle of the cart (by fluctuating angle of contact
among drive wheel and the cylinder). These wagons are
autonomously well-ordered and collection can be
accomplished by keeping up the drive wheel comparable to
the cylinder [42].
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Fig. 18. Cart — ON — Track Conveyor system

Tow Conveyors: These conveyors are also used for
transporting unit materials with in-floor orientation and
allows products to accumulate in the conveyor. It uses a
towrope to afford power to wheeled carters such as wagons,
dollies, or carts that travel beside the ground. It is used for a
fixed-path travel of carters (each has fickle pathway
competences when detached from towrope) only. The
towrope is typically on the floor or it can be positioned
overhead or blush with the floor. The selector-pin or pusher-
dog plans used to permit programmed exchanging (power or
limb lines). It is, for the most part, utilized when a long
separation and high recurrence moves are required [42].

Fig. 19. Tow Conveyor system

Trolley Conveyors: These conveyors are also used for
transporting unit materials with overhead orientation and do
not allow products to accumulate in the conveyor. It utilizes a
progression of trolleys upheld from or inside an overhead
pathway. The trolleys are similarly separated in an enclosed
circle way and are on hold from a shackle. The shippers are
used to transfer numerous units of merchandise and do not
provide any provision for accretion of units. It is universally
used in dispensation, assemblage, wrapping, and storing
operation applications [42].

L O
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Carrler

Load
Fig. 20. Trolley Conveyor system

Power And Free Conveyors: These conveyors are also used
for transporting unit materials with overhead or on-floor
orientation and allows products to accumulate in the
conveyor. It is also termed as Inverted Power-and-Free
Conveyor when pathways are positioned on the floor. It is like
trolley conveyor because of utilization of discretely divided
bearers transported by an overhead chain. However, these
conveyors utilize two trails: one powered and further non-
powered. The carters can be withdrawn from the power
shackle and aggregated or exchanged onto subdivisions [42].

LO O Q O 0O 0O |

Fig. 21. Power and free Conveyor system

Monorail: These conveyors are also used for transporting
unit materials with overhead orientation and allows products
to accumulate in the conveyor. It comprises of an overhead
single pathway (i.e., mono-rail) or track grid over which at
least one carriers ride. These carriers might be controlled
(electrically or pneumatically) or non-fuelled ones. The
carrier can range from a simple hanger to a winch to an
intelligent-vehicle-like device. There are two types of
monorails (i) Single Carrier (ii) Multi-carrier. The single-
carrier type has a single-track monorail similar to bridge or
gantry crane. The multi-carrier compose has a track organized
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monorail like a trolley conveyor, aside from that the carriers
work autonomously and the trail require not be in an enclosed
circle, and a settled way programmed guided vehicle (PGV or
AGYV) framework, with the exception of that it works
overhead. It is additionally named as an Automated
Electrified Monorail (AEM) framework when it has
comparable control qualities as an AGV framework [42].
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Fig. 22. Monorail system

Sortation Conveyor: These conveyors are also used for
transporting unit materials with overhead or on-floor
orientation. The sortation conveyors are utilized for
consolidating, distinguishing, drafting, and isolating items to
be passed on to particular terminuses. Sortation framework
factual output is communicated in cartons per moment or
minute (CPM). A sortation framework is made out of three
subsystems:

Merge subsystem — Here the things are transported from
picking (stockpiling) or getting regions on transports and
merged for legitimate introduction at the induct zone.

Induct subsystem — Here the goal of everything is
distinguished by visual assessment or programmed
recognition framework (e.g., standardized tag scanner) and
afterward an appropriate gap between things is produced
utilizing petite adjustable swift conveyors as they are
discharged to the sort subsystem.

Sort subsystem — In this system the things are redirected
to outbound conveyors to transportation, palletizing,
organizing, as well as auxiliary sort subsystems.

There is a pattern towards more utilization of blended
thing heaps that take out the requirement for sortation: rather
than a maker directing pallet heaps of a solitary thing to a
dissemination community for consequent sortation or
combination into multi-thing client heaps, lone pallets can be
stacked at a maker with an alternate blend of things for every
client. This additionally can empower more prominent
utilization of cross-docking. There are five different types of
sortation conveyors and are (i) Diverters (ii) Pop up
expedients (iii) Sliding shoe sorter (iv) Tilting Expedient (v)
Cross belt transfer expedient.
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Merge Subsystem

Sort Subsystem

Fig. 23. Sortation Conveyor system

Diverters have motionless or portable arms that bounce,
shove, or tug a merchandise to the chosen terminus. As they
do not come in interaction with the conveyor, they can be
utilized with almost any horizontal surface conveyor. They
are hydraulically or pneumatically functioned, and also can
be motor operated. There are two types of diverters (i)
Deflector Diverters (ii) Push Diverters. The main advantage
is that it is simple and low cost.

