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 In the Race of Scientific Civilization and Engineering Development Mechanical Engineering 
appears to be the oldest and broadest discipline. Till date it has accomplished many efficient 
mechanical systems using advanced practices of material science and Structural Analysis. As 
a matured academic discipline it has become an integrated component of Industrial 
Revolution. It has surpassed an odyssey of two centuries since its emergency in Europe. The 
basic philosophy although integrates two highlighting disciplines like Physics and Material 
Sciences but over the years it has developed its linkage with other domains like Composites, 
Mechatronics and Nanotechnology. Today’s Mechanical Engineers uses the core principles 
with some sophisticated tools like Computer Aided Designing, and Product Life Cycle 
Management. These tools are also employed in Aerospace Engineering, Civil Engineering, 
Petroleum Engineering and Chemical Engineering, Aircraft, Watercraft, Robotics and 
Medical Devices.  

In the advent of modern research there is a significant growth in Mechanical Engineering as 
Computer Aided Design has become instrumental in many industrialized nations like USA, 
European Countries, Scotland and GermOther CAE programs commonly used by mechanical 
engineers include product lifecycle management (PLM) tools and analysis tools used to 
perform complex simulations. Analysis tools may be used to predict product response to 
expected loads, including fatigue life and manufacturability. These tools include Finite 
Element Analysis (FEA), Computational Fluid Dynamics (CFD), and Computer-Aided 
Manufacturing (CAM).  Using CAE programs, a mechanical design team can quickly and 
cheaply iterates the design process to develop a product that better meets cost, performance, 
and other constraints. No physical prototype need be created until the design nears 
completion, allowing hundreds or thousands of designs to be evaluated, instead of a relative 
few. In addition, CAE analysis programs can model complicated physical phenomena which 
cannot be solved by hand, such as viscoelasticity, complex contact between mating parts, or 
non-Newtonian flows. 

As mechanical engineering begins to merge with other disciplines, as seen in mechatronics, 
multidisciplinary design optimization (MDO) is being used with other CAE programs to 
automate and improve the iterative design process. MDO tools wrap around existing CAE 
processes, allowing product evaluation to continue even after the analyst goes home for the 
day. They also utilize sophisticated optimization algorithms to more intelligently explore 
possible designs, often finding better, innovative solutions to difficult multidisciplinary 
design problems. 

Apart from Industrial Development there is also an hourly need for creation of an influential 
professional body which can cater to the need of research and academic community. The 
current scenario says there existsd a handfull of bodies like American Society of Mechanical 
Engineers (ASME). Hence we must strive towards formation of a harmonious professional 
research forum committed towards discipline of Mechanical Engineering.  

The conference is designed to stimulate the young minds including Research Scholars, 
Academicians, and Practitioners to contribute their ideas, thoughts and nobility in these two 
integrated disciplines. Even a fraction of active participation deeply influences the 
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magnanimity of this international event. I must acknowledge your response to this 
conference. I ought to convey that this conference is only a little step towards knowledge, 
network and relationship. 

I congratulate the participants for getting selected at this conference. I extend heart full 
thanks to members of faculty from different institutions, research scholars, delegates, IRD 
Family members, members of the technical and organizing committee. Above all I note the 
salutation towards the almighty 
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Abstract – This paper presents an approach to “Design and Analysis of a composite Bulkhead for an aircraft “made out of advanced 
composites materials using advanced CAE tools and techniques. First, the property of material was obtained on the basis of some 
assumptions (i.e., Rule of Mixture and volume fraction). The model of the bulkhead structure is designed with the help of Catia 
V5R20 software and then the designed model is undergoing engineering simulation programmed which is based on the finite 
element method like Ansys or Nastran. In this analysis, problems with multiple laminated orientations are modeled by associating 
the geometry defining each component with the appropriate material model and specifying component interaction. Besides that, the 
load increments and convergence tolerance are continually adjusted to ensure an accurate solution is obtained. During the loading 
conditions like tensile load and compressive load, the maximum strain, stress and displacement were obtained.  

Keywords – bulkhead , pressurization , stress, strain, failure modes , composite materials 

 
I. INTRODUCTION  

 A bulkhead is an upright wall within the hull of the 
fuselage of an airplane. Other kinds of partition 
elements within a ship are decks and deck heads. The 
basic fuselage structure is essentially a single cell thin 
walled tube with many transverse frames called 
bulkhead and longitudinal stringers to provide a 
combined structure which can absorb and transmit the 
many concentrated and distributed applied forces safely 
and efficiently. The present study focusing on the 
optimizing the natural orientation for bulkhead which is 
made up of composite materials by using Finite Element 
Method (FEM). The study also includes the 
deformation, stress, failure criteria for different applied 
loads. Designing an aircraft can be an overwhelming 
task for a new designer. The designer must determine 
where the wing goes, how big to make the fuselage, and 
how to put all the pieces together. A sound choice of the 
general arrangement of a new aircraft design should be 
based on a proper investigation into and interpretation of 
the transport function and a translation of the most 
pertinent requirements into a suitable positioning of the 
major parts in relation to each other. No clear-cut design 
procedure can be followed and the task of devising the 
configuration is therefore a highly challenging one to 
the resourceful designer [1][2]. Several researches of 
fuselage structure have been conducted to get a good 

configuration of the aircraft. Marco et al. [3] showed a 
design and analysis of composite fuselage structure in 
order to reduce the weight of the fuselage. It presented a 
new methodology developed for an analytical model of 
a composite fuselage. It also presented finite element 
analysis of a simplified model and comparisons with 
more complete model. This comparison assesses the 
weight reduction obtained with the use of composite 
materials for designing fuselage. Further, From the 
study, we concluded that various loads will be applied to 
be carried out for the present study model. 

A. Semi Monocoque Construction: 

 Semi monocoque fuselage design (Fig. 1) usually 
uses combination of longerons, stringers, bulkheads, and 
frames to reinforce the skin and maintain the cross 
sectional shape of the fuselage. The skin of the fuselage 
is fastened to all this members in order to resists shear 
load and together with the longitudinal members, the 
tension and bending load. In this design structure, 
fuselage bending load are taken by longerons which are 
supplemented by other longitudinal members known as 
stringers. Stringers are smaller and lighter than 
longerons. They provide rigidity to the fuselage in order 
to give shape and attachment to the skin. Stringer and 
longerons are essential to prevent tension and 
compression stress from bending the fuselage. The 
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fuselage skin thickness varies with the load carried and 
the stresses sustain at particular location. Moreover, 
bulkheads are used where concentrated loads are 
introduced into the fuselage, such as those at wing, 
landing gear, and tail surface attach points. Frames are 
used primarily to maintain the shape of the fuselage and 
improve the stability of the stringers in compression. 
The benefits of semi monocoque design is it overcome 
the strength to weight problem occurred in monocoque 
construction. 

 
Fig. 1 : Semi-monocoque construction 

II. LITERATURE SURVEY 

 Benjamin F. Ruffner [1] made an investigation to 
determine the possibility of  using the photo elastic 
method for the stress analysis of bulkhead in 
monocoque structures. Tests of circular ring models 
were made to determine the effect of the skin thickness 
on the model results. The skin effects are eliminated for 
the study. The results indicate that the photoelastic 
method is quite accurate. The method is recommended 
for use where bulkheads with a large number of 
redundancies are present. 

 Ferhun C. Caner et al.,[3] made a study about the 
size effect on strength of laminate-foam sandwich plates 
using Finite element analysis with interface fracture. 
Zero-thickness interface elements with a softening 
cohesive law are used to model fractures at the skin–
foam interface, in the fiber composite skins, and in the 
foam. The fracture energy and fracture process zone 
length of a shear crack in foam near the interface are 
deduced by fitting an analytical expression for size 
effect to the test data. Numerical simulations reveal that 
small-size specimens with notches just under the top 
skin develop plastic zones in the foam core near the 
edges of the loading platen, and that small-size 
specimens with notches just above the bottom skin 
develop distributed quasi brittle fracture in the foam 
core under tension. Both phenomena, though, are found 
to reduce the maximum load by less than 6%. Further it 
is shown that, in notch-less beams, the interface shear 
fracture is coupled with compression crushing of the 
fiber–polymer composite skin. For small specimens this 
mechanism is important because, when it is blocked in 
simulations, the maximum load increases. The size 

effect law for notch-less beams is calibrated such that 
beams of all sizes fail solely by interface shear fracture. 

 Seth S. Kessler et al.,[8] focused on the Design, 
Analysis and Testing of a High-g Composite Fuselage 
Structure. The aft section of the vehicle is not only 
subjected to high impulsive inertial loads, but its weight 
has a substantial effect on the controllability of the 
vehicle. Finite element models of this section as well as 
hand lay-up test specimens were produced to optimize 
the design. These specimens were tested statically as 
well as in a dynamic environment.  

 Priyadarsini.R.S. et al.,[7] carried out the Numerical 
and Experimental Study of Buckling of  Advanced Fiber 
Composite Cylinders under axial compression. The thin-
walled structures are susceptible to buckling when 
subjected to static and dynamic compressive stresses. In 
this study the details of a numerical (FEM) and an 
experimental study on buckling of carbon fiber 
reinforced plastics (CFRP) layered composite cylinders 
under displacement and load controlled static and 
dynamic axial compression are reported. The effects of 
different types of loadings, geometric properties, lamina 
lay-up and amplitudes of imperfection on the strength of 
the cylinders under compression are studied. It is shown 
that the buckling behavior of thin composite cylindrical 
shells can be evaluated accurately by modeling 
measured imperfections and material properties in FEM. 

III. FLOW CHART 

 

 

 

 

 

 

 
Fig.1 : Flow Chat 

 

 

 

 

 

 

 

          Fig.1.1 Flow Chat  

Fig. 1.1: Flow Chat 
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Fig.1.2 : Flow Chat 
 

 

 

 

 

 

 

Fig.1.3 : Flow Chart 

IV. DESIGN METHODOLOGY 

1. Define Geometry : First of all, we have to define 
the geometry and dimension for the bulkhead. With 
the help of obtained geometry, we have to design 
3D model of the fuselage bulkhead with the help of 
CAD Package softwares like Pro/E, Catia and NX 
CAD. After model has been designed, we have to 
save the modeled design in the common format like 
IGES or STEP. 

2. For Analysis of bulkhead, here we are using Ansys 
Workbench V12.0.1, this analysis can be also done 
with the help Nastran software too. 

3. Meshing has been done for the designed model, 
here we used tetrahydral  element type for dividing 
the model into small number of elements. 

 

 

4. We have define the fixed support and pressure load 
acting on the bulkhead. Here we use pressure as 
50N . 

 
5. Then we have to select the result what are all we 

need for further studies like deformation, stress and 
strain 

V. RESULTS AND DISCUSSION 

 
Fig. 2 : Von Mises Stress 

 
Fig.3 : Von Mises Strain 
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VI. CONCLUSION 

 

 The primary goal of this research work to identify 
the action initiatives that make up and the 
implementation of existing bulkhead design and the 
initiation of new bulkhead design and procedures. The 
aim of this project is to design an advanced for future 
aviation, no more drills need to take power supply from 
cockpit. Whereas in this methodology we can take 
output where ever we needed. If the proposal gets 
admitted surely this method will be more reliable for 
bulkhead design as well as aircraft wiring system. In the 
occasion of this work reported to future aviation 
development. At end of this project we can able to safe 
thousands of hearts without any injury and much 
research has been done on the subject of bulkhead 
design. Some of more publicized techniques are not 
achieved design in bulkheads. Still lacking with 
combination of aircraft electrical wiring and bulkhead 
but this proposal will get succeed. End of this proposal 
will get admitted. Surely this method will be more 
reliable for bulkhead design as well as aircraft wiring 
system. 

