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A B S T R A C T

River sand is the most commonly used Fine Aggregate for construction throughout India. Excessive use 

of river sand leads to lowering of  ground  water  table, sand  degradation and also threat to bridges,  

river  banks  and  nearby  structures  and  in  the  same   way Cement is a major  constituent  material  of  

the  concrete  which  produced  by  natural  raw  material  like  lime  and  silica.  Ordinary Portland 

cement is one of the  main  ingredients  used  for  the  production of cement mortar. But, the production of 

each tonne of cement involves emission of large amounts of carbon-dioxide gas into the atmosphere, a 

major contributor for greenhouse effect and global warming. To overcome the above backdrops, we have 

to go for alternatives for satisfying the requirements. The Research focused on comparing the  

compressive  strength  of  cement  mortar  cubes produced using fine aggregates from different sources. 

This project involves, preparation of cement mortar cubes of CM(1:2) proportionand also cement is 

replaced with 25% of Fly ash and 50% of GGBS for different grades of cement (33,43 and 53) at Constant 

water cement ratio and tested to determine the compressive strength of cement mortar cubes for 7, 14, 28 

and 54 days under normal curing conditions. Finally, preparation of graphs from obtained results for 

comparative analysis.

.

Keywords: Fine aggregates; River sand; Ennore sand; Stone dust; Quartz dust; Compressivestr-

ength; Cement mortar

I. INTRODUCTION
River sand is most commonly used fine aggregate for construction throughout India has become highly 
expensive and also scarce. Natural sand is excavated from river bed impacts on environment in many 
ways. Due to digging of the sand from river bed reduces the water head, so less percolation of rain water 
in ground, which result in lower ground water level. There is erosion of nearby land due to excess sand 
lifting as well as it destroys the flora Fauna in surrounding areas. Since it is utmost important ingredient 
for cement mortar and its immersive use in construction leads to rise in economy and the requirement of 
material in non-availability area is also costly process. To overcome the above backdrops, we have to go 
for alternatives for satisfying the requirements. The most commonly used fine aggregates are river sand, 
Ennore sand, stone dust, quartz dust etc.,

Concrete is the most widely used construction material in civil engineering industry because of its high 
strength and stability. Cement is a major constituent material of the concrete which produced by natural 
raw material like lime and silica. Ordinary Portland cement is one of the main ingredients used for the 
production of cement mortar. But, the production of each tonne of cement involves emission of large 
amounts of carbon- dioxide gas into the atmosphere, a major contributor for greenhouse effect and global
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warming. This situation leads to think all people working in construction industry to do research work on 
cement replacing material and use of it. The construction industry is constantly looking for 
supplementary cementations material with the objective of reducing the solid waste disposal problem. 
Ground granulated blast furnace slag (GGBS) and Fly ash (FA) are the solid wastes generated by 
industry. To overcome from this crisis, partial replacement of cement with GGBS and fly ash can be an 
economic alternative.

II. OBSERVATIONS AND RESULTS

Compressive Strength Test Results
The test performed on the cubes of size 70.6mm X 70.6 mm X 70.6 mm in the compressive strength 
testing machine for the 3, 7, 28 and 54 days gives the compressive strength. Compressive Strength = 
Failure load (KN)/ Area of the cube(mm2)

A. Physical properties of different grades of cement

i. Physical Properties of Ordinary Portland cement (33 grade)

cement Cement+  25 % flyash Cement +  50%GGBS

1 Fineness of cement % 7 5.2 3

2 Standard Consistency, percent 29 29.5 31

3 Specific gravity 3.12 3.3 4

S.No Characteristics
Values

Table 1 Physical properties of OPC (33 grade)
 
ii. Physical Properties of Ordinary Portland cement (43 grade)

cement Cement+  25 % fly  ash Cement +  50% GGBS

1 Fineness of cement % 5 4 3

2 Specific Gravity 3.17 3.4 4.11

3 Standard Consistency,  percent 29.8 30 31

S.No Characteristics
Values

Table 2 Physical properties of OPC (43 grade)

iii. Physical Properties of Ordinary Portland cement (53 grade)

S.No Values

cement Cement+ 25 % fly ash Cement + 50% GGBS

1 5 3.8 2.7

2 3.18 3.42 4.13

3 Standard Consistency, 30 30.5 31.2

percent

Characteristics

Fineness of cement %

Specific Gravity

Table 3 Physical properties of OPC (53 grade)
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B. Physical properties of different types of sands

I. Physical properties of Ennore sand

S.No Physical Properties values

1 Specific gravity 2.64

Absorption in 24

2 hours 0.90%

Table 4 Physical properties of Ennore sand

ii. Physical properties of river sand

S.No Physical Properties values

1 Specific gravity 2.65

Absorption in 24

2 hours 1.15%

Table 5 Physical properties of river sand

iii. Physical properties of stone dust

S.No Physical Properties values

2 Specific gravity 2.52

Absorption in 24

3 hours 1.60%

Table 6 Physical properties of stone dust
 
iv. Physical properties of quartz dust

S.No Physical Properties values

1 Specific gravity 2.75

Absorption in 24

2 hours 0.80%

Table 7 Physical properties of Ennore sand

C. Compressive strength values for different types of fine aggregates

ii. Compressive strength values for Ennore sand:

Type of 

Sand
Days

33 

grade

43 

grade

53 

grade

33 grade 

25% Flyash

43 grade  

25% 

Flyash

53 grade 

25% 

Flyash

33 grade 

+ 50%  

GGBS

43 grade 

+ 50%  

GGBS

53 grade 

+ 50% 

GGBS

7 25.67 32.32 37.3 21.02 31.25 36.98 24.72 32.16 36.41

14 30.62 39.2 45.74 27.15 31.83 37.28 28.55 38.25 44.98

28 36.3 45.39 53.76 30.25 35.75 40.54 34.37 44.49 52.11

56 38.12 48.28 54.97 31.25 40.07 47.64 39.09 48.9 56.47

Ennore 

Sand

Table 8 Compressive strength values for Ennore sand
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ii. Compressive strength values for river sand:

Type of 

Sand
Days

33 

grade

43 

grade

53 

grade

33 grade + 

25% Flyash

43 grade 

+ 25% 

Flyash

53 grade 

+ 25% 

Flyash

33 grade 

+ 50%  

GGBS

43 grade 

+ 50% 

GGBS

53 grade 

+ 50% 

GGBS

7 23.71 28.74 34.92 18.15 27.51 33.17 22.12 27.95 34.23

14 32.54 39.18 42.18 22.28 35.75 35.82 29.27 35.14 41.28

28 36.74 43.57 53.19 23.15 34.14 40.28 31.98 38.15 48.27

56 37.63 44.85 54.89 25.18 37.33 42.2 33.09 43.17 53.11

River 

Sand

Table 9 Compressive strength values for river sand

iii. Compressive strength values for stone dust:

Type of 

Sand
Days

33 

grade

43 

grade

53 

grade

33 grade + 

25% Flyash

43 grade 

+ 25% 

Flyash

53 grade 

+ 25% 

Flyash

33 grade 

+ 50% 

GGBS

43 grade 

+ 50% 

GGBS

53 grade 

+ 50% 

GGBS

7 22.16 26.03 32.75 17.15 25.87 31.86 23.75 29.75 33.98

14 26.61 33.04 38.67 21.64 27.79 34.16 27.25 34.18 40.18

28 29.99 40.01 44.98 22.79 31.26 36.75 31.01 40.11 47.58

56 32.16 41.71 48.78 27.44 33.76 39.41 32.57 42.19 50.89

Stone 

dust

Table 10 Compressive strength values for stone dust
 
iv. Compressive strength values for quartz dust:

Type of 

Sand
Days

33 

grade

43 

grade

53 

grade

33 grade + 

25% Flyash

43 grade 

+ 25% 

Flyash

53 grade 

+ 25% 

Flyash

33 grade 

+ 50% 

GGBS

43 grade 

+ 50% 

GGBS

53 grade 

+ 50% 

GGBS

7 27.79 35.22 39.94 21.48 28.55 32.25 26.47 33.14 37.91

14 31.57 41.13 49.07 24.66 31.28 34.88 29.81 38.25 46.73

28 37.94 48.12 56.33 29.02 35.15 36.25 36.14 45.37 53.41

56 39.11 49.98 56.56 33.24 43.25 51.25 41.48 52.51 59.48

Quartz 

Sand

Table 11 Compressive strength values for stone dust

IV. Graphs and Discussions

i. Compressive strength Vs Different grades of cement
Compressive strength of cement mortar with different grades of cement and different types of sands at 56 
days

Graph 1 Compressive strength Vs Different grades of cement
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Discussions:
i. From graph 1, it is observed that the cement mortar with 53 grade cement has more compressive 

strength compared to the cement mortar cubes produced with 33 and 43 grade cement.
ii. It is also observed that the cement mortar with quartz sand has highest compressive strength 

compared to cement mortar with Ennore sand, river sand and stone dust by 2.53%, 3.78% and 
17.77% for 33 grade cement respectively.

iii. It is observed that the cement mortar with quartz sand has highest compressive strength 
compared to cement mortar with Ennore sand, river sand and stone dust by 3.40%, 10.26% and 
16.54% for 43 grade cement respectively.

iv. It is observed that the cement mortar with quartz sand has highest compressive strength 
compared to cement mortar with Ennore sand, river sand and stone dust by 2.81%, 2.95% 
and13.755% for 53 grade cement respectively.

ii. Compressive strength VsNo. of days

Compressive strength of cement mortar with 33 grade cement for different fine aggregates.