Fig. 24. Sortation Cnveyor -~ Deflector Diverter and Push Diverter

Pop up devices are at least one or more lines of powered
rollers or wheels or shackles that hop over the surface of the
conveyor to lift the thing and guide it off the conveyor at a
fitting point. The wheels will be dropped when merchandises
not mandatory to be side-tracked. This system is proficient of
sorting flat-bottomed matters and are usually more rapid than
pop-up wheels.
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Fig. 25. Sortation Conveyor — Pop up wheel device and pop up chain
device

Sliding shoe sorter which is also known as moving slat
sorter uses a sequence of diverter slats that slide across the flat
surface to occupy product to guide it off the conveyor. The
slats move from side to side as item streams keeping in mind
the end goal to redirect the item to either side. It is for delicate
and progressive treatment of items.

Fig. 26. Sortation Conveyor — Sliding Shoe sorter

Tilting devices use trays or slats which provide collective
sorting appliance and product transporter. It can suit height
changes and are normally outlined in persistent loops with
minimized format or layouts and the distribution of items are
not arranged in the first run through. Tilt slat sorters convey

Table 1. Advantages & Applications of conveyor systems.

items on level surface slat conveyor and can deal with more
extensive assortment of items when contrasted with tilt tray.
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Fig. 27. Sortation Conveyor — Tilting Tray Device

Cross-belt exchange gadget has either constant loops
where each and every individual carriage are connected
together to shape an interminable loop, or a series style belt
(asynchronous), where few carriers integrated with potential
for a few trains running track at the same time. Every carriage
is furnished with a small belt conveyor, named the cell, which
is mounted perpendicular to the bearing of movement of the
loop and releases the item at suitable places. It naturally
isolates a single line of items into different in-line release
lines [42].

Fig. 28. Sortation Conveyor — Cross belt transfer device

The table indicating the advantages and applications of
these conveyor systems are given below,

S.No Conveyor Type Advantage Application

1. Chute Conveyors Can transport unit/bulk materials Packing sectors of scraps, cement bags, postal

packages, etc.

2. Wheel Conveyors Unpowered wheels are used Loading & Unloading operations in trucks,
Orientation can be altered based on finished product handling in packing sectors,
requirement etc.

3. Roller Conveyors Can be powered or unpowered based on Utilized in baggage handling, loading and
requirement unloading sectors, instrument assembly paths,
Used for rigid object transportation etc.

4. Chain Conveyors Chains enhance the speed of conveyance Utilized in systems with many discharge

vents, industrial baskets, etc

S. Slat Conveyors Flexibility in position & orientation is the Used for heavy loads, oily parts in dryers,
main feature of the conveyor bottling & canning processes, etc

6. Flat Belt Conveyors Longer life with lower power consumption. Raw material supply unit in industries, Wheel
Highly reliable and adaptable excavators, Harbours, Bakeries & flour mills,

etc.

7. Magnetic Belt Least maintenance required Metal Cutters, conveyance of metallic parts

Conveyors Longer life using strong magnets and SS and stampings, etc
plates.
8. Troughed Belt Problem causing materials can be conveyed | Can be used for conveying all sort of
Conveyors with higher capacities. materials like wet, dry, oily, sticky, etc.
Lightest form of conveying with minimum Used for underground mine transport.
labour requirement.

9. Bucket Conveyors Can be used with different shapes and sizes. Used in mining, oil mills, construction works,
Can be used in all kinds of environmental etc
conditions
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Vibrating Conveyors

Screw Conveyors

Pneumatic Conveyors

Vertical Conveyors

Cart-On-Track
Conveyors

Tow Conveyors

Trolley Conveyors
Power and Free
Conveyors

Monorail

Sortation Conveyors

Can be utilized for conveying different kind
of materials without mixing to a longer
distance.

Supplementary processes like heating,
dehydrating, chilling, etc can be performed
along with conveying.

Can convey bulk materials with multiple
inlet & discharge points with gates and
valves.

These are compact and adaptable.

Requires lower maintenance and has more
flexibility.

Requires lesser energy for operation & is
safer.

These are flexible and modular and can be
altered based on need.

