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Abstract— The micro-features are employed in a wide range of applications like Lab on a chip (LOC), micro Total  
Analytic Systems (μTAS), Textured hydrodynamic bearings, Micro Heat Sinks, etc. The fabrication of  
microfeatures is a critical task. This paper focuses on the fabrication and characterization of micro features using CO2 Laser  
machining. The three micro feature shapes are considered in the study viz. circular, square, and hexagonal. The size of the  
microfeatures has been varied from 300 μm to 1000 μm with an interval of 100 μm. The micro-features have been fabricated on  
polymethylmethacrylate (PMMA) material. The experiments have been performed to study the effect of process  
parameters (power, scanning speed) on the surface roughness and the dimensions. The characterization has been  
performed using RAPID I Vision 5 Microscope and Mitutoyo surface roughness tester.
Further, the straight channels also have been fabricated with a width varying from 300 μm to 1000 μm with an interval of 
100 μm.  The characterization of the straight channels has been carried out. The fabricated channels are observed to be 
in agreement with the required dimensions. Thus, CO2 laser machining is capable of fabrication the straight channels and 
micro features which have a significant application for the fabrication of mold in soft lithography. 
Index Terms— ADXL335, MAX30100, ARDUINO UNO, DHT11, ESP8266 Node MCU. 

1.Introduction                                                                     
The microfluidics has been evolved as a key  
technology in the areas like bio-engineering and analytical 
chemistry, etc. A microchannel is an essential and decisive  
component in Lab on a chip (LOC) LOC system. The  
microchannels are employed for mixing of reagents,  
delivery of reactant, fluidic control, physical particle  
separation, and cooling of computer chips. The microchannels 
when used for mixing generally termed as micromixers. The  
micromixers are of two types - active and passive.  
Active micromixers utilize external energy source for the  
mixing enhancement while in passive micromixers, different  
geometric shapes and fluid characteristics are  
effectively used (No external energy source). The flow in the  
microchannels is laminar, and hence the mixing depends 
upon diffusion only. Thus, the use of obstacles in the  
microchannels has significantly improved the mixing  
characteristics of microchannels. The obstacles are nothing 
but the micro-features provided along the length of the  
microchannel. The obstacles may be of various shapes 
viz. triangular, rectangular, square, circular, J shape, etc. 
[1],[2],[3]. The microfeatures are also useful in micro-textur-
ing of a hydrodynamic journal bearing [4].
The microchannels are fabricated using different  
materials. One of the suitable and straightforward method of  
microchannels fabrication is soft lithography. For the soft 
lithography process, molds are required to be fabricated. 

The most used materials in soft lithography are 
PMMA (Polymethylmethacrylate) and PDMS  
(Polydimethylsiloxane). The molds can be fabricated  
using different methods like wire-cut electric discharge  
machining, photochemical machining CO2 laser  
machining, etc. [5],[6],[7],[8]. Each approach has some  
advantages and limitations. Amongst these, CO2 laser  
machining is one of the easy and suitable methods for  
fabrication of microchannels molds on PMMA  
material. Laser cutting technology employs a laser to cut the  
materials. The laser beam is focused on the material, which 
then either burns, melts, or vaporizes away by a jet of 
gas, leaving an edge with a high-quality surface finish. In  
industries, the laser cutters are employed to cut  
different types of sheet material, structural and piping  
materials. The different studies on laser machining of polymer  
materials have been reported by various researchers for 
studying the machining performance [9],[10],[11].
The fabrication of micro-features is very critical. There 
is a good scope for fabrication of micro-features and  
channels using any non-conventional process. The  
fabrication of micro-features and straight channels 
on PMMA material using CO2 laser machining and its  
characterization is presented in this paper. The straight 
channels and microfeatures with eight different sizes from 
300 μm to 1000 μm have been fabricated using CO2 laser 
machining.
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2  MATERIAL AND METHODS
The material selected for fabrication of microchannel is  
Polymethylmethacrylate (PMMA) also called as Acrylic. This 
material is durable and stiff with  excellent weather resistance, 
and the chemical formula is C5H8O2. It has higher tensile and 
flexural strength. Its impact strength is about ten times more 
than glass [11]. PMMA has the highest surface hardness of all 
common thermoplastics and is also highly scratch resistant. 
PMMA is transparent, and it has good scope in microfluidic 
applications. Also, it is compatible with the soft lithography 
process. Therefore, for the fabrication of microfeatures and 
microchannels, PMMA material is suitable. 

 
(a)

(b)

Figure 1: CAD Geometry for (a) Microfeatures (b) Straight 
channels

The design of the microfeatures and straight channels is 
made ready with the help of AutoCAD software. The different  
drawings for the straight microfeatures and microchannel  
geometries with different widths are depicted in Figure 1 
(a). The size of the microfeatures is varied from 300 μm to 
1000 μm with an interval of 100 μm. The width of the straight 
channels is also changed the same as for microfeatures. The 
geometries for straight channels is depicted in Figure 1 (b). 
These drawings are imported in the LASER cutting machine 
database. The laser cutting machine photograph is shown 
in Figure 2. The microfeatures and channels have been  
fabricated by varying the two process parameters, i.e. laser 
power and laser speed.

Figure 2: Laser Cutting Machine

3  RESULT AND DISCUSSION
The laser machining has been performed on PMMA 
material for two different conditions for achieving 
different depths and surface conditions. The fabricated 
microfeatures on PMMA material are shown in 
Figure 3. The characterization for dimensions has 
been performed using RAPID I Vision 5 Microscope. 
The desired aspects for microfeatures are achieved 
using CO2 Laser machining. It is observed that the 
microfeatures having a size greater than 500 μm are 
more accurate in dimensions as compared to the 
smaller ones. 
The straight channels have also been fabricated 
using CO2 Laser machining. The fabricated straight 
channels are shown in Figure 4. The characterization for 
dimensions has been performed using RAPID I Vision 5 
Microscope. The required width has been achieved for 
straight channels. 

(a)

(b)
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(c)
Figure 3: Fabricated Microfeatures

4.Conclusion:
The microfeatures and straight channels have been 
fabricated using CO2 laser machining on the PMMA 
material. The three shapes of microfeatures as circular, 
square and hexagonal with different sizes from 300 μm 
to 1000 μm  with a variation of 100 μm. The microfeatures 
are having a size greater than 400 μm are observed to be 
fabricated as per the required dimensions. The straight 
channels with a width from 300 μm to 1000 μm  with a 
variation of 100 μm have been fabricated and are found 
to as per the required sizes. Thus, CO2 laser machining 
is a good candidate for fabrication of microfeatures and 
straight channels on PMMA (acrylic) material. 
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Abstract— In this paper a survey of parabolic trough solar concentrator and its application for heating water is provided. 
Initially, an overview of environmental related problems to the use of conventional sources of energy is presented and 
benefits offered by renewable energy systems are outlined. An introduction of flat-plate collector and its characteristics 
are compared with parabolic trough solar collector, and the corresponding results are obtained for PTC. This is followed 
by an optical, thermal and thermodynamic analysis of the collectors and description of the methods used to evaluate their 
performance. A tracking system is used to track the sun rays so as to get the maximum intensity which would be used for 
a wide range of application and provide significant benefits, therefore, they should be used wherever possible.

Index Terms— Solar Energy, Parabolic Collector, Solar Collector. 

1.Introduction                                                                     
There are various renewable energy sources available like 
wind energy, solar, tidal, etc. Each of the energy source 
has its advantages and limitations. The use of wing energy  
using vertical axis and horizontal wind turbine for  
mechanical or electrical energy generation has been 
 reported by many researchers [1-3]. The use of a solar  
thermal system for heating application is becoming popular 
day by day. The rising prices of fuel, as well as the effects 
of its usage on the environment, are the main concerns  
nowadays.
Parabolic trough collectors (PTCs) are currently the most 
feasible solar thermal technology for fluid heating since 
high temperature can be obtained without any decrease of 
the collector efficiency.  The parabolic trough concentrator 
(PTC) converts solar energy into thermal energy in its linear 
receiver [4].  
Flat-plate collector, Evacuated tube collector, Linear  
Fresnel reflector, cylindrical trough collector, parabolic trough  
collector have temperature application range of 30 – 800 
C, 50 – 2000 C, 60 – 2500 C, 60 – 3000 C, 60 – 4000 C 
 respectively [5].
PTC is contributing the 90% of the solar concentrators  
because this technology is the most usable among the 
 concentrating collectors; it leads to lightweight structure 
systems and high-temperature range [6].
Htun et al. [7] designed a parabolic trough collector  
system for electricity generation through steam turbines. It is  
designed for 1 MVA capacity. Design calculation of  
absorbed flux, useful heat gain, and exit temperature 
are described. Sintali et al. [8], development of energy  
equations for computation of the efficiency of  
Parabolic-Trough Collector (PTC) using solar coordinates. 
The thermal efficiency of the PTC considered both the  
direct and reflected solar energy incident on the glass-cover

as well as the thermal properties of the collector and the 
total energy losses in the system. The developed energy 
equations can be used to predict the performance of any 
PTC using the meteorological and irradiative data of any 
particular location.
Figure 1 shows the different configurations of the solar 

collectors.

Figure 1 - Possible concentrating collector configurations: 
(a) tubular absorbers with diffuse back reflector; (b)  
tubular absorbers with specular cusp reflectors; (c) plane  
receiver with plane reflectors; (d) parabolic concentrator; (e)  
Fresnel reflector; (f) array of heliostats with central receiver 
[3].
Yaseen [9], performed an experimental and theoreti-
cal study has been conducted to determine the thermal  
efficiency of a parabolic trough solar collector. It has been 
found the experimental thermal efficiency of the collector 
is less than the theoretical one.

2 Terminologies in Parabolic Trough Collector
2.1 Concentration Ratio
It is the ratio of surface area of the collector to the surface 
area of the receiver tube.  

2.2 Rim Angle
The angle between the optical axis and the line between 
the focal point and the mirror rim
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2.3 Focal Length
The distance between the focal point and the vertex of 
a parabola is a parameter that determines the parabola 
completely.

3 Design and Specifications of Collector
This topic includes the selection of local and operating  
parameters, geometrical parameters, selection of rim  
angle, and construction of parabola and fabrication of  
parabolic trough collector. Table 1 shows the factors  
considered for parabolic trough collector design.

Table1
Factors considered for PTC design

Table 2 gives information about parameters selected for 
the construction of PTC. It includes a selection of the 
length of the trough, the width of a trough, rim angle, and  
receiver diameter. Parabolic trough collector with frame 
support

Table 2
Specifications of PTC

Figure 2 shows the geometrical construction of the  
parabola.

Figure 2 - Construction of Parabola.
The analytical relation between the focal length of the  
parabola and the width of the parabola is given by the 
below equation.
F / W=(1+cos0)/(4sin0)
Where F is the focal length of the parabola and width of 
the parabola. The geometrical concentration ratio is given 
by the following relation,
CR= (sin0)/πsin0
Q is the rim angle of the parabola. Figure 3 shows the  
variation of concentration ratio with the rim angle of the 
parabola.

Figure 3 – Concentration Ratio vs. Rim Angle
It is desired to have higher concentration ration for the 
collector. From figure 3 it can be observed that the rim 
angle of 90o has maximum concentration ratio. Therefore 
rim angle of 90o is selected for a parabola

4. Experimental Analysis
Figure 4 shows the schematic model of the parabolic 
trough with a uniform diameter for better performance. It 
consists of absorber pipe with uniform diameter & para-
bolic trough. The absorber is a copper pipe with a uniform 
diameter.

Figure 4 – Experimental Setup
5. Result and Discussion
This section discusses the results of parabolic trough so-
lar collector with a uniform tube copper receiver and its 
characteristics. Readings were taken between 12.00 pm to 
2.00 pm.

5.1 Effect of Mass Flow Rate on outlet Temperature

Figure 5 – Mass Flow Rate vs. Temperature
From figure 5 it can be observed that the mass flow rate 
of water is increased, the outlet temperature of the water 
is decreased. The maximum temperature of the water is 
found to be 65OC when the mass flow rate of water was 
0.0013 kg/s.  
5.2 Time versus outlet Temperature
The mass flow rate of the water was kept constant while 
conducting this test. The flow rate of 0.0013 kg/s. has  
given maximum outlet temperature of the water,  
therefore flow rate was kept equal to 0.0013 kg/s during the  
entire test. The performance of the collector depends on 
the time slot of the day, as the radiation from the sun to 
earth varies from time to time. 
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Figure 6 – Time hours vs. outlet temperature
From figure 6 it can be observed that the peak  
performance is achieved during the time period of 12 
pm to 2 pm. It is obvious as during this period the light  
intensity is the highest.

5.3 Pipe Diameter vs. Outlet Temperature
Figure 7 shows the effect of the pipe diameter on the  
outlet temperature of the water. The pipes are  
available in standard size. 12 mm pipe has given the highest  
temperature when the flow rate was kept constant at 
0.0013 kg/s.

Figure 7 – Pipe diameter vs. outlet temperature

The output temperature of water first increases and then 
decreases. The maximum output temperature of the water 
is found to be 65 0C for absorber tube of inner diameter 
12 mm and then correspondingly goes on reducing with 
an increase in diameter of the inner tube. The heat losses 
in the form of convection and radiation affected by the 
pipe size.
5.4 Temperature distribution along the length of the 
pipe.

Figure 8 – Temperature of water along the length of the 
pipe

From figure 8, it is observed that the temperature of the 
water is increasing linearly along the length of the pipe.
7 Conclusion
In this study, a solar concentrator design has been in-
stalled. This equipment is based on a reflector plate and an 
absorber tube. The working fluid has achieved maximum 
temperature when the mass flow rate is kept as minimum 
as possible. While pipe size has a significant effect on the 
outlet temperature of the working fluid as the heat losses 
are governed by the size of the pipe. 

Here the environmental factors are not taken into consid-
erations as these are non-controllable factors. In reference 
to the various results and conclusion made above it is clear 
that by increasing the parabolic area the temperature of 
the fluid can be increased to a certain desired level
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Abstract—Hydrodynamic journal bearings are used for various applications in industries. These bearings are used to 
reduce the coefficient of friction and increase the load carrying capacity. For this, there is need to develop modified con-
figurations of journal bearing to improve performance of bearing for high speed applications. The hydrodynamic bearings 
are of cylindrical or conical shape out of which the conical journal bearing is a good alternative. The micro irregularities on 
the surface of bearing are able to develop sufficient fluid film pressure and hence load carrying capacity. In this paper, an 
attempt has been made for fabrication of the micro textures (i.e. grooves) on the inner surface of the bearing using chem-
ical machining process. The grooves are made on 90-degree portion on inner surface of the bearing. The radium paper 
is used as a maskant. The required grooves are made on radium paper and it is fixed on the bearing at the appropriate 
position. Ferric Chloride is used as etchant. The grooves are generated by chemical etching process. Further, the surface 
roughness is measured at the groove location. From the study, it is concluded that the micro textures on the inner surface 
of the bearings can be manufactured using chemical machining. 

1.Introduction                                                                     
Hydrodynamic lubrication principle of hydrodynamic  
lubrication mechanism that is essential to the efficient  
functioning of the hydrodynamic journal bearings, which are 
used for various applications. The behavior of the contact 
is governed by the bulk physical properties of the lubri-
cant, notably viscosity, and the frictional characteristics arise  
purely from the shearing of the viscous lubricant. Therefore, 
it becomes important to study the rheological properties 
of lubricants under various operating conditions such as 
temperature, pressure and shear rate. It is also important to  
understand tribology under various operating  
conditions and operating geometric arrangements. Bearing  
qualification is very much important before its use in the 
practical applications. However, in practice all standard  
journal bearings are tested for its dimensional accuracy and 
alignments during assembly, due to its simple construction. 
If the bearing is with complex geometry, it is difficult to  
measure dimensional accuracy and its need to study  
functional characteristics. Indirect way of measuring the 
bearing parameters are frictional coefficient and heat  
generation.
The performance of hydrodynamic journal bearing  
lubrication was analyzed by Hamilton et al. [1] and  
suggested that micro irregularities on the surface were able 
to develop sufficient fluid film pressure and hence load  
carrying capacity. The effect of cylindrical texture shape  
location on the performance characteristics of the  
hydrodynamic journal bearing was reported by Tala et al. 

Index Terms— Conical hydrodynamic bearing, Micro-texturing, fabrication, chemical machining, radium paper.

[3], [4], [5], [6], [7] have reported the work related to  
performance analysis of journal bearing, its optimization, 
use of micro texturing, etc. .The fabrication of micro t 
exturing on the inner surface of the bearing is also a  
crucial task.    The micro texturing includes grooves,  
dimples or any other micro geometry on the inner  
surface. The micro texturing can be accomplished 
by different non-conventional machining processes.  
Photochemical machining and chemical machin-
ing are one of the most suitable candidates for  
fabrication of these microfeatures on hydrodynamic bearing.  
Different researchers have reported the parametric study for  
photochemical machining for different materials like  
copper, brass, german silver and use of photo-
chemical machining for fabrication ofmicrochan-
nels[8],[9],[10],[11],[12],[13]. In this paper, the fabrication 
of micro textures on the conical hydrodynamic bearing 
using chemical machining is reported.

2. Material and Method:
The methodology for the work is presented in Figure 1. 
The material used for conical shape hydrodynamic bearing 
is stainless steel 410.

Machining: 
The conical shaped hydrodynamic bearing is machined 
into required shape using turning operation for the stain-
less steel 410 material. The CAD drawing of the conical 
shaped hydrodynamic bearing is presented in Figure 2(a). 

Fabrication of Micro-Textures on Conical Shape 
Hydrodynamic Journal Bearing
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The surface roughness of the fabricated bearing is 
checked using Mitutoyo Surface Roughness Tester as  
demonstrated in Figure 2(b). The average surface roughness is  
observed as 0.78 μm.

    Figure 1: Methodology

(a)

(b)
Figure 2: (a) CATIA Image of conical shaped hydrodynamic 

bearing, (b) surface roughness measurement

Maskant Preparation and application on the bearing: 
The maskant is prepared using radium paper. It is 
insolvable in the etchants like cupric chloride or ferric 
chloride. The radium maskant is prepared into required 
grooved texturing by using CO2 laser cutting machine. 
The AutoCAD drawing of grooved texturing is shown in 
Figure 3.

Figure 4: CO2 Laser Cutting machine

Figure 5: Grooved texturing on Radium Paper 

Figure 6: Radium maskant applied on the inner side of the 
bearing

The CO2 Laser cutting machine set-up is presented in 
Figure 4 and the prepared Radium with grooved texturing 
is shown in Figure 5. The prepared radium maskant is 
further stuck at the required position on the inner side of 
the bearing as depicted in Figure 6.

Etching Process: 
The ferric chloride is used as etchant. The bearing is 
wrapped with radium paper so that etching will be only 
for the selected for grooved texturing area (as shown in 
Figure 7). The etching set up with temperature control 
arrangement is demonstrated in Figure 8.
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Figure 7: Bearing wrapped by radium-ready for etching

Figure 8: Etching set up
In this process material is removed from that area which is 
exposed to FeCl3 solution. The etching tome is kept as 15 
minutes while the etching temperature is 55oC.  After this 
etching process, the cleaning of bearing is done by using 
acetone solution.

3. Results and Discussion:
The fabricated grooves using chemical etching process is 
shown in Figure 9.

Figure 9: Bearing with grooved texturing

Figure 10: Surface roughness measurement for grooved 
texturing

The surface roughness is measured for the grooved 
texturing at all six locations using Mitutoyo Surface 
roughness tester (refer Figure 10). The average surface 
roughness is observed to be 1.11 μm. 

4.Conclusion
The microfeatures are fabricated on the inner surface of 
the conical shape journal bearing using a chemical etching 
process. The grooved micro texturing is first prepared on 
the radium  maskant and further fabricated inside the 
hydrodynamic bearing etching process in which ferric 
chloride is used as etchant. The fabricated grooved micro 
texturing is observed to be in good agreement with the 
desired features as the drawing. The surface roughness is 
also measured and noted to be 1.11 μm. 
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1.INTRODUCTION   
The  mechanism is a device which is used to transfer force, 
motion, and power. A conventional mechanism has rigid 
links which are connected to joint and forms a pair. This 
pair allows relative motion between the links. Due to the 
availability of joints in this mechanism, while transferring 
force, motion, and power, friction occurs at the joints, 
which result in the inaccurate transfer of inputs given 
to it. Moreover, the compliant mechanism is a mono-
lithic structure and gains motion from the deflection of 
flexible members instead of the use of links, joints, and 
pairs. So, the problem of friction is eliminated with the 
use of this mechanism. Due to the absence of friction the  
compliant mechanisms give accurate and precise  
motion. Also, it possesses less wear and which results in less  
maintenance of mechanism [1]. The compliant mechanism 
is essential in the development and manufacturing of  
micro gripper. Because the micro grippers are handling the  
component having sizes in millimeters or microns where the  
characteristics of the compliant mechanism are very  
useful, also, the problem of handling of micro-optical and 
micro-electrical elements in Nano or micrometer range 
can be solved by using special micro gripper. Nowadays, 
the micro grippers are used in the wide varieties of fields 
like manufacturing industry, Electronics, Medical and  
Biological field, Material Research and in the assembly of 
Micro-Electro-Mechanical Systems (MEMS) [2]. 
The compliant mechanism is of smaller size, so for  
manufacturing of such mechanism, non-conventional  
machining processes are essential. There are various 
non-conventional machining methods which can be  
employed for manufacturing of compliant mechanism. 
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Abstract— Generally mechanism consists of links, joints, pairs, etc. and the force and power are transmitted by the relative 
motion of these parts of the mechanism. Due to the relative motion of joints, the friction occurs which leads to a deficien-
cy in the force and power transmission. A compliant mechanism is a monolithic and joint less structure. So, it eliminates 
the problem of friction in the mechanism. The accurate transfer of force and power is significant while handling small size 
objects, sensors, assembly parts, etc. This paper is based on the development and fabrication of compliant mechanism by 
photo chemical machining (PCM) and their characterization. Initially, we drafted the drawing of compliant mechanism and 
created the photo tool of the same. Copper material was selected for the manufacturing of the mechanism. The required 
photo tools were generated on trace paper, and then the micro gripper was fabricated using photo chemical machining. 
Further, the characterization of fabricated micro grippers was performed using RAPID I Vision 5 Microscope. The error 
analysis of fabricated micro grippers was performed with respect to the photo tool dimensions, and the error is observed 
to be minimum. So, it is concluded that the micro grippers can be fabricated using PCM up to satisfactory level.
Index Terms— Compliant mechanism, Micro gripper, Photo chemical, RAPID I Vision 5 Microscope.

Also, PCM produces a burr free and stress-free flat  
complex metal component. The machining takes place 
using a controlled dissolution of work-piece material by 
contact with the strong chemical solution. Conventional 
machining tools often leave behind burrs or imperfection 
in the metal. These slight imperfection results in loss of 
uniformity that can be avoided with PCM. The heat and 
friction produced by conventional machining techniques 
can stress lighter metal alloys, resulting in deformation and 
affecting hardness or strength. The etchant used in PCM 
uniformly dissolves the metal in predefined areas. The cost 
of PCM is not impacted by the number of parts features or 
part complexity. This makes PCM most economical option 
for custom metal etching of thin metal parts with complex 
geometry. Tooling and setup cost for PCM is considerably 
lower than conventional methods. 
 Many researchers in the recent past have  
reported the studies related to photo chemical machin-
ing. The PCM for copper and copper alloys like brass and  
German silver has been performed by using ferric  
chloride as the etchant. The parametric optimization  
studies have also been reported for copper, brass and German  
silver. The effect of process parameters like concentration,  
temperature and etching time on the performances  
measures like material removal rate (MRR), the  
surface roughness (Ra), edge deviation (ED), etc. has been  
reported [3], [4], [5], [6]. The parametric optimization for 
PCM of different hard to cut materials like Inconel alloys 
have been carried out by researchers [7], [8], [9]. The PCM 
has also been employed for fabrication of micro features, 
micro channels [10], [11], [12] and can be used for micro 
features in hydrodynamic journal bearing [13].
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From the above-reported literature, it can be noted that 
PCM can be effectively utilized for different materials like 
copper, brass, German silver and Inconel alloys, etc. The 
PCM is effectively utilized for the fabrication of micro 
channels and micro features. Very fewer studies have been 
reported for fabrication of compliant mechanism using 
PCM. So, there is a scope for manufacturing of compliant 
mechanism using PCM. 
 In this paper, an attempt has been for fabrication 
of compliant mechanism using PCM. The mechanism has 
fabricated on copper material. The characterization of the 
fabricated mechanism is performed using RAPID I Vision 5 
Microscope. 

2 METHODOLOGY
2.1 Material Selection
The copper material is used for this study. Copper is 
more elastic after gold and aluminum and which helps in  
compliant mechanism operations. The size of the  
specimen used is 25mm × 50mm × 0.5mm.

2.2 Experimental Procedure
The specimen surface is made clean to remove the burr, 
oxide layer, dust, etc. So, the photoresist can easily adhere 
to the surface.

Figure 1: Photo chemical machining Setup 
The PCM setup is shown in Figure 1. The cleaning of 
the surface is carried out by polish paper and thinner  
(trichloroethylene or acetone) to remove traces of grease 
or oil. After cleaning the specimen was dipped out in the 
photoresist and dried it to get a layer of photoresist on 
the surface of the specimen. A photo tool is a negative 
film of the image which is needed to be produced, and 
it is generated by using the CAD drawing printed on the  
tracing paper. The photo tool drawing of selected  
compliant mechanism is demonstrated in Figure 2. The 
generated photo tool is put on the coated specimen 
and exposed to the ultraviolet source. The photoresist is  
sensitive to the ultraviolet radiation. After U.V. exposure 
the specimen is held in the developer.  This will remove 
the unexposed area of the photoresist (Negative Film  
Method). After that, the specimen was washed with the 
water and dried it. The specimen is kept in the etchant with 
continuous heating that dissolves the metal chemically. 
The characterization of the process depends upon the  
parameters like temperature and dilution of the etchant.
1.Concentration(g/L) = 400
2.Temperature (° C)   = 40
 

Figure 2: CAD Drawing of Photo tool
3 RESULT AND DISCUSSION
  To get the exact size of the specimen by PCM  
process, it needs to provide some additional dimension on 
photo tool design of the product. So, the photo tool size is 
kept more than the actual size. There is some error in the 
desired dimension and actual dimension, and it is accept-
able. So, the compliant mechanism can be manufactured 
by using the PCM process. The prepared photo tool is  
depicted in Figure 3. The characterization of photo tool is 
performed using RAPID I Vision 5 Microscope. The desired 
width of the mechanism is 1 mm. The average width for 
the photo tool is observed to be 1.3mm. 
Using the prepared photo tool, the compliant mechanism 
is fabricated employing the PCM process. The fabricated 
compliant mechanism is shown in Figure 4. The charac-
terization of the photo tool is performed using RAPID I 
Vision 5 Microscope. The average width of the fabricated 
compliant mechanism is 1.09 mm.
The comparative analysis for dimensions of a photo tool 
and fabricated compliant mechanism is carried out, and 
the error is calculated and presented in table 1.  The  
average error is noted to be 0.12 mm.