Fig.4 : Deformation 

 From the finite element analysis, the deformations 
and magnitudes of normal stresses  meridional and 
circumferential) were obtained. The displacement 
contour is shown. The maximum displacement of 
0.00045 mm was observed on the dome near the 
shoulder and cutout region. The stress contours were 
extracted for the composite parts. In the dome region, 
the maximum normal stresses in meridional and 
circumferential direction were nearly equal with a 
magnitude of 2294 MPa, showing a pure membrane 
action. The failure indices were calculated from the 
stress output of the analysis based on the Yamada-Sun 
failure criteria give below. 
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Abstract – The increasing need for fresh water for domestic and industrial use triggered the need for new techniques to produce 
potable water at reduced cost. Solar thermal energy being renewable and eco-friendly source of energy is being utilized for the 
process. A single slope solar still is used to convert brackish water into pure form making use of solar irradiance. Various 
experiments are being done to increase the production rate of the still and here a modification from basic construction of the still 
were a condenser is attached behind the basin was fabricated and its performance was studied. Experiments were carried out from 9 
hrs to 17 hrs on June 12,2012 in two single slope solar stills of various heights with condenser, fabricated  and the water depth was 
maintained at 1 cm and also constant replacement of the evaporated water was maintained. Desalinated water production was 
measured for every hour and also cumulative calculations were done. Output from experiments revealed that the production rate and 
thus the efficiency of the system had increased as more condensation occurs in the condenser surface due to purging of water 
vapour. The output parameters were compared with theoretical simulation done using MatLab  and thermal analysis using CFD and 
found to have close resemblance. Also water in the condenser can be used as preheated water in the basin and hence production rate 
can be increased. Hence use of condenser increases the productivity of the still. 

Keywords – Desalination, purging, preheat. 

 
I. INTRODUCTION  

 Most of these countries which are characterized by 
a high intensity of solar radiation make the direct use of 
solar energy a promising option for their arid 
communities to reduce the major operating cost for the 
distillation plant. Solar distillation is one of the 
available methods to produce potable water.  

        The sun’s energy heats water to the point of 
evaporation. As the water evaporates, water vapor rises, 
condensing on the glass surface for collection. This 
process removes impurities such as salts and heavy 
metals, and destroys microbiological organisms. The 
end result is water cleaner than the purest rainwater. 
The use of solar energy is more economical than the use 
of fossil fuels in remote areas having low population 
densities, low rainfall and abundant available solar 
energy. The productivity of fresh water by solar 
distillation depends drastically on the intensity of solar 
radiation, the sunshine hours and the type of the still. 

  Single slope solar stills are considered one of the 
cheapest solutions for fresh water production. However, 
the amount of distilled water produced per unit area is 
somewhat low which makes the single-basin solar still 

unacceptable in some instances. Hence many steps are 
being made to enhance the productivity of the still. 

II. THEORETICAL MODELING: 

 The energy available for utilization by the still is 
given by the amount of transmitted energy inside the 
glass cover. Kalidasa and Srithar [1] made theoretical 
study on the performance of solar still and the 
theoretical modeling was studied. 

 Transmittance (τ ):                                                                                 

where 
                            (1)                                     ])90(10005.1[

)]90(10117.9[)028.0()10299.3(

])90(10837.3[)029.0()095.0(

]10204.5[])90(10417.2[859.0

4

423

42

327

d

dd

d

K
dd

dKK

dK

×−××+

−××+×−××−

×−×+×+×+

×××−−××+=

−

−−

−

−−

θ

θ

θ

θτ

θ  can be found from the following equation : 

Cos ωβϕδβϕδθ CosCosCosSinSin )()( −+−=    
(2)                        

 From the above equations the transmittance of the 
glass was found to be between 0.86 to 0.96 at different 
times of a day. 
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 For the given shallow stills, the basin bottom 
surface and water temperatures were similar. The basin 
water surfaces continuously absorb the solar radiation 
and part of it is transferred to the glass surface due to 
convection and radiation due to temperature difference. 
The remaining is transferred to the glass by evaporation 
due to the partial vapour pressure difference. 

The transient energy balance equation for the basin 
water using [1] is: 

 (mw Cp,w +m wmC p,wm )dTw /dt = Qt α b,w -Q c,w-g -  

 Q r,w-g –Qe,w-g – Q b .                                                                      (3)                      

The convective heat transfer from the basin to the cover 
plate is calculated using[1] 

      Qc,w-g=hc,w-gAb(Tw-Tg)                                      (4)                                                                                                                               

Where      h c,w-g = 0.884[(Tw - Tg) +

w

wgw

p
Tpp
−

+−

268900
)15.273)((

                                  (5)                                                                                                             

                                                                                            

     (7)            

The partial pressure of water vapour in air in N/m2 , is 
estimated for a given temperature (oC    )by 

     p = 7235-431.43T+10.76 T2                        (6)                                     

The evaporative heat transfer from the basin water to 
the cover plate is found using [1] 

     Q e,w-g= he,w-g Ab (pw-pg)                                     (7)                       

Where the evaporative heat transfer coefficient is given 
by[1] 

   he,w-g = 
))(( gTwTpaa

rfgw

ppppCM
phM

−−
gwch −,      (8)                                                                                                                                 

The latent heat of evaporation of water in J/kg at a 
given basin water temperature (oC ) is found by [1] 

    h fg=(2503.3 -2.398 ×T)×1000                              (9)       (9)                               

The specific heat capacity of the air inside the still is in 
J/kgK is calculated using the following equation in 
terms of average temperature between glass cover and 
water surface is given by [1] 

 Cp.a = 999.2 +0.14339 × Tav + 0.0001101 Tav
2         (10)                       (10)                

The radiation heat transfer from the basin to glass cover 
is found by[1] 

  Qr,w-g=    (11)                                                                                                                               ])15.273()15.273[( 44
, +−+∈ gwbgw TTAσ

The heat loss from the basin to the surrounding is given 
by [1] 

    Qb = UAs(Tw-Ta)                                        (12)                                   

The convective heat transfer occurs when the 
evaporated water vapour condenses and transfers it to 
the glass cover and is given by [1] 

  Q g,c-a= h g,c-a Ag(Tg-Ta)                               (13)                                     

 where h g,c-a= 5.7 +3.8 V                              (14)                                    

The instantaneous water production of the still is given 
by[1] 

  me= Qe,w-g / h fg                                                                  (15)                                      

The overall production of the still 

          = ( ) ttme Δ∑                                       
(16)      

III. EXPERIMENTAL SETUP:    

System 1:                                                                                                 

 A basin type single slope solar still fabricated with 
aluminium with overall size of 1.2 m × 1 m.All the 
sides of the basin was covered with glass wool, a good 
insulator to minimize the heat loss from the basin.The 
system was placed at a height in the steel frames 
designed and fabricated to prevent the still from 
damage during rain and other factors. The top surface 
was covered with 4mm thick glass, with 14o inclination 
with the horizontal.The major modification is the use of 
condenser attached to the basin. Condensation takes 
place in the sloping surface and major occurs in the 
attached condenser due to transfer (purging) of vapour 
from solar still chamber to condensing chamber. Since 
most of the condensation takes place in the condensing 
chamber, the temperature difference between glass 
cover and water is more which causes faster 
evaporation and the condensed water is collected in 
channels kept in front of the slope as well as in the 
condenser surface. Fig 2.1 shows the view of solar still 
with condenser taken from (Faith et.al,1998) 

 

Fig.2.1 Sectional view of the system 
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Fig. 2.2 : Photograph of System 1 fabricated 

System 2: 

  A basin type single slope solar still fabricated with 
steel similar to the first system with a condenser 
attached behind the basin. Glass with 4 mm thickness 
was used placed at 23o with the horizontal and two 
outlets for fresh water was kept,one in front of the slope 
and other in the condenser surface. 

 

Fig. 2.3 : Photograph of System 2 fabricated 

 The use of condenser has also another advantage: 
The water used in the condenser exchanges its heat with 
the hot vapour inside the still and hence becomes hot. 
Periodical transfer of this water from the condenser into 
the basin helps in acquiring preheated water in the basin 
and hence more heating and more evaporation of water 
occurs and the condenser is filled with water at ambient 
temperature. 

 

2.3  Experiment: 

 The solar incidence angles were calculated using 
the Eq(2).The energy transmitted through the covers 
was calculated using the equations .The transmittances 
of the cover plates were calculated using 
Eq(1).Calculations were made to study the performance 
of the still with minimum depth of water in the basin 
and also the level of water being maintained constant. 
The theoretical performance of the still was known 
using the heat balance equations and instantaneous and 
overall production of the still was known. 

 Initially the basin water temperature was assumed 
to be at ambient temperature and then measurement of 
various temperatures like vapour, basin,condenser were 
found using the thermocouples attached and read 
through multimeter.The multimeter was at first 
calibrated by repeatedly checking its accuracy by taking 
readings of water vapour at 100oC. 

 The experiments were carried out from 9hrs to 
17hrs with readings taken for every one hour and also 
the instantaneous production of fresh water was also 
measured. The water in the condenser periodically 
transferred into the basin and was filled with water at 
ambient temperature. 

IV. RESULTS AND DISCUSSION:  

 Based on the measurements obtained from the 
experiment conducted the obtained results were plotted 
and their inference was understood. 
 

 
Fig.2.4 : Variation of tempearatures at different time 

intervals 
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 The above Fig.2.4 shows the variation of ambient, 
vapour, condenser and water temperatures during the 
experiment period. All these temperatures we could see 
are at their maximum at around 1 PM. 

 It shows that the ambient temperature varied from 
370C to 410C.Also the vapour temperature was 
maximum around 1PM. 

Fig.2.5 : Variation of  cumulative production of system 
1 for a day 

 Fig.2.5 shows the cumulative production of 
desalinated water of system 1 over a day.The 
productivity was measured at regular intervals and the 
cumulative production was calculated for a day.The 
maximum production rate was 3.2 litres per day 
measured form 9hrs and 17 hrs.  

 
Fig. 2.6 : Variation of cumulative production of system 

2 for a day 

 Fig.2.6 shows the cumulative production of 
desalinated water of system 2 over a day.The 

productivity was measured at regular intervals and the 
cumulative production was calculated for a day.The 
maximum production rate was 2.8 litres per day 
measured form 9hrs and 17 hrs. 

V. THEORETICAL ANALYSIS: 

 The heat transfer equations and the required 
parameters were applied for system 1 using Matlab. 
The basin,water,glass temperatures and water output 
were obtained using the iterative procedure. 
 

t(h) (oC) (oC ) (oC) (l) 
bT wT emgT

9- 10 43.18 41.2608 37.04 0.02 

10-11 47.27 45.0239 40.86 0.06 

11-12 54.39 51.6457 47.34 0.12 

12-13 60.49 58.02 53.76 0.21 

13-14 61.81 59.6374 55.5302 0.26 

14-15 63.34 61.3873 57.371 0.30 

15-16 61.86 61.0003 57.0720 0.36 

16-17 53.53 53.04 49.33 0.42 

VI. THERMAL ANALYSIS: 

 The above shown system 1 was modelled using 
gambit and ambient boundary condition was set for side 
walls and the basin and condenser were set as pressure 
outlet and glass layer as pressure inlet.The solar 
intensity was calculated for modelling using solar 
calculator in Fluent. 

 
Fig.2.7 : Grid generation of still with condenser 
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 Thermal analysis using the experimental conditions 
yielded better results. 

 

Fig.2.8 : Vapour temperature(K) contour obtained using 
Fluent 

VII.  COMPARISON OF RESULTS: 

 
Fig.2.9 : Comparison of vapour temperatures 

Fig.2.9 shows the different values of vapour 
temperature obtained using the 3 methods. It is 
observed that all the values converge at last and the 
mean error is 12% which occurs due to the different 
errors in iterations, boundary conditions and 
meteorological parameters. 

VIII. CONCLUSION: 

Thus two basin type single slope solar stills were 
fabricated with a modification of condenser attached to 
the basin. In both the systems the water brackish water 
level was maintained at 1 cm.The performance of the 

system was studied and variation of various parameters 
were studied and plotted. The estimated production rate 
of the models using theoretical and thermal analysis 
closely agreed to the experimental values obtained. The 
efficiency of the System 1 was high as less scattering of 
solar irradiation and  high temperature difference occur 
in it when compared to System 2.The production rate 
was increased by using the condenser along with the 
basin and hence the efficiency of the system was 
increased.  