Reciprocal vertical conveyors utilize the
gravitational pull which reduces the power
requirement.

These are simple and shorter length
conveyors.

They are adjustable and reliable.

These systems are more flexible, reliable and
customizable.

It is easy to integrate these systems with the
prevailing systems.

It is more flexible and modular.

More designs are available for various
applications

Normally uses high strength alloy castings
which gives modular design, increased life
span, compact and simple.

These are noiseless and fast transport
systems.

Its highly available with lower investments.
They can be operated using hydraulic and
pneumatic lines.

Cost effective and simple with wide range of
operations.

Can be used as feeder, spreader, extractor,
grizzly, segregation of materials, recycling
process, etc.

Used for conveying wet biosolids and sticky
sludges.

Forms a major part of conveying in food,
chemical, wood and minerals industries.
These conveyors are used in industries like
food, agriculture, pharmaceutical, cement,
plastic, etc.

These systems are used in lifting operations,
car parking systems, material transport to
various floors, etc.

These are used in automobile parking systems,
airport luggage carriers, various assembly
lines, etc.

Towline conveyors are widely used in aircraft
& engine assembly lines, wind turbine
assembly lines, furniture and apparel
handling, agricultural equipment handling,
etc.

It is most popularly used in assembly and
packaging section of automobile industries,
storage lines in food industries, etc.

Most frequently used in elevation changing
applications, transferring materials, assembly
sectors, sorting units, etc.

These are widely used in winches, rope cars,
assembly and packing sectors in automobile
industries, etc.

These are used in sorting materials for
recycling, baggage in airports, merging
systems, etc.

4. Thermography & Its Types

Basically, thermography is classified into two types (i)
Passive Thermography and (ii) Active Thermography.

Passive thermography has passive tests which involve
steady-state conditions. It does not require any external
heating or cooling. It is commonly applied to asses or monitor
the state of industrial processes. This method is simple and
cost-effective and does not require any physical contact (No
interaction with the specimen). For passive thermography
dual wavelength camera is more advantageous but it will
work only if the thermal contrast is naturally present. Passive
thermography finds its applications in carton sealing line
examination, vehicle brake system effectiveness, heat
dissipation in electronic components, welding process, steam
traps, refractory linings, electric installation, gas leaks,
bearings, moisture in roofs and walls, etc.

Active thermography is further classified into six types
and they are (i) Pulsed thermography, (ii) Pulsed phase
thermography, (iii) Lockin thermography with optical
excitation, (iv) Lockin thermography with ultrasonic
excitation, (v) Step heating thermography, (vi) Vibro
thermography

Pulsed thermography is the utmost widespread active
thermography method. It is fast and quick and uses short pulse
for high conductivity material and a long pulse for low
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conductivity material. It consists of briefly heating the
specimen by using flash heating and observe the decay curve.
The observation time is directly proportional to the square of
the depth of the discontinuity and inversely proportional to
the thermal diffusivity. Loss of contrast is inversely
proportional to the cube of the decay depth.

-

R camera —— FFT \

flash lamps I I I
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Fig. 29. Pulse thermography by optical excitation and defect detection

Noticeable cut-offs are usually shallow and weak in pulse
thermography. A thumb rule of pulsed thermography is that
the radius of the minutest noticeable disjointedness should be
at least two times bigger than its depth beneath the surface.
Heating methods used in pulse thermography are point
heating, line heating, and surface heating. Point heating uses
laser or the focused light beam for heating. The main
advantage of pulsed thermography is the uniform and
repeated heating but the disadvantage is, it's a slow process.
Line heating involves the heating by the line lamps, heated
wire, scanning laser, Hot or cold air jets, etc. Surface Heating
uses lamps, flash lamps or scanning laser. Its advantages are
a complete analysis of the phenomena because the whole
temperature history curve is recorded but the disadvantage is
anisotropy of heating by lamps, flash, heat gun, and laser.
There are two basic arrangements for observation: Reflection
approach and transmission approach. So, the advantage of
pulsed thermography is its quick response and drawback is its
limited resolution both in depth and spatial area. The contrast
generated for all of the discontinuity depth curves is lower for
smaller discontinuities than for larger discontinuities. The rate
of contrast decay (as the discontinuities move deeper through
the thickness) is higher for the smaller discontinuities. The
widths of the contrast peaks are narrower for the smaller
discontinuities. The narrow peaks indicate that the thermal
indications will not persist long in the thermal images. The
biggest drawback of pulse thermography is that only a part of
the temperature history curve is available because of the
lateral motion and it requires apparatus to induce pulsed
thermal perturbation. Computation of thermal contrast
requires prior knowledge of defect-free zone in the field of
view and the inspection surface is limited ( 0.25 M? Max).
Some of the applications of pulsed thermography are in
process control, discontinuity detection, delamination
detection, material characterization, etc.