Figure 3:  Characterization of the Photo tool

Figure 4: Characterization of fabricated Compliant  
Mechanism
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4. CONCLUSION
  Micro Electric Mechanical System or Micro  
systems is an emerging technology, and it has a  
significant potential to reshape human life patterns in the 
future. The micro gripper is playing an important role in  
handling of these micron sizes objects and to manufacture 
the micro gripper compliant mechanism is needed. The fab-
rication of compliant mechanism using PCM is carried out on  
copper material using ferric chloride as the etchant. The 
photo tool having an average width of 1.3 mm is prepared, 
and the compliant mechanism with an average width of 
1.09 mm is fabricated using PCM. The error analysis for 
photo tool and the fabricated compliant mechanism is 
performed, and the average error is observed to be 0.12 
mm.

REFERENCE
[1].L. L. Howell, Handbook of Compliant mechanisms, John 
Wiley & Sons, 2013.
[2].B. Deshmukh and S. Pardeshi, “Study of various  
compliant micromechanism and introduction of a  
compliant micromotion replicating mechanism”, Inter-
national Journal of Mechanical Engineering & Technolo-
gy, vol. 3 no. 3, pp.574-582, 2012. 
[3].S. S. Wangikar, P. P. Patowari, and R. D. Misra, “Effect 
of process parameters and optimization for photochem-
ical machining of brass and German silver” Materials and  
Manufacturing Processes, vol. 32 no. 15, pp.1747-1755, 
2017.
[4].S. S. Wangikar, P. P. Patowari, and R. D. Misra,  
“Parametric optimization for photochemical machining of  
copper using overall evaluation criteria” Materials Today: 
Proceedings, vol. 5, no. 2, pp. 4736–4742, 2018.
[5].S. S. Wangikar, P. P. Patowari, and R. D. Misra,  
“Parametric Optimization for Photochemical Machining of 
Copper Using Grey Relational Method”, In Techno-Societal 
2016, International Conference on Advanced Technologies 
for Societal Application, pp. 933-943, 2016.
[6].S. S. Wangikar, P. P. Patowari, R. D. Misra, and  
N. D. Misal, “Photochemical Machining: A Less  
Explored Non-Conventional Machining Process”, In  
Non-Conventional Machining in Modern Manufacturing 
Systems, pp. 188-201, 2018.  

[4].S. S. Wangikar, P. P. Patowari, and R. D. Misra,  
“Parametric optimization for photochemical machining of 
copper using overall evaluation criteria” Materials Today: 
Proceedings, vol. 5, no. 2, pp. 4736–4742, 2018.
[5].S. S. Wangikar, P. P. Patowari, and R. D. Misra,  
“Parametric Optimization for Photochemical Machining of 
Copper Using Grey Relational Method”, In Techno-Societal 
2016, International Conference on Advanced Technologies 
for Societal Application, pp. 933-943, 2016.
[6].S. S. Wangikar, P. P. Patowari, R. D. Misra, and  
N. D. Misal, “Photochemical Machining: A Less  
Explored Non-Conventional Machining Process”, In  
Non-Conventional Machining in Modern Manufacturing 
Systems, pp. 188-201, 2018.  
[7].N. D. Misal, and M. Sadaiah, “Investigation on Surface 
Roughness of Inconel 718 in Photo chemical Machining”, 
Advances in Materials Science and Engineering, 2017.
[8].N. D. Misal, A. R. Saraf, and M. Sadaiah,  
“Experimental investigation of surface topography in  
photo chemical machining of Inconel 718”, Materials and 
Manufacturing Processes, vol. 32, no. 15, pp.1756-1763, 
2017.
[9].A. R. Saraf, N. D. Misal, and M. Sadaiah, “Mathemat-
ical modelling and optimization of photo chemical  
machining”. In Advanced Materials Research, Vol. 548, pp. 
617-622, 2012. 
[10].S. S. Ghadge, and N. Misal, “Design and analy-
sis of micro-mixer for enhancing mixing performance”, 
 International Journal of Emerging Trends in Science and 
Technology, vol. 1, no. 08, pp.1342-1346, 2014.
[11].S. S. Das, S. D. Tilekar, S. S. Wangikar, and  
P. K. Patowari, “Numerical and experimental study of  
passive fluids mixing in micro-channels of different  
configurations”, Microsystem Technologies, Vol. 23 no. 12, 
pp. 5977-5988, 2018.
[12].S. S. Wangikar, P. P. Patowari, and R. D. Misra, “Numer-
ical and experimental investigations on the performance 
of a serpentine microchannel with semicircular obstacles,” 
Microsystem Technologies, vol 24, pp. 3307–3320, 2018.
[13].A. Shinde, P. Pawar, P. Shaikh, S. Wangikar,  
S. Salunkhe, and V. Dhamgaye, “Experimental and Numerical  
Analysis of Conical Shape Hydrodynamic Bearing With 
Partial Texturing” Procedia Manufacturing, vol. 20, pp. 
300–310, 2018.



40

Proceeding of the 
INTERNATIONAL CONFERENCE ON BUDDING TRENDS IN ENGINEERING AND TECHNOLOGY

 1. Introduction               
Now a day’s micro total analysis systems (μTAS) plays sig-
nificant role in many of the applications and Micro Chan-
nel is one of the prominent part of these systems. The Mi-
cro Channels are having applications in various fields like 
medical, diagnostics, chemical, biological, etc [1], [2], [3], 
[4]. The Micro Channels can be fabricated by using Acrylic 
material more economically and efficiently as compared to 
commercial materials like Silicon, Glass and Polymers, etc. 
Due to low cost and straight forward fabrication these Mi-
cro Channels are widely used in Medical and Engineering 
fields. There are various methods to fabricate the Micro 
Channels such as hot-embossing [5], [6] injection mold-
ing [7], micro milling [8], infrared laser ablation [9], Photo 
chemical machining [10], [11], [12], [13]. CO2 laser ma-
chining is also a suitable option for fabrication of molds 
or direct Micro Channels. The use of CO2 laser machining 
not only speeds up the fabrication process but also the 
high flexibility of changing the design. Thus, the CO2 laser 
systems are very much useful for micromachining. In this 
paper, the Y shaped Micro Channel with straight and circu-
lar obstacles’ configuration has been fabricated using the 
CO2 laser machining with three different widths. The input 
parameters are also varied in order to achieve the different 
depths for the Micro Channel molds. 
2. METHODOLOGY
 The first step for manufacturing mold is prepara-
tion of 2D CAD drawings in AutoCAD software which acts 
as an input to the CO2 laser machining. The CO2 laser cut 
machining takes input as 2D CAD drawings in dxf format 
and it analyze the path of channel which is given in CAD 
drawing.
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Abstract—  Micro Channels are one of the most significant parts for Lab on a chip device. The fabrication of Micro Chan-
nels is a crucial task. Soft Lithography is one of the most favored methods of Micro Channel fabrication. The accuracy of 
the Micro Channel in the soft lithography process prominently depends on the molds.  In this paper, an investigation on 
the use of a commercial CO2 laser system for fabrication of micro-channel molds using Acrylic material has been report-
ed. The depth of micro-channels is governed by the various process parameters, i.e. LASER power, scanning speed. The 
pilot experimentation is performed to analyze the effect of LASER power and scanning speed on the depth of the Micro 
Channel mold. It is observed that the channel depth is increasing linearly with increasing LASER power and noted to be 
decreasing with increase in speed. The straight Micro Channel configuration with Y shaped inlet having circular obstacles’ 
(Split and Recombine approach, SAR) has been fabricated using CO2 laser machining on Polymethylmethacrylate (PMMA) 
which can be used as a mold for the soft lithography process. The characterization of the fabricated Micro Channel mold 
has been performed using RAPID I Vision 5 microscope and Mitutoyo surface roughness tester.
Index Terms— CO2 LASER Machine, PMMA, Micro-Channel.

The drawings of the Y shaped Micro Channel molds with 
different configurations are shown in Figure 1. The material 
selected for the Micro Channel mold fabrications is acrylic 
(PMMA) because of its good surface finish property. The la-
ser falls on the acrylic material and it cuts the acrylic material 
in given manner. Finally, the desired Micro Channel mold of 
required shape is fabricated on the acrylic material. The laser 
cut machining set up is as shown in Figure 2. The specifica-
tions of the Laser cut machine are given below:
1.Model- TIL6090
2.Laser Type Sealed Hermetic CO2 Laser Tube
3.Laser Power 60W/80W/100W
4.Engraving Area 600 x 900 mm
5.Accuracy± 0.025 mm
6.Power Supply220 V±10%/50HZ.
7.Gross Power1800 watt. aprx.
8.Cutting Speed 500 mm/S (Max)
9.Engraving Speed 500 mm/S (Max

Figure 1: Y-Shaped Micro Channel geometries with different 
configurations
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Figure 2: CO2 Laser cut machining set up

3. RESULT AND DISCUSSION
 The laser machining has been carried out for the 
intended fabrication of Micro Channel molds on the acryl-
ic material. The different parametric conditions have been 
employed for the fabrication of molds. The main parame-
ters in laser cutting machining are laser speed and power. 
The width and depth of Micro Channel enhance with an 
increase in the laser power and the decrease of the moving 
velocity of the laser beam. When higher laser power and 
slower moving velocity have been used, the 

bigger Micro Channel depth is observed to be fabricated. 
Observing the effect of the power on the depth and width 
of Micro Channels, higher aspect (depth/width) ratio could 
be achieved using slower moving velocity and higher laser 
power. The two different input parametric conditions have 
been used and the depths achieved have been recorded 
as 0.5 mm to 0.52 mm and represented in table 4.1. The 
fabricated Micro Channel molds on PMMA material are 
represented in Figure 3.

Figure 3: Y-shaped Micro Channel molds fabricated using 
CO2 laser machining

5. CONCLUSION
The Micro Channels are major components required in Lab 
on a chip device. The fabrications of 
Y-shaped Micro Channels with different configurations 
like straight with circular obstacles’ have been carried out 
using Laser cut machining. The molds are fabricated for 
three different widths and using two different parametric 
conditions. The depths recorded are as 0.5 mm and 0.52 
mm. The fabricated molds can be employed for the fab-
rication of PDMS Micro Channels using soft lithography 
process. The study further can be extended for the para-
metric optimization of laser cut machining for fabrication 
of Micro Channels with different widths.
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Abstract— Vibration concealment can be considered as a 

standout amongst the most vital parameter influencing the 

execution of Mechanical structures and related security and 

solace. To diminish the framework vibration of such 

frameworks, a functioning vibration control system is required. 

the enhancement of damping force of classical hydraulic 

damper into semi active damper using MR approach is 

presented in this paper. The three unique liquids with iron 

particles volume division of 30%, 35 % and 40 % were set up in 

this investigation. It is seen that with increment in iron particles 

volume division and higher excitation current, damper 

execution improves. The damper set with thickest liquid 

experiences the issue of functionality at most reduced damping 

current. Among the 1 Degree of opportunity set utilized in this 

examination, the set with liquid YV2M2 with 35 % iron 

particles volume portion gives better execution usefulness 

perspective. The outcomes acquired from Damping power with 

MR Fluid and Magnetic Field is 40 percent more than Damping 

Force with customary Hydraulic Fluid. 

 

Index Terms— Hydraulic damper, vibration, MR fluid.  

 

I. INTRODUCTION 

 Magneto-Rheological dampers and the related devices have 

been under development for many years, but their 

commercial application started in late 2000A.D. in some 

expensive passenger vehicles. These Magneto-Rheological 

dampers fall under semi-active category. The 

Magneto-Rheological fluids, which are used in such devices, 

can  change from liquid to semisolid when they come under 

the  influence of magnetic field [1]. These damper have many 

benefits like, low cost of manufacturing, quick response, 

ability to change the viscosity in few milliseconds, fluids 

depend on the size of particles, properties of the carrier fluid 

used, additives and stabilizing agents used, applied magnetic 

field, operating construction, low operating power 

requirements and more effectiveness for vibration  
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absorption  The properties of temperature, concentration 

and density of particles, etc. Magnetic flux density generated 

in the damper due electric coil is proportional to the applied 

field [2]. Magnetic flux density generated in the damper due 

electric coil is proportional to the applied field.        

The properties of the Magneto-Rheological suspension, the 

working mode (shear mode, flow mode or squeeze mode) and 

the design of the magnetic circuit consisting of 

Magneto-Rheological fluid, flux guide and coil considerably 

influence the properties of the actuator. The design of the 

magnetic circuit of a Magneto-Rheological fluid actuator is 

analyzed by finite-element-method. Yang et al. [3] presented 

a Magneto-Rheological damper design methodology, which 

was based on the magnetic circuit design according to the 

requirement of adaptive structure characteristics.  

Cconformity of style throughout a conference proceeding. 

Margins, column widths, line spacing, and type styles are 

built-in; examples of the type styles are provided throughout 

this document and are identified in italic type, within 

parentheses, following the example. Some components, such 

as multi-leveled equations, graphics, and tables are not 

prescribed, although the various table text styles are provided. 

The formatter will need to create these components, 

incorporating the applicable criteria that follow. 

II. METHOD TO PREPARE 

MAGNETO-RHEOLOGICAL FLUID 

 In this study, three different Magneto-Rheological fluids 

designated as YV1M1, YV2M2 and YV3M3 are prepared 

with 30%, 35% and 40% of volume fraction of iron particles. 

The ingredients required for the preparation of 200 ml of 

Magneto-Rheological fluid are as given in Table 1. The AP 3 

grade Grease is first mixed in paraffin oil using mechanical 

stirred for about 20 minutes till the grease is dissolved in the 

oil completely. Then the oil is allowed to settle for about three 

hours. The iron particles are then added in the mixture of 

Grease and oil. This mixture is stirred for 15 to 20 minutes,  

until all particles get mixed in the oil completely[4]. 
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              Table 1: The details of ingredients 

 

III.  CALCULATION TO PREPARE 

MAGNETO-RHEOLOGICAL FLUID 

The calculations of ingredients which are required to 

prepare 200ml of three different types of 

Magneto-Rheological fluids (YV1M1, YV2M2 and YV3M3) 

are as given below. The composition of the MR fluid 

preparation is referred from literature [5&6]. 

For YV1M1: (70% paraffin oil + 30% iron particles) 

1. 200ml of fluid X 70/100 of paraffin oil = 140ml of 

paraffin oil  

140ml X specific gravity of low viscosity paraffin oil 0.84 

= 117.6gm 

2. 117.6gm of paraffin oil X 12/100 = 14.1gm of AP3 

grease  

3. 200ml of fluid X 30/100 of iron particles = 60 ml of 

iron particles 

60 X 3.51 = 210.6gm of iron particles.  

For YV2M2: (65% paraffin oil + 35% iron particles) 

1. 200ml of fluid X 65/100 of paraffin oil = 130ml of 

paraffin oil  

130ml X specific gravity of low viscosity paraffin oil 0.84 

= 109.2gm 

2. 109.2gm of paraffin oil X 12/100 = 13.1gm of AP3 

grease  

3. 200ml of fluid X 35/100 of iron particles = 70 ml of 

iron particles 

               70 X 3.51 = 245.7gm of iron particles. 

For YV3M3: (60% paraffin oil + 40% iron particles) 

1. 200ml of fluid X 60/100 of paraffin oil = 120ml of 

paraffin oil  

120ml X specific gravity of low viscosity paraffin oil 0.84 

= 100.8gm 

2. 100.8gm of paraffin oil X 12/100 = 12.09gm of AP3 

grease  

3. 200ml of fluid X 40/100 of iron particles = 80 ml of 

iron particles 

80 X 3.51 = 280.8gm of iron particles.  

 

 

 

IV.  MAGNETO-RHEOLOGICAL FLUID 

CHARACTERISTICS TESTING 

The magnetic induction (H) and the flux density (B) of the 

above mentioned three types of Magneto-Rheological fluids 

are determined experimentally. The experimental set for the 

same, consists of an electromagnet, digital Gauss meter and 

sensor rod arrangement as shown in fig.1. The sensor probe 

was dipped in the cup having 30 ml Magneto-Rheological 

fluid and this arrangement was kept in the electromagnetic 

field generated by the coil. 

 
Fig. 1: Experimental set up for Magneto-Rheological Fluid 

characterization  

This experimental arrangement can be explained with the 

help of block diagram, as shown in Fig.  2. The current (I) of 

the coil is varied as 0.3, 0.6, 0.9, 1.2, 1.5, 1.8 and 2.1 

Amperes. To vary magnetic induction (H) and flux density 

(B) is measured using sensor and digital gauss meter. The 

magnitude of magnetic induction and flux density for 

Magneto-Rheological fluids YV1M1, YV3M3 and YV2M2 

are given in Tables 2, 3 and 4 respectively. 

 

Table 2: Characteristics for YV1M1 (30% Fe particles)             

  Curre

nt  

in 

Amp 

Magnetic 

Flux Density  

(Tesla) ‘B’ 

Magnetic 

induction 

(Amp/m) H 

1.  0.3 109 9432 

2.  0.6 210 18864 

3.  0.9 343 28296 

4.  1.2 464 37728 

5.  1.5 560 47160 

6.  1.8 624 56292 

7.  2.1 654 66024 

   

Table 3: Characteristics for YV3M3 (40% Fe particle) 

Sr

. No 

Current 

 in Amp 

Magnetic 

Flux Density  

(Tesla) ‗B‘ 

Magnetic 

induction 

(Amp/m) H 

1.  0.3 199 9432 

2.  0.6 392 18864 

3.  0.9 562 28296 

4.  1.2 723 37728 

5.  1.5 910 47160 

6.  1.8 1065 56292 

7.  2.1 1177 66024 

 

Details of 

ingredients 

YV1

M1(30 

%iron   

particles

) 

YV2

M2(35 

%iron 

particles

) 

YV3M3 

(40 %iron 

particles) 

Low viscosity 

oil (Paraffin oil) 

140 ml 130 ml 120 ml 

Iron 

Particles(around5

0 micron) 

210.6 

gm 

245.7 

gm 

280.8 gm 

AP 3 

grease(12% of 

Oil weight) 

14.1 

gm 

13.5 

gm 

12.09 gm 
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Table 4: Characteristics for YV2M2 (35% Fe particles) 

  

 
Fig. 2: B-H curve for YV1M1, YV2M2 and YV3M3 

ENHANCEMENT OF DAMPING FORCE OF 

CLASSICAL HYDRAULIC DAMPER- 

 
Fig. 3: Experimental Set up 

 
Fig. 4: Experimental Set up with Magnet 

The fig. 3 and 4 represents actual experimental setup for 

Enhancement of Damping Force of Classical Hydraulic 

Damper into semi active damper using MR Approach. The 

hydraulic damper is modified and filled with MR Fluid by 

varying volume fraction of oil and iron particles and it is 

tested in M/s Autoshox industry, Kolhapur  

The experimental is carried out with damper with MR 

Fluid and damper with MR Fluid long with Magnet. [7] 

During the experimentation, it is concluded that damping 

force increases when magnetic force increases and it is 

increased 40 percent more than that actual damper shown in 

Table 5. 

 

Table 5: Actual testing and it results of YV3M3 (40% 

iron particle) 

 

Damping Force 

With regular 

Hydraulic Fluid 

(Kg/s) 

Damping Force 

With MR  Fluid 

Without magnetic 

Field(Kg/s) 

Damping Force 

With MR Fluid 

With Magnetic 

Field(kg/s) 

26 26 40.1 

27.5 25 38 

27 25.5 40.3 

 

V.  CONCLUSION 

Magneto-rheological characteristic of Magneto-rheological 

fluids is affected by the percentage of iron particles volume 

fraction in it. Hence, three different fluids with iron particles 

volume fraction of 30%, 35 % and 40 % were prepared in this 

study. From the B-H curves of these fluids, it is observed that, 

as the percentage of iron particles volume fraction increases 

in the Magneto-rheological fluid, the magnetic flux density 

value also increases for the same value of magnetic induction. 

The trend of Magneto-rheological fluid characteristics is very 

much similar to the results from the literature.  

From this study, it is observed that with increase in iron 

particles volume fraction and higher excitation current, 

damper performance improves. However, the damper set 

with thickest fluid suffers from the problem of workability at 

lowest damping current. Among the 1 Degree of freedom set 

used in this study, the set with fluid YV2M2 with 35 % iron 

particles volume fraction gives better performance 

workability point of view. 

To study the effect of Magneto-Rheological fluids and 

external permanent magnet arrangement in one degree of 

freedom set on force-displacement characteristics these 

combinations of damper set with three fluids are tested from 

this study it is observed that increase in iron particles volume 

fraction damper performance also improve. However the 1 

dof set with Magneto-Rheological fluid YV3M3 suffer from 

the workability and in turn efficiency among the damper set 

used in this study set with gap and turn efficiency. 

  The results obtained from Damping force with MR 

Fluid and Magnetic Field is 40 percent more than Damping 

Force with regular Hydraulic Fluid. 

 

Sr. No Curre

nt  

in 

Amp 

Magnetic 

Flux Density 

 (Tesla) ‘B’ 

Magnetic 

induction 

(Amp/m)H 

1.  0.3 130 9432 

2.  0.6 258 18864 

3.  0.9 400 28296 

4.  1.2 554 37728 

5.  1.5 681 47160 

6.  1.8 785 56292 

7.  2.1 856 66024 



Enhancement of Damping Force of Classical Hydraulic Damper into Semi Active Damper using MR Approach  

 

                                                                                        29                                                                                  www.ijntr.org 

 

REFERENCES 

[1] G. O. Young, ―Synthetic structure of industrial plastics (Book style 

with paper title and editor),‖  in Plastics, 2nd ed. vol. 3, J. Peters, Ed.  

New York: McGraw-Hill, 1964, pp. 15–64. 

[2] W.-K. Chen, Linear Networks and Systems (Book style). Belmont, 

CA: Wadsworth, 1993, pp. 123–135. 

[3]  H. Poor, An Introduction to Signal Detection and Estimation.   New 

York: Springer-Verlag, 1985, ch. 4. 

[4] B. Smith, ―An approach to graphs of linear forms (Unpublished work 

style),‖ unpublished. 

[5] E. H. Miller, ―A note on reflector arrays (Periodical style—Accepted 

for publication),‖ IEEE Trans. Antennas Propagat., to be published. 

[6] J. Wang, ―Fundamentals of erbium-doped fiber amplifiers arrays 

(Periodical style—Submitted for publication),‖ IEEE J. Quantum 

Electron., submitted for publication. 

[7] C. J. Kaufman, Rocky Mountain Research Lab., Boulder, CO, private 

communication, May 1995. 

[8] Y. Yorozu, M. Hirano, K. Oka, and Y. Tagawa, ―Electron spectroscopy 

studies on magneto-optical media and plastic substrate 

interfaces(Translation Journals style),‖ IEEE Transl. J. Magn.Jpn., vol. 

2, Aug. 1987, pp. 740–741 [Dig. 9th Annu. Conf. Magnetics Japan, 

1982, p. 301]. 

[9] M. Young, The Techincal Writers Handbook.  Mill Valley, CA: 

University Science, 1989. 

[10]  (Basic Book/Monograph Online Sources) J. K. Author. (year, month, 

day). Title (edition) [Type of medium]. Volume(issue).  Available: 

http://www.(URL) 

[11] J. Jones. (1991, May 10). Networks (2nd ed.) [Online]. Available: 

http://www.atm.com 

[12] (Journal Online Sources style) K. Author. (year, month). Title. Journal 

[Type of medium]. Volume(issue), paging if given.   Available: 

http://www.(URL) 

[13] R. J. Vidmar. (1992, August). On the use of atmospheric plasmas as 

electromagnetic reflectors. IEEE Trans. Plasma Sci. [Online]. 21(3). 

pp. 876—880.   Available: 

http://www.halcyon.com/pub/journals/21ps03-vidmar 

 

 

 

http://www.(url/
http://www.atm.com/
http://www.(url/


 

                                                                        International Journal of New Technology and Research (IJNTR) 

                                                                                  ISSN: 2454-4116, Volume-5, Issue-4, April 2019 Pages 30-33 

                                                                                        30                                                                                  www.ijntr.org 

 

Abstract— The S.S 316 is a chromium-nickel-molybdenum 

austenitic stainless steel developed to provide improved 

corrosion resistance to S.S 304/304L in moderately corrosive 

environments. 316stainless steel is selected over other materials 

because of its distinct properties, cheaper cost and its 

availability in the market. 316stainless steel used is a boiler 

grade steel used in pressure vessels. Type 316 stainless steel is 

broadly used in application demanding corrosion resistance 

superior to Type 304, or good elevated temperature strength. 

Typical uses include exhaust manifolds, furnace parts, heat 

exchangers, jet engine parts,tanks, evaporators, paper and 

textile processing equipment.. The addition of molybdenum 

improves general corrosion and chloride pitting resistance. TIG 

welding is most popular method for welding of stainless 

material. SS316 is commonly used for producing milk silo in 

dairy industry. The objective behind this research is to optimize 

process parameter and to determine the influence of process 

parameter on the quality of weld. Welding current and Gas flow 

rate is process parameter selected for experimental work. In 

this research Taguchi method is used to optimize  welding 

current and Gas flow rate. In this project work, X-ray 

radiographic test has been conducted in order to detect surface 

and subsurface defects of weld specimens made of SS 316 

austenitic stainless steels. Effect of current, gas flow rate and 

metal plate thickness on quality of weld in metal inert gas arc 

welding of SS316 austenitic stainless steel has been studied in 

the present work through experimental analysis. Butt welded 

joints have been made by employing different levels of gas flow 

rate, current, and plate thickness. The quality of the weld has 

been assigned in terms of yield strength, ultimate tensile 

strength and percentage elongation of welded specimens. The 

observed data have been interpreted, discussed and analyzed 

using Taguchi methodology.  

Index Terms— Weld  Joint, Taguchi Technique  .  

I. INTRODUCTION 

  GTAW or TIG welding process is an arc welding process 

adopt  a non consumable tungstenelectrod. For producing the 

weld, the are of weld is protected from atmosphere with a 

shielding gas generally Argon or Helium or sometimes 

mixture of Argon and Helium. A filler metal may also supply 

with material manually for proper welding. GTAW most 

commonly called TIG welding process was  developed during 
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the Second World War. 