Graph 2 Compressive strength VsNo.of days

Discussions:
i. From graph 2, it is also observed that the cement mortar containing river sand has high strength for 

14 days but for 56 days there is decrease in strength compared to Ennore sand and quartz sand by 
1.30% and 3.93% respectively. This means that the cement mortar with river sand gains early 
strength compared to all other fine aggregates.

ii. It is also observed that the cement mortar with Ennore sand and river sand has almost same 
compressive strength at 28 days.

iii. Compressive strength VsNo. of days (fly ash)

Compressive strength of cement mortar with 33 grade cement contains 25% fly ash for different fine 
aggregates.
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Graph 3Compressive strength Vs No.of days (fly ash)

Discussions:
i. From graph 2, it is observed that the cement mortar containing stone dust has less strength compared to 
cement mortar containing Ennore sand, river sand and quartz sand but from graph 3, it is observed 
cement mortar containing stone dust has high strength compared to river sand at 56 days when  cement is 
replaced with 25% of fly ash.
ii. From graph 2, it is also observed that the cement mortar containing Ennore sand and river sand has 
almost same compressive strength but from graph 3, there is a large variation in compressive strength for 
cement mortar containing Ennore sand and river sand when cement is replaced with 25% fly ash.

ii. Compressive strength VsNo. of days (GGBS)
Compressive strength of cement mortar with 33 grade cement contains 50% GGBS for different fine 
aggregates.

Graph 4Compressive strength Vs No.of days (GGBS)
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Discussions:
i. From graph4, it is observed that the cement mortar containing stone dust has greater strength compared 
to river sand at 7 days but decreases from 14 days onwards.
ii. It is also observed that the cement mortar with river sand and stone dust has almost have same 
compressive strength at 28 and 56 days when cement is replaced with 50% GGBS.

v. Compressive strength VsNo. of days for different FA
Compressive strength of cement mortar with 33 grade cement contains 25% fly ash and 50% GGBS for 
Ennore sand, river sand, stone dust and quartz dust.

Graph 5Compressive strength Vs No.of days Ennore sand

Graph 6 Compressive strength Vs No.of days for river sand

Graph 7Compressive strength Vs No.of days for stone sand
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Graph 8 Compressive strength VsNo.of days for quartz sand

Discussions:
i. From graph 5 and graph 8, it is observed that the cement mortar cube containing Ennore sand and 

quartz sand has more strength when cement is replaced with 50% GGBS but has low strength 
when cement is replaced with 25% fly ash.

ii. In the same way it is observed that the cement mortar cubes containing Ennore sand and quartz 
sand has more strength up to 28 days but it decreases at 56 days. This means there is a gradual 
increase in strength when cement is replaced with 50% GGBS.

iii. From graph 6 and graph 7, it shows that the cement mortar cube containing river sand and stone 
dust has less strength when the cement is replaced with fly ash and GGBS.

vi. Compressive strength VsNo.of days (fly ash & GGBS)

Compressive strength of cement mortar with 33 grade cement contains 25% fly ash and 50% GGBS for 
different types of sands.

Discussions:
a. From graph 9, it is observed that the cement mortar cube produced with quartz sand has high 

compressive strength, cement mortar with stone dust has low compressive strength and the 
cement mortar with Ennore sand and river sand has almost have same strength for 33 grade 
cement at 56 days.

b. It is also observed that the cement mortar with Ennore sand and quartz sand has more strength 
compared with the cement mortar with river sand and stone dust when cement is replaced with 
25% of fly ash and 50% of GGBS.
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Graph 9 Compressive strength Vs No.of days (fly ash & GGBS)

V. CONCLUSIONS
The following specific conclusions can be arrived based on the study conducted on cement mortar

a. The cement mortar contains 53 grade cement has more compressive strength compared to the 
cement mortar with 33 and 43 grade cement.

b. It is also observed that the cement mortar with quartz sand has highest compressive strength 
compared to cement mortar with Ennore sand, river sand and stone dust by 2.53%, 3.78% and 
17.77% for 33 grade cement respectively.

c. It is observed that the cement mortar with quartz sand has highest compressive strength 
compared to cement mortar with Ennore sand, river sand and stone dust by 3.40%, 10.26% and 
16.54% for 43 grade cement respectively.

d. It is observed that the cement mortar with quartz sand has highest compressive strength 
compared to cement mortar with Ennore sand, river sand and stone dust by 2.81%, 2.95% 
and13.755% for 53 grade cement respectively.

e. The cement mortar containing Ennore sand and quartz sand has more strength when cement is 
replaced with 50% GGBS but has low strength when cement is replaced with 25% fly ash.

f. The cement mortar containing river sand has high strength for 14 days but for 56 days there is 
decrease in strength compared to Ennore sand and quartz sand by 1.30% and 3.93% 
respectively. The cement mortar with river sand gains high strength in early days compared to 
Ennore sand, stone dust and quartz dust.

g. The cement mortar containing stone dust has least strength compared to cement mortar 
containing Ennore sand, river sand and quartz sand but it is increased at 56 days when cement is 
replaced with 25% of fly ash.

h. If 100% cement is used, then cement mortar containing Ennore sand and river sand has almost 
have same compressive strength But there is a large variation in compressive strength of cement 
mortar containing Ennore sand and river sand when cement is replaced with 25% fly ash and 
50% GGBS.

I. The cement mortar with river sand and stone dust has almost have same compressive strength 
when cement is replaced with 50% GGBS.
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A B S T R A C T

The Steam turbine blades are subjected to in-plane load because of fluid or aerodynamic pressures so the 

blades are subjected to high dynamic loadings. It is necessary to do vibration analysis to know the 

dynamic characteristics of the material as they are working at high speeds. The X20cr13 steel material 

R31 turbine blades are used in 7.5MW BBC as turbine rotor in power plants. Flow of the super heated 

steam in steam turbines causes failure of blades due to high temperature working condition, high 

rotational speeds and corrosion of blade due to the purity of steam.

The existing X20 turbine blade is replaced with the composite material without the increase in the 

stresses. Two types of composites are taken with a matrix and reinforcements. One is glass-ceramic 

matrix systems reinforced with silicon carbide and silicon carbide reinforced with the aluminum matrix. 

Aluminum silicon carbide compare the mode of vibrations for the existing and newly design composite 

plates by using CATIA V5 R21 and ANSYS 15.0 software's.

Secondly, the existing blade made of X20Cr13 is replaced with the metal matrix composite aluminum 

silicon carbide. Metal matrix Composites possesses high-temperature capability, high thermal 

conductivity, low CTE, and high specific stiffness and strength. Addition of SiC into the aluminium matrix 

produces a resulting composite with the low density of aluminium but a higher modulus similar to steel. 

When the existing X20 material turbine blade is replaced with the composite material AlSiC MMC and 

Pyrosic, the von mises stresses are very much reduced. The life of the blade is also increased by using 

composite materials.

Keywords: ANSYS; CATIA V5; Stress Analysis; Composite; Fatigue; Modal Analysis.

1. INTRODUCTION
A steam turbine is a device that extracts thermal energy from pressurized steam and uses it to do 
mechanical work on a rotating output shaft. Steam turbines are made in a variety of sizes ranging from 
small 0.75 kW units used as mechanical drives for pumps, compressors and other shaft driven 
equipment, to 15,00,000 kW turbines used to generate electricity. There are several classifications for 
modern steam turbines.

The steam turbine is a form of heat engine that derives much of its improvement in thermodynamic 
efficiency from the use of multiple stages in the expansion of the steam, which results in a closer 
approach to the ideal reversible expansion process. The main of parts of turbine are rotating shaft, turbine 
blades, nozzles, gears and driven mechanism. In this turbine blade is one of the fundamental element of 
steam turbine where the steam flows is hits the turbine.

Turbo machinery blades are classified into two categories depending on their manner of operation as 
either impulse or reaction blades. The failures of these blades in practical working conditions cause
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several damage and loss. So this leads to study of turbine blades for better performances of steam 
turbines. The break down and failures of turbine machineries have been influencing such as 
consequential damages, hazards to public life and most importantly the cost repairs.

To avoid these, it is obvious that the blade of turbo machinery must be made structurally stronger, that 
means not in dimensions and/or use of materials of construction, but keeping the operating stresses well 
within the limits. The blade fatigue failure is one of the major sources of outages in any steam turbines 
and gas turbines which are due to high dynamic stresses caused by blade vibration and resonance within 
the operating range of machinery.

To protect blades from these high dynamic stresses, friction dampers are used. To survive in this difficult 
environment, turbine blades often use exotic materials like super alloys and many different methods of 
cooling, such as internal air channels, boundary layer cooling, and thermal barrier coatings.

2. LITERATURE REVIEW
One of the important thing is material selection with respective operating conditions and quality of 
steam. The vast use of turbo machinery blades lead to significant amount of research over the years. Due 
to its wide range of application in the practical field, it is important to understand the nature of 
deformation, vibration and stability behavior of X20 turbine blades.

Philip Dowson and derrick Bauer [1] stated a thesis on turbine blade “Selection of materials and material 
related process for steam turbiSpediel [2] highlighted the satisfactory corrosion fatigue resistance of 
x20CrMoV121 steel in a good purity steam. However, the growth of fatigue cracks in 12 percent 
chromium steels in greatly enhanced by the chloride solutions at low cyclic stress intensities and high 
mean loads. Spediel also illustrated how the deltakth greatly reduced by the presence of the certain 
environments.