Lockin thermography is based on thermal waves produced
inside the examined sample and perceived distantly. The word
lockin mentions to the inevitability to observe the exact time
requirement of the heating, modulated between the output
indication and the reference input indication. The term lockin
thermography relates to the device that usually performs the
same analysis of signals with respect to a reference frequency.
Lockin thermography is also called photothermic radiometry
and a type of phase sensitive modulation thermography.
Compared to conventional photothermal radiometry this
technique may be considered as spatially multiplexed
photothermal radiometry because the whole sample surface is
monitored during one cycle. This is prepared with a lockin
amplifier by a point-by-point laser heating or by mainframe
in full field arrangement so that both phase and magnitude

imageries become accessible. Wave generation, for example,
is achieved by periodically dumping heat on the sample
surface (for example, through sine modulated lamp heating)
while the resultant wavering temperature field in the
motionless regime is distantly logged through its thermal
infrared emanation. In lockin thermography, the specimen is
subjected to a sinusoidal thermal stimulation. The
temperature evolution of the surface is also measured using
an infrared camera but in the steady state.

sample

thermography camera

ultrasonic
transducer
_ poweramplifier
control unit
f )
AGEMA Thermovision
IR camera
amplitude
J l. phase
tbermal response
] @
defect —=" ;‘ — wav e
converter
UDJECI elastic wave

ockin method

_/

Fig. 30. Block diagram of Ultrasound Lockin Thermography

\

In Lockin thermography usually, test object is irradiated
by an intensity modulated lamp. So the image contains both
discontinuity and intact structure (background) so it has to be
compared to a reference sample to evaluate the
discontinuities. Again internally generated thermal waves
travel half the distance involved in surface heating, so there
are less attenuation and better resolution. The phase angle is
proportional to the depth of the discontinuity (i.e. the depth of
the source under the surface). Again, this technique is more
economical since only the discontinuity is heated and not the
whole component. This method is like dark field technique in
optics. So, the internally generated thermal wave produces
only the discontinuity indication in the image.

Thermographic
camera

oool:

Thermographic
processor

> Control unit
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Fig. 31. Block diagram of Optical Lockin Thermography

In optical Lockin Thermography, thermal waves are
sensitive to boundaries from which they are reflected
according to the mismatch of thermal impedance. Therefore
lockin thermography with optical excitation (“OLT” = optical
lockin thermography) is applicable to non-destructive
evaluation of components where boundaries or their integrity
need to be monitored, e.g., layered materials, Coatings -
(Interest in coatings is the thickness and the detection of local
disbands), paints, veneered wood and ceramic coating on
metal; .If the substrate in the paint coating is a polymer and if
substrate and coatings are similar then capacitive or inductive
or ECT etc cannot be applied.
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Fig. 32. Comparison of Optical Lockin Thermography vs Ultrasound
Lockin Thermography

The figure in the left shows Optical excitation as used in
optical lockin thermography. Superposition of incoming and
outgoing thermal wave results in a limited penetration depth.
The figure in the right shows Ultrasound excitation generates
thermal waves in the defect itself, maximum depth range is
only noise limited and therefore basically larger than with
optical excitation.

Ultrasound Burst Phase thermography is mostly used in
automobile industries for crack detection, characterization of
shrink fits or press fits, adhesively bonded joints, artificial
defects, non-cured adhesion, etc.

N
|
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Fig. 33. Block diagram of Ultrasound Burst Phase Thermography
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Sometimes other stimulations are possible in lockin
thermography. For illustration, an ultrasound transducer
(shaker) can be connected to the sample, or the specimen can
be partly immersed in an ultrasonic pool. In these cases, the
high-frequency ultrasonic signal (typically about 40 kHz) is
modulated with a low-frequency signal. The low-frequency
modulation produces a thermal wave of required wavelength
as in photothermal lockin thermography while the high
frequency acts as carrier delivering heating energy inside the
specimen. This technique is referred to as the loss angle lockin
thermography and has been applied with success for detection
of corrosion, vertical cracks and delamination. Lockin
thermography combines the advantages of photothermal
radiometry (phase information and adjustable depth range)
and thermography (speed of imaging and ease of operation)
but avoids their specific disadvantages. These angle images
with application relevant depth range are obtained within
typically 3 min where the modulation technique eliminates
sensitivity to artifacts. Therefore, the technique is applicable
for industrial tests even under rough conditions.