IX.  NOMENCLATURE: 

a – area (m2 ),Cp-  specific heat capacit (J/kg K) 

d- glass thickness (mm), 

h- heat transfer coefficient (W/m2K) 

I- total radiation (W/m2), 

Kd-diffused radiation fraction 

m- mass (kg),Q- heat transfer,energy (W) 

t- time (s),T- temperature (oC), 

V- velocity of air (m/s) 

U- overall heat transfer coefficient (W/m2K) 

p- partial pressure of water vapour (N/m2) 

M- molecular weight 

Greek letters: 

  β - inclination of glass cover with horizontal  ,degree 

 δ - sun declination angle ,degree, 

ϕ - latitude,degree,  

ω - hour angle ,degree,  

 ∈- emissivity,  

 α b – absorptivity,  

tΔ - time step,s,  

τ - transmittance,  

σ - Stefen-Boltzmann constant 

 θ - solar incidence angle ,degree 

 Subscripts: 

  a-air,ambient,   

  av-average, b –basin 

  fw- feed water,   r- radiation,  

  g- glass ,s-south 
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Abstract – Surface hardening operations are carried out in order to develop a wear resistant surface while maintaining the overall 
toughness of a component. There are a number of surface hardening processes available today. One of the energy efficient 
approaches is to obtain required hardening by the use of Induction hardening. This process leads to a transition of lattice structure 
and causes the distortion of the crystal lattice. Any such distortion is known to initiate change in the elastic constants of the material. 
Consequently, dynamic response of a hardened steel plate gets modified due to the changes in the system properties. The eigen 
parameters, namely, natural frequencies, damping factor and the mode shapes associated reflect this   change with the change in 
system properties. By determining these changes precisely using Laser Doppler Vibrometry (LDV), a neural network model has 
been developed to predict the case depth of the hardened layer.  

 

I. INTRODUCTION  

  The hardened surface improves the wear resistance 
as well as the fatigue strength of steel components under 
dynamic and/or thermal stress condition. Surface 
hardness and the effective hardness depth are considered 
as pivotal characteristics of hardened parts [1].  

 Electromagnetic Induction hardening (Fig. 1) is an 
energy-efficient, in-line, heat-treating process widely 
used in automotive industry to surface-harden 
automotive parts at the lowest possible cost. The 
substitution of induction hardening for furnace 
hardening may lead to savings of up to 95% of the 
energy used in the heat-treating operations [2]. Also, 
such process would lead to significant weight saving in 
automotive power-train components, further saving 
energy and reduction in the manufacturing cost.  

 

Fig. 1 : Induction Hardening Process 

 It is generally observed that Induction hardening 
process enhances the strength and wear resistance of the 
surface layer of the components at the cost of ductility 
and toughness [2]. Therefore, it is essential to evaluate 
the mechanical properties of hardening layer from the 
micro structural condition in the subsurface region of 
the hardened component and not merely from the 
surface hardness value. Hence, it is imperative to devise 
a non-destructive evaluation technique which can sense 
the finer microstructure variations.  

 Case depth or the thickness of the hardened layer is 
an essential quality parameter of the case hardening 
process, the darker periphery of a typical round plate as 
shown in Fig [1] shows the of case depth of a hardened 
sample. The methods employed for measuring such case 
depth are chemical, mechanical, visual (with an acid 
etch) and nondestructive techniques [3]. 

 In order to evaluate the characteristics of the 
hardened surface, it is advantageous to use a 
nondestructive method for measuring the case depth. 
Different solutions towards this direction have been 
proposed in the open citations [5] including 

(a). Using the magnetic and magneto-electrical 
characteristics of this layer [6], 

(b).  Using the sound velocity of ultrasonic waves [7, 8] 
and 

(c).  Using the backscatter of ultrasonic waves [9]. 
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(d).  Other techniques [e.g. potential drop measurement, 
etc.] 

II.  DYNAMIC RESPONSE OF HARDENED 
PLATE 

 It is noted that medium carbon steel [C-0.45%] 
when undergone induction hardening process, at 
temperatures above 730°C, steel atoms are arranged 
according to a crystal lattice form known as austenite. 
As steel slowly cools, austenite changes into ferrite, 
which has a different lattice structure. To validate this 
conjecture, modal analysis of EN-8 samples were 
carried out on Polytech scanning vibrometer PSV-3D 
and vibration signature as well as damping analysis for 
Un-hardened and hardened samples was recorded. 

 Following Figure [2] shows a typical frequency 
response in pre and post hardening stage.  

Unhardened 
Component 

 

  Hardened Component 

Fig. 2 : Wave response due to hardening of Steel Sample 

Change in dynamic response in a hardened sample is 
characterized by changes in eigen parameters, i.e., 
natural frequency, damping factor and the mode shapes 
associated with each natural frequency. Experimental 
modal analysis of En-8 Steel sample is performed using 
Laser Doppler Scanning Vibrometer. The experimental 
modal analysis is conducted on frequency domain in 
fixed-free boundary condition using dynamic 
excitation at the center of the sample by an electro-
dynamic shaker. The hardened specimen show distinct 

un-hardened sample. Damping losses for different 
modes are also determined. Applicability of 
experimental   modal   analysis   for   predicting in-
process case depth is discussed in the present paper. 

decrease in the natural frequencies in comparison to the 

2.1    Experimental Dynamic Response 

of diameter 38 x 32mm were 

ters for Inductotherm Make 250KW, 

 Process 
 

Values to 
O  

Values to 

12

2.1.1 Sample preparation 

   En-8 Steel samples 
hardened under varying process parameters on 
Inductotherm make 250KW, 3-10 KHz Induction heater 
model UP-12 to obtain effective case depth of 4mm and 
12mm with hardness value of 60-62 HRC. To achieve 
better vibration response at Laser Doppler vibrometer, a 
very thin slice of 2.5~2.6 mm were cut with copper 
electrode in EDM machine so that no apparent changes 
in case depth or hardness value happened. Steel 
samples were coated with developer so that laser 
signals could easily reflect from the surface to achieve 
accurate results. 

Process Parame
3-10 KHz Induction Heater, Model UP-12 

 
S.No.

Parameter btain 4mm
Case Depth 

Obtain 
 mm Case 
Depth 

1 Frequency 10KHz 2 KHz 
2 Power 65 KW 65 KW 
3 Current 10 5 10 5 5 A@41

V 
5 A@41

V 
4 Scanning 1300 /min 550 m /min 

Speed 
mm m

5 Q 40 
LPM psi 

40 
LPM psi 

uench 
flow @22 @22

6 Q  
T

uench
emperatu

re 

32° C 32° C 

7 Surface 60-62 HRC 60-62 HRC 
Hardness 

Table1: P eter to obtained desired case 

2.2  PSV 3D measurement method- Laser Doppler 

 er Vibrometer (LDV) is a Laser based 

rocess param
depth 

Vibrometry 

Laser Doppl
non-contact vibration measurement system. It consists 
of three measuring scan heads which are capable of 
measuring the movements in all the three orthogonal 
directions yielding full information of the three 
dimensional movements [Figure 2.] The system works 
on the principle of Doppler Effect and interferometry 
for vibration measurement.  

Softter Layer
Stiff Alloy 
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 The minimum detectable vibration speed using this 

Fig. 3: 3D Laser Doppler Vibrometer  

 Th  the basis 
 

system is 5 μm/s at 1Hz resolutions while the maximum 
speed is of 10 m/s. The LDV system software controls 
the entire measurement process with graphical user 
interface. The PSV system also has the provision for 
input channels which can be used for simultaneous 
acquisition of data from accelerometers, load cells etc. 
Transfer function between any of the input channels 
connected to the system can be obtained. Signal 
generator card (NI-671x) contained in the system is 
used for generating excitation signals in the frequency 
range of 0-80 kHz. LDVs can measure vibrations up to 
30 MHz range with very linear phase response and high 
accuracy. Applications of LDV include modal analysis 
of automotive parts, car bodies and aircraft panels etc. 
 

 

  

 & Experimental set up Fig. 4: Sample

Figure 6. En-8 Sample mounted on 

Electro-Dynamic shaker 

e Laser Doppler Vibrometer works on
of optical interference requiring two coherent light 
beams. The interference term relates to the path 
difference between both the beams.  

 

Excitation Signal Pseudo random 

Frequency Range 0-7500 Hz 

FFT Lines 1600 

Window Rectangle 

Averages 10 (complex) 

Velocity decoder  decoder 

 

VD-09 Digital

(velocity range 0-10
mm/sec) 

Table 2 : Details of excitati sed for testing 

In e 

Fig. 5 : Natural frequency ωn  for Unhardened sample  

st 

 
Fig. 6 : Natural frequency ωn obtained in Hardened
sample with 12mm case depth from modal Analysis 

on signal u

 the present analysis, 21 scan points were defined du
to smaller size of EN-8 Sample and it took about 2 
minutes to complete the scan. Response plots, mode 
shapes animations were visualized after the scan. 

 

From fig.5, the natural frequency obtained, for fir
bending mode, is 4695 Hz and the velocity amplitude of 
-93.38 dB . 
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Sample description 
EN-8 Steel round 

Hardened Sample with 12 mm 
Case depth 

 

 

 

Fig. 9: F.E. Models of sample for free vibration showing 
natural frequencies & Corresponding Mode shapes 

4.1

n hardened sample is said to be 
alue is with in specified 

ental samples in 
s 

 
Fig.10 :  Rockwell hardness testing machine at IITK 

4.2   Microstructure Analysis 

the 
 at various level of 

sure that the phase 

plate  
S  ection : Ø 35 x 2.6

mm 

 

 

IV. TESTING 

  Micro hardening Testing 

 An inductio
conformed if the hardness v
limits in case depth zone. The experim
thi case, were qualified for a hardness values 60±2 
HRC.  The standard testing procedure for Rockwell 
hardness test method was adopted. After placing the 
sample on flat bed platform, diamond indenter is forced 
into the sample with preliminary load Fo of   10 kgf, dial 
indicator is set to a datum on testing machine dial after 
the equilibrium is reached. After additional major load 
of 140 kgf was applied on the sample, there was an 
increase in penetration. Once the equilibrium is again 
established after release of major load, the dial indicator 
gives direct hardness value in C scale. Figure 10 shows 
the experimental setup. 

 After induction hardening of the samples, 
microstructures were seen
magnification in order to en
transformation is been properly achieved. It is expected 
that the core should be Pearlite and the outermost layer 
Martensite which has been revealed by the 
microstructures (see Fig. 11). 
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Fig. 11:  Microstructures at 1000x magnification 
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M 
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Fig.12. Conventional representation for ANN (Artificial 
Neural Network) 

ve been selected 
m

 from the finite element model closely 

ters obtained from non-
st

 

 

The output predicted after training : 

Case Depth 

TS AND DISCUSSION 

 In an attempt to study a relation between case depth 
le and dynamic 

sp

ith PSL 3D laser 
Doppler vibrometer. 

V DATA FUSION USING WEKA WIT
MULTILAYER PERCEPTRON ALGORITH

 Weka is a collection of machine learning algorithms 
data mining tasks developed by Machine Learning 

G up at University of Waikato, New Zealand.  Data 
mining, as it describes, a process of finding correlations 
or patterns among various parameters in large relational 
databases. These methods enable a computer program to 
automatically analyze a large collection of data for 
deciding on what information is most relevant. Artificial 
Neural Network shows a good promise to provide a 
comprehensive solution for predicting case depth of 
desired hardness value. Mutlilayer perceptron algorithm 
is an efficient and powerful universal approximation 
technique. It is very useful in predicting the output 
behavior based on even limited number of input 
variables. It is a feed forward neural network, with one 
or more layer between input and output layer, which 
maps number of input variables to output very 
efficiently. The data is processed based on Back 
propagation training algorithm which determines the 
weighing functions.  

 

The FE model for unhardened and hardened disk has 
baqus. As the mbeen built up in A aterial properties 

change because of hardening process, it is taken as a 
basis to determine the case depth by measuring the 
dynamic response parameters.  

 For identification of case depth a number of 
frequency response parameters ha
na ely Natural frequency and Loss factor which 
changes as a function of the case depth. After obtaining 
these parameters from the FE code a physical 
correlation has been done by comparing the obtained 
response characteristics with the physical test setup 
using LDV. 

 After this FE model updating has been done so that 
the response
matches the experimental results. Once the FE model is 
mature enough a number of similar models of varying 
case depths have been made to generate the database for 
training the Multi-layer perceptron model for 
identification of case depth of an unknown sample on 
the basis of these parameters. 

 We have also formulated a full scale elaborative 
model in which the parame
de ructive tests and other destructive test parameters 
have been considered (namely the hardness measures at 
various points along the radial direction). This has been 
developed by the means of actual test samples. 

Parameters supplied to Elaborated model: 

 

VI.  RESUL

of hardened layer in a steel samp
re onse under free vibration, 35 steel samples have 
been studied. 10 nos each of 12mm and 4 mm case 
depth and 5 nos of unhardened steel samples were taken. 
Following attributes were measured  

1. Micro hardness measurement at 4mm, 8mm, 12mm 
and 16mm plane from center.  

2. 2nd Modal frequency for all the samples under 
clamped center condition w
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3. Damping ratio and loss factor with the help of 3dB 
method in FFT model of modal analysis. 