Forces on Large Steam Turbine Blades is investigates RWE Npower Mechanical and Electrical 
Engineering power industry [3] in Germanynes in these oil and petrochemical industry”. Steam Turbine 
rotors are designed with a significant factor of safety, the operating forces and stresses calculated, large 
steam turbine blades are manufactured from 12% chrome high alloy steels where maximum design stress 
values of 200-300 N/mm2 are permissible. vibration analysis of a steam turbine by R.s.Mohan, A.Sekhar 
and A.s. Shekar [4] stated that dynamic steam turbine blade in computational environment is carried out 
by the reliability of these blades very important for the successful operation of steam turbines . In order to 
gain physical insight into the flexural dynamics of such turbine blade with the inclusion of the rotor 
dynamics effect the turbine blade was approximated as symmetry air foil cross section fixed on rigid 
disc. Wear Characteristics in Al- SiC Particulate Composites and the Al-Si Piston Alloy Z. Hasan1, R. K. 
Pandey, D.K. Sehgal [6] Al-Si alloy with near eutectic composition has been conventionally used as a 
piston material for automobile applications. It is required to possess high abrasive wear resistance for 
enhanced life of the engine. The alloy is known to have fairly good wear resistance due to increased 
percentage of silicon present in fine form. In the present investigation, Al-SiC particulate composites 
have been studied for their wear resistance against emery paper (400 grit SiC particles) counter f ace and 
a comparison has been made with existing piston alloy i.e. Al-Si alloy. Aluminum (Al-6063)/SiC Silicon 
carbide reinforced particles metal-matrix composites (MMCs) are fabricated by melt-stirring technique 
by K.L.Meena, Dr.A.Manna [7]. The MMCs bars and circular plates are prepared with varying the 
reinforced particles by weight fraction ranging from 5%, 10%, 15%, and 20%. The average reinforced 
particles size of SiC are 220 mesh, 300 mesh, 400 mesh respectively.
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3. CALCULATION OF FORCES ON BLADES
Forces acting on the blades of the rotor in general have two components namely tangential (Ft) and axial 
(Fa). These forces result from the steam momentum changes and from pressure differences across the 
blades. These steam forces are evaluated by constructing velocity triangles at inlet and outlet of the rotor 
blades. The rotor blades considered for analysis are untwisted and same profile is taken throughout the 
length of the blade. If the steam forces are assumed to be distributed evenly, then the resultant acts 
through the centroid of the area. At the inlet of the steam turbine rotor blades,

Absolute flow angle α2 = 23.850 Absolute velocity V2 = 462.21 m/s

The velocity triangles at inlet of Gas turbine rotor blades are constructed as shown.

Figure 3.1 Inlet & Exit velocity triangles of steam turbine rotor blades

Diameter of blade midspan D = 1.65 m. Design speed of turbine N = 1800 r.p.m.
Peripheral speed of rotor blade at its midspan U = πDN/60 = 60π m/sec-- (1)

From the velocity triangles in figure we get, Whirl velocity Vw2 = 422.74 m/s
Flow Velocity Vf2 = 198.89 m/s Relative velocity Vr2 = 265.09 m/s Blade angle at inlet θ2 = 45 0

At the exit of Gas turbine rotor blades,
Flow velocity Vf3 = 189.42 m/s
Relative flow angle θ2 = 37.88 0
From the velocity triangles (Figure), we get
 

Whirl velocity at exit Vw3 = 2.805 m/s Relative velocity at exit Vr3 = 293.83 m/s

4. MODELLING OF TURBINE BLADE
Using Catia module the profile drawing in the figure 4.1of blade is converted into 2D drawing as in the 
figures 4.2 and 4.3, root section of the blade and area foil section of the respectively by the various 
commands in the Catia module as same as measurements in the profile drawing. Commands like points, 
circles splines, rectangles, squares and work bench are used to generate 2D drawing. In 2d diagram is 
extrudes in the work bench by pad and pocket commands. The figure 4.3 Catia model of the blade shows 
the 3D view of the blade.
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Figure 4.3 CATIA Model of the Blade

5. ANALYSIS OF TUBINE BLADE BY ANSYS
Auto mesh is done in ANSYS workbench to solve the differential equations, which are a combination of 
structured and unstructured mesh. The imported file geometry undergoes meshing after which boundary 
conditions are applied to the physical domain

Tetra Mesh is done in ansys solver as shown in below figure 5.1

Figure 4.1 Root Section of the Blade

Figure 4.2 Aerofoil Section of the Blade
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Figure 5.1 Tetra- Mesh

Tangential force Ft =310.4N 
Axial force Fa = 7.473 N 
Centrifugal force Fc = 7737.5 N

The above three forces are applied as boundary conditions to the turbine blade as shown in fig.5.2

Figure 5.2 Static loading on X20 material rotor

Static structural analysis is carried for existing blade material and by followed the two new proposed 
composite blade material and the solution data for them is presented below.

Figure 5.3 X20 Blade deformation
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Figure 5.4 X20 Blade Von-Mises Stress

From the above figure 5.3 and 5.4 of X20 Cr13 material blade from Static analysis solution, have a 
deformation 0.192mm and the von mises stress is 1.516Pa for the loading condition of tangential force 
310.4N, axial force 7.473 N and centrifugal force 7737.5 N.

Figure 5.5 AlSiC blade deformation

Figure 5.6 AlSiC Von-Mises Stress

From the above figure 5.5 and figure 5.6 of Al/SiC material blade from Static analysis solution have a 
deformation 0.65mm and the von mises stress is 1.084e8Pa for the loading condition of tangential force 
310.4N, axial force 7.473 N and centrifugal force 2612.6 N.
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Figure 5.7 Pyrosic blade deformation

Figure 5.8 Pyrosic Von-Mises Stress

From the above figure 5.7, figure 5.8 of Pyrosic composite blade from Static analysis solution have a 
deformation 0.65mm and the von mises stress is 1.084e8Pa for the loading condition of tangential force 
310.4N, axial force 7.473 N and centrifugal force 1848.9 N.

Fatigue analysis
In operating conditions many parts may does not fail initially, they often fail in service due to fatigue 
failure caused by repeated cyclic loading. In practice, loads significantly below static limits can cause 
failure if the load is repeated sufficient times. The main objective of fatigue analysis is to characterizing 
the capability of a material to survive and how many cycles can a component may experience during its 
lifetime. Types of Fatigue Analysis available in ansys are Strain Life, Stress Life, and Fracture 
Mechanics.

Stress Life is based on S-N curves (Stress – Cycle curves). This is concerned with total life and does not 
distinguish between initiation and propagation. In terms of cycles, Stress Life typically deals with a 
relatively high number of cycles. High number of cycles is usually refers to more than 10e5 cycles.

After completing the static structural analysis the solution module is transferred into Fatigue analysis 
module, and the boundary conditions are same as structural analysis. In setup select the fatigue analysis 
type as stress life. In solution insert life as a required output, and then run for solution.

After performing the fatigue analysis, the following results are presented below. Figure 5.9 figure 5.10 
and figure 5.11 shows the fatigue results of the blade.
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Figure 5.9 X20 Blade Fatigue Life

Figure 5.11 Pyrosic Blade Fatigue Life

From the above figures 5.9 5.10 and 5.11 of different material blades by fatigue analysis solution have a 
fatigue life as 70836 cycles for X20 cr13, 2.6732e5 cycles for AlSiC, 3.606e5 cycles Pyrosic 
respectively.

6. RESULTS AND DISCUSSIONS
From the solution of Static structural analysis results, we have the following data

Fig 5.10 AlSiC Blade Fatigue Life

Blade Material Von-Mises Stress (Pa) Deformation (m)

X20 cr13 1.52E+08 0.00019244

AlSiC 1.08E+08 0.00023223

Pyrosic 1.03E+08 0.00065433

Table 6.1 Comparison of Stress, Deformation of different Materials
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The tangential and axial forces acting on the X20, Al/SiC and Pyrosic blade are same ie 310.4N and 
7.473N, but the centrifugal force acting on the blades are vary ie. X20, Al/SiC and Pyrosic blades are 
7737.5N, 2612.6N and 1848.9N. The Von misses stresses for X20, Al/SiC, Pyrosic are 1.516e8Pa, 
1.084e8Pa, 1.029e8Pa. There is much variation in the centrifugal force acting on the blades of three 
materials these variation caused the reduced stresses.

The Von mises stresses induced in the blade by three materials are below the corresponding material 
yield stresses, so all the designs are safe in this working condition. The factor of safety for the existing 
X20 material is slightly high when compared to Al/SiC MMC. The factor of safety for the Pyrosic 
composite blade is high when compared to X20 material blade.

RESULT AND DISCUSSION ON FATIGUE ANALYSIS
This result contour plot shows the available life for the given fatigue analysis. In this the loading is of 
constant amplitude, this represents the number of cycles until the part will fail due to fatigue. In the given 
load history represents one hour of loading and the life was found to be 120, the expected model life 
would be 120 hours

Blade Material Fatigue Life (cycles)

X20 cr13 70836

AlSiC 267320

Pyrosic 360600

Table 6.2 Fatigue life of different blade materials

By the results of the above table X20 material blade has low life of 70836 cycles when compared to 
Al/SiC 2.6e5 cycles and Pyrosic 3.6e5 cycles. The composite materials have good strength and stiffness 
there by fatigue life is increased in the results. The fatigue failure is occurred at the end of the aerofoil 
profile nearer to the root section, here increase the thickness of the aero foil may increase the blade life.
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A B S T R A C T

In the engineering industry Metal cutting process forms the basis and is involved indirectly or directly in 

the manufacture of every product of our modern civilization. The study of metal cutting is very important 

and knowledge in the fundamentals of machining of materials is essential. Theory of metal cutting will 

help to develop a scientific approach in solving problems encountered in machining.

In this project “Design and Analysis of Single Point Cutting Tool by varying rake angle”, by varying rake 

angles the metal cutting theory is studied and this have been extended to tool-geometry, materials used 

and its properties, working conditions and its characteristics, effects of variable parameters like feed, 

cutting speed, and depth of cut during the machining process.

This project includes modeling of single point cutting tool with commercial angles in CATIAV5R20 and 

then the analysis is done in ANSYS15.0. After post processing the results of analysis, we modified the 

geometrical design and designed various tools with different back rake angles, analyzed them 

individually.

Keywords: cutting tool; cutting speed; feed; depth; Catia; Ansys.

1. INTRODUCTION
The study of machine tools and metal cutting is one of the most fascinating experiences. Material 
machining is done to adopt higher surface finish, complex geometric shapes, close tolerances.

Material removal is most expensive one when compared to all the manufacturing processes available. 
This is because, to achieve the desired shape some amount of material will be removed in the form of 
chips from the raw material and also a lot of energy should be expanded in the process of material 
removal. So, when there is no option for manufacturing process this type of material removal process is 
chosen as other alternative. However, all components undergo in the removal operation invariably at one 
point or the other..

Machine tool can be defined as holing components which holds the cutting tools and it have ability to 
remove metal from the work-piece, to obtain the desired shape with given configuration, size and finish. 
Machine tools are also known as mother machines because, without them components cannot be 
produced in desired form.