Pulsed Phase thermography is an active thermography
where analysis is made in the transient mode. It is a link
between pulsed thermography and lockin thermography. In
pulsed thermography, a pulse of heat is applied to the surface
of the specimen. Here the measurement is made in the
transient state. But in lockin thermography, the specimen is
subjected to sinusoidal thermal stimulation. Here the
measurement is made in the steady state. Here using this
method large area like 30 feet? can be inspected
simultaneously. The advantage of this method is both phase
and modulation images are available and phase is less affected
by heating anisotropy. Maximum depth of penetration of
phase is twice the depth of penetration of amplitude. Here
modulated ultrasonic heating can be used. The Thermal
diffusion length p is given as p = \2a/w, where o is thermal
diffusivity and o is angular frequency and © =2 [] f, where f
is the frequency. The disadvantage in pulsed phase
thermography is that it requires modulated thermal
perturbation and observation for at least one modulation cycle
ie longer than pulsed thermography. Unknown defects might
require multiple experimentations with different frequencies
because the thickness of the inspected layer under the surface
is related to the modulation frequency. Pulsed Phase
thermography can be used in aircraft structural component
inspection, loose bolts detection, Crack identification,
particularly vertical crack identification, disbonding, impact
damage in carbon FRP, adhesion strength study, depth profile
study of thermal conductivity or thermal diffusivity,
anisotropic material characterization moisture evaluation,
coating thickness in ceramics, etc.

Step heating thermography is an active thermography
which is sometimes referred to as long pulse thermography or
time-resolved infrared radiometry. Here the increase in
surface temperature is monitored during the application of a
step heating pulse. In most infrared radiometric techniques of
non-destructive testing, the sample cools after pulsed heating.
In contrast, the technique of time-resolved infrared
radiometry with step heating follows the surface temperature
rise as a function of time during the heating pulse. Step
heating thermography finds numerous solicitations such as
coating thickness appraisal (comprising multi-layered
coatings), examination of coating-to-substrate bond or
assessment of complex assemblies. This tactic allows
identification of subsurface features and determination of
thermal characteristics with the similar speed as other thermal
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practices. Time-resolved infrared radiometry with step
heating results in smaller heating intensities compared to the
more common short pulse procedures. But it keeps the
required heating power and resulting surface temperature
small. Though thermal non-destructive testing procedures
generally concentrate on discontinuity detection and imaging,
time-resolved infrared radiometry with step heating has also
been used effectively to determine material parameters such
as thermal diffusivity and width. This has allowed
information about material structure such as the presence of
corrosion, porosity or voids to be obtained. Time-resolved
infrared radiometry with step heat. This wavelength
separation usually requires a laser source. Heating requires
wavelength separation between the heating source and the
detector. Here wavelength separation usually requires a laser
source. Heating requires wavelength separation between the
heating source and the detector. Major advantages of step
heating technique over pulsed techniques are that the power
requirements of the heating source are lower, making it
applicable to many non-optical or single-wavelength heating
sources. Further, it allows pixel-to-pixel calibration without a
reference sample. Images of disbond depth or thermal
properties can be generated with a simple and fast algorithm.
It also has been shown that the blurring of small or deeply
buried discontinuities by lateral diffusion is reduced for step
heating.

Color display unit Detector (liquid nitrogen, cooled

) indium antimony crystal)
/ LD “"'/‘ / 9.5 mm (0.375 in.) cap screw
/ Transmission / /

Gate rotor seal
cable /
/

Black-and-white
control unit

Aluminum disk

i / Aluminum disk
/ Infrared lens
Scanning lens system

Vibration
direction

Fig. 34. Vibro thermographic inspection of Gate rotor seal

Vibrothermography is an active IR thermographic
procedure where under the influence machine-driven
pulsations (20 to 50 Hz) are persuaded superficially to the
assembly because of unswerving transformation from
mechanical to thermal vitality. Heat is liberated by resistance
precisely at discontinuities such as fissures and
delaminations. Discontinuities are agitated at precise
mechanical echoes to find out the flaws.