These results obtained are as follows: 

Fig.13 : Case depth vs. Sample no. 
 

Fig. 14 : Frequency vs. Sample no. 

Fig. 15: Damping Ratio vs. Sample no. 

To accurately predict the case depth of unknown 
samples, Weka software was used with mutilayer 
perceptron algorithm. 

A trial run of 35 unknown samples was performed 
through Weka. Following were the results obtained: 

• Correlation Coefficient: 0.84 

• Root Mean square error: 11.36 % 

 The results indicate that accurate model prediction 
is possible and this can be used as a measure of 
predicting case depth after further training with a large 
number of samples. 

Fig. 14 : WEKA interface showing summary of results 
for Case depth prediction of 35 steel samples 

VII. CONCLUSION 

 The following are the brief conclusions from this 
study. 

• The Vibration analysis is quite sensitive towards 
change in micro structure of material. Therefore, it 
is very useful to establish quality parameter of an 
output of heat treatment process such as induction 
hardening. 

• The study of dynamic response for unhardened and 
hardened plate shows the effectiveness in predicting 
the case depth of hardened layer. 

• This model can be generalized to predict the case

• B  has 
hich can be used for developing 
dback controller for real-time 

 

 

 

 

 
depth during the hardening process itself. 

y using the ANN model a knowledge bank
been developed w
an Adaptive fee
induction hardening process. 
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Abstract – The effect of heat treatment on A319 alloy with 0.45%wt Magnesium, 0.02%wt Strontium and grain refinement using 
Titanium has been investigated by hardness measurement and tensile testing. Experiments have been conducted at ageing 
temperatures 150°C, 160°C and 170°C. Hardness has been estimated up to 24 hours aged samples. The results indicate that hardness 
of 319 alloy increases with Sr addition and grain refinement. When Mg is added hardness is again found to be increasing 
progressively up to a maximum value and then varying non – uniformly. The tensile strength and microstructure after Mg 
modification and heat treatment have been discussed. 

Index Terms— ageing, grain refinement, heat treatment.  

 

I. INTRODUCTION  

 The use of aluminum castings in aerospace, 
automotive and general engineering industry has 
increased dramatically over the past three decades. 
Automotive industry strives to achieve light weight 
components to reduce fuel consumption, to improve 
overall performance and to meet environmental 
requirements. Weight reduction can be achieved by 
replacing steel and cast iron products by aluminum [1-
2]. Aluminum readily forms alloys with many elements 
such as copper, zinc, magnesium, manganese and 
silicon. The alloy known as A319 (Al-6.5%Si-3.5%CU) 
is a commercially popular alloy used in various 
applications due to their excellent combination of 
properties such as fluidity, low coefficient of thermal 
expansion, high wear resistance, high strength to weight 
ratio, good corrosion resistance etc. In the 319 alloy 
silicon and copper are the major alloying elements and 
magnesium is added for improving mechanical 
properties. The presence of magnesium improves strain 
hardenabilty and enhances material strength by solid 
solution [3-5]. Presence of Ti enhances grain refinement 
[4].   

     In order to improve mechanical properties of cast 
components 319 alloy can be heat treated [5]. The 
typical heat treatment for 319 alloy is T6 heat treatment. 
T6 heat treatment comprises of solution treatment 
followed by quenching and age hardening [6]. 

 

II. EXPERIMENTAL DETAILS 

A. Casting preparation 

 The 319 ingots before melting were cleaned 
using acetone to make castings free from defects 
caused by impurities in the metal and to make it free 
from moisture. Cast iron moulds are used through out 
the experiments. Graphite coatings are provided 
inside the moulds for easy separation of the castings 
from the mould after solidification. The moulds are 
then preheated to a temperature of 250°C  

B. Sequence of casting operation 

 10kg of 319 alloy is weighed using a weight 
balance. The pit furnace is heated to 700°C to 
become red hot and the alloy is charged in the 
crucible. Coverall flux of 100gm is also added in to 
the crucible while charging the 319 alloy. Hexa 
chloro ethane tablets were added to degas the melt 
after 319 ingots gets completely melted. 0.45%wt 
Mg is added in to the melt after degassing followed 
by 0.02%wt Sr and TiB addition. After all the 
additions are over the melt is subjected to nitrogen 
degassing for 1hour.  

 After degassing the molten metal is poured in to 
the pre heated moulds. While pouring the temperature 
of melt should be at 720°C. Then the moulds are 
allowed to solidify as shown in Fig.1. After 
solidification, the castings are removed from the 
mould.  
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Fig. 2 Microstructure of unmodified 319 alloy. Silicon 

particles are having needle shape structure which acts as stress 
raisers. 

 
Fig. 3 Microstructure of unmodified 319 alloy after heat 

treatment. Needle shaped silicon structure is transformed to 
round shaped structure.  

 

 

 
Fig. 4 Microstructure of strontium modified 319 alloy after 

heat treatment. Coarse structural silicon changes to fine round 
shaped silicon. 

 
Fig. 5 Hardness of strontium modified and  

grain refined alloy at 150°C 

 
Fig. 6 Artificial aging curve of Al 319 + 0.45% Mg  
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IV. CONCLUSION 

 

Fig. 7 Ultimate tensile strength of as cast and heat treated 
samples 

 
 

Fig. 8 Yield tensile strength of as cast and heat treated 
samples  

 

Fig. 9 Elongation of as cast and heat treated samples 

 

 

 The work is mainly focused on effect of T6 heat 
treatment on Mg added 319 alloy. Heat treatment is 
done at different ageing temperatures for 24 hours. Base 
alloys show optimum mechanical property at 150°C for 
12 hours of ageing.  Base alloy with Mg is heat treated 
at different ageing temperatures. From the ageing curve 
it can be seen that hardness values increases, reaches a 
maximum value and then varying non- uniformly. 
Increase in hardness is due to an additional phase called 
Q- Al5Mg8Si6Cu2 with the increase in percentage 
addition of magnesium. Alloy with Mg shows optimum 
mechanical property at 170°C for 8 hours of ageing. The 
tensile test shows that with the addition of Mg, the 
ultimate tensile strength and yield strength increases. 
The Mg added 319 alloy with heat treatment shows 
highest tensile strength and yield strength. Mg added 
319 alloy with heat treatment shows highest tensile 
strength of 372Mpa at 170°C for 8 hours of ageing. The 
magnesium addition decreases elongation due to the 
formation of brittle phases.  
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Abstract – To improve productivity and overall performance, Enterprise Resource Planning (ERP) is one of the solutions for the 
Small and Medium Enterprises (SMEs) in order to face the global challenges. Though ERP systems, which evolved from 
Manufacturing Resource Planning (MRP II) systems, have many advantages, there are some failure stories also. The successful 
implementation of ERP systems is a challenging task. Evidence shows that the number of failing ERP projects is increasing. This 
means that a model is necessary to help companies avoid previous mistakes and provide them with understanding of how ERP 
implementation can be effectively carried out and what its essential success components are. This paper review the several issues 
that one has to contend with when implementing an ERP system in the SME segment like awareness, perception, earlier 
implementation, cost change management, HRP, and top management commitment etc. 

Keywords  – Enterprise Resource Planning, Small and Medium Enterprises, Implementation. 

 
I. INTRODUCTION  

 With the globalization of economy and trade, 
competition among enterprises has become intensive. 
Enterprise informatization has been developing from 
large-scale enterprises to small and medium enterprises. 
Enterprise Resources Planning (ERP) systems are 
commercial software packages that enable information 
flow throughout companies and organizations. They 
improve the organizational performance and enhance 
the competitive advantages Nowadays SMEs have been 
faced with a complex and changeful business 
environment. Along with the process of economic 
globalization, on one hand that is the good opportunity 
of development, on the other hand SMEs are faced with 
the challenge foreign competitor joined. Hence, it is 
urgent that SMEs carry out construction of 
informatization and implement ERP to raise the level of 
management. Although SMEs have been increasingly 
embracing ERP in recent years, research indicates that 
many of them fail to reach their goals. The poor 
achievement can be attributed to, for example, wrong 
choice of ERP vendor, poor Management after ERP 
implementation, high cost of supporting and maintaining 
ERP systems. 

 In the post liberalization and opening up of the 
economy business era, ease in international trade 
barriers, economic liberalization, globalization, 
privatization, disinvestments and deregulation have 

thrown several challenges to Small and Medium-Sized 
Enterprises (SMEs) in the fast developing economies 
like India. Compressed product development cycles, cut 
throat domestic and global competition, economic 
downturns, rapidly changing customer demands and 
volatile financial markets have all increased the pressure 
on SMEs to come up with effective and competitive 
capabilities to survive and succeed. Enterprise Resource 
Planning is often considered as one of the solutions for 
their survival. 

II. ERP OVERVIEW 

 ERP system is an IT solution that helps 
organizations to achieve enterprise wide integration 
which results in faster access to accurate information 
required for decision making. ERP has its roots in 
manufacturing as the name is an extension of 
Manufacturing Resource Planning (MRP II) . Today, an 
ERP system is considered as the price of entry for 
running a business and for being connected to other 
businesses, which allows for business-to-business 
electronic commerce. Many multinationals restrict their 
business to only those companies that use the same ERP 
As SMEs have MNCs as their clients, they have to 
consider ERP systems as a requirement to allow for 
tighter integration with their larger counterparts.  

 ERP combines all the business functions together 
into one single integrated system with a single central 
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database as shown in figure-1. This system serves the 
information needs of all the departments across 
geographies, while allowing them to communicate with 
each other. As illustrated in fig-1, a typical ERP system 
consists of modules for manufacturing, Production 
Planning, Quality Management, Financial Management, 
Human Resource, Manufacturing and Logistics and 
Sales and Distribution. 

 
Fig. 1 : An overview of ERP system 

  Once an enterprise wide implementation is in place, 
operating managers are relieved of routine decisions and 
they thus have the time to plan and execute long-term 
decisions that are vital for the growth of an organization. 
It leads to significant cost savings as the health of the 
organization is continuously being monitored. Though 
the cost of an ERP system is very high, it becomes 
insignificant in the face of the benefits a proper ERP 
implementation provides in the long run. 

III. IMPLEMENTATION 

 ERP systems affect both the internal and external 
operations of an organization. Hence successful 
implementation and use are critical to organizational 
performance and survival. 

  ERP implementation brings with it tremendous 
organizational change, both cultural and structural. This 
is on account of the best practice business processes that 
ERP systems are based on. This calls for ERP 
implementations to be looked at from strategic, 
organizational and technical dimensions. The 
implementation thus involves a mix of business process 
change and software configuration to align the software 
and the business processes. 

 There are two strategic approaches to ERP system 
implementation. The first approach is where a company 
goes for the plain vanilla version of ERP. Here the 
organization has to reengineer the business process to fit 
the functionality of the ERP system which brings with it 
major changes in the working of the organization. This 
approach will take advantage of future upgrades, and 
allow organizations to benefit from best business 
processes. The second approach is where the ERP 
system is customized to fit the business processes of the 
organization. This will not only slow down the 
implementation but also will introduce new bugs into 
the system and make upgrades difficult and costly. ERP 
vendors’ advice organizations to take the first approach 
and focus on process changes. One third of ERP 
implementations worldwide fail owing to various 
factors. One major factor for failure is considering ERP 
implementation to be a mere automation project instead 
of a project involving change management. It is a 
business solution rather than an IT solution, as is 
perceived by most organizations. Yet another reason for 
failure is over customization of the ERP system. 
Therefore, organizations need to very carefully go about 
their ERP implementations, if they are to be successful. 

 Most large companies have either implemented 
ERP or are in the process of doing so. Several large 
companies in India, both in the public and private 
sectors, have successfully implemented ERP and are 
reaping the benefits. Some of them are Godrej, HLL, 
Mahindra & Mahindra and IOC. With the near 
saturation in the large enterprise market, ERP vendors 
are looking to tap the potential in the SME segment. The 
spending on ERP systems worldwide is increasing and 
is poised for growth in the next decade. Some of the 
reasons for this are: 

• Vendors are continuously increasing the capabilities 
of their ERP system by adding additional 
functionality like Business Intelligence, Supply 
Chain, and CRM, etc. 

• Vendors have shifted to web-based ERP. 