With the development of TIGwelding process, welding is 

difficult to weld materials e.g. Aluminium and Magnesium 

becomes possible. The use of TIG today has spread  variety of 

metals like stainless steel, mild steel and high tensile steels, 

Al alloy, Titanium alloy. Like other welding system, TIG 

welding power sources have also improved from basic 

transformer types to the highly electronic controlled power 

sourcetoday.This type of weld also allows for intricate 

detailing, which is an important consideration in custom iron 

– especially in designs that have ornate scrolls and other 

design elements.Other welding techniques leave slag behind, 

and this has to be cleaned up and removed before the design 

can be completed. This method, however, generally leaves no 

slag behind, which means fabricator can spend more time on 

creating  design, rather than cleaning up messy welds.Taguchi 

involves using orthogonal arrays to order  the parameters 

affecting the process and the levels at which they should be 

varied. This allows for collection of the required data to 

determine the factors which are mainly affect s on the product 

quality with minimum amount of experimentation, thus it  

saving time and resources. The Taguchi method is used when 

there are intermediate number of variables (3 to 50), few 

interactions between the variables, and when only a few 

variables contribute remarkable.  A large number of 

experiments were to be carried out when the number of 

process parameters are  increase. To solve this problem, the 

Taguchi method is uses a special design of orthogonal arrays 

for studying the entire parameter space with only a minimum 

number of experiments. Three parameters are to be 

considered as controlling factors, that are welding current, 

gas flow rate and material thickness. Each parameter having 

three levels viz.  low, medium and high, normally denoted by 

1, 2 and 3, respectively. According to the Taguchi method, if 

three parameters and 3 levels for experimentation, 

L9orthogonal array should be employed for the 

experimentation.  In this work L9  orthogonal array is 

sufficient to predict the required results. It would require total 

27 experiments to enhance the parameters.   

A. Basic mechanism of  TIG welding: 

TIG welding is arc welding process which uses a 

non-consumable tungsten electrode to produce the weld on 

the component. The weld area is protected from atmosphere 

by providind an inert shielding gas (helium or argon), and a 

filler metal is usually employed. The power is supplied from   

source of power (rectifier), through a welding torch and is 

delivered to a tungsten electrode. An electric arc is further 

generated between the work piece and tungsten electrode 
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using a constant-current welding power supply which 

produces energy and conducted across the arc through a  

highly ionized gas and metal vapours.  The electric arc can 

produce temperatures  up to 20,000oC and this heat can be 

focused to melt and join two different parts of material.  The 

schematic diagram of TIG welding and mechanism of TIG 

welding is as shown in below fig. 1 

 

 
Fig 1  schematic representation of TIG welding [1]. 

 

 

B.   General Information of SS-316 

Table 1 :Technical Information of SS-316[1]. 

    Alloy UNS Number SAE Number 

    316 S31600 30316 

Types 316 and 316L are more resist to atmospheric and 

other mild types of corrosion as compared to the 18-8 

stainless steels. Type 304 stainless steel is considered to resist 

the pitting and crevice corrosion in waters containing up to 

about 100 ppm chlorides At temperature as high as 120° F 

(49° C), Type 316 is more  resistant to concentration of this 

acid up to the  5 percent. At temperature range  under 100° F 

(38° C), this type has higher  resistance to higher 

concentrations. Where condensation of sulphur-bearing gases 

occurs, these alloys are much more resistant as compared to 

other stainless steel types. In such applications, however, the 

acid concentration has marked impact on the rate of attack 

and should be carefully examined. The molybdenum-bearing 

Type 316 stainless steel also provides resistance to the  wide 

variety of other environments.   

C.  Literature  Review 

TIG welding is widely used for different types of metal & 

alloy welding and still lot of research work is going for 

effective performance by TIG welding process.  Kishore et al. 

[1]: In this paper they had done research on AISI1040 steel by 

using taguchi method. Research on the welding of  material  

like steel is still difficult and ongoing.Exhaustive survey 

suggest that 5-7 control factors .  The data in the present work 

is collected using ultrasound testing (UT), in which angle 

beam technique is used for the testing of weldments and 

results are quantified.  Harish Kumar et al. [2]: In this paper 

they had done research on austenitic stainless steel. Nitrogen 

alloyed austenitic stainless steels are designated as 316LN 

which contain the low carbon due to which the risk of 

sensitization can be deminish.  This paper addresses the laser 

welding aspects, which may be of considerable interest 

because it offers several advantages over other welding 

processes. Magudeeswaran et al.[3]: The activated TIG 

(ATIG) welding process primarily focuses on increasing the 

penetration depth and the reduction in the weld bead width 

has not been paid much attention. The enhance  process 

parameters are reported as 1 mm electrode gap, 140 A 

current, 130 mm/min travel speed, and 12 V voltage.  

Bharatha et al. [4]:  The objective of this research is used to 

determine the influence of various welding parameters on the 

weld bead of AISI 316 welded joint. In this research work the 

ANOVA technique is used to identify the influence of the 

welding speed, current, electrode, root gap on the strength of 

the material. The result shows that speed is most influencing 

factor to have highest bend strength and current that is to be 

used while welding is the most influencing factor to get 

higher tensile strength. Buddu et al. [5]: The development of 

advanced fusion reactors like DEMO will have various 

challenges in materials and fabrication. The double walled 

design for vacuum vessel with thicker stainless steel material 

(40–60 mm) has been schemed in the advanced fusion 

reactors like ITER. The present paper describes 

characterization of welding joints of SS316L plates with 

higher thicknesses like 40 mm and 60 mm, prepared using 

multi-pass Tungsten Inert Gas (TIG) welding process. The 

weld quality has been evaluated with non-destructive tests by 

X-ray radiography and ultrasonic methods.  Balaji et al. [6]: 

The joining of similar grades of stainless steel by TIG 

welding with the various parameters like current, gas flow 

rate, and bevel angle is reported and the SS 316L is selected 

over the other grades due to its less carbon content. 

D.  Scope 

 Only one material SS-316 grade stainless steel has been 

considered in this project. The materials other than this or 

different material may be considered in future. More than one 

material will be consider for future work. In this experiment 

only weld defects and Tensile strengths are considered. In 

future, the other than weld defects and weld strength, other 

test may be considered for analysis such as bending test, 

microstructure test, hardness test etc. Forthis work only 

current, gas flow rate, thickness is considered. In future, other 

than current, gas flow rate, thickness, another parameter may 

be considered such as voltage, speed, root gap, nozzle to 

workpiece distance etc.  In this experiment  consider only 3 

levels and 3 parameters i.e. L9 orthogonal array is selected for 

experimentation. In future more than 3 levels and 3 

parameters may be considered. For more levels and 

parameters get high accuracy in result and  get more reliable 

parameters for TIG welding. 

II. MATERIALS  AND  METHODOLOGY OF SS-316 

The Chemical Composition of SS-316 is given in below 

Table 2 

Table 2: chemical composition of SS-316 [1] 

Alloy C Mn P S Si Cr Ni Mo Cu N 

31

6 

.0.

8% 

2.0

0% 

.0.

4% 

.0.

3% 

1.

0% 

16.00-18.0

0% 

10.00-14.0

0% 

2.00-3.0

0% 

0.7

5% 

- 
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A.  Design of Orthogonal array by using Taguchi 

method 

The following is the experimental  procedure which is 

done in this project such as follows:- 

1. Commercial SS-316 plate of thickness 3, 5, 8 mm will 

be selected as work piece material for the present experiment. 

 2. SS-316 plate will be cut with dimension of 100 mm x 50 

mm with the help of band-saw and grinding done at the edge 

to smooth the surface to be joined. The dimensions will have 

taken by references of research papers.  

3. After cutting material into dimensions  go for Taguchi 

method, for this decided 3 levels i.e. low medium and high 

and 3 parameters i.e. welding current, gas flow rate, material 

thickness. These three parameters were taken as variable for 

present study and their three levels were chosen for which 

responses were measured, for which L9 orthogonal array was 

selected as experimental design method. These parameters 

with their levels were shown in table 3. 

4. After that surfaces will polished with emery paper to 

remove any kind of external material. Before welding all 

sheets were cleaned chemically by acetone in order to remove 

any source of contaminants like rust, dust oil etc. 

 5. After sample preparation, SS-316 plates are fixed in the 

working table with flexible clamp side by side and welding 

done so that a butt join can be formed. 

 6. Then TIG welding on plates will done by using Taguchi 

array design. 

 7. After that for Non Destructive Testing  i.e. Radiography 

Testing. 

 8. After getting result of Radiography testing means for 

Destructive testing i.e. tensile testing. 

Table 3 : Process parameters and levels 

Paramete

r  

Unit Level 

1 

Level 

2 

Level 

3 

Welding 

current  

A 125 137 151 

Gas 

Flow Rate 

1/min 18 21 24 

Metal 

Plate 

Thickness 

mm 3 5 8 

Once the orthogonal array is selected, the experiments are 

carried out as per the level combinations. It is important that 

all experiments are to be conducted. The performance 

parameters (output) are  noted for each experimental run for 

analysis.In below  

Table 4 the experimental design using orthogonal  array is 

shown: 

Table 4 :  Experimental design using orthogonal array 

Experime

nt Number 

                         Levels  

Welding 

Current 

Gas Flow 

Rate 

Thickness 

1 125A 18  1/min 3 mm 

2 125A 21 1/min 5 mm 

3 125A 24  1/min 8 mm 

4 137A 18  1/min 3 mm 

5 137A 21  1/min 5 mm 

6 137A 24  1/min 8 mm 

7 151A 18   1/min 3 mm 

8 151A 21   1/min 5 mm 

9 151A 24   1/min 8 mm 

 

III.    RESULT AND DISCUSSION 

In this total  9 experiments were taken as L9 orthogonal 

array is selected. In this paper  only 4 experiments were added 

as per optimized result. 

A. Experiment no.1   

First  take Radiography test on weld coupon by using 

ASME SEC-V & SEC IX. The Tensile test is conducted on 

the SS316 Tig weldment on a Universal Testing Machine as 

per ASTM A370-2017 standards to determine the ultimate 

tensile stress of the weldment. For first experiment following 

parameters are considered. Table 5 and Table 6 shows the 

radiography result and tensile test result respectively. 

 

Table 5 Radiography Result of 1st test coupon. 

Film Size  

(in inches) 

Identification No. Observation 

3×5 SVERI/TIG/TC4

AB 

Min PO 

 

 

Table  6 Tensile test result of 1st weld coupon 

Sr.No Parameter/Description Actual 

Value 

1 Thickness 8.02 

2 Width 20.00 

3 Area 160.80 

4 Ultimate Tensile 

Strength 

615.00 

5 Ultimate Tensile Load 99.00 

6 Specimen Shape FLAT 

7 Fracture WELD 

 

In this experiment  welding current 125A, gas flow rate 24  

l/min, thickness 3mm. Minimum porosity is obtained in 

radiography test and get tensile strength about 615 N/mm2. 

Here weld joint is   acceptable. 

B.  Experiment no.2 

For second experiment following parameters are 

considered and  The below Table 7 and Table 8  shows the 

tensile test result and radiography test result respectively. 

Table 7 Result of Tensile test of  2nd weld coupon 

Sr.No Parameter/Description Actual 

Value 

1 THICKNESS 3 

2 WIDTH 20 

3 AREA 60 

4 ULTIMATE 

TENSILE STRENGTH 

600 

5 ULTIMATE 

TENSILE LOAD 

36 

6 SPECIMEN SHAPE FLAT  

7 FRACTURE WELD 

Table  8 Radiography result of 2ndweld coupon. 

Film size  Identification No. Observation 
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(in inches) 

      3x5 SVERI/TIG/TC4

AB 

NSD 

In this experiment  welding current 125A, gas flow rate 18  

l/min, thickness 8mm. No any defect is obtained in 

radiography test and  get tensile strength about 600 N/mm2. 

Here weld joint isacceptable. 

 

C.  Experiment no.3 

For third experiment following parameters are considered. 

The below Table 9 and Table 10 shows the result of tensile 

test and  radiography  test  respectively 

Table  9 Result of Tensile test of  3rd weld coupon 

Sr.No Parameter/Description Actual 

Value 

1 THICKNESS 3 

2 WIDTH 20 

3 AREA 60 

4 ULTIMATE 

TENSILE STRENGTH 

583.00 

5 ULTIMATE 

TENSILE LOAD 

34.98 

6 FRACTURE WELD 

7 SPECIMEN SHAPE FLAT 

 

 Table 10Radiography result of 3rd weld coupen. 

Film size 

(in inches) 

Identification No. Observation 

3x5 SVERI/TIG/TC4

AB 

NSD 

In this experiment  welding current 137A, gas flow rate 18 

l/min, thickness 3mm. No any defect is obtained in 

radiography test and  get tensile strength about  583  N/mm2. 

Here weld joint is not acceptable. 

D.  Experiment no.4 

    For fourth experiment following parameters are 

considered. 

The below Table 11 and Table 12 shows the result of 

tensile test and radiography test  respectively. 

Table  11 Result of Tensile test of  4th weld coupon 

Sr.No Parameter/Description Actual 

Value 

1 THICKNESS 5 

2 WIDTH 20 

3 AREA 100 

4 ULTIMATE 

TENSILE STRNGTH 

621.00 

5 SPECIMEN SHAPE FLAT 

6 ULTIMATE 

TENSILE LOAD 

62.10 

7 FRACTURE WELD 

 

    Table  12  Result of  Radiography Test of 4th weld 

coupon 

Film size (in 

inches) 

Identification No. Observation 

3x5 SVERI/TIG/TC4

AB 

NSD 

In this experiment welding current 137A, gas flow rate 21 

l/min, thickness 5mm. No any defect is obtained in 

radiography test and  get tensile strength about 621  N/mm2. 

Here weld joint is acceptable. 

IV.  CONCLUSION 

All the experimental steps were carried out under 

precautionary measures in order to keep the error factor low 

and to increase the reliability of the results. The following 

conclusions were arrived from the non destructive testing i.e. 

Radiography testing investigation.As current decreases minor 

defects are formed such as under fill. Also as current 

increases heat affected zoneincreases as well porosity 

increases. For medium current good quality 

weldobtained.The radiography results showed the defect of 

minimum porocity, thus the result concludes that the defect 

does not create a major impact. 

According to Destructive testing following conclusion is 

arrived. The tensile test has showed that the Current of 137A, 

Gas flow rate 21  l/min and a Thickness 5 mm offers the 

maximum tensile strength of 621MPa. The tensile test has 

also showed that the Current of 137A, Gas flow rate 18 l/min 

and a Thickness 3mm offers the minimum tensile strength of 

583.00 MPa. 
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Abstract—Crimping machine is used in wire harnessing 

operation for creating a joint between wire and crimping pin 

with pressing of conductor crimp and insulation crimp. The 

holding of wire is done by manually without any guiding to the 

worker . So accuracy of crimping machine is mainly depending 

upon the skill of worker to hold the wire at accurate position. So 

for accurate joint, worker plays an important role. Guiding to 

worker is important so that accuracy will not depend upon 

worker efficiency and skill. So to achieve the right position to 

launch pressing die to go for pressing sensor should be at right 

position. For sensing the accurate position the sensor model 

which constitute Arduino, color recognition sensor, etc, which 

help to sense the change in color on insulation of wire. This 

color change is done by using the marker and sensed in the form 

of frequency change as marking of different color is done on the 

wire. This helps Arduino to work as mentioned in program to 

identify change in color frequency. Then through the LED 

attached on Arduino signal come to worker as the wire is at 

accurate position. Then pedal is activated by Arduino to do 

pressing operation. This will reduce the work done by worker 

and provide guidance to worker for working in any condition or 

situation.   

 

Index Terms: Arduino, Crimping machine, sensor, wire 

harness. 

I. INTRODUCTION 

Now days, the companies are facing the problems regarding 

the worker efficiency, skills, accuracy of certain operation, 

etc. in manufacturing . These companies are looking for 

automation as a solution of this problem. So achieving the 

automation in company Core-Tech Aurangabad Pvt. Ltd. has 

facing the problem of lack in accuracy due to many problems 

in crimping machine [1]. Normally they do 1200 to 1500 

crimping operation in a day. In that 40 to 50 fails due to the 

improper attachment of crimping with wire. This problem 

occur due to the many reasons some of them are not holding  

 

wire at accurate position between crimping pin and punch [2], 

proper load applied on the crimping pin joint, etc. Crimping 

pin with conductor crimp and insulation crimp is shown in fig. 
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1. The crimping machine before experimentation is shown in 

fig.2. The normal joint formed between crimping pin and 

wire is given in fig.3.  

. 

 
Fig.1 Crimping pin 

 

Project objectives are as follows 

1) To guide the worker about the accurate position 

between the crimping pins and punch 

2) To increase the productivity by reducing the losses 

due to worker inefficiency 

 

 
Fig.2 Crimping Machine 

 

 
                          Fig.3 Crimping Operation. 

II. LITERATURE REVIEW 

         Klaus states about the stroke of crimping machine and 

the necessity of managing the stroke length for accurate 
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crimping joint between electric conductor and electric 

connector.[1] 

Gerst explains about the automatic crimping tool and 

crimping is done on the basis of carrier steep mechanism. [2] 

Basic information of Arduino and its pin is useful for doing 

experimentation on it. The utilization of Arduino software in 

giving the program to Arduino is done by Arduino IDE.  [3]  

  The sorting of object is a very difficult to maintain his 

proper place. Because in industry the continuous process of 

operations is done.  Sensor Color Reorganization- tcs3200 

will help to maintain the sorting of the products. [4]  

Wiring harness is a predetermined structural set of wire, 

terminal and connecter thought vehicle body for providing 

electrical supply. It is used for connecting the electrical 

devices for automotive vehicle .The wire harness thus 

connected to electric devices by engaging each set of harness 

end terminals with each electric device connector attached to 

the vehicle frame. [5] 

III. COMPONENTS OF SENSOR MODEL 

A. Arduino Uno 

The Arduino Uno is used for programming purpose 

especially for color recognition sensor. The Arduino has two 

microcontrollers, one reset button, one USB connection port, 

adapter port, 13 input output pins, etc. The first 

microcontroller is used for making interface between the 

second microcontrollers to load program, change program, 

etc [1]. The second microcontroller is used for actual 

performance as the program is loaded on that. The reset 

button is used for clearing second microcontroller program 

loaded on it. The 13 pin is specially provided with LED for 

indication of result. The many pins ground pin, input/output 

pins having voltage are present. 

B. Color Recognition Sensor TCS 3200 

 

 
Fig. 4 Color Reorganization Sensor [4]. 

 

This sensor has 8 pins which controls the input and output 

of a sensor. On that S0 and S1 are recognized as output 

frequency control ports and S2 and S3 are used color light to 

detect. There are also ports like GND, VCC, OUT and OE. 

These ports have special meaning like having the ground the 

voltage as shown in fig. 4.  

C. Cables  

As different types of jumper cables are used like male to 

male, female to female, male to male jumper cables which is 

are used to make the connection between the Arduino and 

sensor. USB cable is also used for making interface between 

the Arduino and computer. 

 

D. Relay 

  Relay is an electromagnetic switch used for turn on and off 

circuit. The main parts of relay are electromagnet, movable 

arm, switch point contacts. The relay has mainly two circuits 

control circuit and load circuit.  

IV. ASSEMBLY OF COMPONENT 

The assembly is done in Arduino and sensor by following 

ways in Fig.5. 

The S0 pin is attached with the 4 number port and S1 port 

is attached with 5 number ports on 13 input output pins on 

Arduino board [1]. The S2 and S3 normally known as a 

current to frequency converter ports which are used for 

output port are attached to 6 and 7 number of ports. Ground 

port is attached to GND port of Arduino to ground the supply. 

OUT port is attached with the 8 number of port on the 

Arduino board [4]. This all connection is done through the 

male to female jumper cables. Then Arduino is joined with 

the USB cable to the pc. Then reset button is pressed on 

Arduino for clearing the past program from Arduino board. 

Then through the ArduinoIDE new program can be loaded. 

[1] 

 

 
Fig.5 Assembly of Components 

V. WORKING OF COMPONENTS  

The checking of components is done by analyzing the 

various parameters like sensor output result and input result.       

The various constraints are applied for the sensor through the 

program. In program if S0 and S1 are provided with low and 

high value then the change in this values gives frequency 

scaling as per needed.  As low and low to S0 and S1gives the 

result as power down. This is shown as in Table 1. 
 
Table 1: Output Response for S0 and S1 

 

S0 S1 Output Response 

LOW LOW No Response 

LOW HIGH High scaling 

HIGH LOW Medium scaling 

HIGH HIGH Low scaling 

 

As the sensing the small color change the high scaling of 

output is used. For that purpose S0 is provided with low and 

S1 is provided with high. This helps to achieve response in 

RGB color frequencies on pc. For the S2 and S3 port for 
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focusing on the specific color the one from RGB color is 

chosen for that Table 2 is provided. 
 
Table 2: Output color frequency for S2 and S3 

S2 S3 Color Frequency 

Low Low Red 

Low High Blue 

High Low No color 

High High Green 

 

As specifically the wire has much color in that red is 

chosen for the experiment purpose. So that S2 is provided 

with low and S3 is also provided with low. By looking at the 

pc we can find different values of red color coming from the 

diodes. This color frequency readings coming from Arduino 

are used for sensing the change in color of the wire. 

VI. EXPERIMENTATION  

A. Program for Arduino 

The program for Arduino is done on the Arduino IDE 

software in normal coding technique. The normal program 

for color recognition is used for the sensor and some changes 

in the program are done like using if statement for specific 

frequency selection, using of only red color than green, blue 

so that specific color frequency will appear. Use of if 

statement as if normal color of wire is blue then the frequency 

on monitor will come about 1100 to 1110  but if the color 

changed then frequency will reduce or increase as per the 

marking color used. Normally black color is used so that 

increase in the frequency is used. IF (frequency>1115) then 

show the LED light and activate the relay circuit. Then the 

relay is activated as the correct position is achieved.  The 

pressing operation is done by punch. For black color of wire 

white color is used which decrease the frequency so that '<' 

symbol is used. 

B. Performance. 

To hold the sensor at the accurate position the holding 

stand is used. This will help to block the sunlight coming 

from outside to the sensor and also provide support to it. The 

material used for the stand is nylon and square shape nylon 

three plates of side 4cm are taken and then one plate is cut 

with center dimensions of sensor as shown in Fig.6. Then the 

sensor is hold closed to crimping line at a distance of 2cm [3]. 

Then consider the different wires of length and marking is 

done on 4cm length. The marking length is of 2mm to 4mm 

are made.  

 
Fig.6 Holding Stand for sensor 

These dimensions are specified due to obtain change in 

color frequency. The Arduino takes reading in mille seconds 

for each time. So the time required for reading and checking 

is less than one second. If the wire is at accurate position then 

the LED get activated and the control circuit of relay is get 

completed and this will complete the circuit of between the 

pressure pedal and relay so that punch will activated for 

pressing operation as shown in fig.7. 

 

 
Fig.7 Actual Performance of Model 

 

VII. RESULT                                                                          

The sensor module work properly giving following 

results-  

1. Guides worker for good crimping operation. 

2. Give good efficient crimping joint between wire and 

crimping pin. 

3. Accuracy and precision of crimping operation is 

maintained. 

4. Productivity of operation is maintained as operation 

takes less time. 

5. The rejection rate of crimping operation is less as 

between 2 to 10 for a day. 

VIII. CONCLUSION 

     Experimentation performed in the paper is satisfying the 

company as worker efficiency and skills are not playing any 

vital role in achieving the accuracy of crimping operation. 

The time required for the operation is 1 to 2 sec. The 

productivity is increased as the accuracy is increased and 

time required is less. The marking on the wire should be 

accurate to achieve best results. 
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Abstract— It is very essential to develop a forced convection 

system to carry out the analytical and experimental 

investigation of the heat transfer coefficient with the use of the 

elliptical and circular pipe. Convection is nothing but the 

transfer of heat through a fluid which is in bulk fluid motion. 

Depending on the motion of the fluid, it is classified as natural 

and forced convection. Buoyancy effect is the natural cause 

which occurs due to fluid motion in natural convection. On the 

other hand, in forced convection, the motion of the fluid is 

caused by external means like a pump or fan. In this system 

three, 130 Volt heaters are wounded over 800 mm test section of 

Circular pipe having a 25mm diameter and Elliptical pipe 

having 22 mm minor and 28 mm major diameter. Variable 

dimmer stat is used to control input to heater and control valve 

to control mass flow rate, to determine the average coefficient of 

heat transfer in turbulent flows inside smooth and straight 

Circular and Elliptical pipes. The research consists of a 

regression analysis performed between the Reynolds number 

and the Prandtl number finally to calculate the heat transfer 

coefficient of Circular and Elliptical pipes by experimental 

investigation. After calculating all the results of both the pipes 

finally we got that efficiency of Elliptical pipe is more than 

circular pipe also heat transfer coefficient is maximum in the 

elliptical pipe than the circular pipe and it also led to increasing 

the heat transfer rates. The deviation of the heat transfer 

coefficient is maximum as compared to Elliptical pipe. 

 

Index Terms—Elliptical pipe, Circular pipe, heat transfer, 

Forced Convection, Thermocouple, Augmentation. 
 

I. INTRODUCTION 

Nowadays, heat exchange equipment is in demand due to 

material availability and the high cost of energy. The use of 

heat exchangers is extensively seen in radiators for space 

vehicles, air conditioning gadgets, thermal power plants, 

automobiles etc. Techniques to improve heat transfer are the 

major topics for the researchers today. As per the survey 

made the energy use is increased by 1.6 times in the world, 

from 4.03 x 1020 J in1999 to 6.4 x 1020 J in 2020.  
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Hence, if the effectiveness of the energy uses could 

increase by 10%, by means of various heat transfer 

enhancement techniques, this will result in 6.4 x 1019 J of 

benefit in term of energy consumption to the society. 

The economic operation and design of the process plant are 

ruled by the effective use of heat. With the continuous 

increase in volume and power in production, thedimensions 

and mass of heat exchangers also increase which in turn 

involves multi-million dollars investment for capital and 

operation cost. Hence it is a vital requirement to reduce 

overall dimension characteristics of heat exchangers. 

Due to the needs like optimization and conservation, the 

development of heat exchangers is taking place. Different 

techniques are used to improve the heat transfer rates, which 

are normally referred to as heat transfer enhancement or heat 

transfer augmentation techniques. With the help of these 

techniques, the following experimentation is carried out. 

 

II. LITERATURE REVIEW 

Adegun [1] presented the numerical simulation of enhanced 

forced convective heat transfer in inclined elliptic ducts 

withmultiple internal longitudinal fins. Hajmohammadi [2] 

presented theoptimal design of tree-shaped inverted fins 

penetrated into heat generating bodies to enhance the heat 

transfer rate. Hajmohammadi [3] presented the optimal 

geometric structure of amicro-scale channel heat sink, by 

assuming slip boundary condition and investigated the 3D 

fluid flow and heat transfer phenomenainside the 

microchannel heat sink. Mapa and Mazhar [4] discussed the 

heat transfer using nanofluid in a mini heat exchanger 

utilizing commercially availableequipment. Faizal and 

Ahmed [5] investigated the channelheight between the plates 

to determine the configuration that givesthe optimum heat 

transfer. JozefCernecky [6], the paper deals withvisualization 

of temperature fields in the vicinity ofprofiled heat transfer 

surfaces and subsequentanalysis of local values of Nusselt 

numbers by forced air convection in an experimental channel. 