Machining is the process of removing the unwanted material from parent material of the metal by using a 
machine tool. This metal cutting can be done either by single point cutting tool or multi-point cutting 
tool. Some of the metal cutting operations are Drilling, Milling, Boring, T urning, Planning, Shaping, 
Broaching, etc. The machining operation is significantly affected by physical properties and chemical 
composition properties of the metal of the work piece, tool geometry and its material used.
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There are two types of metal cutting by a single point cutting tool. They are orthogonal cutting and 
oblique cutting.

ORTHOGONAL CUTTING:
During this cutting process, the cutting face of the tool will be at right angle to the line of action of the tool 
then it is called orthogonal cutting and the direction of the chip flow will be perpendicular to the cutting 
edge. This type of cutting produces sharp corners. In the orthogonal cutting, the tool life will be less. 
Generally parting off, broaching and slotting operations are done in this method.

There are two forces orthogonal cutting. They are Cutting and Feed forces. The Radial force is zero 
because the face of the cutting tool is at right angle to the line of action of force.

Figure 1.1: Orthogonal Cutting Figure 1.2: Oblique Cutting Figure 1.3: Geometry of a Single-
point Cutting Tool

Under the process of cutting, if the cutting face of the tool is inclined and it is less than right angle to the 
line of action of the tool then it is known as oblique cutting. Here, the direction of the chip flow will make 
an angle to the cutting edge. This cutting produces chamfer at the end of cut.
 
In oblique cutting, the tool life will be more. Generally all machining operations are done in this method.
There are three mutually perpendicular components of cutting forces at the cutting edge of the tool. The 
cutting edge may or may not be longer than the width of the cut. Cutting forces greater than Feed force 
greater than Radial force. The forces are in the order of:

Fc > Ft >Fr

The geometry of single point tool consists of three orthographic views. A single-point tool consists of the 
shank or the body and a neck, which is known as the operating end. The use of the shank is to hold tool in 
the tool post or tool holder. The tool neck has the following elements: Face, Cutting Edges, Flank, and 
Nose. Here face is the surface on which the chip impinges from the work piece along which it flows as it 
is separated from the work. The flanks are the two surfaces of the tool facing the work. They are called the 
main flank or the side flank and the end flank or auxiliary flank.

In the process of metal cutting edges are formed by the intersection of the flank and the face. They are 
called the main or side cutting and end cutting edge. The side or the main cutting edge is the main sharp 
edge for the cutting process. This is formed by the intersection of side flank and the face. The end cutting 
edge is formed by the intersection of the face and the end flank. The nose is the element formed at the 
junction of the end cutting edges and side cutting edge. This junction or the nose has a curve of small 
radius known as nose radius.
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Cutting tool angles:

The geometry of the cutting tool is defined by five angles these are described below:

• Side Rake Angle: Side rake angle is the angle between line parallel to the base of the tool and the tool 
face and is measured in a plane perpendicular to the side cutting edge and the base. This angle gives the 
slope of the face of the tool from the cutting edge.

• Back Rake Angle: Back rake angle is also commonly called rake angle. It is the angle between the 
normal to the machined surface at the cutting edge to the face of the cutting tool. Rake angles may be 
positive, negative or zero. The strength of the tool is a function of rake angle. A tool with a positive rake 
angle will have less cross-sectional area for resisting the cutting forces. Hence, the strength of the tool is 
maximum when rake angle is negative.

• Relief Angle: The relief angle is the angle between the tangent to the machined surface at the cutting 
edge and the flank of the cutting tool. The side face of the flank forms side angle and the end face of the 
flank form relief angles. The relief angles enable the flank of the cutting tool to clear the work-piece 
surface and prevent rubbing. These relief angles are also referred to as clearance angles.

• End Cutting Edge Angle: This is the angle formed by the end cutting edge with the machined surface is 
called end cutting edge angle. This angle provides a clearance for that portion of that cutting edge, which 
is behind the nose radius. This angle reduces the length of the cutting edge in contact with the work. It is 
undesirable to have a cutting edge, just contact the work surface without actually cutting. This results in 
rubbing action, causing more tool wear and may spoil the surface finish.
 
• Side Cutting Edge Angle: Angle formed by the side cutting edge with the normal to machined surface 
is known as side cutting edge angle. It is essential for enabling the cutting tool at the start of the cut to the 
first contact the work back from the tool tip. A large side cutting edge angle increases the force 
component, which tends to force the cutting tool away from the work-piece.

2. CUTTING TOOL MATERIALS
Cutting tool performance will always depend on the material used. This material used in maching 
application should have properties such as hot hardness, wear resistance, and toughness. Here, toughness 
and wear resistance are two characteristics, which are, independent and the gain of one results in the loss 
of another.

By considering the needs of the industry, e.g. good surface finish, higher rates of production, close 
tolerances, etc., various tool materials have been developed. The development of new tool materials 
came into existence in many cases has brought the necessary for a change in the design trend of machine 
tools and to use the potentialities of tool materials for higher productivity. The tool materials developed 
include high. speed steels, tool steels, Ceramics, Synthetic diamond and Carbides.

High Speed Steel
Alloying steel with Tungsten, Chromium, Molybdenum, etc. produces alloy steel known as high speed 
steel (HSS). It can retain the hardness up to 600 0C. Owing to its superior hot hardness and wear 
resistance, it can be widely used. It can operate at cutting speeds 2-3 times greater than carbon steels. 
HSS can be classified into three types based on alloying elements and their percentage:
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• 8-4-1 HSS: In this alloy steel, it contains of 1% Vanadium, 4% Chromium, and 8% Molybdenum and it 
functions as effectively as 18-4-1 HSS. It has excellent toughness and cutting ability. This type of steel is 
also known as Molybdenum based HSS.

• 18-4-1 HSS:In this alloy steel, it contains1% Vanadium, 4% Chromium, and18% Tungsten. This type 
of steel has good stability and provides good hot hardness. This type of steel is known as Tungsten based 
HSS.

• Cobalt based HSS: This steel contains of 2-15% Cobalt. It increases wear resistant and the hot 
hardness. As the hot hardness is very high it can be operated at very high speeds. This steel is also known 
as super high speed steel.

Carbides
In carbide mostly we will find tungsten carbide as its primary ingredient. In the purpose of steel 
machining carbide will be much suitable and it consists of 8% Cobalt, 10% Titanium and 82% Tungsten 
carbide. These carbides have very high hardness, temperatures and have high thermal conductivity. 
These carbides have a strong tendency in forming of pressure welds at low cutting speeds and hence they 
should be operated at high speeds compared to those used for HSS tools.

Turning
In this operation excess material is removed from the work piece to produce cylindrical surface or a cone 
shaped surface. This operation is carried out on lathe. Various types of turnings on lathe can be performed 
are taper turning, eccentric turning and straight turning.

Forces in Turning:
The forces in a turning operation are very important in the design of machine tools. While machining the 
tool must have ability to withstand all the forces without causing much significance to vibrations, 
deflection or chatter during the time of operation.

Figure 1.4: Forces acting on a Single Point Turning Tool 

There are three principal forces during a turning process:
• Cutting or Tangential Force: Cutting force acts directly on to the work piece and the tool tip acts 
downward allowing deflection of the work-piece upward. Cutting forces gives force on the tool for the 
required cutting operation. Cutting force depends on the material.

• Feed or Thrust Force: Feed force acts in longitudinal direction and pushes the tool away from chuck. 
So it is also called as thrust force.
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• Radial Force: Here the force acts in the radial direction and it tries to push the tool away from work-
piece.

In case of turning operation, cutting force, radial force and tangential force (Fc, Ft and Fr) can be easily 
determined using the relation for resultant R:

Geometry of the Tool
The geometry of the tool that used to develop part modeling in CATIA V5R20 is given below
Width (B) - 25 
Height (H) – 40 
H/B ratio = 1.6

Back Rake 

Angle 

(degrees)

Side Rake 

Angle 

(degree s)

End Relief 

Angle 

(degrees)

Side Relief 

Angle) 

(degrees)

End 

Cutting 

Edge Angle 

(degrees)

Side 

Cutting 

Edge Angle 

(degree s)

Tool 

Radius 

(mm 

70 100 50 50 150 150 0.5

80 100 50 50 150 150 0.5

90 100 50 50 150 150 0.5

100 100 50 50 150 150 0.5

Table 3.1: Geometry of the Tool

Modelling of tool
The rough sketch of the tool shank in CATIA tool is shown below

Figure 3.1: Geometrical Representation of Tool Shank in CATIA V5R20 

The shank of the tool is obtained by giving PAD to the sketch as shown below

Figure 3.2: Part Model of Shank
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The sketch of the tool bit with side rake and side clearance angle is shown below

Figure 3.3: Sketch of Tool Bit

The sketch is given PAD command and the obtained is shown below

Figure 3.4: Part Model of Tool (Step – I)

The back rake angle is given by using SLOT command and the obtained is shown below

Figure 3.5: Part Model of Tool (Step – II)
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The end relief angle is given by using POCKET command and the obtained is shown below

Figure 3.6: Part Model of Tool (Step – III)

The side cutting edge angle is given by using SLOT command and the obtained is shown below

Figure 3.7: Part Model of Tool (Step – IV)

The end cutting edge angle is given by using SLOT command and the obtained is shown below

Figure 3.8: Part Model of Tool (Step – V) 
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The Tool modelled in CATIA software is shown below

0Figure 3.9: Designed Tool with Back Rake Angle 7
 

0 0 0Similarly three more tools are designed in CATIA software by varying Back Rake angle (7 , 8 , 9 , and 
010 ) as shown in fig. below respectively

0
Figure 3.10: Designed Tool with Back Rake Angle 8

0Figure 3.11: Designed Tool with Back Rake Angle 9
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0Figure 3.12: Designed Tool with Back Rake Angle 10

Anlysis of tool
All the models dawn in Catia are imported into Ansys in .igs format and analysis is done by varying 
speed, feed and depth of cut, various forces acting on the single point cutting tool are obtained. The 
various forces thus obtained are used for determining the von-mises stress, von- mises strain and 
deformation. Analysis of the tool is done in the Static Structural Module.