• The demand for web-based ERP will increase due 
to the perceived benefits of e-commerce. 

• There are several markets that are yet unexplored. 

IV. REASONS OF ADOPTING ERP IN SME’s: 

 Following are the reasons to adopt the ERP. 

• Pressure from larger counterparts: Due to 
globalization, SMEs today operate in a wider arena. 

 Majority of them have MNCs as their clients. These 
MNCs require SMEs to implement the same ERP 
system as them to allow for tighter integration in their 
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supply chain, which permits them to design and plan the 
production and delivery so as to reduce the turnaround 
time. 

• Peer pressure: Considering the growth in ERP 
implementation in the SME segment, several SMEs 
are adopting ERP systems as their peers have done 
so. 

• To gain competitive advantage and respond quickly 
to the dynamic market scenario. 

 An ERP system would allow SMEs to integrate 
their business functions. It would provide for a 
transactional system, which provides for a disciplined 
way of doing business. Thus SMEs would be able to 
increase their efficiency and productivity by 
implementing a suitable ERP system. 

V.  ISSUES AND CHALLENGES: 

 Though the market for ERP seems to be growing, 
there are several issues and challenges one has to 
contend with when implementing an ERP system in the 
SME segment. Some of these are: 

• Awareness: There is a low level of awareness 
amongst SMEs for ERP vendors, applications 
etc.Most of the time they do not even know what 
ERP systems are and what they can do. They 
consider ERP systems to be a magic wand, which 
will help solve all their business problems, be it in 
terms of quality, or process defects. ERP brings in a 
more disciplined execution of business process 
giving more transparency and visibility to the 
working of the organization. 

• Perception: SMEs have the perception that ERP is 
meant only for large firms mainly owing to the high 
costs of acquisition, implementation and 
maintenance as also the complexity. Some of the 
SMEs even feel they do not need ERP. 

• Earlier Implementations: SMEs have heard of the 
much-publicized failures in ERP implementation, 
which have led firms to bankruptcy. Some SMEs 
who have implemented ERP earlier have failed. 
This has led SMEs to believe that ERP 
implementations are a waste of time and effort and 
can even lead to the demise of company. 

• Approach to implementation: ERP vendors’ advice 
SMEs to mould the business to ERP’s way of 
working, considering that ERP systems bring with it 
best business practices. This is the plain vanilla 
approach that was mentioned earlier, which would 
bring down the cost of implementation. But most 
SMEs have processes that they have evolved over 
time and hold very dear to their hearts. 

 As a result, SMEs are having the entire ERP system 
customized to meet their requirements. This would 
increase the overall cost of implementation. A good 
approach would be to keep the customization to a 
minimum. 

• Cost: SMEs have less of capital than their larger 
counterparts. 

• Change management: One of the major reasons 
why ERP implementations nationwide have been 
known to fail is due to the implementation being 
considered as an automation project instead of one 
that involves change management. This results in 
the system being put in place but not being used 
effectively due to people not ready to accept the 
change. 

• Limited resources: Most SMEs do not have an in-
house IT team. Due to this they have to rely on 
external agencies to help them and this adds to the 
implementation costs. 

 Before embarking on an ERP system journey, 
organizations have to ask themselves whether they are 
ERP ready. Some of the factors to be considered before 
starting an ERP system implementation are: 

• Infrastructure resource planning 

•  Education about ERP 

•  Human resource planning 

•  Top management commitment Training facilities 

• Commitment to release the right people for the 
implementation 

 These factors help organizations to understand their 
level of preparedness for an ERP implementation. 

VI.  CONCLUSION 

 ERP systems put in place a disciplined way of 
working and provide better visibility to the working of 
the organization. In India, SMEs are the backbone of the 
economy and are today faced with global competition. 
Therefore it becomes imperative for them to look for 
means of responding to the dynamic markets. ERP 
Systems have become the most common IT strategy for 
most large companies. SMEs too are moving towards 
ERP systems. They need to adopt a proactive approach 
towards ERP. 

 Though the ERP market is growing and ERP 
vendors have shifted their focus to the SME segment, 
there are several issues to be resolved. Firstly, SMEs 
need to be made ‘ERP aware’. Vendors need to micro 
verticalise the ERP solution to better meet the 
requirements of SMEs. Since the financial resources of 
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Abstract – This research aims to improve the plant layout of pipe shell and travelling roller manufacturing industry to make optimum 
space utilization, eliminate obstructions in material flow and thus obtain maximum productivity. The present layout and operation 
process of each section (i.e. material storage, cutting, welding, machining shop , fabrication shop, assembly and inspection section 
and finish product storage) have been investigated. The problem in the space utilization and material flow pattern was identified. The 
result showed that raw material section, cutting section and fabrication shops should be allocated to make the good material flow. 
The suitable of new plant layout can decrease the distance of material flow, which rises production. 

Keywords  – Material Flow, Plant Layout, Production. 

 
I. INTRODUCTION  

  In industry sectors, it is important to manufacture 
the products which have good quality products and meet 
customers’ demand. This action could be conducted 
under existing resources such as employees, machines 
and other facilities. However, plant layout improvement, 
could be one of the tools to response to increasing 
industrial productivities. Plant layout design has become 
a fundamental basis of today’s industrial plants which 
can influence parts of work efficiency. It is needed to 
appropriately plan and position employees, materials, 
machines, equipments, and other manufacturing 
supports and facilities to create the most effective plant 
layout. 

II. LITERATURE SURVEY 

  Anucha Watanapa [1], proposed an improve the 
plant layout of pulley’s factory to eliminate obstructions 
in material flow and thus obtain maximum productivity. 
The present plant layout and the operation process of 
each section have been investigated. The problem in 
term of material flow of each operation section was 
indentified. The result showed that disassembly surface 
finishing and inspection sections should be allocated to 
make the good material flow. The suitable of new plant 
layout can decrease the distance of material flow, which 
rises production. 

  W.Wiyaratn and A. Watanapa [2], study plant 
layout of iron manufacturing based on the systematic 
layout planning pattern theory (SLP) for increased 
productivity. The detailed study of the plant layout such 

as operation process chart, flow of material and activity 
relationship chart has been investigated. The new plant 
layout has been designed and compared with the present 
plant layout. The SLP method showed that new plant 
layout significantly decrease the distance of material 
flow from billet cutting process until keeping in ware 
house. 

 R. Jayachitra and P. S. S. Prasad [3], study the 
suitability of a virtual cellular layout (VCL) along with 
an existing functional layout (FL) of an industry and a 
classical cellular layout (CL), if considered for 
implementation. A Genetic algorithm (GA) based intra-
cell formation procedure is used in the cellular layout 
design. To identify the suitability of a particular layout 
in a given environment, a typical manufacturing system 
is modeled using the WITNESS 2006 simulation 
software. Design of experiments (DOE) is used to plan 
the simulation experiments. 

 Uttapol Smutkupt, and Sakapoj Wimonkasame [4], 
gives the simulation technique to plant layout design to 
show more information about the design such as total 
time in system, waiting time, and utilization. To add the 
simulation to a plant layout design, Microsoft Visual 
Basic is used to develop a design system based on 
CRAFT model.  

III. PLANT LAYOUT PLANNING 

A. Procedure for Plant Layout Design 

 The sequences of procedure following three steps 
were described. 
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1.  The fundamental of plant layout was studied. 
2.  Machines are collected 
3.  The process for product production has been used in 

analysis. 
4.  The present plant layout was analyzed to identify 

the problem under flow material and operation. 
5.  The suggestions were collected to write the report 

and were proposed to authorize to make decision 
for rearrangement the plant layout 

B. Company Details 

Name-: Prasoon Industries 
Location-: Sewagram MIDC, Wardha (Maharashtra) 
Product-: Travelling Roller and Pipe Shell 

Area statement-: 
Plot area                      =10,805 SQMT 
Build up area 50%      = 5,402 SQMT 
Factory shed area        = 832.08 SQMT 

Build up area-: 
Ground floor               = (12.92x8.69) + (3.23x5.86) 
Total build up area     =1540.68 SQMT 

C. Analysis of Existing Layout 

  This case is based on the travelling roller 
manufacturing industry. The original layout of company 
is shown in figure 1. The details of each section were 
described as follows. In additional the size and number 
of equipments was relational to area as shown in  
Table 1. 

 
Fig. 1 : Existing Layout  

Table1. Relationship between machine size and area 
 

Machines Area 
Lathe m/c 1 (6.55×1.5) m2 

Lathe m/c 2 (3.3×0.8) m2 

Lathe m/c 3  (4.6×1.1) m2 
Shaper m/c  (2.1×1.2) m2 
Drilling m/c (4.6×1.1) m2 
Power Saw m/c (1.5×0.8) m2 
Radial drilling m/c (2.5×1.2) m2 
Plate Bending m/c (4.1×1.3) m2 
Pipe Bending m/c  (4.1×1.1) m2 

IV. ANALYSIS PLANT LAYOUT 

  According to the study of the manufacturing 
process, the details for flow of material, raw material 
storage, fabrication shop, machining shop, surface 
finishing, inspection sections, and material handling 
equipment were described as follows. 

 Flow of material from raw material storage to 
shipping is in irregular pattern and covers the indirect 
path, which results into more travelling distance.  

 Raw material storage is at outskirt area of plant, 
which creates problem in material handling and each 
time worker go outside to bring raw material. 

Fabrication shop is the section approximated within 
(33.56×12.52) m2 area. Pipe shell is manufactured in 
these section. 

Machining shop is section approximated within 
(33.56×12.52) m2 area. Travelling roller is 
manufactured in this section. 

Assembly and inspection section for machining and 
fabrication shops are separate, which acquire more 
space and creates obstacle in flow of material. 

CO2 welding machine is located in fabrication section 
which is useful for assembly.  Existing position of CO2 
welding machine creates an indirect path for machining 
shop and assembly section. 

Cutting section is approximated with (12.52×7.96) m2 
area. This section consists of arc welding, torch cutting 
(O2 Welding) and plug cutting machine (LPG welding). 

Assembly and inspection section is approximated with 
(14.27×4.31) m2 area.  

Finish product storage section is approximated with 
(18.40×4.31) m2 area.  

 After studying on the mentioned information, the 
new plant layout design is created by shifting raw 
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material storage area and fabrication shop (Fig. 2). In 
addition, the assembly and inspection section is 
improved for optimum space utilization. 

 
Fig. 2 :  Propose layout 

V. METHODOLOGY 

  In this research, proposed layout is design on the 
basis of operation process chart (fig. 3 & 4) of products 
pipe shell and travelling roller. 

Load distance score method is quantitative technique 
for layout analysis use for optimum space utilization and 
reduced the travelling distance. 

In this method, first load/Frequency matrix made based 
on department/machines. 

Secondly, Distance matrix is made based on proposed 
layout. 

Finally, total Distance Matrix is form, for analysis of 
layout. Load distance score method applied for both 

products pipe shell and travelling roller on the basis of 
their operation process chart (fig. 3 & 4). 

 
   Fig. 3 : Operation process chart of Travelling Roller 

 
Fig. 4 : Operation process chart of Pipe Shell 

 Operation process chart for pipe shell and travelling 
roller is investigated.  In existing layout, indirect path is 
observed from storage area to cutting section. Total 
distance travel from raw material to finish product 
storage for pipe shell and travelling roller are 129.01 
meter and 120.54 meter.  
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VI. CONCLUSION 

 According to the analysis of the workflow for the 
pipe shell and travelling roller, it was found that raw 
material storage, cutting section and fabrication sections 
should be modified for the layout for convenient 
workflow. The distance of workflow from the modified 
plant layout of their sections can be reduced. Not only 
improving workflow but also the accidents from objects 
which were not in order during material transportation 
can be decreased. Finally, rearranging layout decreased 
distance and time consumption in flow of material and 
accidents, resulting in an increase in productivity. 
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Abstract – Stress analysis of pressure vessel has been always a serious and a critical analysis. The paper performs a standard 
procedure of pressure vessel analysis and validation based on previous papers. It also demonstrates the most critical part and how it 
affects entire structure. Relevant ASME (ASME, 2004, ASME Boiler and Pressure Vessel Code, Section VIII, Division 2, American 
Society of Mechanical Engineers, New York) norms are produced to explain analysis procedure. WRC (Welding research council) 
methodology is explained to validate finite element analysis work 
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I. INTRODUCTION  

  This document summarizes and expands upon 
earlier papers by Hechmer and Hollinger [1]and 
incorporates the stress linearization concepts published 
by Kroenke [2] and Kroenke et al. [3]. Together, work 
explained here gives a demonstration of pressure vessel 
procedure for analysis by Porter [4] . The analysis of 
pressure vessel is generally done with 3D modeling and 
relevant elements. It needs to model welding attachment 
separately; stresses obtained from these elements are not 
membrane and bending stresses hence modeling and 
output calculations are required to give more attention. 
The suggested procedure reduces all efforts of modeling 
and post processing work. A case study presented in this 
paper is a project carried out on a hydrogen storage tank.   