Priyank [7] studied the effect of Reynolds numberand 

relative roughness pitch on the heat transfer coefficientand 

friction factor has been studied. It is reported that the highest 

Nusselt number at a higher value of Reynolds number was 

provided by theroughened duct having circular and square rib 

with highestrelative roughness height. Squaresectioned rib 

provides a higher value of enhancement ascompared to 

circular rib at a higher value of Reynoldsnumber. Sagar [8] 

performed a numerical analysis of heattransfer for three 

different angles of w-shaped turbulatorssplaced at the bottom 

side wall of the square duct and reported that Nusselt number 

andfriction factor in a duct with W-rib insert increases 
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ascompare to smooth duct without an insert. Pankaj [9] 

carried out an experimental analysis tostudy turbulent flow 

heat transfer in a rectangular duct withand without internal 

ribs and observed thatthe localNusselt number distribution is 

strongly depended on position, orientation, and geometry of 

the ribs. Also, thediscrete V-shaped ribs produce overall less 

heat transfer enhancement than continuous V-shaped ribs. 

Few researchers have carried out the study on micro pipes 

like micro channels and reported the performance of the 

microchannels [10-12].   

III. EXPERIMENTAL SETUP 

The schematic diagram of the open loop experimental 

setup is shown in Fig. 1 the loop consists of a blower unit 

fitted with a pipe in a horizontal orientation. The blower fan 

runs at constant speed. The outlet of a blower is connected to 

an MS pipe having inside diameter 25.4mm through a 

reducer. The U-pipe manometer is connected across the 

orifice meter to measure the flow rate of air flowing through 

the pipe. 

Nichrome bend heater of 200W encloses the thermally 

developing section to a length of 300mm and the test section 

to a length of 500mm to cause electric heating. Supply to the 

heater is given from dimmer stat. Power input to the test pipe 

heater is varied using a dimmer stat, which is used to vary the 

voltage of the AC current passing through the heater and by 

keeping the current less than 2A. Two thermocouples are 

placed one at the entrance i.e. before the thermally 

developing section and the other at the exit i.e. after the test 

section to measure air inlet and outlet temperature (T1 and 

T10) respectively. Three thermocouples i.e. T2, T3, and T4 

are placed on the thermally developing section and other five 

thermocouples i.e. T5, T6, T7, T8, and T9 are placed on the 

test section to measure the temperature at various points 

along the pipe surface. The outer surface of the test section is 

well insulated to minimize convective heat loss to the 

surrounding. The control valve at the exit section controls the 

airflow rate into the test section. Necessary precautions have 

been taken to prevent leakages from the system. The actual 

photograph and schematic of the experimental setup are as 

shown in the below Fig. 1 and Fig. 2 respectively. 

 
Nomenclature 

SYMBOLS DESCRIPTION 

A Cross section area of pipe, (m2) 

As Surface area of Test Section, (m2) 

T Temperature (0C) 

T1, T10 Air temperature at inlet and outlet, (0C) 

T2,T3,T4,T5, T6, 

T7, T8,  and T9 

Test section temperatures, (0C) 

 

TS 

 
The average surface temperature of the working fluid, (0C) 

Ta Bulk temperature, (0C) 

U Air velocity through test section, (m/s) 

K Thermal conductivity, W/mK 

H Convective heat transfer coefficient, W/ m2K 

D The inner diameter of the test section, (m) 

CP Specific heat of air, J/kgK 

L Length of the test section, (mm) 

M The mass flow rate of air, (kg/sec) 

Nu Nusselt number 

Pr Prandtl number 

Qt Total heat transferred to air, (W) 

QD Discharge through an orifice, (m3/sec) 

Re Reynolds number 

µ Dynamic viscosity, (kg m/sec) 

Β The ratio of Orifice Diameter to Pipe Diameter 

Ρ Density, (kg/m3) 

 
 

 
 Fig. 1.   Experimental Setup 

 
 

 Fig. 2.   Schematic Diagram of Experimental Setup 
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IV.   OBSERVATIONS 

A.   Observations for Circular Pipe 

i. Test Section Length, L=0.8m 

ii. I.D of Test Section, D=0.0250m 

iii. Cross-Sectional Area of Pipe, A=4.90625 × 10-4 m2 

iv. The surface areaof the test section, As =0.0628 m2 

 

 

B.   Observations for Elliptical Pipe 

i. Test section length, L=0.8m 

ii. Hyd.D of the test section, D=0.0250m 

iii. The cross-sectional area of a pipe, A= 4.90625 × 

10-4 m2 

iv. The surface area of the test section, As =0.0628 m2
 

 

TABLE I.  OBSERVATION TABLE FOR CIRCULAR PIPE 

 

SR.No U(m/s) T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

1 7.3 37 82 84 84 86 89 82 90 89 53 

2 5.6 33 84 88 87 90 93 86 95 94 51 

3 4.3 34 92 92 96 98 102 106 110 103 55 

 
TABLE II. OBSERVATION TABLE FOR ELLIPTICAL PIPE 

 

SR.No U(m/s) T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 

1 7.3 34 63 69 68 61 74 66 78 85 50 

2 5.6 36 65 72 71 65 79 69 83 90 53 

3 4.3 35 68 75 74 68 84 71 85 92 54 

V.CALCULATIONS 

A.   Sample Calculations for Circular Pipe 

Calculation procedure for circular pipe of 25mm diameter at 

130V voltage, 2A current and U=4.3 m/s. 

Estimation of Reynolds Number and Prandtl Number 

 

Mean bulk temperature, 

Ta = (T1+T10)/2 = 44.5 (0C)…(1) 

 

Mean surface temperature, 

Ts = (T1+T2+T3+T4+T5+T6+T7+T8+T9)/5 = 99.875 (0C)      

…(2) 

 

 Properties of air at 1atm at mean bulk temperature i.e. at Ta, 

Densityair = 1.1115(kg/m3) 

Cp = 1007 (J/kg.k) 

K = 0.027403 (W/m.k) 

µ = 0.000019356 (kg/m.s) 

Pr = 0.71136 

 

Volume flow rate, 

QD = A x U(3) 

QD = 0.00211(m3/s) 

 

Mass flow rate, 

ṁ = Densityair x QD = 0.002346 (kg/s)            …(4) 

 

Heat transferred to air, 

Qt = ṁ x Cp x (T10 - T1) = 49.60566 (W)        …(5) 

 

Experimental convective heat transfer coefficient, 

hexpt = Qt / (As x (Ts - Ta))                               …(6) 

hexpt = 14.25773 (W/m2k) 

 

Experimental Nusselt number,  

Nu(expt) = (hexpt x Lc) / K = 13.00746…(7) 

 

Reynolds number, 

Re = (Densityair x U x D) / µ = 6173.086…(8) 

 

Theoretical Nusselt number by Dittus-Boelter equation, 

Nu(theo) = 0.023 x (Re)
0.8 x (Pr)

0.3 = 22.37466…(9) 

 

 

Theoretical convective heat transfer coefficient, 

hexpt = (Nu(theo) x K) / Lc = 14.25773 (W/m2k)         …(10) 

 

B.   Sample Calculations for EllipticalPipe 

Calculation procedure for Elliptical pipe of 25mm Hydraulic 

diameter at 130V voltage, 2A current and U=4.3 m/s. 

Estimation of Reynolds Number and Prandtl Number 

 

Mean bulk temperature, 

Ta = (T1+T10)/2 = 44.5 (0C)…(11) 

 

Mean surface temperature, 

Ts = (T1+T2+T3+T4+T5+T6+T7+T8+T9)/5 = 77.125 (0C).(12) 

 

Properties of air at 1atm at mean bulk temperature i.e. at Ta, 

Densityair = 1.1115(kg/m3) 

Cp = 1007 (J/kg.k) 

K = 0.0274 (W/m.k) 

µ = 0.000019356 (kg/m.s) 

Pr = 0.7113 

 

Volume flow rate, 

QD = A x U…(13) 

QD = 0.00211(m3/s) 

 

Mass flow rate,  

ṁ = Densityair x QD = 0.00235 (kg/s)                        …(14) 

 

Heat transferred to air, 

Qt = ṁ x Cp x (T10 - T1) = 44.8813 (W)                    …(15) 

 

Experimental convective heat transfer coefficient, 

hexpt = Qt / (As x (Ts - Ta))                                         …(16) 

hexpt = 21.8952 (W/m2k) 

 

Experimental Nusselt number, 

Nu(expt) = (hexpt x Lc) / K = 19.9751…(17) 

 

Reynolds number, 

Re = (Densityair x U x D) / µ = 6173.09…(18) 

 

Theoretical Nusselt number by Dittus -Boelter equation, 

Nu(theo) = 0.023 x (Re)
0.8 x (Pr)

0.3 = 22.3741…(19) 
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Theoretical convective heat transfer coefficient, 

hexpt = (Nu(theo) x K) / Lc = 21.8952 (W/m2k) …(20) 

VI.   RESULTS AND DISCUSSION 

As the Reynolds number increased, the difference of 

temperature between inlet and outlet (T1-T10) was observed 

to be decreasing with increase in Reynolds number. This is 

due to a more mass flow rate of air supplied to the test at 

higher Reynolds number. T2, T3, T4, T5, T6, T7, T8 and T9 denote 

the wall temperature of the horizontal pipe at different 

locations. They are observed to decrease with the increase of 

Reynolds numbers. The result will be compared with 

Circular pipe to estimate the enhancement of heat transfer 

rate in the presence of Elliptical pipe. 

It is observed from table III and IV that, experimentally 

obtained Nusselt number values are lesser than those 

obtained from using Dittus-Boelter correlation values for 

both pipes. 

 
III. RESULT TABLE FOR CIRCULAR PIPE 

 

Sr.No U(m/s) Ts Ta Re Nu(expt) Nu(theo) h(expt) h(theo) Qt 

1 4.3 99.875 44.5 6173.086 13.00746 22.37466 14.25773 24.52532 49.60566 

2 5.6 89.625 42 8152.599 17.13111 27.95522 18.65373 30.43988 55.81715 

3 7.3 85.75 45 10451.44 19.67436 34.09424 21.59457 37.42184 55.28907 

 
IV. RESULT TABLE FOR ELLIPTICAL PIPE 

 

Sr.No U(m/s) Ts Ta Re Nu(expt) Nu(theo) h(expt) h(theo) Qt 

1 4.3 77.125 44.5 6173.086 19.97514 22.3741 21.89515 24.5247 44.88131 

2 5.6 74.25 44.5 7748.344 25.52515 26.83557 27.97863 29.415 52.29744 

3 7.3 70.5 42 10538.76 33.17096 34.32872 36.11919 37.37986 64.67701 

 

Fig. 3 shows the variation of heat transfer coefficient with 

Reynolds number for a circular pipe. The values obtained 

from experimentation of heat transfer coefficient are lesser 

than those obtained from using Dittus-Boelter correlation 

values i.e. theoretically calculated values. 

Fig. 4 shows the variation of Nusselt No. with Reynolds 

number for a circular pipe. The experimentally obtained 

values of Nusselt No. are lesser than those obtained from 

using Dittus-Boelter correlation values i.e. theoretically 

calculated values. 

Fig. 5 shows the variation of heat transfer coefficient with 

Reynolds number for Elliptical pipe. The experimental heat 

transfer coefficient values are lesser than those obtained 

from using Dittus-Boelter correlation values i.e. theoretically 

calculated values. 

Fig. 6 shows the variation of Nusselt No. with Reynolds 

number for a circular pipe. The experimentally obtained 

values of Nusselt No. are lesser than those obtained from 

using Dittus-Boelter correlation values i.e. theoretically 

calculated values. 

Fig. 7 presents the variation of heat transfer coefficient with 

Reynolds number for both Elliptical pipe and Circular 

pipe.The experimental heat transfer coefficient values for 

Elliptical pipe are more than Circular pipe.  

Fig. 8 shows the variation of Nusselt No. with Reynolds No. 

for both Elliptical pipe and Circular pipe. The experimentally 

obtained values of Nusselt No. for Elliptical pipe are more 

than Circular pipe. 

 

 

 
 

Fig. 3.  Variation of Heat Transfer Coefficient with Reynolds No. for Circular Pipe 
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Fig. 4.  Variation of Nusselt No. with Reynolds No. for Circular Pipe 

 

 
 

Fig. 5.  Variation of Heat Transfer Coefficient with Reynolds No. for Elliptical Pipe 

 

 
 

Fig. 6.  Variation of Nusselt No. with Reynolds No. for Elliptical Pipe 

 

 
 

        Fig. 6.  Variation of Nusselt No. with Reynolds No. for Elliptical Pipe 
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Fig. 7.  Variation of Heat Transfer Coefficient with Reynolds No. for both Pipes 

 

 

VII. CONCLUSION 

Experimental investigations were performed to investigate 

the heat transfer characteristics in an externally heated 

horizontal circular pipe and elliptical pipe. It is found that the 

heat transfer coefficient is maximum in an elliptical pipe than 

a circular pipe and led to increase heat transfer rates. Also, 

from the above charts and result table III and IV, it is clear 

that the theoretical values of heat transfer coefficient for a 

different reading of elliptical pipe are nearly the same to the 

experimental values. To conclude, an elliptical pipe is more 

efficient over a circular pipe in forced convection apparatus. 
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ABSTRACT 
Laser has been used to produce intricate parts very effectively and successfully.Wood components are 
becoming popular day by day. Therefore, it's needs of the era to work on different machining and 
engraving methods or processes employed for it. Co2 laser machining is one of the non-conventional 
machining processes which can be used effectively for engraving on different types of wood materials. 
The parametric study of wood materials by using co2 laser machining is discussed in this paper. The 
pilot experimentation is performed by varying the laser power and scanning speed. The artwork or 
logos are effectively produced on the wood using the laser machining up to required depth. In this 
work, cutting quality was evaluated by measuring the upper kerf width, the lower kerf width, the cut 
section roughness and the operating cost. The effect of each factor on the quality measures was 
determined. The optimal cutting combinations were presented in favors of high-quality process output 
and in favors of low material cost. 

Keywords: CO2 laser machining, laser power, scanning speed, wood. 

INTRODUCTION 
Unconventional technologies have gradually found its place in wood machining. The justification for 
their deployment increases with the increasing demands for quality, machining accuracy and efficiency. 
CO2 laser machining can be effectively used for engraving the different shapes on wood material. There 
are other techniques also available like CNC engraving,milling etc. The conventional methodology like 
hand graving using knife or some other tools is time consuming method and also less accurate for 
producing intricate parts or shapes on different types of wood. 

CO2 laser as a suitable tool is often used in industry for a cutting metal and non-metallic Material. It's 
application in the wood industry is primarily in the Cutting using a power laser beam and wood 
engraving.The principle of using the laser machining of the materials lies in focusing the laser beam on 
the surface of the material. The advantages that the laser cutting tool does not destroy and that laser 
beam can be focused to the diameter of several micrometers [1-6]. Various researchers have reported 
the similar type of study using different non-conventional machining processes like photochemical 
machining for the fabrication of different components [7-16]. 

The parameters considered in CO2 laser machining were laser power, scanning speed etc. The analysis 
for effect of input parameters on the performance parameters like material removal rate, undercut, 
surface roughness has been suggested by means of researchers for the wood material. CO2 laser 
machining is efficient not only in speed but also in accuracy. So,CO2 laser machining is useful for 
fabrication micro channel. In this paper the square shaped microchannel is manufactured with the help 
of CO2 laser machining with twelve different depths. 

II.MATERIALS AND METHODS 
A) The material selected for engraving is wood. It is cut in the required size and shape and kept ready 

for CO2 laser machining or engraving. 

At first, the design of the required configuration is prepared with the help of two-dimensional drawing 
in AutoCAD software. The designed diagram is acting as an input for a CO2 laser machining. The CO2 
laser cut machining takes input as 2D CAD drawing in dxf format and it analyses the path of channel 
which is given in CAD drawing. The CO2 laser machining setup is as depicted in fig. 1 and the 
component shape (area) which is required to be machined by CO2 laser machiningis  presented in 
Figure 2. 
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Figure 1: CO2 Laser Machining Set-up 

 
Figure 2: component shape (area) to be machined 

B) SPECIFICATION 
The specifications of CO2 Laser machine is as given below: 

 Model- TIL6090 

 Laser Type Sealed Hermetic CO2 Laser Tube 

 Laser Power 60W/80W/100W 

 Engraving Area 600 x 900 mm 

 Accuracy± 0.025 mm 

 Power Supply220 V±10%/50HZ. 

 Gross Power1800 watt. Approximate 

 Cutting Speed 500 mm/S (Max) 

 Engraving Speed 500 mm/S (Max) 

III. RESULT & DISCUSSION 
Using CO2 laser machining process, the pilot experimentation is carried out on wood material. The 
furthermost vital parameters in CO2 laser cutting machine are chosen as laser scanning speed and 
power.The recorded depths for different scanning speeds at different power are recorded and presented 
in Table 1. 

Table 1: Recorded Depth (in microns) 
Power/Speed 100 125 150 175 

30 1243 1035 898 725 
40 1108 744 529 451 
60 1538 1120 943 839 
70 1565 1230 998 909 

The depth of the engraved letters is observed to be increasing with increase in laser power as shown in 
Figure 3, while the finish of the engraved letters is noted as superior for increased laser scanning 
speed.The sample specimens of wood engraved using CO2 laser machining are demonstrated in Figure 
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4. Further, optimization of parameters is required to be studied for achieving the best combination of 
depth and surface finish of engraved parts. 

 
Figure 3: Effect of Power and Speed on depth 

 
 

  
Figure 4: Sample engraved wood specimens 

IV. CONCLUSION 
The CO2 laser machining is performed on wood material for engraving purpose. The machining is 
performed at different scanning speeds and power. The depth of the engraving is recorded. Based on the 
experimentation, following conclusions are drawn. 

 The depth of engraving increases with increase in laser power. 

 With increase in the scanning speed, the depth of the engraving is observed to be decreasing. 

 The surface finish of the engraved wood component is noted to be increasing with increase in the 
scanning speed. 
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Thus, it can be concluded that CO2 laser machining is effectively engraving on wood material. Further, 
there is scope for the optimization of process parameters which will produce higher depth with better 
surface finish. 
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Abstract: Microchannels are widely used in many applications like micro fluidic, medical, biological 

and industrial applications. Microchannels are those channels having dimensions, less than one mm and 

greater than one micron. There are many methods to fabricate the microchannels, and it depends on the 

material on which microchannels are to be fabricated and the fabrication process used. There are many 

traditional and nontraditional methods for the fabrication of different microchannels. There are many 

materials which are used to manufacture the microchannels like glass, silicon, polymer, copper, 

aluminum, brass, etc. In this study, the copper microchannels are fabricated, having different shapes of 

obstacles by the photochemical machining process. Configuration of the obstacles, affect the 

microchannels performance.  Based on this study, we conclude that the photochemical machining is one 

of the simplest and low-cost fabrication processes for the fabrication of microchannels. 

 

Keywords – Micro Channel, Photochemical Machining.  

 

     1. INTRODUCTION 

1.1.  Microchannel  

Usually a photochemical is defined as a channel whose dimension is less than one millimetre 

and greater than one micron. Microchannels have characteristic sizes in the range of submicron 

scale [1]. Above one millimetre the fluid flow exhibits behaviour that is the same as a 

macroscopic but flow at the microscopic level may differ from that of a macroscopic scale.  

Microchannels can be fabricated using different materials.   Glass, polymers, silicon, metals, 

etc.  can be used for the same. [2]  The fabrication can be done using various processes.  

Surface and bulk micromachining, molding, embossing, and conventional machining with 

micro cutters are some of them.  Microchannels have many advantages due to their high 

surface-to-volume ratio and their small volumes [3]. The large surface-to-volume ratio leads to 

a high rate of heat and mass transfer. It is observed that both the type of fabrication method 

used and the dimensions affect their performance.  

1.2.  Fabrication methods 

Both conventional and nonconventional methods can fabricate microchannels. But as we know 

that the parameters like shape, surface finish, diameter, length, height etc. adversely affects the 

performance of the microchannels. The non-conventional method is generally proffered to 

avoid or minimise these effects on microchannels. One of the easiest ways of fabrication is the 

Photo Chemical Machining process. The fabrication aspect of microchannels and suitable 

processes have been reported by different researchers [4-8]. Various fabrication methods like 

Micro Cutting, (Wet and Dry) Etching, Lithography, embossing and molding are used for the 

fabrication of microchannels. 
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1.3.  Photo Chemical Machining Process  

One of the widely used nonconventional machining processes is the Photochemical machining 

(PCM).  This process is also called as photo etching or photochemical milling or photo 

fabrication. PCM employs a chemical milling for fabricating the components.  This process is 

done on sheet metals using a photoresist and etchants (solvents) to machine away selected areas 

corrosively [2]. Until now, many researchers have studied and published papers related to the 

work, efficiency properties and performance of the microchannels [1-2]. The PCM procedure 

depends on the amalgamation of photoresist imaging and substance carving [1]. Figure.1 shows 

the machine which can be used to pass the ultraviolet rays through the material. In this process, 

the different features are manufactured by dissolving away metal. Absence of burrs, residual 

stresses, changes in magnetic and mechanical properties is the characteristics of these processes. 

No change in hardness or ductility happens due to this process. PCM method is mainly used to 

produce thin, complex, 2-D parts due to its ease of creating a complex product with low cost 

and less delivery time apart from other advantages. 

           

Figure.1: Experimental Setup 

 

1.4.  Photochemical Procedure    

Photochemical Process is as per given below [9-13]: 

 The procedure begins with the printing of the required shape on the photo film, which is called 

Photo Tool.  The required shape should be accurate in dimension. So that Printing and further 

process will be correct. 

 Material is selected as per the availability, requirement, customer need and application of the 

microchannel. Copper, aluminium, Brass, Glass are some of the materials that can be used 

materials for the microchannels. 

 The photoresist is then applied to the material or specimen. Photoresists are mostly used in 

making of the microcircuits. The photoresist is those substances which loses its resistance when 

it comes in contact with an etchant or solvent. There are two types of photoresist used for the 

process. It can be Positive photoresist or Negative photoresist. Photoresist absorbs the 

ultraviolet rays passing through the photo tool. 

 The developer is applied to the specimen to expose the required area for the etching process.  

 By corrosion phenomenon, material removal takes place in etching using Ferric chloride or 

cupric chloride as an etchant. 

  After taking specimen out from the machine, we cleaned by water and here we got the 

components by using Photochemical machining. 
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2.1.   Material selection:  

 In this paper, we have used the copper as a material for the fabrication of microchannel. As we 

all know that copper has a wide range of use, easy availability and high accuracy. The optimum 

set of parameters for PCM of copper has been given, which will be helpful for further 

research in this area [9]. 

2. Fabrication of Microchannels 

   

a b c 
Figure 2:  Dimensions Of Different Components 

a) Microchannel with a diamond shape obstacle.b) Microchannel with circle shape obstacle. 

c) Microchannel with a square shape obstacle. 

 

 
a 

 
b 

 
c 

Figure.3: Photo Tools 

    a) For Diamond Obstacle. b) For circle obstacle. c) For a square obstacle. 
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2.2.    Experimental Setup: 

The experimental set up used for the photochemical machining is presented in Figure1. Ferric 

chloride is used as an etchant for this. The temperature kept constant 410 C for all specimens 

and time as 15 minutes for the same. Photo tool of the CAD drawing is made by taking print on 

transparent paper. The etching is done on the specimens. A CAD drawing of the specimens are 

shown in figure.2 as following with different obstacles in a microchannel: 

Figure 2.a shows the microchannel with diamond shape obstacle with the same length of a side, 

i.e. 1.4 mm. In this microchannel, a square obstacle is tilted by 450 to the horizontal plane. 

Figure 2.b shows the microchannel having circular obstacle which radius is 0.7895 mm. Figure 

2.c shows the microchannel with square shape obstacle having a length, i.e. 1.4 mm. Photo tool 

for the above components is shown in Figure.3. This Photo tool is printed on the tress paper, 

which is very sensitive [2]. 

3. Result and Discussion  

 
a 

 
b 

 
c 

Figure.4: Fabricated Microchannels 

 a) Microchannel with Diamond shape obstacle. b) Microchannel with a circular obstacle. c) Microchannel 

with a square obstacle. 

 
To get the precise size and shape of the fabricated part, by PCM process, it needs to keep control 

of the time and temperature of etchant. Temperature and time affect the variation in depth 

variation. There is the difference between ideal measurements and actual measurement, i.e. error. 
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Thus the specimens can be made by using the PCM process. The practical result after the 

procedure is shown in Figure.4. Fabrication of micro channel by using photochemical 

machining: 

4. Conclusion 
PCM is a high quality, fast processing, economical and simple machining process. In this paper, 

microchannels are fabricated by using a photochemical machining process. After 

characterisation of the fabricated specimens, it is observed that to ensure proper control and 

finish of the component being etched; it is essential that the parameters like time and 

temperature are appropriately controlled. Different etchant concentration requires different 

timing and temperature. Therefore, there is scope for further optimisation of these parameters 

for understanding the relationship between the time. Temperature and concentration in the 

photochemical machining process1. 
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Abstract: Plastic molded components find widespread domestic and industrial application as it is an essential 

factor in the weight reduction of the machine components are the one which are exposed the most towards getting 

damaged and failure. In industrial applications, these components are considered as a critical mechanical 

component and a defect in such a components, unless detected in time, causes malfunction and may even lead to 

catastrophic failure of machinery which results in significant time and economic loss. These types of failures might 

take place during the manufacturing process. Therefore it is important to review the problem and monitor the 

condition of the injection molding machine so that the details of failure would occur before any harsh consequences 

take place. Therefore early detection and indication are necessary for the safety and reliability of the device. This 

paper describes various vibration monitoring techniques suitable to analyze the defect in the injection molding 

machine. By performing this test, these techniques would reveal information about the progressing faults. From the 

different maintenance techniques, conditioning monitoring which is one of the techniques, and is highlighted. It uses 

the vibration having high frequencies which are generated from faulty components, is therefore investigated and 

compared. From the different conditioning monitoring techniques, the vibration analysis method is being elaborated 

and consequently utilized as a medium to fulfil the aim. An experimental set up is used to testify and investigate right 

parts and faulty parts by using different measurement tools pulse software, visteck analyzer to measure amplitude, 

sensors to obtain faulty signals. Also, the vibration signatures caused due to damages at moving parts are examined. 

The result indicates that defective parts have a substantial effect on the vibration spectrum. This paper, therefore, 

reveals frequencies domain signals from vibration analysis. Overall this paper has demonstrated that different 

techniques are useful in detecting the problems in injection molded machine components.
 

Keywords: Catastrophic Failure, Manufacturing Defect, Early Detection, High Frequency, Vibration Analysis, Visteck 

Analyzer.  

1.  INTRODUCTION  

This deals with vibration analysis and fault diagnosis of a plastic injection molding machine. This is 

carried out to measure vibration frequencies occurring at different points and detecting the faults in the 

plastic injection molding machine. Plastic injection molding machines are typically subjected to very high 

levels of cyclic stresses, shocks and vibrations due to the nature of the injection molding process. As the 

injection molding process continues to develop and evolve, future injection molding machines will likely 

utilize faster injection times, thinner wall components, new materials with poorly understood failure 

characteristics, and higher injection pressures. This cyclic loading, shock, and vibration of the parts of the 

injection molding machine at high stress levels cause fatigue over time which, if undetected, can result in 

cracking, fracture, bending, or other damage within the injection molding machine. In some cases, 

catastrophic system failure of the injection molding machine can occur. 
 