Transient thermography is valid for the discovery of
engrained blemishes in resources with small heat
conductivity. The trial is excited up over an elongated interval
in an incinerator (ND heat, e.g. 50°C). Afterward, it is moved
to a regular weather, and the exterior heat is measured by
means of IR camera. As the trial is dropping heat to the
surroundings due to convection and emission, the exterior will
be chilling down. Warmness is rolling from the inner to the
outward of the model. An imperfection, characteristically a
delamination or void, is a thermal obstacle for the heat current
which clues to an inhomogeneous hotness dispersal on the
exterior and is spotted by IR camera. The hotness must shield
only semi-distance linked to other warm air procedures. This
elucidates, why it is probably to identify deep-rooted
blemishes in tiny time using this routine.
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5. Application & Cost in Industries

The belt conveyor system is used for material handling and
reduces human efforts in material transportation and also
minimizes the cost of the application [81]. These conveyors
also play a key role in continuous assembly plants especially
in packaging industries [82]. Conveyor systems are largely
employed in object sorting and counting facility[83], handling
crushed limestone[84], crushed biomass wood handling[85],
cooling of moulds[86], sugar industry[87], mining
industries[88], apparel industry, transporting cartons and
totes[89], thermal power plant[90], coal handling[91], etc.
The band dryer utilizes a conveyor system to the drying
chamber. So, the final product looks like a combo of band
dryer and conveyor system. The discussed type is given
below.

Band Dryers: For generally free-streaming granules and
extrudates that may experience mechanical harm on the off
chance that they are scattered, band dryers are a decent
choice. It is basically a conveyor dryer wherein the band is a
punctured band over which the bed of drying materials rests.
Drying air at rather low speeds streams upwards through the
band to achieve drying. Unmistakably, this sort of dryer is
anything but a decent decision for exceptionally wet or fine
solids. Gas cleaning necessities are negligible as low gas
speeds are utilized. Likewise, power prerequisites for air
dealing with are very low because of the low-pressure drops
required. In business plans of extensive band dryers, it is
imperative to guarantee uniform circulation of the item on the
band and furthermore uniform dissemination of the wind
stream inside the chamber of the dryer to guarantee uniform
item wetness content [45 — 47].

Inlet

®

T

|/ Heater

Outleté

Similarly dryers also play a foremost role in
pharmaceutical industries[92], agricultural products[17], food
industry[93], marine products[94], fruits drying[94, 95, 96,
97], porous bodies drying[98], timber drying[99], cereals
drying[100, 101], paper drying[102, 103, 107], fabric
drying[104], cement industry[105, 106], printing, drug
drying[109], sludge and faecal materials from sanitation
processes[108], laundry[110], etc. Dryer installation is little
expensive but is worthy enough to provide best results of
removing moisture from resources. Thermography is mainly
utilized for non-destructive analysis, fault analysis, and
medical analysis. These applications can be further expanded
into fields like investigation of historic structures[111], flat
bottom hole analysis in slabs[112], loose electrical
connections[113], sports medicine[114], dentistry[115],
medical  applications[116,  117], electrical  motor
applications[118], power plants[119], heater process[120],
mechanical systems and hydraulic components[121], energy
conservation[122], surveillance and security[123, 124, 125],

Conveyor Belt(Perforated)

Fig. 35. Band Dryer system

civil  constructions[126, 127], marine engineering
applications[128], animal reproduction[129], defence
systems and military applications[130, 131], dairy
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applications[132], pathological analysis in structures for
building strength analysis and maintenance[133], automobile
industries[ 134, 135, 138], gas leakage and detection[136, 137,
140], aerial survey of buried objects[139], agriculture[141],
food processing industry[142, 143], food quality
assessment[ 144], waste management[145], soil
assessment[146], research and development works[147],
printed circuit board fabrication & solar cell diagnostics[ 148],
etc. The applications extend to a larger range and only a few
are discussed above. The thermography analysis is costlier
and effective when compared to other non-destructive testing
methods. The thermography camera which is chosen for the
analysis is fluke make Tix 580.

6. Conclusion

This survey article throws limelight on the overview of
conveyor systems, dryers and thermography analysis. The

combined architecture and modeling of conveyor based drier
system uses convection laws for heat and moisture transfer at
gaseous phases [149]. The thermographic analysis can be
made to ensure the safety of the drying process from the
identification of hotspots and monitoring the drying process
for the thermal anomaly to guarantee that the process does not
exceed the optimum operating temperature points. This
survey article gives a better outline of all conveyor, band
dryer and thermography analysis. This article would be very
much helpful for researchers who seek information about
conveyor and thermographic systems. The researchers can
know these systems and utilize the design equivalences for a
proper installation and application.

This is an Open Access article distributed under the terms of the Creative
Commons Attribution License
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