II. LITERATURE REVIEW  

 The spherical shells are widely used in chemical 
industry. Opening and nozzle on spherical shells are 
important for illustration, process and inspection [5]. 
They will not only weaken the strength of spherical shell 
but also generates boundary stress on the joint of vessel 
nozzle, leading to sever stress concentration [6] [7]. So 
the joint is most vulnerable part to failure. It’s of great 
importance to study the influence of various parameters 
on stress distribution of the openings and nozzles. Many 
experts and scholars have done a lot of research with 
finite element technique [8] [9] [10]. Due to different 
loadings applied to these structures, a local stress state 
of the nozzle connection characterized by high stress 

concentrations occurs in the intersection region [11] The 
action of mechanical and thermal loads leads to high 
local stress in the intersection region, thus resulting in 
stress concentrations there. Additional difficulties can 
arise due to welding and this region thus becomes the 
weakest point and the source of failure of the entire 
structure [12]. Cylindrical shells with nozzles are 
commonly used in many industries. The significant 
stress concentration almost always occurs in the vicinity 
of the nozzle-to-shell junction due to the inherent 
structural discontinuity that is formed by the 
intersection. [13] 

 As to the cases of the cylindrical shells subjected to 
external branch pipe loads, Lekkerkerker [14] obtained 
the analytical solutions based on shallow shell equation, 
but no design method and data are presented. Based on 
Timoshenko’s equation, Bijlaard [15] obtained a thin 
shell theoretical solution for a simply supported 
cylindrical shell without a nozzle or cutout, subjected to 
local loading. 

 Cottam and Gill [16] carried out 11 tests, to rupture, 
on mild steel cylindrical pressure vessels with flush 
nozzles. Two cylindrical vessels without nozzles were 
also tested to establish datum curves for the vessels with 
nozzles. Rodabaugh [17] summarized 31 available burst 
test data and failure locations on basic configuration 
pipe connections. The basic configuration was a pipe 
connection consisting of a run pipe with a uniform-wall 
branch pipe; there was no pad or any other type of 
reinforcement other than that provided by a fillet weld 
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on the outside surface of the intersection. Burst tests 
were conducted on two cylindrical shell intersections 
(90 deg intersections and 30 deg laterals) by Sang [18]. 

 Nozzle to head attachment will not only weaken the 
strength of spherical shell but also generates boundary 
stress on the joint of vessel nozzle, leading to sever 
stress concentration [6] [7]. Many experts and scholars 
have done a lot of research with finite element technique 
[8] [9] [10]. 

 Blachut and Vu [19] computed the burst pressure of 
shallow spherical caps and torispheres loaded by 
uniform pressure. Bursting was determined using the 
ABAQUS code with axisymmetric shell elements and 
defined using plastic strain criteria taken from one 
dimensional true stress and strain curves. Results were 
benchmarked against the experimental data. The use of 
nonlinear FEA to predict the failure pressure of real 
corrosion defects was investigated by Cronin [20] using 
the results from 25 burst tests of pipe sections removed 
from service due to the presence of such defects. The 
author concluded that the elastic-plastic FEA provided 
an accurate prediction of the burst pressure and the 
failure location for complex-shaped corrosion defects. 

III. WHAT IS REQUIRED AND HOW? 

 It is required to identify and to pay more attention 
on critical region. Once it is defined then cause of 
failure i.e. stresses induced should be evaluated. It is 
very important to make a vessel which will work safely 
for predefined time period. Hence it is prime objective 
to find stresses induced in vessel. From the literature 
survey presented here it is very clear that intersection of 
nozzle to head junction is the most critical part.  

  Now how is this possible to determine actual 
stresses in the vessel? The most logical choice is to do 
experiment on the model. The choice is very costly, time 
consuming and sometimes not practical. Finite element 
analysis provides output close to that of experimental 
values. But it should be done very carefully to get 
accurate results. If wrong boundary conditions are 
applied at wrong place then analysis will not give real 
practical values. Hence it is very important to validate 
the Finite element analysis. To verify FEA output WRC 
(Welding research council) bulletin is used.  

IV. A SUGGESTED METHOD OF ANALYSIS 

 The method of least effort, more accurate and 
reliable output becomes right approach; saving in time 
and giving desired results. To achieve such a goal a 
suggested method is to use shell element analysis with 
medium mesh carried out according to ASME 
(American society of mechanical engineers) section 8 
Division 2 and, a WRC calculation.  

Shell/Plate elements are specially developed to have 
membrane stresses and bending stresses as an output. 
[21]   Ha has indicated that with a minimum of 96 
elements around the periphery of a nozzle, convergence 
is assured. 

 It reduces effort to get membrane and bending 
stresses because stress linearization is not required to 
perform. To begin investigation ASME guidelines are 
very important. Some of the relevant norms are 
presented here.   

V. ELASTIC STRESS ANALYSIS METHOD [22] 

 To evaluate protection against plastic collapse, the 
results from an elastic stress analysis of the component 
subject to defined loading conditions are categorized 
and compared to an associated limiting value. The basis 
of the categorization procedure is described below. 

I. A quantity known as the equivalent stress is 
computed at locations in the component and 
compared to an allowable value of equivalent stress 
to determine if the component is suitable for the 
intended design conditions. The equivalent stress at 
a point in a component is a measure of stress, 
calculated from stress components utilizing a yield 
criterion, which is used for comparison with the 
mechanical strength properties of the material 
obtained in tests under uni-axial load.      

II. The maximum distortion energy yield criterion shall 
be used to establish the equivalent stress. In this 
case, the equivalent stress is equal to the Von-Mises 
equivalent stress given in (1)  

ܵ௘ ൌ ௘ߪ  ൌ  
1

√2
ሾሺߪଵ െ ଶሻߪ  ൅ ሺߪଶ െ ଷሻߪ 

൅  ሺߪଷ െ ߪଵሻሿ 

 The outputs of the stresses are shown in results. The 
ASME section VIII Division 2 says the limit load is 
obtained using a numerical analysis technique (e.g. 
finite element method) by incorporating an elastic-
perfectly-plastic material model and small displacement 
theory to obtain a solution [22].  

Consider the case presented here has following loading 

Pressure = 3.266 MPa 

Table I  Loading Condition 

Force Moment 
FX = - 6621.8 N MX = 9816500 N.mm 
FY =    9811.1 N MY = 7850500 N.mm 
FZ =    9811.1 N MZ = 5886500 N.mm 

The model configuration is as follows 
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Table II Model configuration 

Material Name SA-387 12 
Composition 1Cr-0.5Mo 

UNS K11757 
Type / Grade 12 

Material Density Kg/ cm3 0.0077504 
Allowable stress at design 

temperature N/ mm2 132.94 

Modulus of Elasticity N/mm2 199270 

 
Fig. 1 : Nozzle to head model 

 The shell element is used for the analysis. The 
reason of selecting shell element is output from the 
element are linearized. Other elements’ outputs are 
required to be linearized. If shell element is used then 
equivalent stresses form middle and top layers should be 
selected for membrane stresses and bending stresses 
respectively. 

 A detailed stress analysis performed using a 
numerical method such as finite element analysis 
typically provides a combination of PL + Pb  and PL + Pb 
+ Q + F directly [22] . Here Fatigue case is not induced. 
The output shown is of PL + Pb . 

 
Fig. 2 : Membrane stress 

Figure shows membrane stresses. The result is obtained 
from middle layer. According to ASME  

Table III Membrane stress output 

Nature 

Primary membrane 
stresses 

N
mmଶ 

Allowable 
Stresses 

N
mmଶ 

Result 

General 68 132.94 Pass 
General 

and 
Local 

135.954 199.41 Pass 

Bending stresses from the top layer are found as follows 

 
Fig. 3 : Bending stress 

Table IV Bending stress result 

Primary membrane +  
secondary stresses 

N
mmଶ 

Allowable 
Stresses 

N
mmଶ 

Result 

225.908 398.82 Pass 

 
Fig. 4  : Stress distribution near attachment junction 
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On comparing WRC and FEA results it can be 
concluded that analysis performed according to ASME 
section 8 Division 2 design by analysis by shell element 
found to be accurate. 

Type of Stress 
intensity 

WRC FEA S.I. 
Allowable

Result

Pm  60.1 68 132.94 Pass 

Pm + Pl     133.6 135.954 199.41 Pass 

Pm + Pl   +Q    249.47 225.908 423.84 Pass 

VII. RECOMMENDED ASSESSMENT 
PROCEDURE [4] 

 In order to assess the stress in a thin wall (r / t and 
R/T > 10) Nozzle/shell junction using FE and shell 
elements, the authors recommend that the following 
procedure be followed: 

1. The nozzle should be modeled using shell elements 
with a minimum of 96 elements around the 
circumference of the nozzle. This assumes that 
linear plate elements are being employed. If higher 
order shell elements are used, a lesser number of 
elements may be required. A convergence analysis 
or some other verifiable check must be employed to 
assess the element behavior if fewer elements are 
employed. 

2. The model should be constructed to ensure that a 
row of nodes is located at a distance of 1.5t from 
the junction on the shell side and P+t on the nozzle 
side. 

3. The elements used should have a length-to-width 
aspect ratio less than 2.0. 

4. No transition in element size should be made within 
the pad area and/or within √ݐݎ or ten times the 
thickness, whichever is greater_ of the intersection 
on the nozzle and shell, respectively. 

5. All operating loads, including gravity, pressure, 
thermal and external forces, and moments, should 
be applied to the model for the surface stress 
intensity (3Sm) check. The local membrane under 
combined loading should also be evaluated at the 
junction ring. 

6. The computed stress intensity on the lines of 
elements 1.5t on the shell and P+t on the nozzle 
shall be compared with the 3Sm criterion. If the 
indicated stress intensities do not exceed the 
criterion level, the nozzle meets the code 
requirements.  

7. Note: The 3Sm criterion is based on a range of 
stresses. In the case of thermal loading, it may be 

necessary to consider several loading conditions to 
evaluate the proper range. 

8. The above procedure assumes that the engineer will 
employ the proper elements and verification 
methods to ensure the validity of the FE model used 
for the analysis 

VIII. NOMENCLATURE 

P = pad thickness 

Pm = General membrane stress 

PL = local membrane stress 

Pb = bending stress 

Q = secondary stress 

r = radius of nozzle (also used for generalized radius and 
radius of weld) 

R = radius of shell 

Sm = allowable stress 

t = thickness of nozzle (also used for generalized 
thickness) 

T = thickness of shell 

REFERENCES 

[1]  J. L. Hechmer and G. L. Hollinger, "The ASME 
Code and 3D Stress," ASME Journal of Pressure 
Vessel Technology, vol. 113, pp. 481-487, 1991. 

[2]  W. C. Kroenke, "Classification of Finite Element 
Stresses According to," Pressure Vessels and 
Piping, Analysis and computers, pp. 107-140, 
1974. 

[3]  W. C. Kroenke, G. W. Addicott, and B. M. 
Hinton, "Interpretation of Finite Element Stresses 
According to ASME Section III," ASME Paper 
No.75-PVP–63, pp. 1-12, 1975. 

[4]  M. A. Porter, D. H. Martens, and S. M. Caldwell, 
"A Suggested Shell/Plate Finite Element Nozzle 
Model Evaluation Procedure," Journal of 
Pressure Vessel Technology, vol. 130, Aug. 
2008. 

[5]  C. J. Dekker and H. J. Brink, "Nozzle on spheres 
with outward weld area under internal pressure 
analyzed by FEM and thin shell theory," 
International Journal of Pressure vessel and 
Piping, pp. 399-415, 2000. 

[6]  S. Schindler and J. L. Zeman, "Stress 
concentration factors of nozzle-sphere 
connections," International Journal of Presseure 
vessel and Piping, vol. 80, pp. 87-95, 2003. 