 Vibration analysis is the most potent tool for fault diagnosis of the plastic injection molding machine. 

Acoustic analyzer captures the sound waves and analyze; this analysis helps to find faults and vibration 

generating in the parts like motor, ram, drive unit (gearbox), barrel and moving platern. There are 

different types of tools, with the help of which vibration analysis of these faults can be calculated and also 
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specific data can be obtained. Devices like vistec (amplitude meter), pulse software, different sensors, 

acoustic analyzer and more are used to measure the different parameter produce from the plastic injection 

molding machine. The vibration analysis technique gives the precise and early information about the 

failure with the help of this preventive information maintenance of the device can be done. 
 

Following are the points, of which the vibration is measured, 

 Motor: - This is the primary source of the generation of the vibration on the machine. This is used for 

the power supply of all the parts which are operating on a hydraulic unit like ram, moving platern, 

gearbox, mold clamping cylinder, injection cylinder, etc.
 

 Ram: - Injection molding machines use a ram or screw-type plunger to force molten plastic material 

into a mould cavity which creates vibrations. In screw type plunger these vibrations are slightly more. 

We measured the vibrations at the ram bearing.
 

 Drive unit: - This is the second major source of the vibration this contains various gear assembly in it, 

drive unit gives power to the injection cylinder, mold clamping cylinder and the hydraulic unit. 

 Barrel: - The screw rotates inside the barrel and contains the molten plastic in it. 

 Moving platern (Mold): - This Moving platern (mold) moves forward and backward for opening and 

closing of the mold cavity. 

2.  LITERATURE REVIEW 
 

 Beebe (2004) indeed stated that providing the required capacity for production at a lower cost is 

one of the vital purposes of maintenance in any industry. Therefore it should not be considered as a repair 

function, but it must be regarded as a reliability function [1]. For any organization which exists, 

production is one of the major reasons. Other organizations like hospitals, military transports, and 

buildings need their measures of ongoing success or output, but for batch production plants or any 

manufacturing industry, production is an evident process. If the reliability is high, the cost in making the 

machine is high and also its maintenance of service. Maintenance often includes machine replacement or 

upgrades. Maintenance management contributes significantly to the latter sector of manufacturing 

technology (Rao, 1996) [2]. Ross (2008, pp.5) described that there are some planned and unplanned types 

of maintenance [3]. Some of the techniques probably used in maintenance management are: 

 Time based maintenance 

 Conditioning based maintenance  

 Preventive maintenance  

 Breakdown maintenance 

 Corrective maintenance  

Garg and Krishna (1990) stated that the maintenance technique helps to select the measurable 

parameters associated with the machine, which either affect the condition of the device or manufacturing 

quality [4]. Hutton (1996) stated that more than twenty years ago, it was predicted that uses of these 

techniques would be quite common in the industry optimizing the way those large machines and 

processes will be maintained and managed [5]. In significant assets, conditioning monitoring tests can be 

scheduled prior schedule overhaul by setting computer-based, manual or maintenance management. 
 

2.1 Condition Monitoring 

Since last two decades, industries have spent a significant amount on conditioning monitoring to 

produce efficient instrumentation to minimize the various problem [5]. According to Hutton (1996), 

conditioning monitoring mostly focuses on the vibration data, including a sample of lubricant, 

temperature readings and measurement of shocks from rolling element bearing defects. Beebe (2004) 

defined conditioning monitoring as “conditioning monitoring on or off-line is a type of maintenance 
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inspection where an operational asset is monitored and the data obtained analyzed to detect signs of 

degradation, diagnose the cause of faults, and predict for how long it can be safely or economically run”. 

There are several benefits of conditioning monitoring which potentially affects the improved productivity, 

maintenance cost and increased plant availability (Mathew and Alfredson, 1984) [6].  To analyze the 

conditioning monitoring, two different factors need to be considered; those factors are technical issues 

like measurement and analysis and organizational and environmental issues (Rao, 1996) [2]. 

3. EXPERIMENTAL SETUP 

 

Figure 1: Schematic diagram of an injection-moulding machine
 

Experimentation is conducted on the actual machine, and vibration spectrums at various points of device 

are taken as follows, which is as shown in Fig. 1. 

 Main Bearing of Motor: - Vibration level of motor and the connected shaft is measured at this 

location.
 

 Drive Unit/Gear Box: - Vibrations generated in the gearbox due to meshing of gears, vibrations are 
 

measured at this location. 

 Ram: - Vibrations generated due to ram/screw plunger are measured at ram bearing. 

 Barrel: - Vibrations generated in the barrel are measured on the barrel surface.
 

 Moving Platern (mold): - Vibrations generated in moving platern (mold) are measured on the top 

surface of its body. 

3.1 FFT Analyzer 

A FFT analyzer set up, used for the experimentation is as shown in Fig. 2.  It is used to measure the 

magnitude of an input signal versus frequency within the full frequency range of the instrument. The 

primary use is to measure the power of the spectrum of known and unknown signals. The input signals 

that most common spectrum analyzers measure is electrical; however, spectral compositions of other 

signals, such as acoustic pressure waves and optical light waves, can be considered through the use of an 

appropriate transducer. Spectrum analyzers for different types of signals also exist, such as optical FFT 

analyzers which use direct optical techniques such as a monochromatic to make measurements. By 

analyzing the spectra of electrical signals, dominant frequency, power, distortion, harmonics, bandwidth, 

and other spectral components of a signal can be observed that are not easily detectable in time domain 
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waveforms. These parameters are useful in the characterization of electronic devices, such as wireless 

transmitters. 

The display of a spectrum analyzer has frequency on the horizontal axis and the amplitude displayed on 

the vertical axis. To the casual observer, a spectrum analyzer looks like an oscilloscope and some lab 

instruments can function either as an oscilloscope or a FFT analyzer [7]. 

 

 

Figure 1: FFT Analyzer 

 

4. RESULT AND ANALYSIS 

The present study deals with the analysis of the effect of vibration on the performance and life of Plastic 

Injection Molding Machine. The investigation is carried out for bearing of a drive motor, screw/ram, 

gearbox, barrel, and moving platern.
 

4.1 Motor bearing: - Frequency FFT for the bearing is shown in Fig.3 using vibration analysis, any fault 

which may rise or has arisen on the bearing can be monitored continuously, and detailed analysis can be 

made regarding the health of motor bearing. Bearing distress changes in vibration pattern or it clear itself 

in vibration [8]. Therefore vibration analysis is one of the troubleshooting and most powerful diagnostic 

tools in major processing of bearing. When a motor is accelerated, more vibrations are generated, then the 

amplitude of vibration reaches its peak point as 0.36m/s2 [9].  

4.2 Drive Unit (Gear Box):- Frequency spectrum for drive unit (gearbox) is shown in Fig.4 this 

assembly is used for transferring required power to the hydraulic unit when the input from motor 

fluctuates or load on output fluctuates then it generates vibrations [10]. The amplitude reaches a peak 

value (0.685 m/s2) when this kind of fluctuations occur.  

4.3 Barrel: - Frequency spectrum for barrel is shown in Fig.5 unless you are running abrasive fillers 

screw wear is generally the result of metal-to-metal contact between the barrel liner and the screw flights. 

Wear can be quite slow or very rapid, depending on the contact force between the screw flight and the 

barrel liner and the lubricating effect of the polymer. Feed screw and barrel wear is an essential factor for 

maintenance and engineering departments in both extrusion and injection molding, and rightfully so. 

Excessive wear in a plasticating unit poses a litany of serious performance issues, naturally affecting cost 

and overall quality. It shows the amplitude of vibration as 1.15m/s2 at the frequency of 161.9 Hz. 

 

NOVYI MIR Research Journal

Volume 5, Issue 7, 2020

ISSN No: 0130-7673

Page No: 30



 

Figure 2: Frequency spectrum for bearing 

 
Figure 3: Frequency spectrum for drive unit (gearbox)
 

 
Figure 4:  Frequency spectrum for barrel 

4.4 Screw/Ram: - Frequency spectrum for screw/ram is shown in Fig.6 screws are generally made in 

four materials.viz Nitralloy nitride, D2, CPM 11V and Carbide. These materials handle just about any 

resins that can be used in the plastics industry. Nitralloy Nitride is the most common because it is used 
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on all general-purpose application and comes typically standard on all OEM machines.  Nitalloy is very 

good on any mild material application without fillers or corrosives. It shows the amplitude of vibration 

as 1.91 m/s2 with the frequency of 316.4 Hz.
 

 

Figure 5:  Frequency spectrum for screw/ram 

4.5 Moving Platern: -Frequency spectrum for moving platrens screw thread is shown in Fig.7 because of 

the forward and backward motion of moving mold it generates vibrations which result in screw thread 

failures. It shows the value of the amplitude of vibration on FFT analyzer as 0.622m/s2 with the frequency 

of 70.31 Hz.  

 

Figure 6:  Frequency spectrum for moving platerns screw thread   
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3.  CONCLUSION 

From the analysis discussed above, it can be concluded that 

1) Each graph shows the separate characteristics of vibration and indicates a fault. Spectrum analysis 

is a better tool for the identification of defects in machinery. 
 

2) Early detection of faults is possible in vibration analysis.  

3) This early detection of faults will lead in avoiding breakdown results in saving of time and 

money.  

4) It helps in increases the life of the machine along with growth in productivity.
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Abstract: The use of composite materials has been increased in 

different industries like civil, mechanical, aerospace engineering 

due to their better properties. The rotating blade plays an 

important role in engineering structures such as turbine blades, 

airplane propellers, and helicopter blades. This deals with static 

analysis of composite blade to estimate the material uncertainty by 

measuring the deflection. The composite blade is fixed like a 

cantilever beam. To measure this deflection the Hall Effect Sensor 

is developed which is non contact device works on magnetic field. 

If magnet is come in front of sensor it creates magnetic field 

between them and that change in voltage or field is calibrated in 

terms of deflection of blade. The same process is carried for all the 

blades to check their uncertainty present in it. Also, it is deals with 

the dynamic analysis of blade to check their behavior in the axis 

under rotating condition for different RPM. The acceleration is 

considered as performance parameter to check the behavior of 

blade. Also, the setup is developed for accelerations measurement 

GY-521 Accelerometer. The accelerometer has kept at free end of 

blade and accelerations are taken in three directions for each rpm 

and it is represented in a graphical form. The analysis is carryout 

for both damaged and undamaged blade. The both studies are 

carried out using condition monitoring approach to observe their 

behavior of blade in static & dynamic condition before used in any 

application. 

 

Keywords: Uncertainty, Hall Effect, Static, Dynamic, GY-521, 

Arduino, Accelerations. 

I. INTRODUCTION 

This deals with static analysis of composite blade to 

estimate the material uncertainty. The deflection is measured 

to check the uncertainties present in material. The composite 

blade is fixed like a cantilever beam. To this deflection the 

Hall Effect Sensor is developed which is non contact device 

works on magnetic field. If magnet is come in front of sensor 

it create magnetic field between them and that change in 

voltage or field is calibrated in terms of deflection of blade. 

The same process is carried for all the blades to check their 

uncertainty present in it. Also, it is deals with the dynamic 

analysis of blade to check their behavior in the axis under 

rotating condition for different RPM. The acceleration is 

considered as performance parameter to check the behavior  
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of blade. Also, for accelerations measurement, the setup is 

developed using GY-521 Accelerometer and Arduino. The 

accelerometer has kept at free end of blade and rotates it for 

different rpm. During rotating condition accelerations are 

taken in three directions for each and results are represented 

in a graphical. This study is carried out for both damaged and 

undamaged using the same parameter. [1, 2, 3] 

The researches have been conducted on composite blades. 

Ronge et al. presented experimental setup for damage 

identification of rotating blade for both damaged and 

undamaged using health monitoring approach. Kachareet. al 

represented the measurement of acceleration using dynamic 

setup. Kachareet. al presented theory of health monitoring of 

blade and parameters related to same. The proposed approach 

is further extended to study large deflection behavior of an 

initially curved cantilever beam subjected to distributed and 

combined load. These results are successfully validated with 

existing results for straight beams and some new results are 

furnished for initially curved cantilever beams. Mohammad 

Dado et al. studied the very large deflection behavior of 

prismatic and non-prismatic cantilever beams subjected to 

various types of loadings. The formulation is based on 

representing the angle of rotation of the beam by a 

polynomial on the position variable along the deflected beam 

axis. Beléndez, T. et al. presented the classical problem of 

deflection of a cantilever beam of linear elastic material, 

under the action of a uniformly distributed load along its 

length (its own weight) and an external vertical concentrated 

load at the free end, is experimentally and numerically 

analyzed. We present the differential equation governing the 

behavior of this system and show that this equation, although 

straightforward in appearance, is in fact rather difficult to 

solve due to the presence of a nonlinear term. 

The both static and dynamic studies are carried out using 

condition monitoring approach to observe the behavior of 

blade before their use in any application. 

II. INTRODUCTION COMPOSITE BLADE 

The composite blade of uniform cross-section having 

dimension 800x60x22 mm. This is an eight layer sandwich 

composite blade. 
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Figure 1Composite blade 

Material Properties: 

Table1 Material Properties of Composite blade 

 

III. STATIC ANALYSIS OF COMPOSITE BLADE 

3.1 Hall Effect Sensor & Arduion (Uno): 

The Hall Effect is an ideal sensing technology. The Hall 

element is constructed from a thin sheet of conductive 

material with output connections perpendicular to the 

direction of current flow. When subjected to a magnetic field, 

it responds with an output voltage proportional to the 

magnetic field strength. The voltage output is very small (μV) 

and requires additional electronics to achieve useful voltage 

levels. When the Hall element is combined with the 

associated electronics, it forms a Hall Effect sensor. The 

reasons for using a particular technology or sensor vary 

according to the application. Cost, performance and 

availability are always considerations. 

Arduion is an open-source platform used for building 

electronics projects. Arduino consists of both a physical 

programmable circuit board (referred to as microcontroller) 

and a piece of software that runs on your computer, used to 

write and upload computer code to the physical board. We 

use the Arduino Uno for our study which is one of the more 

popular boards in the Arduino family and the configuration of 

it as shown in figure below. 

 
Figure 2 Hall Effect Sensor. Figure 3 Arduino Uno 

3.2. Experimental Analysis: 

Theexperimentation has carried on composite blade for by 

varying load at free end to find the deflection using Hall 

Effect sensor. The designed Hall Effect sensor will generate 

maximum voltage up to 220 volt, if distance between sensor 

and magnet is up to 6 mm. Initially, we put 1 to 2 mm 

distance between sensor and magnet then it shows some 

voltage will assumed as zero. When 10 N load is applied at 

free end of the bladethe voltage difference is generated 

between initial and final reading. The change in voltage 

difference is calibrated in terms of deflection of blade. The 

same process is carried out for other loads (20N to 80N) and 

its voltage differences are calculated using in graphical form 

which are generated during experimentation. 

The experimental setup for the above proposed work and 

blade in loading and unloading conditionis shown by 

following figures. 

 
Figure4Experimental setups using Hall Effect Sensor 

 

 
Figure 5Composite blade in unloading and loading 

condition 

 

During experimentation it has analyzed that for 10 N load 

16 v voltage generated and by using this voltage we calculate 

the deflection of bladefor this particular load. The same 

process has carried on four blade. The sample calculations of 

first bladefor 10 N and 20 N loads are given below. 

 
 

Therefore,  δ = 0.68 mm 

The voltage difference in initial and final reading for 

different loads is shown by following graphs. The following 

graphs are generated during the experimentation of first 

blade. The same voltage differences are calculated for 

remaining three blades by generating the same graphs to find 

its deflection for different loads. 
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Figure 6Voltage difference in initial and final reading 

 

Table 2 Deflection of composite blade 

 
 

Above table represents voltage difference of four 

composite blade along with its free end deflection for 

different loads.The experimental results for deflection of four 

blades for different loads are also shown by following graph. 

 

 
Figure 7 Load Vs Deflection 

IV. DYNAMIC ANALYSIS OF COMPOSITE 

BLADE & RESULTS 

4.1 EXPERIMENTAL SETUP FOR ACCELERATION 

MEASUREMENT: 

The experimental setup for acceleration measurement has 

shown below. The accelerometer is mounted at free end of  

 

 

blade with arduino connection shown in figure below. 

 
Figure 8 Experimental setup using GY-521 

Accelerometer 

 

The blade is mounted on rotating disk and rotating it for 

different rpm and using that proposed setup. Here we 

required to find the accelerations of the rotating beam in 

terms of g value because the direct reading of sensor is not 

considered as accelerations, we want to make some 

conversions or calculations to obtain necessary results only. 

The values obtained from the GY-521 accelerometer or raw 

values are used to find the ax, ay, az in terms of g value.. The 

scaling factor depends on the acceleration limit. Table 1 

shows the scaling factors for acceleration limit as per 

standards available. 

Table 3Accelerometer Scaling factors 

 

 

4.2 ACCELERATIONS IN UNDAMAGED ROTATING 

COMPOSITE BLADE FOR DIFFERENT RPM: 

In the first phase the study is carried out for undamaged 

blade by measuring the acceleration in the direction using the 

proposed setup. During the rotating condition the movement 

of blade is taking place in three directions and their results are 

represented in graphical form which is shown by following 

figures.  
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Figure 9Accelerations in undamaged blade (100 rpm) 

  

 

 
 

Figure 10 Accelerations in undamaged blade(200 rpm) 

 

Figure 9 and 10 shows the accelerations (in g value) in a 

rotating composite box blade for different rpm. The 

X-direction represents axial direction, Y direction represents 

the horizontal rotating direction of blade and Z represents the 

vertical movement of the blade in rotating condition. 

4.3 ACCELERATIONS IN DAMAGED ROTATING 

COMPOSITE BLADE FOR DIFFERENT RPM: 

In the 2ndphase similar study is carried out for damaged 

blade using same process and setup and their results are again 

represented in following graphical form for different rpm. 

 

 

 
Figure 11Accelerations in damaged blade (100 rpm) 

 

 

 
Figure 12 Accelerations in damaged blade (200 rpm) 

 



International Journal of Recent Technology and Engineering (IJRTE) 

ISSN: 2277-3878, Volume-8, Issue-2S11, September 2019 

2149 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  
Retrieval Number: B12230982S1119/2019©BEIESP 
DOI: 10.35940/ijrte.B1223.0982S1119 

 

 
Figure 13 RPM vs accelerations in Y-direction of blade 

V. CONCLUSION 

During the manufacturing of composite material or blades 

the uncertainties has formed due to some defects or errors 

manufacturing process and it has studied by the different 

parameters like deflection, stress, strain, natural frequency 

etc. The experimentation has carried on composite blade for 

deflection measurement and this is of for all four blades by 

the same process and it is carried out to analyze the 

uncertainty present in material or blade. Also Static and 

Dynamic analysis was carried out on blade for acceleration 

measurement. From the above study on composite blade 

following conclusions are drawn: 

The use of dial gauge indicator for deflection measurement 

will create problems during measurement due its contact with 

composite blade. 

To avoid this situation non contact device is designed and 

developed for deflection measurement named as Hall Effect 

Sensor. 

As deflection results of all four blades are compared with 

each other then there is no more difference between them.All 

the results are near to each other to their respective load is 

also shown in graphical form. 

The acceleration results for damaged and undamaged blade 

are compared to check the behavior in rotating condition. 

Using the above graphical results it is observed that the 

accelerations are increased for damaged blade as their 

stiffness are get loosed and due to structure of blade get 

damaged. From the above results and graph the maximum 

deformation is taking place in Y direction for the rotating 

blade. 
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Abstract 

Metal Matrix Composite (MMC) have wide applications in industry as they have lightweight and various properties. Composite 
materials are widely used in industry as they have less weight with high strength. In this study, we have used the Aluminium 
which is the most common material used in engineering applications. One of the cheapest industrial waste materials is Fly Ash, 
which can be successfully turned as industrial wealth by adding in the Aluminium to form Al-Fly Ash as Metal Matrix 
Composite with lesser weight and higher strength. Aluminium with varying percentage of fly ash (5%, 10% and 15%) were 
successfully added by using the Stir Casting method to form Metal Matrix Composite. In this investigation, we have studied the 
different properties of the Aluminium - Fly Ash as Metal Matrix Composite. From our study, we found that this Metal Matrix 
Composite which contains Fly Ash can be used in Automobile, Aerospace and other applications in Engineering where lesser 
weight with higher strength is expected. 
 
© 2019 Elsevier Ltd. All rights reserved. 
Selection and peer-review under responsibility of International Conference on Advances in Material Science & Nanotechnology, ICMN-2K19. 

Keywords:Aluminium; Fly Ash; Industrial waste as wealth; Stir Casting; 

1. Introduction 

Metal Matrix Composite (MMC) is grabbing engineers’ attention as it is having various properties like durability 
and high strength to weight ratio. In MMCs the metal matrix is used with the reinforcement to achieve the desired 
property with the lesser weight and cost. Aluminium is one of the common metals which are used in various 
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engineering applications. As Aluminium is having less weight, it comes with lesser strength. Fly Ash is the industrial 
waste with low density produced by the thermal power plants as well as many industries. In India 1100 lacks ton Fly 
Ash per year is produced by the burning of 2500 lacks tons of coal per year for power generation. [1] It is one of the 
cheapest reinforcements we can use. Also, this can convert industrial waste into industrial wealth. Aluminium and 
Fly Ash Metal Matrix Composite is a composite material with higher strength as soft and ductile Aluminium is 
mixed with brittle and hard particles of Fly Ash. Use of Fly Ash in various materials can reduce pollution as well as 
increase strength and reduce the weight of the material. To form the Al-Fly Ash as MMC, the Stir Casting method is 
used. For investigation of the performance of MMCs we have added Fly Ash in different proportion (5%, 10%, 
15%). This composite has many applications in Automotive and Aerospace sector. 

2. Previous Studies  

As Metal Matrix Composite (MMC) is having a high scope for research and innovations, many researchers have 
done work in the development and use of Aluminium – Fly Ash Metal Matrix Composite. We have listed below 
some of the studies done by the researchers in the field of Aluminium and Fly Ash MMC. Aluminium - Fly Ash 
Metal Matrix Composite is strengthened composite with good wear resistance used in various applications such as 
aerospace, automotive and other fields [2]. Aluminium is widely used in industry as it is common material with 
various useful properties. Using Aluminium fly ash MMC decreases the demand for intensive energy by Aluminium, 
it results in energy savings [3]. Fly Ash is having low density and available in major quantities as it is a waste 
product of thermal power plant when coal combustion. It has been successfully added into aluminium to make alloys 
and composites [4]. Previously Metal Matrix Composite was concentrated along the preparation of only FRC. As the 
cost of production is high, the use of such useful composite material is less. In current days the MMCs with lighter 
reinforcement grabbing importance because of less cost and higher strength properties. The strengthen aluminium 
alloy can have better stiffness as it has high strength and low density [5]. The Aluminium with Fly Ash Metal Matrix 
Composites are prepared by Stir Casting. Wettability of the particles can increase by the addition of active elements 
such as Mg into liquid Aluminium. The conventional method of production of composites by casting route is the 
vortex method, in which the Aluminium with 2% to 4% Mg is added and stirred. Mg helps to reduce the surface 
tension and avoid the dispersion of particles from casting [6,7]. Machinability is also increased with addition of Fly 
Ash in Aluminium with effect of lesser weight [8]. 

3. Materials and Experimental Study  

3.1. Materials 

In this experiment, we have used pure Aluminium as it is one of the common metals used in the aerospace and 
automotive industry as well as many other industries. Aluminium is soft in nature and have wide applications in 
every sector of engineering. Pure Aluminium is used to form the Metal Matrix Composite. For the reinforcement, 
we have used Fly Ash which is collected from the thermal power plant. As Fly Ash is waste for many industries and 
thermal power plants, it is beneficial for society and nature to use it in such engineering applications. 

3.2. Aluminium 

Aluminium is one of the most common materials used in engineering applications. It is highly useful in the 
automobile and aerospace sector. Aluminium is known as the lighter material which is having wide applications in 
day to day life which needs to be strengthen and reduction in cost. So we have selected Aluminium for making the 
metal matrix which can replace the existing Aluminium material for having better results. 

 In this experiment, we have used the Aluminium A1100 blocks to make Metal Matrix Composite. The 
composition and properties of A1100 are listed below in table 1 and 2 respectively. 
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Table 1. Composition of Aluminium 

Elements Weight (%) 

Al 99 

Si 0.45 

Cu 0.15 

Mg 0.05 

Fe 0.30 

Zn 0.05 

 

 Table 2. Properties of Aluminium 

Properties Values Units Conditions (°C) 

Density 2.72 g/cm2 25 

Poisson’s Ratio 0.32 - 25 

Melting Point 648 °C 25 

Tensile Strength 108 MPa 25 

Elastic Modulus 75 GPa 25 

Yield Strength 106 MPa 25 

Elongation 11 % 25 

Hardness 30 HB500 25 

Fatigue Strength 40 MPa 25 

Shear Strength 70 MPa 25 

Thermal Conductivity 210 W/m-K 25 

 

3.3. Fly Ash 

It is one of the cheapest industrial waste which is produced by thermal power plants and other manufacturing 
industries. Fly as is easily available at any power plant or in our daily use. Fly ash is the cheapest industrial waste 
produced by the industry which can be used as reinforcement in our experiment. Fly Ash has of two classes as Class 
F and Class C. 

 We have used Fly Ash of F class as a reinforcement for the MMC. The particle size of Fly Ash is less than 100 
µm. Composition and properties of Fly Ash are given below in table 3 and 4 respectively. 

     Table 3. Composition of Fly Ash 

Compounds Weight (%) 

SiO2 60.32 

Al2O3 20.41 

Fe2O3 + Fe3O4 8.14 

MgO + CaO + SO4 4.11 

Other 7.02 

 
 
 



 P. Mhamane et al. / Materials Today: Proceedings 24 (2020) 2302–2308 2305 

     Table 4. Properties of Fly Ash 

Properties Values Units Conditions (°C) 

Density 0.61 g/cm2 25 

Poisson’s Ratio 0.17 - 25 

Melting Point >1000 °C 25 

Tensile Strength 140 MPa 25 

Elastic Limit 145 MPa 25 

Young’s Modulus 71 GPa 25 

Bulk Modulus 34.2 GPa 25 

Hardness 6700 MPa 25 

Compressive Strength 1300 MPa 25 

Shear Modulus 30.2 GPa 25 

3.4. Experimental Setup 

Stir Casting method was used to form this composite of Aluminium and Fly Ash. Aluminium is in the chips 
where the Fly Ash is in powder form with size 0.1 to 100 µm. Stir Casting Setup includes the furnace with mild steel 
turbine stirrer. The furnace can achieve a maximum temperature of 1000°C which is sufficient for melting of 
Aluminium. Different percentage of Fly Ash is reinforced into the Metal Matrix to form a composite. We have taken 
Fly Ash at 0%, 5%, 10%, and 15%. Accordingly, we have made each sample with a different percentage of Fly Ash 
and Aluminium. 