Engineering Data
In Engineering Data, the materials and their properties are taken into consideration. For the project, 8-4-1 
High Speed Steel and Cemented Carbide are considered.

The material properties for 8-4-1 HSS are as follow:
 

Table 4.1: Material Properties of 8-4-1 HSS:

Density 8160 kg/m
3

Young’s Modulus 210 GPa

Poisson’s Ratio 0.3

Yield Strength 3250 MPa

The material properties of Cemented Carbide are as follows:

Table 4.2: Material Properties of Cemented Carbide

Density 15630 kg/m
3

Young’s Modulus 550 GPa

Poisson’s Ratio 0.234

Ultimate Strength 3448 MPa

Geometry:
The part modelling of CATIA file is saved in the '.igs' format and then imported to Static Structural 
Module.

Figure 4.1: Geometry
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Model:
The imported file geometry undergoes meshing, after which the physics is defined to theexternal 
domain. Fine Mesh is considered for good results

Figure 4.2: Meshing

Boundary Conditions:
The Boundary conditions for the tool are defined as follows: The shank of the tool is fixed and the figure 
is shown below

Figure 4.3: Fixed Support

Cutting Feed Radial

Force Force Force

I 269 0.094 0.5 167.58 116.739 48.069

II 269 0.38 1 916.254 619.01 309.996

III 269 0.69 1.5 1084.986 811.287 509.139

IV 315 0.094 0.5 453.2 412.02 279.59

V 315 0.38 1 1013.73 902.52 146.169

VI 315 0.69 1.5 307.053 232.49 115.75

VII 525 0.094 0.5 631.764 559.17 243.288

VIII 525 0.38 1 247.212 164.808 103.986

IX 525 0.69 1.5 1092.834 813.249 471.861

Iteration No. Speed (RPM)
Feed 

(mm/rev)

Depth of 

Cut (mm)

Forces (N)

Table 4.3: Boundary Conditions
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The forces are given at the tip of the tool and it is shown in the ANSYS MECHANICAL tool below:

Figure 4.4: Boundary Conditions

Solutions and Results:
After applying the boundary conditions, the solutions and results for 8-4-1 HSS and cement carbides are 
as follows:

Results and discussion

Results of 8-4-1 HSS Tool:

Figure 5.1: Deformation at 90 (Iteration – IX)

Figure 5.2: Stress at 90 (Iteration – IX)
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Results of Cemented Carbide Tool:

Figure 5.3: Deformation at 90 (Iteration – IX)

Figure 5.4: Stress at 90 (Iteration – IX)

RESULTS:
The results from the static structural analysis on the single point cutting tool using ANSYS are tabulated 
and are shown as follows:

Results and graphs of 8-4-1 HSS tool:

Back Rake 

angle 70

Back Rake 

angle 80

Back Rake 

angle 90

Back Rake 

angle 100

I 206 1599.486 1580.203 1720.069 1658.109

II 313.92 2281.675 2262.443 2423.121 2333.525

III 402.21 2971.911 2893.007 3162.251 3046.008

IV 667.08 4379.904 4299.658 4729.231 4667.593

V 873.09 6380.027 6300.536 6907.801 6899.157

VI 1147.77 8499.965 8439.352 9189.895 9188.899

VII 1363.59 9009.356 8993.657 9503.256 9450.125

VIII 1442.07 10086.035 10078.887 10396.895 10247.153

IX 1451.88 10144.638 10060.402 10979.486 10973.349

Stress (Pa)

Iteration No. FORCES

Table 5.1: Stress values of 8-4-1 HSS tool
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Figure 5.1: Stress vs Force for 8-4-1 HSS tool at different Back Rake angles

Back Rake 

angle 7
0

Back Rake 

angle 8
0

Back Rake 

angle 9
0

Back Rake angle 

10
0

I 206 0.00379 0.00368 0.00398 0.00411

II 313.92 0.00434 0.00419 0.00459 0.00476

III 402.21 0.00572 0.00554 0.00578 0.00583

IV 667.08 0.00606 0.00597 0.00613 0.00639

V 873.09 0.0065 0.00649 0.00697 0.00715

VI 1147.77 0.00689 0.00673 0.00719 0.00735

VII 1363.59 0.00709 0.00705 0.00742 0.00741

VIII 1442.07 0.00719 0.00718 0.00759 0.00761

IX 1451.88 0.00732 0.00723 0.00771 0.00779

Deformation (mm)
Iteration 

No.
FORCES

Table 5.2: Deformation values of 8-4-1 HSS tool

Deformation(m)Figure 5.2: Deformation vs Force for 8-4-1 HSS Tool at different Back Rake 
angles

Results and graphs of Cemented Carbide tool

Back Rake 

angle 70

Back Rake 

angle 80

Back Rake angle 

90

Back Rake angle 

100

I 206 1616.217 1809.444 1827.758 1850.787

II 313.92 2255.006 2528.287 2551.865 2582.461

III 402.21 2987.338 3276.739 3308.871 3349.117

Stress (Pa)

teration No. FORCES
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Table 5.4: Stress values of Cemented Carbide tool

IV 667.08 4569.993 4692.931 4734.823 4787.242

V 873.09 6639.565 6999.371 7099.445 7154.873

VI 1147.77 8592.884 9437.405 9851.262 9871.891

VII 1363.59 9023.159 9756.482 10457.486 10305.446

VIII 1442.07 10134.124 10306.483 10636.49 10505.456

IX 1451.88 10312.427 10514.257 10879.486 10790.473

Figure 5.3: Stress vs Force for Cemented Carbide Tool at different Back Rake angles

FORCES

Iteration 

No.

Back Rake 

angle 7
0

Back Rake 

angle 8
0

Back Rake 

angle 9
0

Back Rake angle 

10
0

I 206 0.00145 0.00061 0.00054 0.000535

II 313.92 0.00206 0.0009 0.000878 0.000823

III 402.21 0.00259 0.00134 0.00112 0.00105

IV 667.08 0.00352 0.00199 0.00181 0.00164

V 873.09 0.00434 0.00259 0.0024 0.00224

VI 1147.77 0.00583 0.00364 0.00322 0.0031

VII 1363.59 0.00654 0.00423 0.00386 0.00364

VIII 1442.07 0.00704 0.00499 0.00432 0.0042

IX 1451.88 0.00722 0.00564 0.00521 0.00499

Deformation (mm)

Table 6.6 Deformation values of Cemented Carbide tool

Figure 5.4: Deformation vs Force of Cemented Carbide Tool at different Back Rake angles
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CONCLUSIONS
• The optimal tool geometry had more tool life than the basic tool. Depth of Cut has greatest 

influence on cutting force, followed by feed, while cutting speed has least influence.
• The temperature at the tip of the cutting tool during the time of machining is influenced by 

cutting speed
• It is observed as the cutting angles are increased the area throughout the body of the tool 

decreases, and the stress increases.
• Optimal angle is taken at the point of maximum stress obtained because maximum stress 

condition is observed at lower cross sectional area of tool tip while deformation produced by the 
tool in the work material is less at lower cross sectional area of the tool tip due to which the less 
cutting are generated and the heat generated by the tool will be less.

• For 8-4-1 HSS and Cemented Carbide the maximum stress condition was achieved at a Back 
Rake Angle of 90, when compared between Back Rake Angles 70,80, 90 and 100.

• When comparing across tool materials, by taking all the properties into account cemented 
carbide steel is best material.
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A B S T R A C T

Now-a-days the accidents in the coal mine industries have increased. Even if any explosion occurs it 

can't be easily known to the worker and it may cause accidents. So in order to avoid this, a robot has been 

designed and this robot is allowed to monitor the ambient situations inside the coal mine industry. Some 

of the environmental parameters such as methane leakage, temperature, oxygen are sensed by using the 

high end sensors and the sensed data are transmitted for monitoring the status of the coal mine and to 

control the robot movement.

If the temperature exceeds a threshold, the cooling fan is automatically set to ON and if any gas leakage is 

detected the workers are given alert through a buzzer. By this the human intervention can be avoided 

inside the industry and the accidents can be prevented.

Keywords: DC Motors; Sensors; Buzzer; Battery;

1. INTRODUCTION
In the hazardous working environment, human safety is an important concern. Coal mines is a place in 
which human lives are more dangerous and many workers are injured due to explosions and leakage of 
toxic gases. Fire accidents can also happen. At the same time if any person is absent in an important place 
for monitoring, it may also cause serious hazards. At present many systems are implemented in industrial 
areas but still those accidents are occurring. The new method is to design a robot and that robot is allowed 
to enter into the coal mine area. The robot will be equipped with some sensors like temperature and gas 
for detecting the toxic gases and the ambient temperature.

The robot used must be a flame-proof so that even if any disaster occurs it will transmit the information to 
the receiver without fail. Also, it must be designed to work in the high temperature situations. If any 
serious situation occurs means an alert given to the nearby workers. Wireless communication is also an 
important issue inside the industry Usage of wired technologies are not worthy as the cables will get 
damaged after a certain period of time or due to some environmental factors. So the wireless transmission 
technology is preferred. The industrial monitoring protocol should be designed such that the system must 
have a reliable end to end data delivery. The data which is collected from the robot should be transmitted 
without any delay and loss of data.
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2. RESEARCH METHOD

2.1.  HARDWARE IMPLEMENTATION
The Raspberry pi 2 microprocessor is used since this is compact in size and the power consumption is too 
low. Broadcom chip BCM2836 SoC is placed in it and it has a memory of 1GB RAM with 900MHz 
frequency. Raspberry Pi 2 board is selected because it is fast when compared to the earlier versions. 
Many sensors or peripherals can be interfaced with it at the same time and can work very fast as the quad 
core processor is used in it. This processor allows us to interface many modules at a time.

The temperature sensor used here is DS18B20. As it is a digital sensor it is easy to interface with the 
raspberry pi board. It is used to sense the ambient temperature of the coal mine industry. This sensor is 
connected with the GPIO pins. The working of the cooling fan depends on the above sensed data. 
DS18B20 sensor has an operating range of about 55ºC to 125ºC. Inside the industrial area the 
temperature may exceed above 45ºC. So this sensor is used. MQ3 gas sensor is used in order to sense the 
gas leakage in the mining areas.