 A Suggested Stress Analysis Procedure for Nozzle to Head Shell Element Model – A Case Study      

 
International Conference on Mechanical and Industrial Engineering (ICMIE), ISBN : 978-93-81693-88-2, 16th Dec., 2012, Nagpur 

36 
 

[7] J. S. Liu, G. T. Parks, and P. J. Clarkson, "Shape 
optimization of axisymmetric cylindrical nozzle 
in spherical pressure vessel subjected to stress 
constraints," International Journal Journal of 
Pressure vessel and technology, vol. 78, pp. 1-9, 
2001. 

[8]  E. weib and J. Rudolph, "Finite element analyses 
concerning the fatigue strength of nozzle to 
spherical shell intersection," International Journal 
of Pressure vessel and Piping, vol. 64, pp. 101-
109, 1995. 

[9]  J. Jayaraman and K. P. Rao, "Thermal stresses on 
spherical shell with a conical nozzle," Nuclear 
Eng. Des., vol. 48, pp. 367-375, 1978. 

[10]  Y. J. chao and M. A. Sutton, "stress concentration 
factors for nozzle and ellipsoidal pressure heads 
due to thrust loads," International journal of 
pressure vessel and piping, vol. 19, pp. 69-81, 
1985. 

[11]  V. N. Skopinsky and A. B. Smetankin, 
"Modeling and stress analysis of nozzle 
connections in ellipsoidal heads of pressure 
vessels under external loading," International 
Journal of Applied Mechanics and Engineering, 
vol. 11, no. 4, pp. 965-979, 2006. 

[12]  L. Xue, G. E. O. Widera, and Z. Sang, 
"Parametric FEA Study of Burst Pressure of 
Cylindrical Shell Intersections," Journal of 
Pressure Vessel Technology, pp. 1-7, 2010. 

[13]  M.-D. Xue, Q.-H. Du, and K.-C. H. Z.-H. Xiang, 
"An Analytical Method for Cylindrical Shells 
With Nozzles Due to Internal Pressure and 
External Loads—Part I Theoretical Foundation," 
Journal of Pressure Vessel Technology, vol. 132, 
pp. 1-9, 2010. 

[14]  J. G. Lekkerkerker, "The Determination of Elastic 
Stresses Near Cylinder-to-Cylinder Intersection," 
Nuclear Eng. Des., vol. 20, pp. 57-84, 1972. 

[15]  P. P. Bijlaard, "Stresses From Local Loading in 
Cylindrical Pressure Vessels," Tran. ASME, pp. 
805-812, 1955. 

[16]  W. J. Cottam and S. S. Gill, "Experimental 
Investigation of the Behavior Beyond the Elastic 
Limit of Flush Nozzle in Cylindrical Pressure 
Vessels," Journal of Mechanial Eng. Sci., pp. 
330-354, 1966. 

[17]  E. C. Rodabaugh, "A Review of Area 
Replacement Rules for Pipe Connections in 
Pressure Vessels and Piping," Weld. Research 
Council Bull. No. 335., 1988. 

[18]  Z. F. Sang, L. Xue, Y. Lin, and G. E. O. Widera, 
"Limit Analysis and Burst Test for Large 
Diameter Intersections," Weld. Res. Counc. Bull., 
No. 451, 2000. 

[19]  J. Blachut and V. T. Vu, "Burst Pressures for 
Torispheres and Shallow Spherical Caps," Strain, 
vol. 43, pp. 26-36, 2007. 

[20]  D. S. Cronin, "Finite Element Analysis of 
Complex Corrosion Defects," Pressure Vessel 
and Piping, Computational Mechanics: 
Developments and Applications, vol. 441, pp. 55-
61, 2002. 

[21]  J. L. S. B. C. ,. a. K. B. Ha, "Local Stress Factors 
of a Pipe-Nozzle Under Internal Pressure," 
Nuclear Engineering and Design, vol. 157, pp. 
81-91, 1995. 

[22]  ASME, "ASME Boiler and Pressure Vessel 
Code," vol. Section VIII, Division 2, 2011. 

[23]  R. K. Wichman, A. G. Hopper, and J. L. 
Mershon, "Welding Research council Bulletin 
107," 2002. 

[24]  K. Weicker, R. Salahifar, and M. Mohareb, "Shell 
analysis of thin-walled pipes-I.Field equations 
and solution.," International Journal of Pressure 
Vessel and Piping, vol. 87, pp. 402-13, 2010. 

[25]  S. Timoshenko, Theory of Plates and Shells. New 
York: McGraw-Hill, 1940. 

[26]  ASME, ASME Section II, Part D, Properties 
(Metric) Materials. New York: ASME, 2010. 

 

 

 



 
International Conference on Mechanical and Industrial Engineering (ICMIE), ISBN : 978-93-81693-88-2, 16th Dec., 2012, Nagpur 

37 
 

 

FEA of Rectangular Cup Deep Drawing Process 

 
 
 

Awad D.S.1, Poul A.D.2, Wankhede U.P.3  &  V. M. Nandedkar4 
4Professor in Production Engineering Department, 

1,2,3,4 Shri Guru GobindSinghji Institute of Engineering & Technology, Vishnupuri, Nanded, 431 606 
E-mail : dsawad011@gmail.com, abhijitpoul@gmail.com, uw0160@gmail.com, vilas.nandedkar@gmail.com 

 
 

Abstract – Deep drawing is a process for shaping flat sheets into cup shaped articles without fracture orexcessive localized thinning. 
The complex deep drawing of thin metallic sheets is widely used during industrial material forming applications. It allows 
production of thin walled parts with complicated shapes such as automotive panels or structural parts. The process consists of the 
plastic deformation of an initial at blank subjected to the action of a rigid punch and die while constrained on the periphery by a 
blank holder. Conventional design processes for sheet metal forming are usually based on a empirical approach. However, due to the 
requirement of high precision and reliability in shaped parts, these methods are far away from a final and reliable solution. 
Nowadays, Finite Element Method (FEM) is being gradually adopted by industry to envisage the formability properties of sheet 
metals. 

The design and control of a deep drawing process depends not only onthe work piece material, but also on the condition at the tool 
work piece interface, the mechanics ofplastic deformation and the equipment used. 

In this paper, rectangular cup component of EDDQ Steel and Mild Steel is simulated using HYPERMESH 11 by varying various 
process parameters  

Keywords: Finite Elements Analysis, Deep drawing, simulation 

 
I. INTRODUCTION  

 In deep drawing process final part is exactly defined 
by its dimensions, tolerances and mechanical properties. 
In order to achieve the production with low costs it is 
necessary to control the production in every single 
detail. We need a detailed understanding of the 
parameters affecting the production process and the final 
product. 

 Technology preparation phase of deep drawing 
process includes: 

• prediction of fracture, 

• prediction of wrinkling  

• prediction of final sheet thickness, 

• determination of optimal initial blank 
geometry, 

• Evaluation of loads on the tool. 

• Prediction of surface deflection. 

 The most used numerical method for numerical 
simulation of the forming process is finite elements 

method (FEM). The numerical simulations included the 
evaluation of the influence of various factors on the 
production process, the analysis of various test 
geometry, as well as the evaluation of loads on the 
production process. The problems of deep-drawing 
process are studied on the simple rectangular cup 
example. The method of using finite element 
softwareAltair HYPERMESH [1]. 

II. SIMULATION OF DEEP DRAWING 
PROCESS: 

 Finite element method used to simulate the 
rectangular cup deep drawing process. In this paper the 
finite element method software HYPERMESH, 
commercially available software for rectangular cup 
drawing process. The punch, die, blank and binder are 
discretized using finite element [2]. 

 The material properties, punch speed, friction and 
blank holding pressure are provided as input   for 
simulation. The strain and displacement are the outputs 
of simulation. 
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Geometry contains four components are 
1. Die 
2. Blank 
3. Binder 
4. Punch 

Table- I : Geometry definition of model 

Blank Size[mm2] 540*614 

Thickness of Blank[mm] 1 

Blank Holder force[N] 50000 

Die Size[mm2] 282*366 

Punch Size[mm2] 280.95*364.955 

 
Fig. 1: Geometry of components 

2.2 CONTACTS 

Contact surfaces used here are: 

•  Top blank – bottom punch 

•  Top blank – bottom binder 

•  Bottom blank – top die 

2.3 MESHING 

 Meshing is critical operation in FEA so it has done 
precisely and carefully. 

Table II. Fine meshing size 

Tool Meshing 
Minimum edge length[mm] 0.5 

Maximum edge length[mm] 30 
Fillet angle 150 
Chordal deviation 0.1 

Blank 
Average edge length[mm] 30 

2.4 MATERIAL PROPERTIES 

 Tools are assumed as rigid, so there is no need to 
define material, but for blank it has to be defined 

Table III. : Material Properties 

Properties\Material EDDQ-STEEL MILD 
STEEL 

Young Modulus(E) 210000 21000 

Poission’s Ratio(μ) 0.3 0.3 

Density(rho) 7.8e-06 7.8e-6 

Ultimate tensile 
strength(UTS) 

309.57 311.4 

Yield strength(YS) 154.44 173.1 
Strain hardening 

exponent(n) 
0.25 0.22 

Plastic Strain ratio(r) 1.9 1.5 

2.5 POSTPROCESSING 

The important results obtained from this simulation are: 

- Displacement 

- % thinning of blank sheet 

- Von mises Stresses 

- Thickness distribution 

III. RESULTS 

1. FOR EDDQ STEEL 

 

Fig 2. : Distribution of stresses (Von mises) after 
finished drawing operation for EDDQ Steel 

International Conference on Mechanical and Industrial Engineering (ICMIE), ISBN : 978-93-81693-88-2, 16th Dec., 2012, Nagpur 

38 
 



 FEA of Rectangular Cup Deep Drawing Process     

 

 
Fig. 3 : Distribution of thickness after finished 

drawing operation for EDDQ Steel 

 

 
Fig. 4 : Forming limit Diagram for EDDQ 

2. FOR MILD STEEL 

 
Fig. 5 : Distribution of stresses (Von mises) after finished 

drawing operation for MILD Steel 

 
Fig. 6 : Distribution of thickness after finished drawing 

operation for MILD Steel 

 

Fig. 7 : Forming limit Diagram for MILD Steel 

Table – IV : Comparison of two materials 

Properties 
EDDQ MS 

Maximum Minimum Maximum Minimum 
THICKNESS 
[mm] 

1.138 0.712 0.896 0.52 

% THINNING 28.75 4 33.61 2 
STRAIN 0.7186 0.08007 0.7339 0.08154 
VON MISES 
STRESS 
[N/mm2] 

489.9 6.72 478.9 0 

 

IV. CONCLUSION 

 In this paper, finite element analysis of rectangular 
cup for two materials EDDQ Steel and Mild Steel is 
carried out. The safe region for two materials is 
determined.By comparing EDDQ and MILD STEEL the 
stresses induced in EDDQ material is more as compare 
to mild steel but it is less than failure stresses, % 
thinning of EDDQ material is less, final thickness of 
component produced from EDDQ material is 
more.Therefore strength of component produced from 
EDDQ is more. Hence EDDQ is best material for deep 
drawing operation.   

 In material with high strain hardening coefficient 
(n) value, the flow stresses increases rapidly with strain, 
these results in the distribution of strain uniformly 
throughout the sheet and even in low strain area. As a 
consequence due to uniform deformation, formability 
increases. Therefore EDDQ Steel has more formability 
than MILD Steel. 

REFERENCES 

[1]. Dr.Sc. AmraTalić – ČikmišMuamerTrako, 
MladenKarivan(11-18 September 2010), Finite 
element analysis of deep drawing, 14th 
International Research/Expert Conference 
”Trends in the Development of Machinery and 
Associated Technology”TMT 2010, 
Mediterranean Cruise. 

 

International Conference on Mechanical and Industrial Engineering (ICMIE), ISBN : 978-93-81693-88-2, 16th Dec., 2012, Nagpur 

39 
 



 FEA of Rectangular Cup Deep Drawing Process     

 
International Conference on Mechanical and Industrial Engineering (ICMIE), ISBN : 978-93-81693-88-2, 16th Dec., 2012, Nagpur 

40 
 

[2].  A C Sekhara Reddy, Anoop Kumar Sukla, 
PavanKumar(December 2004), Optimization of 
blank shape in Square cup deep drawing process, 
Parametric finite element analysis of deep 
drawing-Hyderabad(AP). 