4. Methodology 

• Form the different materials distribution for different percentage of Fly Ash.  
• Heat the furnace up to 720°C i.e. more than melting temperature of Aluminium. 
• To remove moisture, preheat the Fly Ash powder at 350°C for two hours. 
• Insert chips of Aluminium setup of Stir Casting furnace for melting. 
• At 720°C add the particles of Fly Ash in the furnace and start stirring process.  
• Stir the melt with mild Steel turbine stirrer at an impeller speed of 250 rpm for 10 to 15 minutes. 
• Pour the melt at a maintained temperature of 700°C into the mould. 
• Allow melt to solidify in the mould in natural solidification. 

5. Results and Discussion 

The prepared Aluminium-Fly ash composite specimens were tested for different mechanical properties like 
hardness and tensile strength. Also it is tested for weight reduction. Hardness test is carried by using Rockwell cum 
Brinnel Hardness Tester (Model-TRB250) and tensile strength is measured using (make-UTK 100E) of 100-ton 
capacity. Table 5 shows the measured hardness, tensile strength and weight reduction with variation in fly ash 
percentage. 

     Table 5. Test results of Aluminium Fly Ash Metal Matrix Composite 

Variation of Fly Ash Hardness (BHN) Tensile Strength (MPa) Weight (gm) 

Al 55 108.20 810.04 

Al + 5 % Fly Ash 62 119.85 791.5 

Al + 10 % Fly Ash 68 131.23 773.04 

Al + 15 % Fly Ash 66 127.25 754.56 
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5.1. Hardness Test 

Hardness test is carried by using Rockwell cum Brinnel Hardness Tester (Model-TRB250) for all the composites. 
The result of Brinell Hardness Test of each specimen respect to the various amount of Fly Ash is shown in Fig 1. 

 

 
Figure 1. Hardness Test Results 

 
The hardness of Al-Fly ash composite has been found to increase with increased fly ash percentage up to 10%. 

But further at 15% fly ash, the hardness found to reduce due to less wetting of fly ash particles and improper mixing. 

5.2. Tensile Test 

The tensile test is carried by using (make-UTK 100E) of 1000 KN capacity for all the composites. Following (Fig.2) 
is the result of tensile test of each specimen respect to the various percentage of Fly Ash. 

 
Figure 2. Tensile Test Results 

 
 

55
62

68 66

0
10
20
30
40
50
60
70
80

Al Al + 5 % Fly Ash Al + 10 % Fly Ash Al + 15 % Fly Ash

BH
N

Variation of Fly Ash

Hardness

108.2

119.85

131.23 127.25

60
70
80
90

100
110
120
130
140
150

Al Al + 5 % Fly Ash Al + 10 % Fly Ash Al + 15 % Fly Ash

Te
ns

ile
 S

tr
en

gt
h 

(M
Pa

)

Fly Ash Variation

Tensile Strength



 P. Mhamane et al. / Materials Today: Proceedings 24 (2020) 2302–2308 2307 

The tensile strength of Aluminium-Fly ash composite has been found to increase with increased fly ash 
percentage up to 10%. But further at 15% fly ash, the hardness found to reduce due to less wetting of fly ash 
particles and improper mixing. The maximum tensile strength has been noted as 131.23 MPa at 10% fly ash 
percentage. 

5.3. Weight Reduction Test 

Fly Ash is lighter than commercially pure Aluminium hence the prepared composite is lighter than conventional 
material. For this testing, we have considered blocks of material with dimensions of length, width and thickness of 
100 mm,100 mm, 30 mm respectively. 

 

 
Figure 3. Weight Reduction Test Results 

 
The weight of material gets decreased as the fly ash is added in it. As fly ash is lighter material, weight will be 

gradually decreased with addition of fly ash.The result is shown in fig 3. 

6. Conclusion 

• We have successfully added up to 15 % Fly Ash in commercially pure Aluminium to form Metal Matrix 
Composite which helps to turn industrial waste as industrial wealth. 

• We have observed that Hardness and Tensile Strength of Aluminium Fly Ash MMC are more than 
commercially pure Aluminium. 

• Fly Ash can be used in metals to improve strength to weight ratio of materials. 
• This prepared composite may be used in Aerospace and Automotive applications instead of conventional 

materials.  
 

Acknowledgements 

The authors of this paper would like to thank Dr. S. G. Kulkarni, SKN COE Korti, for providing the setup of Stir 
Casting and necessary arrangements. We also thank Dr. N. D. Misal, COE Poly. Engineering, Pandharpur for 
providing necessary equipment for testing and analysis. Also, authors thanks to readers and investigators of this 
paper and would happy to receive any comments. 

810.04

791.5

773.04

754.56

720
730
740
750
760
770
780
790
800
810
820

Al Al + 5 % Fly Ash Al + 10 % Fly Ash Al + 15 % Fly Ash

W
ei

gh
t (

gm
)

Fly Ash Variation

Weight Reduction



2308 P. Mhamane et al.  / Materials Today: Proceedings 24 (2020) 2302–2308 

References 

[1]. P. Shanmughasundaram1, R. Subramanian2 “Some Studies on Aluminium-Fly Ash Composites Fabricated by Two Step Stir 
Casting Method”, European Journal of Scientific Research ISSN 1450-216X Vol.63 No.2 (2011), pp.204-218. 

[2]. Mahendra.K.V and Radhakrishna. K, Castable composites and their application in automobiles, Proc. IMechE Vol. 221 Part 
D: J. Automobile Engineering, (2007): pp. 135-140. 

[3].  P. K. Rohatgi, J. K. Kim, R. Q. Guo, D. P. Robertson and M. Gajdardziska-Josifovska, “Age Hardening Characteristics of 
Aluminium Alloy – Hollow Fly Ash Composites”, Metallurgical & Materials Transaction A, Vol. 33A, (2002). 

[4]. Lindroos V.K, Talvitie M.J, Recent advances in metal matrix composites, J. Mater. Proc. Technol. 53 (1995): pp. 273–284. 
[5]. Hung N. P, Boey,F.Y.C. Khor K.A, Phua Y.S. and Lee H.F, Machinability of Aluminium alloys reinforced with silicon 

carbide particulates, Journal of Materials Processing Technology,56 (1996): pp. 966-977. 
[6]. Rohatgi P.K, Asthana R, Das, S Solidification, structures, and properties of cast metal- ceramic particle composites, 

International metals reviews,31(1986): pp. 115-139. 
[7]. Sarkar S., Sen S. and Mishra S. C, Aluminum – fly ash composite produced by impeller mixing, Journal of reinforced 

plastics and composites, (2008): pp 1-6 
[8]. R. Elangovan and M. M. Ravikumar, Performance of Al – Fly Ash Metal Matrix Composites, ARPN Journal of Engineering 

and Applied Sciences, Vol. 10, No. 4, (2015) 
 



 

Available online at www.sciencedirect.com 

ScienceDirect 
Materials Today: Proceedings 24 (2020) 2115–2122 

 

 

www.materialstoday.com/proceedings 

 

2214-7853© 2019 Elsevier Ltd. All rights reserved. 
Selection and peer-review under responsibility of  International Conference on Advances in Material Science & Nanotechnology, ICMN-2K19. 

ICMN-2K19 

Comparative CFD Analysis of Mini Impeller Using Different 
Materials 

Ashutosh.B.Deshmukha*,Aditya.A.Lotakea, Hrushikesh.N.Paricharaka, 

Subhash.V.Jadhava, Digambar.T.Kashida, Sandeep.S.Wangikara 
aDepartment of Mechanical Engineering, SVERI's College of Engineering, Pandharpur, Pandharpur-413304, Maharashtra, India 

Abstract 

In this present era there is continuously increasing the use of centrifugal pump which is required to pump the various fluids like 
water, fuel, etc. from lower level to higher level. And in the field of research and development there is use of miniature 
centrifugal pump for different applications. So, there is need to design the miniature pump impeller by standard design procedure. 
The model is developed with the help of CATIA v5 R21 software. Then an analysis is carried out in the ANSYS Fluent for 
different materials and various parameters like wall shear stress and static pressure are analyzed.  
 
© 2019 Elsevier Ltd. All rights reserved. 
Selection and peer-review under responsibility of International Conference on Advances in Material Science & Nanotechnology, ICMN-2K19. 
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1. Introduction 

The centrifugal pump is the device which lifts the water from lower level to higher level by utilizing centrifugal 
force. In this centrifugal pump the impeller is used to increase pressure and flow of fluid. It converts the mechanical 
energy into kinetic and pressure energy. An impeller is rotating component of pump which transfer energy from 
motor which pumps the fluid to outwards from the centre of rotation. An impeller is nothing but a small cylinder 
with an open inlet called as eye which accepts the incoming fluid. At the centre of impeller it produces the negative 
pressure at the inlet vanes to pushes the fluid radically. The prediction of performance of impeller with conventional 
trial and error method is very difficult and time consuming as well as costly. Using CFD approach one can easily 
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predict the complex flow inside the pump. Hence CFD analysis is efficient method for analysis of impeller. As very 
few researchers have made attempt in this area so the study is made for the analysis of mini impeller.Pierret and 
Braembussche [1] studied for satisfying the aerodynamic and mechanical requirements and shows the Navier - 
stokes computations is important. By using optimized algorithms depend upon simulating annealing will not trap in 
local minimum. Miguel Asuaje et al. [2] studied that design of centrifugal pump and optimization depends mainly on 
the 3D quai-unsteady flow simulation using two methods which is CFX-TAS flow and CFX 5.5 codes. It causes the 
unsymmetrical flow distribution and cavitations appear on blades. Shang-liangchen and wen-Tsai Wang [3] studied 
the various computerized manufacturing processes for impeller. From this it states that the rough milling using 
cavity mill with three axis milling machine gives or improves the manufacturing efficiencies. Kim et al.  [4] studied 
the CFD analysis of the volute of the impeller of centrifugal pump. And suggested that stepanoff theory is better for 
design of impeller and efficiency is decreases as there is increase of head. Gurupranesh et al. [5] studied the various 
parameters of impeller as static pressure and wall stress and it states that CFD analysis is so much important for 
analysis. Zhang et al. [6] studied the fatigue -failure analysis of impeller and founds that mistuning is the main 
causes of the fracture of the open impeller. The Vibration Stress of semi open impeller at the working speed is only 
15.8 Mpa. Gamal et al. [7] studied the effect of number of impeller blades on pump performance. They took three 
different impellers with 5,7,9 blades and did numerical analysis and found that the optimum blade number at 2800 
rpm and also found that the losses decreases by increasing blade number by numerical investigation were carried out 
to making reduction of secondary flow. Ragoth et al. [8] analyze the flow field in a pump impeller and got efficiency 
58.53% for circular method and 57.31% for the point method and circular method is much efficient for higher 
efficiency. Anagnostopouls [9] studied flow in a centrifugal pump impeller by using Cartesian Grid. In this the 
numerical model is developed with the help of RANS Equation for finding the solution for impeller. Hazeri [10] 
studied the design of impeller for increasing the performance of pump and also optimized the design to give reduced 
energy consumption and prolonged component life. Zhou et al. [11] studied the wall shear stress and pressure 
distribution on the impeller of various models and he got uniform BVF distribution on the blade surface. 
Very less work has been reported on the analysis of mini centrifugal pump open impeller. Hence, an attempt is made 
to analyze the performance of a mini centrifugal pump by studying the different parameters like wall shear stress 
and static pressure for different materials like ABS, Steel and Aluminum. By comparing the results obtained after 
the analysis, the most suitable material for impeller is predicted. 

2. Methodology 

 
The methodology includes the design procedure of impeller which give the parameters and dimensions of the of 
impeller. The second part is the computational analysis. In computational analysis, the model is created in CATIA 
V5 software and then imported to ANSYS FLUENT software. Further, the mesh independence test is carried out 
and then the required simulations are performed in order to analyze the effect of speed and fluid flow direction on 
the wall shear stress, static pressure. 
 
2.1 Design Procedure of Impeller: 
 
In this impeller design, the discharge of 30 ml per sec and rpm of impeller is 5500 rpm with head of 30 cm is 
considered. 
 
                             Specific speed : 𝑁𝑠 = 𝑁 ∗ 𝑄𝐻˄  

Selection of vane number and discharge angle  Assuming number of vanes is 6 and angle of discharge is 20° 
                     Calculation of impeller dimension: 
                      Head constant= ku=1.18 
                                                                               D2=

∗ ∗√  
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                     Calculation of impeller width:                                                                            B2=0.78 Ns/100 / ∗ Q/N /   
                      Eye Diameter of Impeller: 
                                                                         D0=Ko* Q/N 
 
                       Inlet Blade angle of the inlet: tanβ = u1Vm1 
 
                       Tangential velocity at inlet of impeller: 
                                                                                      U2=

π  
                       Inlet area of impeller: 
                                                                          A=[(π/4)*D2^2] 
   
                                                            Table 1. Parameters used for analysis 

Specific speed 3700 rpm 

Outer diameter of impeller 2cm 

Width of impeller 0.6cm 

Inlet angle 12° 

Outlet angle 20° 

Discharge 30ml/sec 

Inlet velocity 3.87cm/sec 

Area of impeller 3.14cm^2 

Number of vanes 6 

 
                                                                 Table 2. Density of materials 

Material Steel Aluminium  ABS 
Density(kg/m3) 7700 2700 1060 

 
The parameters of impeller used for analysis and the densities of materials are presented in Table 1 and Table 2, 
respectively. 
After design, the next stage is modelling using a suitable software. CATIA is widely used for modelling different 
kinds of 3D models. Therefore, for modelling of the mini impeller, the CATIA v5 R21 software is preferred and the 
prepared model is presented in Fig. 1. 

 
 
 
 
 
 
 
 
 

Fig.1. CATIA Model of impeller 
 

There are softwares COMSOL Multiphysics, ANSYS Fluent, NASTRAN, etc. used by various researchers for 
analysing the performance of different devices like wind turbine, microchannels, micropumps, hydrodynamic 
bearings, etc. [12-14]. The computational analysis of mini impeller is carried out with the problems help of ANSYS 
Fluent. This works on the CFD theory. The ANSYS Fluent has ability to solve flow by providing complete mesh 
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flexibility. The interactive interface of ANSYS Fluent displays the results which are easily accessible. This impeller 
design CATIA file is converted in to .igs file. This file is imported into the ANSYS (fluent) software. After this, the 
mesh with coarse, medium and fine sizing and 100 relevance is generated. The volume of fluid is divided into three 
numbers of volumes such as rotating fluid volume, inlet fluid volume and inlet and outlet duct volume. The impeller 
wheel has given a constant rotating speed and setup referred as frozen rotor. Navier-Stokes equations is used for 
incompressible fluid. The details of input conditions and boundary condition are given below: 
               Input Material: ABS, Steel, Aluminium 

Hydraulic Region: Water 
Boundary Conditions: Specific speed =3700 rpm and Inlet velocity of 1.89 m/s 

 
2.3 Mesh Independence Analysis: 
 
In order to avoid the effect of enhanced meshing condition on the performance of mini impeller, the mesh or grid 
independence test is required to be performed. For Analysis of mini impeller, the unstructured mesh is used. The 
simulation is carried out for different mesh to improve computational the results. The different meshing conditions 
like coarse, medium, fine, and extra fine are applied to mini impeller and are depicted in Fig. 2. The result of the 
different meshing on the wall shear stress of the steel material is given below table 3. It has been observed that the 
results obtained for fine and extra fine be numbered with Arabic numerals. Every table should have a caption. 
Headings should be placed above tables, left justified. Only horizontal lines should be used within a table, to 
distinguish the column headings from the body of the table, and immediately above and below the table. Tables 
must be embedded into the text and not supplied separately. Below is an example which the authors may find useful. 
meshing for the wall shear stress pressure distribution are observed to be independent of the mesh (Fig. 3) beyond 
the fine meshing, therefore the extra fine meshing with meshing element 265706 has been found suitable to use for 
further computational analysis. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                           Fig.2. Different meshing conditions for mini impeller 
 
 
 

 
 
 

 
a Coarse meshing                              

 
 
b Medium meshing 

 
          c Fine meshing   

d Extra fine Meshing 
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Table 3. Mesh Independence Analysis 
 Coarse Medium Fine Extra fine 

Nodes 25114 20771 51925 51945 

Elements 130285 146249 264706 265706 

Wall shear stress(Mpa) 4.31 3.34 2.97 2.97 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Fig. 3. Mesh independence test for wall shear stress 

 

3.  Results and Discussion: 

The analysis has been carried out for studying the performance of mini impeller. The results are recorded for wall 
shear stress and static pressure. The results are taken when the convergence is obtained for solution where the 
numbers of iteration are 200. 
 
3.1 Wall Shear Stress: 
Wall shear stress is the shear stress in the layer of fluid next to the wall. Wall shear stress develops from the vector 
component parallel to the cross section of the material. Generally, the wall shear stress should be less for better 
performance. The Wall shear stresses developed in various materials is presented in below Fig. 4. 

                                  (a)Steel                         (b)Aluminum                               (C)ABS 
                                                    Fig. 4. Wall shear stresses for different materials 
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By performing numerical analysis on each material, the observed results are displayed in Table 4.  
 

Table 4. Result of wall shear stress 
 
 
 
 
 
 
 
 
 
 

From the results, it can be concluded that ABS material is good because it gives less wall shear stress which is of 
0.253 MPa and maximum wall shear stress developed in steel material is 0.297 Mpa which is higher. The results 
states that the wall shear stress is increases gradually from all directions from leading edge of blade toward the 
trailing edge ofblade. And the pressure gradient in axial direction is lesser than the radial direction and this is due to 
the centrifugal force acts on the trailing edges of the impeller blades. At the hub or centre low pressure is developed 
due negative suction pressure. So, the wall shear stress developed in ABS is less so it is preferable material for mini 
impeller. Due to this the low-pressure zone created at the hub side and gas blockage may be caused.   
 
3.2 Static Pressure: 
Static pressure is the pressure of fluid on a body when the latter is at rest relative to it. Static pressure developed on 
the impeller blades is negative at middle and increases toward the outside. Higher Static pressure will cause facture 
to the impeller. Static pressure contour of different material are shown Fig 5. 

                                      (a)Steel                          (b)Aluminium                                  (c)ABS 

 
Fig. 5. Static pressure distribution for different materials 

By performing the numerical analysis we have got the following results 
                                                            Table 5.  Result of static pressure  

Material Static Pressure(Mpa) 

Steel 7.25 

Aluminium 7.23 

ABS 7.15 

From the above the static pressure developed in various material like Steel, Aluminum and ABS in fig 5 (a), (b), and 
(c). In these materials the lowest static pressure is developed in ABS Material which is 7.15Mpa and highest 
pressure developed in steel which is 7.25 Mpa. The result says that the static pressure is increases gradually from all 
directions from leading edge of blade toward the trailing edge of blade. The pressure gradient in axial direction are 

Material Wall shear stress (Mpa) 

Steel 0.297 

aluminium 0.281 

ABS 0.253 
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lesser than the radial direction. and this is due to the centrifugal force acts on the trailing egdes of the impeller 
blades. At the hub orcentre the low pressure is developed due negative suction pressure. The static pressure should 
be less as increase in static pressure velocity flow decreases So Static pressure developed is less in ABS material. 
 
3.3) Validation: 

Zhou et al. [5] studied the static pressure developed on various position of blades of impeller. The graph of 
pressure distribution vs. position on the blades is plotted and it shows similar trend as compared to the results of 
Xin Zhou et al. as demonstrated in Fig. 6.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Validation of Computational Results 

4. Conclusion: 

The computational analysis of mini impeller is performed using ANSYS Fluent Software in order to study the effect 
of speed and fluid flow condition on the wall shear stress and static pressure. The study has been carried out 
computationally on three different materials as steel, Aluminium and ABS. From the analysis of computational 
results, the static pressure and wall shear stress produced on impeller for ABS material are less as compared to steel 
and aluminum. So, it can be concluded that ABS material is most suitable for this type of impeller within the 
considered materials.  
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Abstract: Grinding is an abrasive machining process that uses a grinding wheel as the cutting tool. A wide 

variety of machines are used for grinding. Although mini belt grinding abrasive belt have stronger cutting 

ability than that on the grinding wheel. The main aim of this paper is to design vertical abrasive belts 

grinding machine to achieve good tolerance as well as better surface finish for various materials such as 

metal, glass, ceramic, rock and specified material. The abrasive belt grinding can reduce the surface 

roughness of work pieces and accuracy meanwhile Aluminium oxide belt with high stock removal cleaning 

and polishing is effectual. The abrasive belt grinding as compared to wheel grinding have more efficient with 

efficiency and parameter range. It is conclude that Aluminium oxide belt hardness makes it suitable for use as 

an abrasive and as a component in cutting tools with significant proportion. We have designed such Abrasive 

Belt vertical Grinding Machine having better advantages over wheel grinding machine. 

Keywords: Aluminium oxide, abrasive belt, wheel grinding. 

1. INTRODUCTION 

Abrasive belt grinding is a common finishing process in the metal and wood 

working industries. Coated abrasive belts are used in the same speed range as bonded 

wheels, but they are not generally dressed when the abrasive becomes dull. Abrasive belt 

grinding is a kind of grinding tool with special form, which needs straining device and 

driving wheel and to make abrasive belt  strained and moved at high speed, and under 

certain pressure, the contact between abrasive belt and work piece surface can help to 

realize the whole process of grinding and machining. Belt grinding is a rough machining 

procedure utilized on wood and different materials. It is commonly utilized as a 

completing procedure in industry. A belt, covered in rough material, is kept running over 

the surface to be handled so as to evacuate material or create the ideal finish. [6] 

 This Belt Grinder machine is designed using CATIA V5. It consists of 775 HP 

motor which is fundamentally rotates the pulley attached to it, along with a mini grinder, 

grinding paper and an abrasive belt grinder. The second pulley is attached to the wooden 

base vertically with the tensioner spring. Grinding paper is then fitted in pulley. To 

support the mini grinder a base frame is provided, it helps in grinding wooden material. 

Machine is designed using DC motor, spring, base Frame (support frame), abrasive 

grinder belt, coupling and a pulley. This machine helps to shape the material without 

putting much effort and getting better surface finish, and also getting larges area of belt 

for grinding operation than wheel grinding. 

Grinding is an abrasive machining process that uses a grinding wheel as the cutting 

tool. A wide variety of machines are used for grinding. Although mini belt grinding 

abrasive belt have stronger cutting ability than that on the grinding wheel. 

Yun Huang et al. presented the literature survey on belt grinding shows certain 

limited understanding of material removal, wear and grinding process. The importance of 

belt related parameters in grinding and finishing of work piece can be seen in the 

illustration on grinding. Compared to the grinding with wheels, involving non rigid wheel 

with belt grinding is another way to enhance the flexibility.  In abrasive belt grinding 

Titanium alloy blade of aviation engine experiment, through the single factor experiment 

method, the influence of abrasive belt linear speed and work-piece feeding speed on the 
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grinding quantity is discussed. In abrasive belt grinding Titanium alloy blade of aviation 

engine experiment, through the single factor experiment method, the influence of abrasive 

belt linear speed and work-piece feeding speed on the grinding quantity is discussed. [1]  

A. Robert Henry et al. studied Machining processing industries have continuously 

developed and improved technologies and processes to transform finished product to 

obtain better super finished product quality and thus increase products. Abrasive 

machining is one of the most important of these Processes and therefore merits special 

attention and study. Belt grinding is an abrasive machining process used on metals and 

other materials it is typically used as a finishing process in industry. The main objective 

of this project is to design and fabricate an abrasive belt grinding which can be used as 

versatile grinding machine, the work area can be rotated from 0 degree to 180 degree. The 

0 degree work area can be used for bottom grinding of component, the 90 degree work 

area can be used for vertical grinding of component and The 180 degree work area can be 

used for top grinding of component. [2] 

Huang presented the surface finishing and stock removal of complicated geometries 

is the principal objective for grinding with compliant abrasive tools. To understand and 

achieve optimum material removal in a tertiary finishing process such as Abrasive Belt 

Grinding, it is essential to look in more detail at the process parameters/variables that 

affect the stock removal rate. The process variables involved in a belt grinding process 

include the grit and abrasive type of grinding belt, belt speed, contact wheel hardness, 

serration, and grinding force. Changing these process variables will affect the 

performance of the process. [3] [4] [5] 
 

2. Design of Belt Grinding Machine 

 

 

Figure 1. Front view of Belt Grinding Machine 
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Figure 2. 3D modelling of Belt Grinding Machine in CATIA  

2.1 Working Principal of Abrasive Belt Grinding Machine: 

  As you know that nowadays wheel grinding machines are mostly used for 

grinding operation. In most the workshops it is used for grinding, to remove the sharpen 

edges, sharpen the cutting tools by giving different angles. But in such wheel grinding 

machines there is one problem that very less area of wheel available to perform the 

grinding operation. Due to this area of contact in between grinding wheel and workpiece 

maximum time is required finish the surface or to grand the surface. 

  To avoid this major disadvantage we have developed this vertical abrasive belt 

grinding machine. The above figure 1 shows the front view of this machine with all 

important components. Figure 2 represents 3D modelling or 3D views of belt grinding 

machine which is designed using CATIA v5 software. The basic working principal of this 

machine is too grand or to finish the surface using abrasive belts which to be mounted on 

this designed machine. Due to this abrasive belts used maximum area of belt is comes in 

contact with workpiece due to which material removal rate or surface finish rate is more 

in less time as compared to wheel grinding machine.  

2.2 Construction of Abrasive Belt Grinding Machine: 

  The above figure 1 represents the construction of abrasive belt grinding machine 

with all its important components. This machine is constructed on one base plate and is 

supported through vertical column shown in both figure 1 and figure 2. The motor is also 

mounted on base plate from which drive is given to grinding belts through pulleys shown 

in figure 1. One adjustable column is also provided to attach and remove the belts easily. 

The grinding belt rotates when motor starts and its movement used to grind or finish the 

surface similar to grinding wheel.  

  The table is also attached to vertical column to put the workpiece while 

performing the grinding operation shown in above figure 2. Due this vertical rotation of 

belts its maximum area is utilized for finish the surface due to which less time is required 

for grinding with maximum material removal rate than wheel grinding operation. 
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2.3 Abrasive Belts used in Belt Grinding Machine: 

  There are different abrasive materials which are used to manufacture the grinding 

wheels or belts. Sometimes abrasives materials used in wheel and belts are common 

sometimes it is different. But nowadays some special abrasives belts are available or 

manufactured to perform the grinding operation. The basic advantages of belts over 

wheels we have discussed above. Following figures represents the types of abrasive belts 

used in belts grinding machine having different dimensions manufactured for different 

applications. 

 

 

 

 

 

 

Figure 3. Abrasive Belt (Ceramic and Nylon) 

Table 2. Specifications of Ceramic and Nylon Belt 

Material Ceramic and Nylon 

Size 25 mm width 

Scope of 

Application 

Metal processing industry, non-

ferrous metal, rubber product, stone, 

black metal etc. 
 