A gas sensor is for detecting the combustible, flammable and the toxic gases. The MQ3 sensor mainly 
detects the methane gas which is most emitted in coal mining areas. The voltage required is 5V which is 
provided from the GPIO pin. In the gas sensor, H-pins are allowed to heat for a while so that it can detect 
the gas. Once the gas is detected, an alert is given to the workers.

2.2.  TECHNICAL DATA BUZZER:
A buzzer is an audio signaling device, which may be Mechanical, Electro mechanical, or piezoelectric. 
Typical uses of buzzers and beepers include alarm devices, timers, and confirmation of user input such as 
a mouse click or keystroke. A buzzer is an electrical device that is used to make a buzzing sound, for 
example, to attract someone's attention.

Fig.1

DC MOTORS:
A direct current or DC motor convert’s electrical energy into mechanical energy. It is one of two basic 
types of motors: the other type is the alternating current or AC motor. Among DC motors, there are shunt-
wound series-wound, compound-wound and permanent magnet motors.

FUNCTION:
A DC motor consists of a stator, an armature, a rotor and a commutator with brushes. Opposite polarity 
between the two magnetic fields inside the motor cause it to turn. DC motors are the simplest type of 
motor and are used in household appliances, such as electric razors, and in electric windows in cars.
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BASIC DC MOTOR OPERATION:
A DC motor is equipped with magnets, either permanent magnets or electromagnetic windings that 
produce a magnetic field. When current passes through the armature, also known as the coil or wire, 
placed between the north and south poles of the magnet, the field generated by the armature interacts with 
the field from the magnet and applies torque. In a DC motor, the magnet forms the stator, the armature is 
placed on the rotor and a commutator switches the current flow from one coil to the other. The 
commutator connects the stationary power source to the armature through the use of brushes or 
conductive rods. Furthermore, DC motors operate at a fixed speed for a fixed voltage and there is no slip.

Fig. 2

SENSORS:
In the broadest definition, a sensor is an electronic component, module, or subsystem whose purpose is to 
detect events or changes in its environment and send the information to other electronics, frequently a 
computer processor. A sensor is always used with other electronics, whether as simple as a light or as 
complex as a computer.

TYPES OF SENSORS FOR MAKING ROBOT

1. INFRARED SENSOR:
An Infrared sensor is an electronic sensor that measures Infrared (IR) light radiating from objects its field 
of view. They are most often used in IR-based motion detectors.

PRINCIPLE OF OPERATION:
We have already discussed how a light sensor works. IR Sensors work by using a specific light sensor to 
detect a select light wavelength in the Infra-Red (IR) spectrum. By using an LED which produces light at 
the same wavelength as what the sensor is looking for, you can look at the intensity of the received light. 
When an object is close to the sensor, the light from the LED bounces off the object and into the light 
sensor.

Fig.3
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2. TEMPERATURE SENSOR:
Temperature is the most often-measured environmental quantity. This might be expected since most 
physical, electronic, chemical, mechanical, and biological systems are affected by temperature. Certain 
chemical reactions, biological processes, and even electronic circuits perform best within limited 
temperature ranges. Temperature is one of the most commonly measured variables and it is therefore not 
surprising that there are many ways of sensing it. Temperature sensing can be done either through direct 
contact with the heating source, or remotely, without direct contact with the source using radiated energy 
instead. There are a wide variety of temperature sensors on the market today, including Thermocouples, 
Resistance Temperature Detectors (RTDs), Thermostats, Infrared, and Semiconductor Sensors.

Fig. 4

3. GAS SENSOR:
In current technology scenario, monitoring of gases produced is very important. From home appliances 
such as air conditioners to electric chimneys and safety systems at industries monitoring of gases is very 
crucial. Gas sensors are very important part of such systems. Small like a nose, gas sensors 
spontaneously react to the gas present, thus keeping the system updated about any alterations that occur 
in the concentration of molecules at gaseous state.
 
Gas sensors are available in wide specifications depending on the sensitivity levels, type of  gas to  be  
sensed, physical  dimensions and  numerous other factors. This Insight  covers   a methane gas sensor 
that can sense gases such as ammonia which mightget produced from methane. When a gas interacts with 
this sensor, it is first ionized into its constituents and is then adsorbed by the sensing element.

Fig.5

• MQ3 gas sensor is used in order to sense the gas leakage in the mining areas.
• The voltage required is 5V
• If the gas leakage is sensed, the buzzer will become ON and alert the Surrounding people.

Indian Journal of Automotive Technology (Volume - 08, Issue - 02, May - August 2025)                                                                                 Page No. 39

ISSN Application No, 21816



BATTERY:
An electric is a device consisting of one or more electrochemical cells with external connections 
provided to power electrical devices such as flashlights, smart phones, and electric cars. When a battery 
is supplying electric power, its positive terminal is the cathode and its negative terminal is the anode. The 
terminal marked negative is the source of electrons that when connected to an external circuit will flow 
and deliver energy to an external device.

2.3 IMPLEMENTED SOFTWARE
The raspbian os is used in the raspberry pi board. It is a free operating system that is based on Debian 
which is particularly optimized for the Raspberry Pi hardware. It comes with over 35,000 packages and 
pre-compiled software bundled in a simple format for easy installation in the Raspberry Pi. The coding 
for all the sensors and the robot movement are done using the python coding. Python is preferred since it 
is a simple and a minimalistic language. It is also free and open source software. This can be used in many 
platforms such as Linux, VxWorks, and Pocket PC etc. Also, it supports procedure-oriented programm-
ing as well as OOPS. The web browser is created by using HTML.

PROPOSED WORK:
A robot is designed using the raspberry pi board. The raspberry pi board is given a power supply of about 
5V. The sensors which are connected are given power through the GPIO pins. An ALERT button is placed 
at the centre for giving alert to the workers in case of any emergency. The robot wheels are given 12V 
from a separate rechargeable battery. The movement of the robot depends on the python coding inside the 
raspbian os. The wheels are connected through a relay. The relay which here used is a 4-channel relay. 
When the robot is kept stationary, the GPIO pin which is connected to that particular relay is given high. 
During movement they are set to low. When the temperature sensor senses the temperature above 35ºC, 
Also, when any gas is sensed, the GPIO pin of the buzzer is kept low and thus the buzzer will be ON. If 
there is more suffocation inside the mining area, the carbon dioxide emission will be more. When this 
CO2 is sensed, the oxygen supply cylinder will be opened by setting the GPIO pin of that particular relay 
to low. For giving alert the audio and if any emergency situation occurs the ALERT button is pressed and 
thus the sound will be produced

Block Diagram

Block diagram of industrial parameter monitoring and control robot
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3. RESULTS AND ANALYSIS
The following are the experimental results. The Figure shows the designed robot..The ALERT button is 
for giving the emergency alert. The live video of the industrial area will be shown in that rectangular 
window in the centre. The time and date will be shown in the right most corner in the downside. In the 
emergency area, a person should be always present. If they are absent means, the alert is given through 
the speaker. The sensed data such as the temperature value, gas sensor value.

Final model of industrial parameter monitoring and control robot

ADVANTAGES & DISADVANTAGES ADVANTAGES:
• Consistency Of Performance
• 24/7 Continuous Working
• Reduced Amount Of Operator Errors
• Improved Quality Of The Product
• It Can Move From One Location To Another Location
• Robotic Workers Never Get Tired
• Do Not Need To Be Paid
• Can Be Made To Perform Even The Most Dangerous Tasks Without Concern
• Wide Acceptance
• Identify Issues In Real Time, Before They Impact End Users
• Automate Responses To Speed Response Time And Maximized Availability
• Access Critical Data Quickly And Avoid A Lengthy Investigation Process 

DISADVANTAGES:
• Initial Expensive Development Costs
• Unemployment Due To Many Assembly Line Jobs Now Being Done By Robots/Loss Of 

Human Jobs
• Possible Need For Extra Space/New Technology To Accommodate Robots
• Cost Of Maintenance /Running Cost Is More
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APPLICATION AREAS:

• Exploration , monitoring and surveillance
-Space exploration
-underwater/surface exploration
-Wildlife observation
-Fire awareness monitoring
-Debris cleaning and human rescue
-spy robots

• Household and education
-Household appliances control
-Virtual stimulators and games
-Virtual distance laboratories

• Manipulations from distance ,indirect manipulations
-Bomb diffusion
- Tele surgery
-Nuclear decontamination and decommissioning

4. CONCLUSION
The designed robot is reliable to use and can be used in any working environment. The sensors which are 
used are so sensitive. The gas sensor will also detect other leakage such as hydrogen, smoke etc. This 
model can also be used for other purpose also. The suffocation of the working inside the mine is avoided. 
The accidents are prevented which are caused by ambient conditions.

This application can be used for all industrial area where human intervention for security can be avoided. 
In hospitals, shopping malls also this application can be used. In case of any fire accidents water has to be 
sprayed at the right place. Also, some other sensors such as dust sensor, humidity sensor can be interfaced 
for further convenience of the workers.
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A B S T R A C T

The present research deals with Finite Element Method (FEM) based stress and failure analyses of 

different types of adhesive bonded tubular joint configurations, viz. Tubular Single Lap Joint (TSLJ) and 

Tubular Socket Joints (TSJ). The bonded joints have been made with laminated FRP composites and 

have been subjected to different loading conditions viz. circumferential, axial, and torsion. Suitable 

APDL codes have been developed using ANSYS 14.0 which is capable of capturing the stresses three 

dimensionally within the joint region. The developed FE model has been validated with respect to 

analytical results available in literature and found to be in good agreement. Three-dimensional stresses 

within the joint and different adherend-adhesive interfaces which in turn play key roles in initiating the 

failures have been studied in details. Locations prone to adhesion and cohesion failures in the overlap or 

coupling regions have been identified using Tsai-Wü and Parabolic yield criteria based failure indices. 