 

 

 

 

 

 

 

 

 

 

Figure 4. Abrasive Belt (Aluminium Oxide) 

Table 2. Specifications of Aluminium Oxide Abrasive Belt 

Brand Drillpro 

Material Aluminium Oxide 

Size 30 mm width 

Scope of 

Application 

Grinding of metal, wood, furniture, 

stone, steel other fields etc. 

Abrasive 

Particles 

Abrasive 

Particles 
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8. Conclusions 
 

Grinding is an abrasive machining process that uses a grinding wheel as the 

cutting tool. A wide variety of machines are used for grinding. Although mini belt 

grinding abrasive belt have stronger cutting ability than that on the grinding wheel. But as 

wheel grinding is having some disadvantages in form of time required to finish the 

surface, material removal rate, surface finish obtained etc.  

To over such disadvantages this vertical abrasive belt grinding machine is 

designed using CATIA v5 software to overcome disadvantages of wheel grinding 

machine. Also this machine helps too grand or to finish the surface using abrasive belts 

which to be mounted on this designed machine. Due to this abrasive belts used maximum 

area of belt is comes in contact with workpiece due to which material removal rate or 

surface finish rate is more in less time as compared to wheel grinding machine.  
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ABSTRACT: The main aim of this paper is to comparatively analyze the performance of VCRS by 

using R134a (Tetrafluoroethane) and R600a (Isobutane) refrigerants. A domestic refrigerator was 

selected for performance. R134a is having zero ODP (Ozone Depletion Potential) but high GWP (Global 

Warming Potential approximately equal to 1200) where R600a having zero ODP (Ozone depletion 

potential) and negligible GWP (Global Warming Potential less than 20). The results of the performance 

analysis indicate that the amount of R600a refrigerant was the most effective parameter. The amount of 

R600a refrigerant required to produce the approximately same effect as that of R134a is approximately 

50% less than the amount of R134a refrigerant. It is one of the economical advantage, also it reduces 

the flammability of hydrocarbon. All the results were compared. Based on the results, the coefficient of 

performance of R600a is better than R134a. 

Keywords: R134a (Tetrafluoroethane), R600a (Isobutane), coefficient of performance (COP). 

 

1. INTRODUCTION 

The American Society of Refrigerating Engineers defines refrigeration as” the science of 

providing and maintaining a temperature below that of surrounding atmospheric Temperature”. 

This implies the development of temperature differentials rather than the establishment of a 

given temperature level. The science of Refrigeration utilizes several methods of providing 

temperature differential. They vary from the simplicity of the spring house where cool water 

removes heat from fresh milk, to the complex machinery required for the manufacturing of ice-

cream or production of considerably low temperature. In the olden days, natural ice was used 

for refrigeration purposes which were quite inconvenient and inadequate for large 

requirements. The different techniques are developed in the last 100 years and now there are 

numerous applications of refrigeration in our daily life as well as in many industries. 

In different types of refrigeration systems, some physical property of matter is used for 

producing cold. Any substance capable of absorbing heat from another required substance can 

be used as the refrigerant, i.e., ice, water, air, or brine. The refrigerants which carry the heat in 

the form of latent heat and also dissipate in the form of latent heat are more efficient than the 

refrigerants which carry the heat in the form of sensible heat. The first refrigerant used was 

ether, employed by Perkins in his hand-operated vapor compression machine.  

During the 1880s, ethyl chloride (C2H5Cl) was used as a refrigerant which soon gave way 

to ammonia, sulphur dioxide (SO2), methyl chloride (CH3Cl) and carbon dioxide (CO2) found 

application as refrigerants. During 1910-30 many new refrigerants, such as N2O3, CH4, C2H6, 

C2H4, C3H8, were employed for medium and low-temperature refrigeration [1]. Hydrocarbons 

AEGAEUM JOURNAL

Volume 8, Issue 4, 2020

ISSN NO: 0776-3808

http://aegaeum.com/    Page No: 1963



were, however, found extremely inflammable. Dichloromethane (CH2Cl2), dichloroethylene 

(C2H2Cl2) and monobromomethane (CH3Br) were also used as refrigerants for centrifugal 

machines.  

A great breakthrough occurred in the field of refrigeration with the development of Freon’s 

(a trade name) in the 1930s by E.I. du Pont de Nemours and Co. Freon’s are a series of 

fluorinated hydrocarbons, generally known as fluorocarbons, derived from methane, ethane, 

etc., as bases. Refrigerants like CFC’s (eg. R11, R12, etc) and HCFC’s (eg. R21, R22, etc) 

contain chlorine atoms, which is the main cause of the ozone layer deflation. Hence these are 

replaced by HFC’s (eg. R134a, R404a, etc) type of refrigerants that have ODP value zero but 

causes Global Warming. Now a day’s hydrocarbons (eg. R600a, R290, R600, etc.) are used as 

refrigerants, as they produces the same refrigeration effect with less charge and with less energy 

consumption.   

 

1.1 DOMESTIC REFRIGERATOR:  

The household refrigerator commonly used works on the VCRS principle. It contains 

the following processes, 

1. Isentropic compression process in a compressor. 

2. Isobaric heat rejection process in the condenser. 

3. Isenthalpic expansion process in expansion device (In capillary tube). 

4. Isobaric and Isothermal heat rejection process in the evaporator. 

The schematic representation of VCRS is as shown below 

 

Fig.1: Schematic of the VCRS cycle. 

The refrigerant vapor is compressed by means of the compressor to pressure at which 

temperatures obtained at the end of compression will be more than atmosphere so that at high 

temperature it will reject heat to the surrounding atmosphere and will then get condensed.   

Capillary acts as an expansion device. Past expansion vapor is allowed to absorb the 

heat in the evaporator. After which it gets converted to vapor which will be further compressed 

in the compressor. 
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1.2 WORKING FLUIDS: 

              1. R134a (Tetrafluoro Ethane): 

Table No.:1 Properties of R134a 

Critical Temperature (°C) 101.06 

Critical Pressure (bar) 40.56 

Boiling point temperature (°C) -26.15 

Freezing point temperature (°C) -96.6 

Latent Heat Of Vaporization at NBP (kJ/kg) 222.5 

 

              2. R600a (Isobutane): 

Table No.:2 Properties of R600a 

Critical Temperature (°C) 135 

Critical Pressure (bar) 36.45 

Boiling point temperature (°C) -11.67 

Freezing point temperature (°C) -159.6 

Latent Heat Of Vaporization at NBP 

(kJ/kg) 

367.7 

 

2. LITERATURE REVIEW 

a) Shailesh Golabhavi and Vivekanand Navadagi, “Thermal and Performance analysis of 

R600a in vapor compression cycle”, published in IJERT-vol,7 Issue 01, January-2018 

In this paper they have given the thermal performance analysis VCRS i.e. analysis of 

condenser and evaporator by using CFD.  This analysis also shows the system 

effectiveness by using R600a is better than by using the R134a and other refrigerants. 

 

b) Dhanasi Sabari and Dr.Prasanthi, “Improvement in COP of domestic refrigeration with 

two refrigerants (R134a ad R600a) ”,published in IJESRT-vol,6(11), -(nov)2017 

This gave us idea regarding the use same compressor of R600a for the refrigerant 

R134a without any effect. Also they used condenser with two different metals i.e. iron 

condenser and copper condenser. 

c) N Austin, “Experimental Performance Comparison of R134a and R600a in VCRS at 

steady state condition”, published in Journal of advances in mechanical engineering 

and sciences-vol,2(3)-2016 

In this paper they showed us that same refrigerating effect is produced     by using 

R600a as that of R134a but with approximately half quantity as that of R600a. 
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            3. EXPERIMENTAL SETUP 

 

 

 

 Fig.2: Experimental Setup. 

 

The experiment was carried out on a domestic Refrigerator of 170L capacity. Set up 

contains hermetically sealed compressor (230V, 50Hz, 1 Phase and 538BTU), naturally air-

cooled condenser, capillary tube (diameter=0.7366cm and length=243.84cm) and evaporator. 

In addition to that two pressure gauges were fixed one at the inlet of the compressor ( of range 

-30 psi to  250 psi ) and another at the outlet of the compressor (of range 0 psi to 500 psi) 

respectively. They show the values of suction and delivery pressures in psi. A temperature drop 

of water was measured by LED Temperature meter (of range -50 to 99 °C), where condenser 

inlet temperature, condenser outlet temperature, evaporator inlet temperature, and evaporator 

outlet temperature were measured with the help of Digital Non-Contact IR Infrared 

Thermometer Temperature Gun (of HTC having a temperature range -30 to 550 °C). Single 

Phase Energy Meter (impulse type 240 V, 50 Hz) was used to measure the energy consumption 

of the compressor. The thermostat was detached for the continuous working of the compressor. 

The set up is as shown in the above figure.  

 

4. EXPERIMENTAL PROCEDURE 

1. Charge the complete system with the R134a. 

2. Fill the evaporator with water. 

3. Record the initial cabinet temperature and ambient temperature. 

4. Switch on the 230 V, 50 Hz electric supply. 

5. After half an hour record the  - Condenser inlet temperature(T2) 
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- Condenser outlet temperature(T3) 

- Evaporator inlet temperature(T4) 

- Evaporator outlet temperature (T1). 

6. Meanwhile, note down the time required for 10 blinkings of energy meter which is 

attached across the compressor to measure the load on the compressor. 

7. Do the similar procedure at least for 3 times with sufficient time gap in                                                                  

    between       .                

8. Remove the R134a from the system. 

9. Charge the system with the R600a. 

10. Repeat the similar procedure for the R600a. 

 

5. OBSERVATION S AND CALCULATIONS 

5.1-  R134a 

Suction Pressure = 1.1 bar 

 Delivery Pressure = 12 bar 

 Suction Temperature (T1) = 20.2°C, h1 = 418 kJ/kg 

 Delivery Temperature (T2) = 85.8°C, h2 = 468 kJ/kg 

 Condenser outlet Temperature (T3) = 40.3°C, h3 = 258 kJ/kg 

 Evaporator inlet Temperature (T4) = -10.2 °C, h4 = 258 kJ/kg 

 

Fig. 3: Cycle representation of R134a 
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Hence, theoretical COP is 

⸫ COP = (h1 – h4) / (h2 – h1) 

⸫ COP = (418-258) / (468-418) 

⸫ COP=3.2 

5.2 -    R600a 

Suction Pressure = 0.6 bar 

  Delivery Pressure = 7.9bar 

  Suction Temperature (T1) = 10.1°C, h1 = 578 kJ/kg 

  Delivery Temperature (T2) = 65.3°C, h2 = 653 kJ/kg 

  Condenser outlet Temperature (T3) = 39.9°C, h3 = 300 kJ/kg 

  Evaporator inlet Temperature (T4) =  -22.1°C, h4 = 300 kJ/kg 

 

Fig. 5: Cycle representation of R600a 

Hence, theoretical COP is 

⸫ COP = (h1 – h4) / (h2 – h1) 

⸫ COP = (578-300) / (653-578) 

⸫ COP=3.7 

 

5. RESULTS AND DISCUSSION: 

The theoretical COP of R600a is 3.7 where as the theoretical COP of R134a is 3.2. It means 

the theoretical COP of refrigerant R600a is greater than the theoretical COP of R134a. From 

these results it is clear that the refrigerant R600a is giving better performance than refrigerant 

R134a. Also the GWP of R600a is negligible which is one of the advantage. Compressor while 

working on refrigerant R600a consumes less energy as compared with refrigerant R13a. As the 
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latent heat of evaporation of R600a is more than R134a hence it gives better refrigeration effect 

than R134a and quantity of charge required to produce same refrigeration effect is also less. So 

use of R600a as a refrigerant is advantageous.   

 

 

                             6. CONCLUSIONS         

● The theoretical COP of R600a is 15.62% more than the theoretical COP of R134a, which 

is one of the economical advantages. 

● The amount of R600a required to psroduce the same refrigeration effect as that of R134a 

is approximately 50% less. So accordingly the system can be designed. 

● R600a is giving a better cooling effect as compared to R134a within less time. 

● The load on the compressor while running on R600a is less as compared to R134a. 

● The delivery temperature of R600a (65.3°C) is less than the delivery temperature of 

R134a (85.8°C). 
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Abstract: To tackle the on-going pollution and various contaminants in the ecosystem and to ensure availability of 
ambient conditions of natural resources like air and water, there is an alarming demand globally for developments in 
high performance purification materials/ devices. This paper is a review of performance of two of the most widely 
discussed carbonaceous materials often spoken about in the context of filtration and contamination - the conventional 
Activated Carbon (AC) along with its modified forms and the relatively new 2D counterpart Graphene. Our study 
describes how the 2D Graphene and its composite structures possess considerable superiority over AC in terms of 
adsorption capacity and efficiency in interacting with ions and pathogens like viruses and bacteria. The superiority in 
properties can be attributed to high surface area per unit mass, distribution of surface functionality, pH tolerance and 
higher multisite adsorption due to large number of surface functional groups. The review has a vital role in predicting 
possible areas of applications where Graphene has potential to replace AC.    

Keywords: Graphene, activated carbon, oxide of graphene,  
 

 1. Introduction   
 
The extend of industrialization and environmental pollution continue to increase at an unprecedented rapid 
pace. We also face a constant threat of being infected by pathogens which may sometimes even challenge our 
existence in this planet. Industrial discharges and fumes containing high concentration of toxins like 
pharmaceuticals, pesticides, dyes containing heavy metal ions like Pb, Cr, Cd, and Cu; when released into the 
environment are highly toxic and can bio-accumulate in human body, aquatic life, atmosphere and in soil [1]. 
In fact, metal contamination is found to be a major problem in disposing industrial and municipal wastewater 
[2]. These contaminants when present in atmosphere can cause great degree of health hazards, especially to 
the more vulnerable ones like children, pregnant women, elderly people and allergic people.    

Pathogens like bacteria and viruses can also have significant health implications in humans as well as animals 
[3]. To tackle the situation, various chemistry based efforts have been devoted to feasibly control the impact 
on human health and environment, also to filter out these contaminants from the environment. Among various 
methods of treating the industrial effluents like electrochemical treatment, reverse osmosis filtration, 
evaporation recovery and electrocoagulation [4-6]. Among these all technologies, adsorption is relatively new 
and is found to be comparatively superior in terms of efficiency, rapidness, cost effectiveness and 
environment friendly method. Many papers have been published in the past few decades, confirming the 
carbonaceous materials are effective adsorbents for decontamination of metal ions and their complexes [7]. 
Activated carbon (AC) being one of the first material applied as adsorbent, has been utilized in numerous 
applications due to its excellent adsorption capabilities, attributing to its large specific surface area and highly 
porous internal structure.   
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Studies show successful role of AC in the adsorption of heavy metal ions [8]. Another research shows 
successful adsorption of polio virus and infectious hepatitis virus on AC [9]. Through introduction of different 
acidic/oxidative or basic surface functionality, AC can be modified to increase selectivity of certain species. 
However, this limits the adsorption of other contaminants, making AC more selective to specific species only.    

This turns to be a major disadvantage in an environment where numerous species co-exist, as in water bodies 
and atmospheric air. Relatively low evidences of work have been found to prove an appropriate balance of 
selectivity on AC or to show the effect of competitive adsorption and any positive or negative effects that can 
arise from complex mixtures [10].    

Talking of the newly developed counterpart Graphene, a fascinating new member of the carbon family, this 
hypothetical one-atom thick sheet has sp2 hybridized carbon bonded to each other; forming a honeycomb 2D 
lattice. Graphene is one of the most fascinating nanostructure with unique physical, chemical, electrical and 
mechanical properties [14] which qualifies it as a promising nanomaterial in material science [11,12] and a 
wide range of technological applications like bioelectronics and bio sensing [13]. The oxide of Graphene, 
generally prepared by Hummer’s method or modified Hummer’s method [18] from Graphene, which is 
basically an acid treatment process, GO’s specific surface area indicates it can be used as an efficient 
adsorbent. The topological variation can result in different interactions between the carbon substrate and a 
guest molecule and consequently, variation in adsorption behaviour [15].  Studies show that GO is more 
efficient than AC in adsorption of metal ions [15]. Destruction of peptidoglycan in bacteria(cytotoxicity)[16], 
inactivation of virus by destruction of capsid structure as well as lipid envelop[17], can be attributed to 
physicochemical interactions(like mechanical strength, magnetism, hydrophobicity etc) which could primarily 
ascribe hydrogen binding, electrostatic interaction and redox reaction.    

Herein, we discussed the adsorption behaviour of AC and Graphene (oxides) for metal ions and pathogens like 
Bacteria and viruses based on the characterization of these two carbonaceous materials, analysis of adsorption 
isotherms, Buffer capacity (i.e. pH effect on adsorption) and effect of adsorption due to surface functionalities. 
We further extend our discussion to some of the crucial findings that highlight the fact that Graphene exhibit a 
clear superiority over AC, which can possibly open door for further studies to develop the next generation 
regenerative filtration and purification devices/mechanisms with enhanced functionality and stability.   

2. Analysis and Discussion: 

Adsorption being a surface phenomenon, higher specific surface area plays the most important role in 
determining the adsorption capacity of a material (table 1). 2D materials like Graphene possess high aspect 
ratio as compared to the 3D structure. Further, the presence of internal atoms in the lattice limits the 
adsorption capacity. The promising aspects of 2D nanostructures like Graphene and CNTs to be used in 
adsorption process is that they give higher adsorption for relatively low quantity of material.    

  Table 1: Physical properties of GO and AC [15]    

  Specific surface Area(m2/g)  Pore Volume(cm3/g) 

 GO  148.34  0.091

 AC  28.64  0.038

 

A detailed discussion of the interaction of these two carbonaceous materials with various contaminants 
mentioned earlier have been analysed in the following sections.    

2.1 Adsorption analysis of metal ions on AC and GO:    

Adsorption of methylene blue dye on GO was attributed to π-π electron donor acceptor interactions and 
electrostatic interactions, however while that on AC was due to large surface area [19]. Another study on the 
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suggests that AC materials have the capacity to form cation/ anion-π interaction with metal species, but this 
process is generally extremely poor, hence not considered.    

A study on the adsorption of Cu ions suggest that AC has lower adsorption efficiency than GO under acidic 
condition [15].  The maximum adsorption capacity for GO was found to be 1.18 X 10-3 mol g-1 and that for 
AC was much low, at around 2.31 X 10-4 mol g-1; as found from the Langmuir’s adsorption isotherm. The 
study also suggested Langmuir model to be more accurate for metal ions like Cu(II) as compared to the 
Freundlich model. Further, potentiometric acid-base titration experiment on these carbonaceous materials 
reveal that the buffer capacity of GO>AC. The buffer capacity can be assigned to the concentration of surface 
functional groups, that was found to be 6 times higher in GO than on AC. The affinity of Cu(II) ions towards 
GO and AC .   

GO>AC. This can be correlated with the pHpzc(GO)< pHpzc(AC). pHpzc controls the Coulombic interactions 
between carbonaceous surface and the aqueous metal ions and hence the metal ion uptake [20]. PHpzc value 
depends upon the surface acidic functional groups[21] . The higher the concentration of surface acidic 
functional groups, lower the value of pHpzc, suggesting the reason for higher efficiency of Cu(II) ions 
decontamination using GO. Another remarkable conclusion that can be drawn out from the pHpzc discussion is 
the higher concentration of the surface acidic or oxidative functional groups in GO.    

Other major heavy metal ion contaminants that are found to be highly toxic apart from Cu(II) are Pb(II), 
Cd(II),Cr(VI) [22] is also found to have a similar trend in adsorption as that of Cu(II) ion. The adsorption 
capacity of GO and AC for Pb(II) and Cd(II) metal ions is shown in Table 2.   

Table 2: Adsorption of Pb and Cd ions on AC and GO [2] 

 

  Adsorption capacity (mg/g)  

 AC
 GO

 Native  Modified

 Pb(II)  66.23  95.24  447

 Cd(II)   N/A  1.98  177 

       

It is evident from this table that GO-composites possess tremendously high adsorption capacity for these ions 
as compared to even the modified acidic - functionalized AC.    

2.2 Adsorption analysis of bacteria on AC and Graphene:    

Using native AC in the application where bactericidal properties are needed is found to be a problem. Studies 
show that AC may adversely affect by favouring environment for the growth of microorganisms. Hence, an 
alternative that is being employed to produce AC with antimicrobial properties is its modification with silver 
nanoparticles (AgNPs) that are commonly used as microbial agents [28].     

A study shows that some unique properties of graphene nano sheets are similar to the properties of CNTs. This 
is a vital implication of potential of graphene to be used in this field.    

Earlier studies suggest, single wall CNTs present noticeable cytotoxicity to human and animal cells[32,33]. 
Also, toxicity of SWCNTs is greater than MWCNTs; which can be associated to oxidative stress[32,34] 
cutting off the intercellular metabolic routes [34] and rupture of cell membrane [35]. However, oxidative 
stress is rega Experiments performed to check interaction of gram (+) and gram (-) with metal impregnated 
AC [25, 26] especially AgNPs, CuNPs, ZnNPs and PbNPs had shown successful results in adsorption data 
when analysed by UV-Vis Spectroscopy and FT-IR Spectroscopy. Although these in-vitro results are limited 
by the high cost of manufacturing metallic nanoparticles and problems of aggregation of metal ions in the 
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dispersion due to interparticle surface attraction and release of metal ions from metallic nanoparticles which is 
attributed to the oxidation process[27].    

Bacterial toxicity of the graphene nanosheets in the form of graphene nanowalls [16]; capture of bacterial 
species and particulates which cause severe nosocomial infection in patients and health care workers by a 
porous conductive graphene material called Laser Induced Graphene(LIG) obtained from CO2 laser cutting of 
simple polyamide film[29] which employs periodic Joule heating (>300°C) that only destroys bacteria but any 
other microorganisms that possess potential to cause adverse biological reactions and diseases ( like pyrogens, 
allergens, exotoxins, endotoxins, mycotoxins, nucleic acid and prions); studies made on the graphene 
materials and composite for neutralizing microorganisms function through different mechanism including 
penetration and compromisation of the bacteria membrane, generation of reactive oxygen species(ROS) and 
envelopment of microbes[30,31] are few critical studies mentioned among the large number of other 
successful studies implying the use of graphene and it’s composites for antibacterial action.    

Hence, we postulate that Graphene is far superior to AC and it’s modified forms in terms of effectiveness of 
bacteriocidal effect and in general, cytotoxicity considered as the most acceptable mechanism. Extending this 
subject to graphene nanosheets with extreme high aspect ratio can be proposed as one of the excellent and 
ideal nanostructure for the application. Further, a study shows that the graphene oxide nanowalls(GONWs) 
obtained by Electrophoretic deposition ( EPD)  process good cytotoxicity to bacterial cell [16].    
However, on reducing GONWs with Hydrazine as reducing agent in the suspension, reduced graphene 
nanowalled structure (RGNWs) were produced. RGNWs possess higher toxicity than GONWs. To determine 
the bacterial toxicity of both GONWs and RGNWs their effect on a gram (-)ve bacteria (E.coli) and a gram 
(+)ve bacteria (S.Aureus) was analysed. The result of the experiment after 1 hour is tabulated below[Table 3].    

Table 3: Antibacterial activity of GONWs and RGNWs [16] 

Sample      Antibacterial Activity ( in 1 hour)    

             {Survival Bacteria (%)}   

   E.coli   S.aureus   

GONWs   41( ±8)   26(±5)   

RGNWs   16(± 3)   5(± 1)   

These result shows that RGNWs works better for antibacterial applications.Further extension in the time of 
experiment to upto 2 days showed 100% antibacterial activity, proving RGNW to be one of the most efficient 
nanostructure for the application. This can be attributed to stronger interaction between more sharpened edges 
of reduced nanowalls with the cell membrane and/or better charge transfer between the bacteria and edges of 
RGNWs.    

Further, the reason for the relatively low inactivity of gram (-ve) bacteria E.Coli as compared to the gram(+)ve 
S.Aureus may be attributed to the pressure of thin peptidoglycan layer in E.Coli, this inhibiting the interaction 
of bacteria to the lateral plane of RGNWs. Reverse is the case for gram (+)ve S.Aureus which possesses a 
much thicker peptydoglycan layer resulting in higher affinity to graphene nanowalled structures.    

2.3 Adsorption analysis of viruses on AC and Graphene:    

Considered to be the mo.st mischievous pathogen to humans, animals as well as plants; wide range of viruses 
have infected the human race in various ways time-to-time and continue to do so. A study by John T. Cookson 
Jr.[36] describes in his study, how the virus can be adsorbed by Activated Carbon and possible mechanism 
behind it. It is worth mentioning here, that even earlier, activated carbon has successfully adsorbed Polio virus 
and infectious Hepatitis virus [9].    
In this study[36], Coliform bacteriophage  was used; as the knowledge of phage properties are advanced for 
bacterial cell (E. coli B cells were used in this study). Inspite of using a bacteriophage, adsorption 
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characteristics of human-infecting viruses can be concluded from the study, as bacterial virus exhibit similar 
adsorption characteristics. Adsorption of virus on AC is greatly dependent on the pH of the solution or 
atmosphere, in which adsorption takes place. A decrease in pH  from the optimum of 7 is found to decrease in 
pH the rate of adsorption, probably due to inability of carboxyl group surface functionality of AC to get 
ionized at low pH. However, at higher pH, positively charged amino acid groups of viruses protein shell 
interact with the negatively charged carboxyl groups of carbon. Such high dependency of virus and AC on the 
surrounding pH is a limitation for its application, which can which can also be attributed to the low Buffer 
capacity of of the AC[15]. Moreover, esterifying of carboxyl groups may lead to blockage of adsorption 
sites[36] resulting in drastic decrease in the adsorption capacity. However, there is no evidence of lipid 
enveloped viruses being adsorbed on AC.     

Graphene’s capability to interact efficiently with bacterial membranes by direct inorganicbiomolecule 
interaction have been discussed earlier in this paper. The interplay between GO and microbes have been 
demonstrated, attributing to the bioreduction of oxygen containing functionalities via bacterial respiration. 
Considering the versatile GO biomolecule interactions, we can reach to a conclusion that GO materials could 
potentially serve as a novel nanostructure for virus prevention.    

This can be associated to the multiplex biological interaction between GO nanosheets and viruses. To get an 
insight of the answer to the question of why Graphene can act superior to AC in virus capture; we discuss the 
results of a study conducted on two enteric viruses, namely EV71 and H9N2[17].    

In this study, the viruses were exposed directly to GO suspension ( 50µm/ml) at different temperatures for 
about 30 mins. . The disinfectant effect of GO was found to be weak at room temperature (25ᵒC). However, 
increase in the temperature marked as adsorption enhancement. This dependency of adsorption to elevated 
temperature and prolonged exposure time is being explained by another study[38]. The analysis of GO-Virus 
interaction can be studied from the results of UV-Vis spectroscopy. It shows strong protein adsorption 
capacity of GO. This unique physicochemical interactions can be attributed to Hydrogen binding, electrostatic 
interactions and redox reaction.    

The FT-IR spectroscopy analysis of the interaction suggests some major deductions, which is extremely useful 
for reasoning of GO to be highly effective nanostructure over virus adsorption. The results suggest that GO 
relatively bioreduced in the presence of these viruses (i.e. EV71 and H9N2) to reduced GO( rGO) . The 
viruses were found to thermally reduce GO[39].    

Hence, the capture of virus Particles may be explained as the physicochemical interaction between various 
oxygenated group on the GO surface and the viruses. Further, evidences of general disruption effect of GO 
have been observed successfully in various studies, siting disrupted virus particles both on the edge as well as 
the basal plane, implying effective destruction of both capsid(protein) coated viruses and lipid coated 
(enveloped) viruses.    

 3. Conclusion and Future Perspectives    

The discussions made in this review points towards a quite clear picture of why the title of this paper is 
“Superiority of Graphene over AC”. Be it in terms of larger specific surface area or multiplex trapping of the 
pathogens. One of the promising aspects of Graphene-based material over AC is its capability to regenerate its 
surface function groups, which is likely to be of use in next generation purification devices. The size-
exclusion properties of graphene Nano mesh and tuneable size of Nano pores are the contributions which 
would help in achieving ultrafiltration and water desalination in the next few decades.    

Activated carbon , due to its current cost of manufacture, remains the most prominent carbon – based 
adsorbent, and used in a wide spectrum of applications. However, the potentials of Graphene realized by 
researchers and nano- scientists cannot be neglected.    

Though technical problems exist in taking out the laboratory finding on Graphene to an actually usable scale; 
the developments in the high precision Nanoprocessing promises that Graphene would soon take over, 
marking as the start of a new era in material science, probably calling it Graphene Era! 
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Abstract: Earth Air Heat Exchanger (EAHE) system is a promising passive cooling technique which uses earth’s 
potential to maintain constant temperature at certain depths throughout year to cool air during summer and vice versa 
in winter for space air-conditioning. EAHE systems are best suited in hot and dry climatic conditions because EAHE 
systems in humid areas face challenges of condensation of water and contamination by microorganisms. Commercial 
Heating, Ventilation and Air Conditioning (HVAC) systems are now installed everywhere because of various standards 
and guidelines in their installation. EAHE systems lack such standards, installations guidelines and hence have less 
commercialization, being in their early stages. An effort is made in this paper to design an EAHE system for a lab of 
SVERI’s College of Engineering (Polytechnic) in hot and dry climate of Pandharpur City, India. Heat exchanger 
calculations are made based on NTU method and a piping layout is created for optimum space utilisation. This system 
is expected to reduce energy demands for space cooling in educational institutes. 

 

Keywords: Earth-air Heat Exchanger, Earth’s Undisturbed Temperature, NTU, Nusselt number. 

1. Introduction 

Heat Exchangers are used in Air conditioning systems worldwide for space cooling or heating in both 
industrial and residential buildings. It is mainly achieved efficiently by vapour compression machines. Various 
heat transfer enhancement involve the use of surface vibration, change of geometry, various inserts and use of 
nanofluids [2,3]. Air conditioning systems are worldwide employed for space cooling or heating in both 
industrial and residential buildings.  An earth to air heat exchanger draws ventilation supply air through buried 
tube .The incoming air being heated in the winter and cooled in the summer by means of earth coupling. 
System can be driven by natural sack ventilation, but usually require mechanical ventilation. Earth to air heat 
exchangers are suitable to mechanically ventilated buildings with a moderate cooling demand, located in 
climates with a large temperature difference between summer and winter and between day and night [4]. Earth 
tubes are often a viable and economical alternative to conventional central heating or air conditioning systems 
since there are no compressors, chemicals or burners and only blower are required to move air. These are used 
for either partial or full cooling and /or heating of facility ventilation air. Their use can help building meet 
passive house standards. Passive Cooling techniques are gaining importance being pollutant free and low cost 
which use natural sources and Earth–Air Heat Exchanger (EAHE) system is one of them. Uses of EAHE can 
contribute to reduction in energy consumption, maintenance cost and toxic pollutants 

Earth’s undisturbed temperature (EUT) is the temperature of earth at a depth of 3 to 4 m that remains 
fairly constant throughout the year. The EUT remains higher than ambient air temperature in winter and lower 
than ambient air temperature in summer. As shown in figure 1, the ambient air is drawn through the pipes of 
the EAHE buried at a particular depth, moderated to EUT, and gets heated in winter and vice versa in summer. 
In this way, the heating and cooling load of building can be reduced passively.EAHE require low maintenance 
and low operating cost. 
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Figure 1:Two-dimensional EAHE model 

Bordoloia [5] presented an apprehensible summary of the previous works on EAHE and describes of the 
analytical and experimental studies on the different combination of EAHE in different locations such as the 
hot and humid climate of Sahara, cold climate of Australia, tropical climate of Brazil, Mediterranean climate, 
moderate climate of India etc. EAHE systems in conjunction with the ventilation system and other cooling 
technique, i.e. hybrid EAHE has become very prominent in today's research as it promotes more energy 
saving. 

Carslaw and Jaeger [6] provided analytical solutions for heat transfer through infinite hollow cylinder and 
infinite line sources, respectively. The temperature field on the ground can be written as a function depending 
on time (t) and radius I around a line source with a constant heat injection rate (q) from a line along the 
vertical axis of the borehole in an infinite solid. 

                                                        ∆ T = − 
�

���
Ei �

���

�∝�
�                                                 (1) 

The model does not account for ground surface interaction, does not readily account for initial ground 
temperature gradients, and the line source is also variable along the length of the pipe due to the fluid 
temperature changing, so this method cannot suitably predict the behaviour along the pipe. An effort is made 
in studying the behaviour of soil under constant heat flux conditions beneath the ground by DigvijayRonge[1]. 
Soil is observed to be thermally saturated after a period of time and there is no further heat transfer in soil.  

De Paepe and Janssens [7] put forwarded one-dimensional analytical method for parametric analysis of 
thermo-hydraulic performance of Earth-Air heat exchanger. They considered design parameters like tube 
length, tube diameter, and number of parallel tubes. The purpose of this model is to evaluate the balance 
between pressure drop and heat transfer by developing an -NTU correlation for the earth tube heat exchanger. 
A ‘specific pressure drop’ term was used to allow a designer to then calculate required lengths of parallel 
tubes.  The specific pressure drop J can be defined as a measure for the pressure drop necessary to realize one 
unit of NTU. 

                                            � =
∆�

���
                   (2)   

De Paepe suggested that multiple smaller diameter tubes in parallel both would lower pressure drop and raise 
thermal performance. Al-Ajmi et al. [8] developed a theoretical model to predict the outlet air temperature and 
cooling potential of an EATHE in a hot and arid climate by. It was concluded that if EAHE system is used in 
conjunction with an air-conditioning system, the energy demands can be reduced. A transient, numerical 
model was presented by Mihalakakou et al. [9] that predicts the ground temperature at various depths. Kusuda 
et al. [10] have mathematically modelled the annual sub-surface soil temperature based on heat conduction 
theory applied to a semi-infinite homogenous solid. Predictions of soil temperature exhibit a sinusoidal pattern 
due to the annual temperature fluctuation above as shown in eq. 3. 
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                                      ��,�  =  �� – ��  ∗  exp �
�

��
�  ∗ cos �w�� – ��� –

�

��
�                           (3) 

Liu [11] had established an experimental setup of EAHE in Changsha, a hot summer and cold winter area of 
China. The effect of different variables, including inlet air temperature, pipe length, operation time on the 
performance and the influence of EAHE on underground soil temperature were analysed. Thermal saturation 
time of five days was observed, after which the system was disabled and allowed for self-recovery. 
 
Yusof [12] presented the performance of EAHE based on experimental studies using a laboratory simulator. 
The simulator system has considered inlet temperatures of air from 31°C to 35°C, ground temperatures from 
23°C to 25 °C and the air flow rate ranging from 0.03 to 0.07 kg/s.This concept of design for EAHE simulator 
in analysing the performance of EAHE has the advantages like no excavation cost involve in digging the soil, 
quick respond time in changing the variable and high repeatability of the experiment at constant variable. 

Bansal et al. [13] developed a new concept of “derating factor” that could relate decline in thermal 
performance of EATHE under transient operating conditions with respect to steady state conditions in 
predominantly hot and dry climate of Ajmer, India. CFD-model with experimental results, in FLUENT 
software were validated. Derating Factor (DF�,� ) is defined as the ratio of the deterioration in thermal 
performance of EATHE under transient condition to the thermal performance under steady state condition. 

              DF�,� =  1 –
(�����)�,�

(�����)�,�
                               (4) 

RohitMisra[14]  investigated the thermal performance of EATHE system with dry and wet soil for the climatic 
conditions of Ajmer (India). A parametric study was carried out to examine the influence of soil moisture 
variation on the thermal performance of wet soil EATHE system. The thermal performance of EATHE was 
improved with wet soil during the experimentation as compared to dry soil. 

Łukasz [15] validate the EAHE flow performance numerical model prepared by means of CFD software 
Ansys Fluent by using experimentally obtained flow characteristics of multi-pipe earth-to-air heat exchangers 
(EAHEs). CFD model of multi-pipe EAHE validated in this paper can be used for simulation of the flow 
performance of multi-pipe earth-to-air heat exchangers in the process of designing and optimization of the 
EAHE structures.  

N. Rosa [16] numerically assessed the influence of three parameters on the overall thermal performance of an 
EAHE system for residential buildings in warm-summer Mediterranean climate: spacing between pipes, pipes 
diameter and air velocity. ANSYS-CFX® was used to simulate the EAHE transient behaviour during heating 
and cooling operation modes. A validated numerical model was used to perform a parametric study on the 
effect of three different pipe diameters operating with different air velocities, and the effect of three distances 
between adjacent pipes, operating with different air velocities and pipe diameters. 

 Thermal saturation and self-recovery ability of soil under continuous and intermittent operation modes was 
compared by A. Mathur et al. [17]. Campbell [18] measured thermal conductivity of nine soil minerals 
samples and studied variation in thermal conductivity caused by temperature, bulk density and soil moisture 
content. The thermal conductivities increased with increase in temperature, moisture content and bulk density 
and decrease in porosity. A laboratory experiment was conducted by P. Pramanik and P. Aggarwal[19] with 
three texturally different soils, compared the thermal properties as influenced by texture, compaction and 
mineralogical composition of soils. As revealed from their study, thermal properties were highest for black 
soil followed by alluvial soil and lowest for red soil.  

Review of literature shows the experimental and numerical models have proven the EAHE system to be 
reducing energy requirements for space cooling. Unlike HVAC design process, these reviewed literatures lack 
design procedure which will guide architectures for including an EAHE system in Building planning and 
installation of the same. The effect of increased temperature of soil, surrounding the pipes, on EAHE 
performance is not considered in design calculations which are crucial in determining number of working 
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hours and distance between adjacent pipes. Standard installation guidelines are needed for commercial success 
of EAHE systems which will help the contractors. 

2. Problem Definition 

For the present study, the Power Plant Engineering lab of floor area (9.8*6.6) 64.68m2 and ceiling height 3m, 
generally occupied by 30 people in SVERI’s College of Engineering (Polytechnic) at ground level is selected. 
The college is situated in Pandharpur city, Maharashtra, India where summer temperatures reach up to 43 °C 
and 16% relative humidity. The physical and thermal properties for different materials in this study are as 
illustrated in table 1[13, 19].  

 
Figure 2: Classroom sketch under EAHE analysis 

Table 1. Thermo-physical properties of materials 

Material 
Density 
(kg/m3) 

Specific heat 
capacity (J/kgK) 

Thermal 
conductivity(W/mK) 

Air 1.225 1006 0.024 
Soil (SL3) 2050 1840 4 

PVC 1380 900 1.16 

 

2.1    Calculation of Parameters: 

From ASHRAE climate data 2017 [23], for mean Temperature, Tmean = 28°C and design conditions (for 1 
Peak condition) DBT = 40°C, MCWB = 22.8°C, a room condition of DBT = 30°C is selected.  
  
A pipe of diameter 150mm and thickness 7mm (STD schedule of pipes for 6in) is selected for carrying air at 
velocity of 4 m/s. The other parameters such as heat transfer coefficient (h), length of pipe (L), etc. are 
calculated with NTU method for heat exchangers [7, 21]. 

2.2    Selection of Pitch (P): 

The distance between centers of two adjacent pipes, as we’ve referred as Pitch (P), is taken 1 meter with 
reference to the EAHE model of R. Mishra [12]. 

2.3    Selection of depth: 

Temperature variation with depth (z) underground is given by [10] 

   ��,�  =  �� – ��  ∗  exp �
�

��
�  ∗ cos �w�� – ��� –

�

��
�    (5) 
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Where: 
i. Tm  = Tmean = Mean surface temperature = 28°C (ASHRAE climate data [19]) 

ii. As = Maximum Annual Amplitude of surface temperature = 8°C ( Average temp in the month 
of May = 33.1°C [ ]) 

iii. �� = Thermal diffusivity of the ground (soil) = 0.203 m2 /day 
iv. Day of min temperature, to = 10th Jan  
v. � = current time (day) in hours = 141 (21thMarch 2017) 

vi. Angular frequency , w = 
��

���
; Damping depth , zo = �

���

w
 

 
With given parameters, following table 3 illustrates temperature variation with depth for the selected date of 
the year in Pandharpur city. 
 

Table 2. Temperature variation with depth 

Depth (m) Underground Temperature ( °C) 
1 30.3 
2 28.7 
3 27.6 

4 26.8 

5 26.3 
 

As we have assumed Twall = Tmean, a depth of 3 - 4meters can be selected. 
 
2.4   Calculation for Length (L) based on NTU method [8][9]: 

i. Design conditions: 
 
Tair,out= Room DBT= 30°C; Tair,in = Outdoor DBT= 40°C; Twall= Tmean= 28°C 
D = 150 mm, v = 4 m/s  

Here, the kinematic viscosity of air (ν) is calculated [8] using Eq. (8): 

 
   ν = 10��(0.1335 + 0.000925��)                                  (6) 

Here, ν = 1.7e-5 m2/s 
 

ii. Reynolds’s no.,  

   �� =
��

����
                          (7) 

    
=35294.11 

 Friction factor,   

   � = (1.82*log Re – 1.64) 
��

                                     (8) 
 
  = 0.0227  
  

iii. Nusselt number  

                                                           �� =
�

�
∗�Re ������∗��

����.�∗�
�

�
 ∗(��

�
���)

                                     (9) 

 
                         = 69.60  for ��= 0.71 
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iv. Heat transfer coefficient (h): 

   �� =
��

����
                             (10) 

   
h = 11.13 W/��� 
 

v. NTU calculation: 

  � =  1 − �(����) =  
����,��� –����,��

����������,��
                (11) 

 
  = 0.833 
 

Therefore,   NTU = 1.79 
 

vi. Calculation for overall heat transfer coefficient (U): 
 

Radius of soil domain (r2) is assumed as twice of radius of pipe [8] and pipe thickness is neglected. 

 
Figure 3: Earth–air heat exchanger (EAHE) system with the layers is shown in cross-section. 

Thermal resistance, ���  =  
�

�
 + 

����
��

�
�

�����
+ 

�����
��
��

�

�����
                                  (12) 

= 0.1053 
 

U =
�

���
 = 9.49 W/��� 

 
 

vii. Calculation of Length 
 

    NTU =
�∗��

�̇���∗ ��,���
 ;                                               (13) 

 
     Surface area, ��  = ���                                  (14) 
 

Mass flow rate, �̇��� =  ���� ∗ � ∗ �                                              (15) 
  

                       Therefore L = 34.86 ~ 35 m 

2.5   Pressure drop (∆p) 

The pressure difference and the power required to pump the air through the earth air heat exchanger is given 
by [20] 

  ∆p =  � ∗ �
�̇���

����
� ∗ �

�

�
�

�
                                   (16) 
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= 20383.96 Pa 
This pressure drop often increases due to contamination of dust and other particles, pipe bends, fittings, 
blower outlet, filters, supply diffuser outlet, etc. 
Considering all these losses as 15% of ∆p, Total ∆p��� ~ 23441.5 Pa  

 
2.6   Air Fan Power (AFV) 

The fan energy consumed in blowing air through a pipe is additional energy expenditure in the EAHE system. 
The fan air power is given by [20] 
 

   �� =  
∆����∗� 

����
                                                 (17) 

Where ∆p��� is the fan total pressure difference, q is volumetric flow rate and ����is fan total efficiency which 
may be expressed as the ratio of total air power to the shaft power input. 
Assuming 85% fan efficiency (����), ��  = 1949.39W ≈ 2kW 

This power will be consumed to overcome pressure losses. Hence Fresh air blower for introducing fresh air 
into EAHE system is selected for flow rate of 148 CFM and power of 2kW. A Variable Frequency Drive 
(VFD) can be installed along with blower for controlling air flow according to requirement.  

2.8   Trench sizing: 

For a given length of pipes and pitch value and with allowance for installation, a trench of (6x6)m size and 4m 
deep underground should be made nearer to the lab for ease of installation. 
 

 
Figure 4: Planned schematic of EAHE system for the lab 

3. Conclusion 

In this paper the authors have reported the design parameters and the calculations useful for design of 
EAHE systems. These calculations are applied to hot and dry climate of Pandharpur city. With assessment of 
ASHRAE weather data and NTU method of heat exchangers, we were successful in designing the system of 
PVC pipe of 100 mm diameter of 35 m length placed in serpentine manner and air blown at 4m/s.  The 
same system can work in winter conditions space heating, when the Tmean will be greater than Tair,in. Such 
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EAHE systems will provide alternative to commercial HVAC systems and make most of natural resources for 
space cooling. 
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Abstract—Photochemical machining is one of the least explored non-conventional machining processes. Various 

components fabricated by photochemical machining having application in different fields like medical, electronics, 

biological, microelectronics, etc. Copper is a material which has various applications like heat sinks, microchannel 

molds for lithography, electronics, decorative items, etc. Edge deviation is one of the governing factors for 

predicting the accuracy of machining for any product. In this paper the parametric effect of etchant concentration on 

the edge deviation for photochemical machining is reported. The etchant concentration is varied as 300 g/L, 400 g/L, 

500 g/L, 600 g/L, and 700 g/Land other parameters like temperature and etching time of ferric chloride etchant are 

kept constant. The edge deviation analysis was carried out with RAPID I Vision 5 microscope. It is observed that the 

edge deviation is increasing with increase in etchant concentration and noted maximum at concentration of 700 g/L.  

 
Index Terms—Photochemical machining, etchant concentration, edge deviation, copper, parametric effect. 

 
 

I. INTRODUCTION 

The one of the widely used non-conventional machining process is the Photochemical machining 

(PCM) which is also called as photo etching or photochemical milling or photo fabrication. PCM 

employs chemical milling process for fabricating the components of sheet metals using a 

photoresist and etchants (solvents) to machine away selected areas corrosively [1].  

 

 

The Process:  

 The photochemical machining process is briefed below [3-6]: 

1. The procedure begins by printing the state of the part onto optically clear and dimensionally 

stable photographic film, known as photo tool. Simultaneously, cutting of the material into 

required size followed by cleaning of the material, is performed. 

2. Then photoresist is plied to the metal or prepared specimen. Photoresist may be positive or 

negative. 

3. Further, the specimen is exposed to source of UV (ultra violet) light.  
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4. After UV light exposure, the specimen is dipped in developer for specific time period. 

Developing will happen and the required area will be made open for etching in this stage. 

5. Now, the specimen is subjected to etching where the material removal takes place through 

corrosion phenomenon. The etchants used are generally ferric chloride or cupric chloride.  

6. Then, after achieving the required etching, the specimens are cleaned. The photoresist is 

stripped off from the specimens. Here, the required component is ready by using 

photochemical machining.  

 

 

Related Work: 

 

Various researchers have contributed in photochemical machining investigation for different 

materials and their parametric study. Ferric chloride (FeCl3) is reported as the most widely used 

etchant for copper and its alloys in photochemical machining. The analysis for effect of control 

parameters on the performance parameters like material removal rate, undercut, surface 

roughness has been reported by researchers for the copper and its alloys like brass, german 

silver, etc. [3-6]. The photochemical machining study for the hard to cut materials like Inconel 

has been also reported [7-8]. The photochemical machining process has been applied for 

fabrication of components like microchannels, heat sinks, etc. [9-14]. In this paper, the analysis 

of photochemical machining for copper material is presented. 

 

II. METHODOLOGY 

Material: 

 

Copper material has wide range of application in fabrication of micro components like micro 

heat exchangers, microchannels, molds for microchannels, etc. Therefore, Copper is selected as 

the material for analysis. The size of the copper specimen was 20mmx20mmx1mm thk.  

 

 

Experimental Set-up:  

 

The experimental set up for photochemical machining is presented in Figure 1. Ferric chloride 

was used as the etchant. The etching temperature was kept constant as 50 °C (+/ 0.5 °C). The 

etching time was also kept constant as 15 minutes. The photo tool was prepared by taking print 

out on a transparent paper. The size of the component to be etched was 6.8 mm by 6.8 mm.  

 

ISSN No: 0130-7673

Page No: 39

NOVYI MIR Research Journal

Volume 5, Issue 9, 2020



 

The experimentation was carried out for analyzing the effect of concentration of etchant. The 

concentrations are varied from 300 g/L. to 700 g/L. with an interval of 100 g/L. The performance 

parameter was the edge deviation. 

 

The photochemical machining has been carried out on copper specimen at different 

concentrations of ferric chloride i.e. 300 g/L, 400 g/L, 500 g/L, 600 g/L, and 700 g/L. The 

dimensional analysis has been performed using RAPID I Vision 5 microscope. The spec

images for concentration 500 g/L and 700 g/L are depicted in Figure 2 (a) and (b), respectively. 

It is observed from the images that there is increase in dimensions (size of the specimen) and it is 

increasing with increase in concentration of the etch

during photochemical machining. 

 

The deviation of edge from the required is one of the significant factors for the fabrication of 

micro components. Therefore, edge deviation always desired to be minimum The an

edge deviation has also been performed by using the RAPID I Vision 5 microscope. The sample 

images for the edges (one edge) at different concentrations as 300 g/L, 400 g/L, 500 g/L, 600 

g/L, and 700 g/L are presented in Figures 3 (a), (b), (

edge deviation is observed to be minimum at concentration level 300 g/L. The edge is noted to 

be increasing with increase in concentration and found to be maximum at concentration 700g/L. 

This may be due to lesser attack of molecules on the edges of specimen at lesser concentration. 

As the concentration increases, the molecules present in the etchant increases. The greater 

number of molecules will attack on the edge for the fixed temperature and time. The material

will be removed abruptly through diffusion at the edges and in turn, the edge deviation increases 

with increase in concentration. 

 

 
Figure 1: Experimental set up for PCM 

The experimentation was carried out for analyzing the effect of concentration of etchant. The 

concentrations are varied from 300 g/L. to 700 g/L. with an interval of 100 g/L. The performance 

iation.  

III. RESULTS AND DISCUSSION 

The photochemical machining has been carried out on copper specimen at different 

concentrations of ferric chloride i.e. 300 g/L, 400 g/L, 500 g/L, 600 g/L, and 700 g/L. The 

dimensional analysis has been performed using RAPID I Vision 5 microscope. The spec

images for concentration 500 g/L and 700 g/L are depicted in Figure 2 (a) and (b), respectively. 

It is observed from the images that there is increase in dimensions (size of the specimen) and it is 

increasing with increase in concentration of the etchant. This is due to the formation of undercut 

during photochemical machining.  

The deviation of edge from the required is one of the significant factors for the fabrication of 

micro components. Therefore, edge deviation always desired to be minimum The an

edge deviation has also been performed by using the RAPID I Vision 5 microscope. The sample 

images for the edges (one edge) at different concentrations as 300 g/L, 400 g/L, 500 g/L, 600 

g/L, and 700 g/L are presented in Figures 3 (a), (b), (c), (d), and (e), respectively. The average 

edge deviation is observed to be minimum at concentration level 300 g/L. The edge is noted to 

be increasing with increase in concentration and found to be maximum at concentration 700g/L. 

r attack of molecules on the edges of specimen at lesser concentration. 

As the concentration increases, the molecules present in the etchant increases. The greater 

number of molecules will attack on the edge for the fixed temperature and time. The material

will be removed abruptly through diffusion at the edges and in turn, the edge deviation increases 

with increase in concentration.  

 

The experimentation was carried out for analyzing the effect of concentration of etchant. The 

concentrations are varied from 300 g/L. to 700 g/L. with an interval of 100 g/L. The performance 

The photochemical machining has been carried out on copper specimen at different 

concentrations of ferric chloride i.e. 300 g/L, 400 g/L, 500 g/L, 600 g/L, and 700 g/L. The 

dimensional analysis has been performed using RAPID I Vision 5 microscope. The specimen 

images for concentration 500 g/L and 700 g/L are depicted in Figure 2 (a) and (b), respectively. 

It is observed from the images that there is increase in dimensions (size of the specimen) and it is 

ant. This is due to the formation of undercut 

The deviation of edge from the required is one of the significant factors for the fabrication of 

micro components. Therefore, edge deviation always desired to be minimum The analysis for the 

edge deviation has also been performed by using the RAPID I Vision 5 microscope. The sample 

images for the edges (one edge) at different concentrations as 300 g/L, 400 g/L, 500 g/L, 600 

c), (d), and (e), respectively. The average 

edge deviation is observed to be minimum at concentration level 300 g/L. The edge is noted to 

be increasing with increase in concentration and found to be maximum at concentration 700g/L. 

r attack of molecules on the edges of specimen at lesser concentration. 

As the concentration increases, the molecules present in the etchant increases. The greater 

number of molecules will attack on the edge for the fixed temperature and time. The material 

will be removed abruptly through diffusion at the edges and in turn, the edge deviation increases 
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Figure 2: Dimensions of photochemically machined components at different 

concentrations (a) 500 g/L.(b)  700 g/L. 
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Figure 2: Edge deviation for photochemically machined components at different 

concentrations (a) 300 g/L,(b)  400 g/L, (c) 500 g/L., (d) 600 g/L., (e) 700 g/L.

The photochemical machining study for analysis of edge deviation for copper material 

performed. Ferric chloride is used as the etchant and effect of concentration on the edge 
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Figure 2: Edge deviation for photochemically machined components at different 

concentrations (a) 300 g/L,(b)  400 g/L, (c) 500 g/L., (d) 600 g/L., (e) 700 g/L.

 

 

 

IV. CONCLUSIONS 

The photochemical machining study for analysis of edge deviation for copper material 

performed. Ferric chloride is used as the etchant and effect of concentration on the edge 

Figure 2: Edge deviation for photochemically machined components at different 

concentrations (a) 300 g/L,(b)  400 g/L, (c) 500 g/L., (d) 600 g/L., (e) 700 g/L. 

The photochemical machining study for analysis of edge deviation for copper material 

performed. Ferric chloride is used as the etchant and effect of concentration on the edge 
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deviation has been analyzed by keeping the other factors like temperature and etching time as 

constant. It is found that the dimensions of the photochemically machined component are greater 

than the desired dimensions of photo tool. The edge deviation is observed to be minimum for 

concentration of 300 g/L and increases with increase in concentration up to 700 g/L and noted 

maximum at concentration of 700 g/L.  
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