Suitable joint parameters and ply-orientations for the laminated FRP composite joints have been 

suggested in order to improve the performance and resistance of the bonded tubular structures against 

failures.

Keywords: Finite Element Method (FEM) Tubular Single Lap Joint (TSLJ), Tubular Socket Joints 

(TSJ) FibreReinforced Polymer (FRP)

INTRODUCTION
As alternative to conventional engineering materials, Fiber-reinforced polymer (FRP) composites are 
becoming increasingly popular in the engineering applications. The unique characteristics of FRP, such 
as their light weight, their resistance to corrosion, high energy absorption, and the lower cost of 
transportation, erection and maintenance, are very promising in the application of FRP in various 
engineering fields. Bonded tubular structures made with FRP composites have been common structures 
in various fields of engineering. Three dimensional stress analyses of these structures under internal 
pressure and torsion have already been discussed in details in chapters 4 and 5. The purpose of the present 
chapter is to study the combined effect of internal pressure and torsion on stress distributions and failure 
within the joint region. Special attention has been devoted to study the effect of torque increase at 
constant pressure on the failure prone regions.
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Figure 6.1.Specimen geometry and boundary conditions of the bonded single lap joint along 
with different interfaces at the joint region.

7.2 Specimen geometry and boundary conditions
Figure 6.1 of the previous chapter shows geometry, configuration, loading and boundary conditions of 
the bonded TSLJ specimen analyzed in the present study. Two Gr/E [0]4 laminated FRP composite tubes 
which are similar with respect to length, thickness, and properties have been used as adherends. Here 
zero degree fiber orientation indicates circumferentially wound fibers. The two tubes have been joined 
through a thin layer of adhesive (epoxy) as shown in the Figure 6.1. of the previous chapter. The bonded 
TSLJ have been subjected to an internal pressure of 10 MPa at the inner adherend as well as torsion 
loading of 100 N-m (direction of the applied torque is CCW as we see from the free end of the bonded 
TSLJ) at the free end of the bonded TSLJ structure. Torsion loading has been varied as 100 N-m, 110 N-
m, 120 N-m, and 130 N-m for a constant internal pressure of 10 MPa in order to study the effect of torsion 
loading variation on joint strength. The material properties along with strength values for adhesive and 
adherends have been given in Table 4.1 which have been considered from the work of Das and Pradhan 
(2010).Three different bondline interfaces have been identified to be the critical regions prone to stress 
concentration effects in the present analysis: (i) inner adherend-adhesive interface, (ii) adhesive mid-
layer, and (iii) outer adherend-adheive interface (Figure 6.1).
 
7.3 Finite element modelling
The bonded TSLJ has been modelled using the FE codes of ANSYS 14.0. The FE mesh of the bonded 
TSLJ specimen has been shown in Figure 4.2. The modelling and simulation techniques have already 
been explained in previous chapters (chapter 3 and 4)

7.4 Results and discussion
Three dimensional stress distributions within the joint region of the bonded TSLJ have been studied in 
details for pure internal pressure loading and pure torsional loadings in chapters 4 and 5, respectively. In 
the present chapter effect of torsion loading on the stress distributions within the joint region is intended
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to be studied when the bonded TSLJ is already under the application of an internal pressure loading at the 
inner adherend. Effect of torsion loading (100 N-m) on stress distributions and failure indices at different 
bondline interfaces of the bonded TSLJ subjected to internal pressure loading of 10 MPa has been 
studied in the first phase of  the analysis. Thereafter, the torsion loading has been increased as: 100N-m, 
110N-m, 120 N-m, and 130 N- m for a constant internal pressure of 10 MPa and effects have been studied 
corresponding to the critical bondline interface.

7.4.1 Effect of Torque in presence of Internal Pressure on stresses in joint

7.4.1.1 Inner adherend-adhesive interface
It has already been observed in chapter 4 (Figure 4.3) that under influence of internal pressure, four stress 
components (σr, σθ, σz, and τrz) at the inner adherend-adhesive interface are of considerable magnitude. 
Whereas, the rest shear stress components (τrθ, τθz) are of negligible magnitudes. However, for a pure 
torsional loading, an exactly opposite scenario has been observed. In this case, the negligible stress 
components in case of pure pressure loading (τrθ, τθz) becomes the most prominent stress components 
(Figure 5.2 (d), (e)).

Figure.7.1. Effect of introduction of torsion loading in presence of internal pressure on stress
 distributions at the inner adherend-adhesive interface.
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Whereas, the most prominent stress components for pure pressure loading (σr, σθ, σz, and τrz) are of 
negligible magnitudes as already explained in chapter 5 through Fugures 5.2 (a), (b), (c), and (f). The 
present case is just a superposition of these two cases.

The stress distributions also seem to be following a superposition trend as seen from the below figures. 
Introduction of torsional loading in the joint region enhances the magnitude of shear stresses (τrθ) and 
(τθz) within the inner adherend-adhesive interface of the bonded TSLJ (Figure 7.1 (d) and (e)). It could 
be clearly observed that the profile of these stresses (τrθ and τθz) matches exactly with the corresponding 
stress profiles for pure pressure loading case (Figure 5.2 (d) and (e)). This confirms that the stress 
distributions follow the superposition principle. Similarly the normal stress profiles (σr, σθ, and σz) and 
one shear stress profile (τrz) have been observed to be unaffected due to introduction of torsional loading 
in presence of the internal pressure. The stress profiles again match exactly with the profiles 
corresponding to pure internal pressure loading case (Figure 4.3 (a), (b), (c) and (f)) confirming the 
superposition principle again.
 
7.4.1.2 Adhesive mid-layer
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Figure.7.2. Effect of introduction of torsion loading in presence of internal pressure on stress 
distributions at the adhesive mid-layer.

Introduction of torsional loading of 100 N-m in the joint region enhances the magnitude of shear stresses 
(τrθ and τθz) within the adhesive mid-layer of the bonded TSLJ (Figure 7.2 (d) and (e)). It could be 
clearly observed that the profile of these stresses (τrθ and τθz) matches exactly with the corresponding 
stress profiles for pure torsion loading case (Figure 5.3 (d) and (e)). This confirms that the stress 
distributions follow the superposition principle. However, the normal stress profiles ( σr, σθ, and σz) and 
one shear stress (τrz) have been observed to be slightly affected due to introduction of torsional loading in 
presence of the internal pressure loading confirming slight deviation from the superposition principle.
 
7.4.1.3 Outer adherend-adhesive interface
When a torsion loading of 100 N-m has been introduced in the joint region in presence of internal 
pressure loading acting at inner adherend of the bonded TSLJ, it enhances the magnitude of  shear 
stresses (τ rθ and  τθz) within the outer adherend-adhesive interface (Figure 7.3 (d) and (e)). It could be 
clearly observed that  the profile of these stresses (τrθ and τθz) matches exactly with the corresponding 
stress profiles for pure torsion loading case (Figure 5.4 (d), and (e)). This confirms that the stress 
distributions follow the superposition principle. Similarly the normal stress profiles (σr, σθ, and σz) and 
shear stress (τrz) have been observed to be unaffected due to introduction of torsion loading in presence 
of the internal pressure loading.
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Figure.7.3. Effect of introduction of torsion loading in presence of internal pressure on stress 
distributions at the outer adherend-adhesive interface.

The stress profiles again match exactly with the profiles corresponding to pure internal pressure loading 
case (Figure 4.5 (a), (b), (c) and (f)) confirming the superposition principle.

7.4.2 Effect of torsional loading in presence of internal pressure on failure within joint
The failure index profiles for all the bondline interfaces shown in Figure 7 .4 (a), (b), and (c) are 
completely varying as compared to the failure index profiles corresponding to pure internal pressure as 
shown in chapter 4 (Figure 4.7). This indicates that introduction of torsion loading along with the internal 
pressure loading is very much affecting the failure index profiles for the different bondline interfaces. It 
is important to note  here that when the bonded TSLJ is subjected to a combination of torsional and 
pressure loading, effect of torsional loading is predominantly observed on the failure effects within the 
joint region. Although the internal pressure loading has been observed to be affecting major stress 
components within the joint region, still it is unable to have a prominent effect as far as failure within the 
joint region is concerned.

Indian Journal of Automotive Technology (Volume - 08, Issue - 02, May - August 2025)                                                                                 Page No. 48

ISSN Application No, 21816



Figure.7.4. Effect of introduction of torsional loading in presence of internal pressure on failure 
indices at different bondline interfaces: (a) inner adherend-adhesive interface, (b) adhesive 

mid-layer, and (c) outer adherend-adhesive interface.

This has been clearly observed in Figure 6.5 of chapter 6, where it can be clearly observed that the failure 
index profiles at all the bondline interfaces match exactly with the failure index profiles for a pure 
torsional loading case. This indicates that application of pressure with respect to torsional loading does 
not affect the magnitude of failure indices within the joint region. However, The Failure index profiles at 
different bondline interfaces of the TSLJ subjected to pressure and torsion (Figure 7.4) reveal that 
introduction of torsion with respect to pressure is tremendously affecting the magnitude of failure 
indices. The outer adherend-adhesive interface which has been identified as the critical bondline 
interface for both pure pressure and pure torsional loading has also been observed to be the layer with 
maximum failure indices for the case of combined pressure and torsional loading. However, the failure 
prone region is towards the clamped edge of the bonded TSLJ under combined pressure and torsional 
loading which again confirms the predominance of the torsional loading.
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7.4.3 Effect of torque variation in presence of internal pressure on stresses in the critical bondline 
interface
As the torque has been varied from 100 N-m to 130 N-m in presence of a constant pressure of 10 MPa, it   
can be observed that only the shear stress (τθz) component have been increasing prominently. The radial- 
circumferential shear stress component (τrθ) has been observed to have mild variations with respect to 
the torque change.

Figure.7.5. Effect of increase in torsional loading in presence of internal pressure on stress 
distributions within the outer adherend-adhesive interface.

However the remaining shear stress components, τrz) as well as normal stress component (σr, σθ,  σz,) 
has remained unchanged due to the torque variation (Figure 7.5).
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7.4.4 Effect of torque variation in presence of pressure on failure at the critical bondline interface
Although variation of torsion loading at constant pressure has not induce much more impact on the stress 
distribution at the outer adherend-adhesive interface (Figure 7.5), but it has got a bit effect on the failure 
index values as shown in Figure (7.6.) So increase in torque has got a little effect on the failure at the 
critical bondline interface (outer adherend-adhesive interface).

Figure. 7.6 Effect of increase in torque in presence of internal pressure on failure within the 
outer adherend- adhesive interface.

7.5 Summary and conclusions
Laminated FRP composite made bonded TSLJ subjected to a constant pressure (10 MPa) and varying 
torsional loading (100 N-m to 130 N-m) has been analyzed through finite element method. The FE codes 
have been developed through ANSYS APDL in a high speed IBM platform. Stress and failure effects 
within the joint region have been studied carefully in presence and absence of internal pressure (along 
with torsional loading). The salient conclusions have been enlisted below.

Ÿ Two stress (τrθ and τθz) components within all the bondline interfaces have been enhanced 
considerably (maintain the same magnitude as in the case of pure torsional loading) due to 
introduction of torsional loading along with a constant internal pressure.

Ÿ However, the remaining stress components (σr, σθ, σz, τrz) remain unaltered (maintain the same 
magnitude as in the case of pure pressure loading) due to introduction of torsional loading along 
with a constant internal pressure.

Ÿ Introduction of torsional loading along with the pure internal pressure loading is tremendously 
affecting the failure index profiles at different bondline interfaces of the TSLJ.

Ÿ As the torque has been varied, only two stress components (τrθ and τθz) within the joint have 
been increasing. However, the remaining normal as well as shear stress components (σr, σθ, σz, 
τrz,) have remained unchanged.

Ÿ Increase in torque in presence of constant pressure has got a considerable effect on enhancing the 
failure indices at the critical bondline interface (outer adherend-adhesive interface).

Indian Journal of Automotive Technology (Volume - 08, Issue - 02, May - August 2025)                                                                                 Page No. 51

ISSN Application No, 21816



REFERENCES
1. Adams, R. D., 2005, Adhesive Bonding: Science Technology and Applications, CRC Press, England.
2. Adams, R.D. and Peppiatt, N.A., 1977, “Stress analysis of adhesive bonded lap joints,” Journal of Adhesion, 9, 

pp. 1-18.
3. Adams, R. D. and Wake, W. C., 1984, Structural Adhesive Joints in Engineering, Elsevier Science Publishing 

Company, United Kingdom.
4. Chen, D., and Cheng, S., 1992, “Torsional stress in tubular lap joints,” International Journal of Solids and 

Structures, 29, pp. 845-853.
5. Cheng, J.C. and Li, G., 2008, “Stress analyses of smart pipe joint integrated with piezoelectric composite layers 

under torsion loading,” International Journal of Solids and Structures, 45, pp. 1153-1178.
6. Chon, T.C., 1982,” Analysis of tubular lap joint in torsion,” Journal of Composite Materials.16, pp. 268-284.
7. Das RR, Pradhan B. Int J Adhes 2010 " Adhesion failure analyses of bonded tubular single lap joints in 

laminated fibre reinforced plastic composites";30:425–38.
8. Esmaeel RA, Taheri F. J AdhesSciTechnol 2009 " Influence of adherend's delamination on the response of single 

lap and socket tubular adhesively bonded joints subjected to torsion";23:1827–44.
9. Fu, M. and Mallick, P.K., 2000, “Performance of adhesive joints in an automotive composite structure,” 

Journal of Materials and Manufacturing, Paper No: 2000-01-1131.
10. Hashim, S.A., Cowling, M.J. and Lafferty, S., 1998, “Integrity of bonded joints in large composite pipes,” 

International Journal of Adhesion and Adhesives, 18(6), pp. 421-429.
11. Huille, A., Yang, C. and Pang, S.S., 1997, “Buckling analysis of thick-walled composite pipe under torsion,” 

Journal of Pressure Vessel Technology, 119(1), pp. 111-121.
12. Lubkin, J.L. and Reissner, E., 1958, “Stress distribution and design data for adhesive lap joints between 

circular tubes,” ASME Transactions: Journal of Applied Mechanics, 78, pp.1213-1221.

Indian Journal of Automotive Technology (Volume - 08, Issue - 02, May - August 2025)                                                                                 Page No. 52

ISSN Application No, 21816



Indian Journal of Automotive Technology (Volume - 03, Issue - 1, January - April 2020)                                                                               Page 2Indian Journal of Automotive Technology (Volume - 02, Issue - 3, September - December 2019)                                                           Page No - 61

Instructions for Authors

Essentials for Publishing in this Journal 

1   Submitted articles should not have been previously published or be currently under consideration for publication 

elsewhere.
 
2  Conference papers may only be submitted if the paper has been completely re-written (taken to mean more than 50%) and  

the author has cleared any necessary permission with the copyright owner if it has been previously copyrighted. 

3   All our articles are refereed through a double-blind process.

4  All authors must declare they have read and agreed to the content of the submitted article and must sign a declaration 

correspond to the originality of the article. 

Submission Process 

All articles for this journal must be submitted using our online submissions system. http://enrichedpub.com/ . Please use the 

Submit Your Article link in the Author Service area.   

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Manuscript Guidelines 

The instructions to authors about the article preparation for publication in the Manuscripts are submitted online, through the 

e-Ur (Electronic editing) system, developed by Enriched Publications Pvt. Ltd. The article should contain the abstract with 

keywords, introduction, body, conclusion, references and the summary in English language (without heading and subheading 

enumeration). The article length should not exceed 16 pages of A4 paper format. 

Title 

The title should be informative. It is in both Journal's and author's best interest to use terms suitable. For indexing and word 

search. If there are no such terms in the title, the author is strongly advised to add a subtitle. The title should be given in English 

as well. The titles precede the abstract and the summary in an appropriate language. 

Letterhead Title 

The letterhead title is given at a top of each page for easier identification of article copies in an Electronic form in particular. It 

contains the author's surname and first name initial .article title, journal title and collation (year, volume, and issue, first and 

last page). The journal and article titles can be given in a shortened form.

Author's Name 

Full name(s) of author(s) should be used. It is advisable to give the middle initial. Names are given in their original form. 

Contact Details 

The postal address or the e-mail address of the author (usually of the first one if there are more Authors) is given in the footnote 

at the bottom of the first page. 

Type of Articles
 
Classification of articles is a duty of the editorial staff and is of special importance. Referees and the members of the editorial 

staff, or section editors, can propose a category, but the editor-in-chief has the sole responsibility for their classification. 

Journal articles are classified as follows: 

Scientific articles: 

1. Original scientific paper (giving the previously unpublished results of the author's own research based on management 

methods). 

2.  Survey paper (giving an original, detailed and critical view of a research problem or an area to which the author has made a 

contribution visible through his self-citation); 

3.  Short or preliminary communication (original management paper of full format but of a smaller extent or of a preliminary 

character); 

4.  Scientific critique or forum (discussion on a particular scientific topic, based exclusively on management argumentation) 

and commentaries. Exceptionally, in particular areas, a scientific paper in the Journal can be in a form of a monograph or a 

critical edition of scientific data (historical, archival, lexicographic, bibliographic, data survey, etc.) which were unknown 

or hardly accessible for scientific research. 



Indian Journal of Automotive Technology (Volume - 03, Issue - 1, January - April 2020)                                                                               Page 3Indian Journal of Automotive Technology (Volume - 02, Issue - 3, September - December 2019)                                                           Page No - 62

Professional articles: 

1.  Professional paper (contribution offering experience useful for improvement of professional practice but not necessarily 
based on scientific methods); 

2.   Informative contribution (editorial, commentary, etc.);

3.   Review (of a book, software, case study, scientific event, etc.)

Language 

The article should be in English. The grammar and style of the article should be of good quality. The systematized text should be 
without abbreviations (except standard ones). All measurements must be in SI units. The sequence of formulae is denoted in 
Arabic numerals in parentheses on the right-hand side. 

Abstract and Summary
 
An abstract is a concise informative presentation of the article content for fast and accurate Evaluation of its relevance. It is both 
in the Editorial Office's and the author's best interest for an abstract to contain terms often used for indexing and article search. 
The abstract describes the purpose of the study and the methods, outlines the findings and state the conclusions. A 100- to 250- 
Word abstract should be placed between the title and the keywords with the body text to follow. Besides an abstract are advised to 
have a summary in English, at the end of the article, after the Reference list. The summary should be structured and long up to 
1/10 of the article length (it is more extensive than the abstract). 

Keywords 

Keywords are terms or phrases showing adequately the article content for indexing and search purposes. They should be 
allocated heaving in mind widely accepted international sources (index, dictionary or thesaurus), such as the Web of Science 
keyword list for science in general. The higher their usage frequency is the better. Up to 10 keywords immediately follow the 
abstract and the summary, in respective languages. 

Acknowledgements 

The name and the number of the project or programmed within which the article was realized is given in a separate note at the 
bottom of the first page together with the name of the institution which financially supported the project or programmed. 

Tables and Illustrations 

All the captions should be in the original language as well as in English, together with the texts in illustrations if possible. Tables 
are typed in the same style as the text and are denoted by numerals at the top. Photographs and drawings, placed appropriately in 
the text, should be clear, precise and suitable for reproduction. Drawings should be created in Word or Corel. 

Citation in the Text 

Citation in the text must be uniform. When citing references in the text, use the reference number set in square brackets from the 
Reference list at the end of the article. 

Footnotes 

Footnotes are given at the bottom of the page with the text they refer to. They can contain less relevant details, additional 
explanations or used sources (e.g. scientific material, manuals). They cannot replace the cited literature. 
The article should be accompanied with a cover letter with the information about the author(s): surname, middle initial, first 
name, and citizen personal number, rank, title, e-mail address, and affiliation address, home address including municipality, 
phone number in the office and at home (or a mobile phone number). The cover letter should state the type of the article and tell 
which illustrations are original and which are not. 



Note


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59