[3].  F.Ayari, E.Bayraktar (2011.), Parametric finite 
element analysis of deep drawing September  

[4].  Altair Hyper Works Students Manual 

 

 

 

 



 
International Conference on Mechanical and Industrial Engineering (ICMIE), ISBN : 978-93-81693-88-2, 16th Dec., 2012, Nagpur 

41 
 

 

To Improve Productivity By Using Work Study &  
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Abstract – The purpose of this research is to improve production capabilities for small scale industry and this research focused on the 
company, which produce Stay vane of Francis turbine. This research used work study technique to improve work process in 
company, and the research objectives towards accomplished this study is to identify problems in the production work process and 
improved it in terms of production time, number of process and production rate by proposing an efficient work process to company. 
This research used systematic observation, flow process and stopwatch time study as research methodology. Pro-E model software 
used for model testing and develop new model. The improvement of work process was executed by eliminating and combining of 
work process, which reduces production time, number of process and space utilization.  

Field of research: Production time, Productivity, Work study, Work measurement, Design of model. 

 
I. INTRODUCTION  
1.1 Background of study 

 Industry consists of small numbers of employees 
and annual turnover. They can categorize into three 
criteria – primary agriculture, manufacturing and 
services. The company produces Stay Vane on vertical 
machining center. The small of its enterprise caused 
difficult for them to competing with other firmed 
companies. Thus, this research takes initiative to used 
work study technique to improve the work process in 
order to permit them to compete with international 
rivalry. The work study will examine the work process 
and eliminate nonproductive process, which can reduce 
number of process, space utilization and production and 
operation time. Time is important in production industry 
because according Fred (1992), time is money and time 
tells us exactly how much money was used. Besides 
that, this research was conducted based on industry 
development strategies and encouragement. 
1.2 Scope of study 
 The scopes of this research are: 

 This study concentrates on small scale industry, 
which is the company produced Stay vane of 
Francis turbine. 

 The research is focused on time and the flow of 
work process in production department from 
the start until it produces finish products, which 

it will concentrate on production time and 
number of work process. 

 The data that needs to be carried out in this study is 
flow process of the work, the details for each process, 
the required time for specific process, number of stay 
vane that they produced in specific time 

II. LITERATURE REVIEW 

 According to Abdul Talib Bon and Aliza Ariffin 
they are working on “An impact of time and motion 
study on small medium enterprise”.The purpose of this 
research to improve work process in small medium 
enterprise industries. In that they use time and motion 
study to improve work process in small medium 
enterprise industries. The improvement of work process 
was executed by eliminating and combining of work 
process, which reduces production time, number of 
process and space utilization.   

They conclude that these modeling techniques are not 
designed to facilitate productivity measurement and 
analysis as they focus on the availability of the 
unit/equipment, which is only one aspect of the system 
performance. Among all the continuous improvement 
methodologies surveyed, no single methodology can be 
crowned as the best. The approach would help factory 
professionals to systematically perform factory 
diagnostics by quantitatively focusing on critical areas 
constraining manufacturing system productivity.  
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According to Charles F. Keberdle set up reduction is to 
reduce machine down time. Reducing setup time will 
boost your company’s capacity, increase your 
manufacturing flexibility, and help increase overall 
output. A simple saying I often use is, “If the machine is 
not running, you are not making money”.  

They conclude that there are several benefits of 
reduction of machine setup and changeover time which 
are listed below: 

1. Shorter lead time and increased capacity 

2. Better quality/more-consistent processes 

3. Lower manufacturing costs  

4. Fewer inventories 

5. Increased flexibility 

6. Better workforce utilization 

7. Less process variability 

2.1  Productivity 

 According to Eatwell and Newman (1991) defined 
productivity as a ratio of some measure of output to 
some index of input use. Put differently, productivity is 
nothing more than the arithmetic ratio between the 
amount produced and the amount of any resources used 
in the course of production.  

Productivity = total output/total input which is 
identical to total results achieved/total resources 
consumed or effectiveness or efficiency. 

2.2 Time study 

 According to Frederick W. Taylor (1880) they are 
working on time study by using a stopwatch to study 
and measure work content with his purpose to define “a 
fair day’s work.” Among his study is ‘Taylor Shovelling 
Experiment’ which they studied between 400and 600 
men that using their own shovel from home to moving 
material from mountains of coal, coke and iron ore in 
around two mile-long yards. Purposes of Taylor to 
identify that there have different size of shovels and 
which shovel was the most efficient. Thus analyzing it 
using stopwatch the results were fantastic which it 
reduced time, saving numbers of workers and budgeting 
for every year.  

2.2.1 Stop-watch time study 

 This method involves making direct observation by 
means of a stop-watch.the main steps that are required 
to be taken under this method are: 

1. Check that the prescribed method is being 
followed in doing the job. 

2. Divide the job observable and distinct element. 

3. Choosing an appropriate operator, record the 
timing for each the work elements. 

4. Rate the performance of the operator in each 
element and repeat measurement through a 
statistically, determined number of cycles of 
the job. 

5. Based on the observations, compute the normal 
time for a unit of out. 

III. PROBLEM STATEMENT AND 
OBJECTIVE 

3.1  Problem statement 

 The company use vertical machining center in 
producing their stay vanes, where most of their 
work process was done manually by their workers. 
Sometimes, the production takes extra time in 
producing the stay vane. Moreover, the production 
department does not have any fixed or standard 
time for each process. They just decide and estimate 
the time for each process. Because of that, they 
often take longer than the time estimated. Also they 
have not proper methods for setting up the job on 
the machine bad. So the position of job may change 
at every cycle of production. This will affect the 
total job setup time at every cycle of machining, 
overall number of production of stay vane and also 
affect the overall production rate. Thus, it might be 
difficult for them to increase productivity and 
competes with other rivals. 

 The production method used currently in the 
company is time consuming as well as 
cumbersome. In order to reduce time and make the 
process simple, we applied various methodologies 
(Work study) and designed the new fixture 
accordingly. The new fixture so designed reduced 
the overall time period from job set up time to final 
dispatch. 

3.2 Objectives 

1. Identify the proposed methodology which 
reduces manufacturing lead time. 

2. To design the template fixture in pro-e for 
vertical machining center. 

3. Compare time study of both method and 
analyses on production.  

4. Improve productivity by implementing new 
method. 

5. Cost analysis of fixture components and 
analysis of net profit to the company. 
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IV. DATA COLLECTION 

4.1 Plant layout 

 Plant layout refers to the arrangement of physical 
facilities such as machines, equipment, tools, furniture 
etc. in such a manner so as to have quickest flow of 
material at the lowest cost and with the least amount of 
handling in processing the product from the receipt of 
raw material to the delivery of the final product. 

 

Figure 4.1 Plant layout 

4.2 Details of job (Stay vane) 

4.2.1 Final stay vane after machining 

 After machining of stay vane there are four welded 
road are attached to the stay vane which are used for the 
job setup on the bed of the VMC machine. This welded 
rod is required to remove and then final grinding require 
for final finishing of the stay vane 

  
   BEFORE GRINDING           AFTER GRINDING 

Figure 4.2 Final stay vane 

4.3 Flow process of raw material to finished stay vane 

 
Chart 4.1 Flow process of raw material to finished stay vane 

4.4 Actual job setup used before implementation 

 This is the actual position the job setup in the 
machine in which four welded rod is used to setup the 
job on the bed with the help of some clamps and metal 
blocks. 

 
Figure 4.3 Actual job setup 

 

 
Figure 4.4 Clamps used for holding the job 

V. DATA ANALYSIS 

5.1 Comparison of new designed machining setup with 
company setup 

5.1.1 For first side machining setup 

 
Figure 5.1 Company setup 
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Figure 5.2 : New designed setup 

 

5.1.2 For second side machining setup 

 
Figure 5.3 : Company setup 

 
Figure 5.4 New designed setup 

5.2 Difference between company setup and new design 
setup 

First side setup Second side setup 

Company 
setup 

New design 
setup 

Company 
setup 

New design 
setup 

Required four 
welded rod 

No 
requirement of 

welded rod 

Required four 
welded rod 

Required two 
welded rod 

Requirement 
of job 

positioning at 
every cycle  

 No 
requirement of 

job 
positioning at 
every cycle 

Requirement 
of job 

positioning at 
every cycle 

 No 
requirement of 

job 
positioning at 
every cycle 

Possibility of 
failure is more 

Possibility of 
failure is less 

Possibility of 
failure is more 

Possibility of 
failure is less 

5.3  Time study comparison 

 This table shows the comparisons of times which 
was reduced according to new implementation. 

Sr 
no 

Activity Time study 
comparison (hr: 

min: sec) 
Before  After  

1 Transfer material from storage 
to welding section 00:10:00 00:10:00 

2 Welding time 00:45:00 00:00:00 

3 Transfer material from welding 
section to vmc machine-3 00:10:00 00:10:00 

4 Job loading time 00:10:00 00:10:00 

5 Setup time 00:35:00 00:30:00 

6 Giving position of job to 
machine 00:20:00 00:00:00 

7 Machining for one side 10:15:32 10:15:32 

8 Job unloading time 00:10:00 00:10:00 

9 Job travel from vmc-3 to 
welding section 00:10:00 00:10:00 

10 Welding time 00:45:00 00:30:00 

11 Transfer from welding section 
to vmc-4 00:10:00 00:10:00 

12 Job loading time 00:10:00 00:10:00 

13 Setup time 00:35:00 00:20:00 

14 Giving position of job to 
machine 00:20:00 00:00:00 

15 Machining for second side 12:15:25 12:15:25 

16 Job unloading time 00:10:00 00:10:00 
17 Job transfer to grinding section 00:10:00 00:10:00 

18 Grinding time  00:45:00 00:30:00 

19 Transfer job to grinding section 00:10:00 00:10:00 

20 Total time 28:15:57 26:00:57 

21 Total reduced time  02:15:00 

Table 5.1 :  Time study comparison 
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5.4 Analysis of monthly production of stay vane 

Sr 
no Description Before After 

1 
total time for 
complete stay 

vane 

28:15::57(hr: 
min: sec) 

26:00:57 (hr: 
min: sec) 

2 number of job 
produced in 
one month 

19(546/18=19) 21(546/26=21) 

Here 546 is the total working hours in one month 

Table 5.2 Analysis of monthly production of stay vane 

. 

VI. COST AND PROFIT ANALYSIS 

6.1 Cost of fixture 

 
Sr 
No 

Part name No. of 
Part 

Volume 
mm3 

Cost(Rs) 

 Raw 
material 

Machining 
cost  

Welding 
cost 

Drilling and 
threading cost 

Total 
cost 

1 L-shape clamp-
1(width 200 mm) 

1 1300000 560 100 20 40 770 

2 L-shape clamp-
2(width 300 mm) 

1 1950000 840 100 20 40 1050 

3 L-shape clamp 
(without rib) 

3 850000 370 100 - 40 1530 

4 T-clamp 5 200000 90 50 - 20 800 
5 Bright flat plate-1 1 225000 100 - - 60 160 
6 Bright flat plate-2 1 112500 50 - - 40 90 
7 Bright flat plate-3 1 191250 80 - - 40 120 

8 45° taper clamp 4 301000 130 100 - - 920 
9 45° taper plate use 

for welding 
2 400000 180 20 - - 400 

10 Fixture base plate 2 16200000 7000 - - 80 14160 
Total cost of fixture =20,000 

Table 6.1 Cost of fixture 

 

6.2 Profit analysis 
Sr no Detail Before implementation After implementation 

1 No. of job per month 19 21 

2 No. of job per year 19*12=228 21*12=252 

3 Profit per year 228*6600 
=15,04,800Rs 

252*6600 
=16,63,200Rs 

Net profit per year :1663200-1504800=1,58,400Rs 

Here 6600 is the total machining cost of manufacturing of one stay vane in Rs 

Table 6.2 Profit analysis 

 

 

.  
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6.3 Net profit analysis after deducting cost of fixture 

Sr no Detail Net profit 

1 Profit per year 158400-20000=1,38,400Rs

2 Profit per month 138400/12=11,500Rs 

Table 6.3 Net profit analysis after deducting cost of 
fixture 

VII. SUMMARY & CONCLUSION 

7.1 Summary 

1. After applying work study and making design 
of fixture for stay vane total time  reduced for 
manufacturing one stay vane from 
28:15:57(hr:min:sec) to 26:00:57(hr:min:sec) 
shown in table 5.1. 

2. By analysis of working hour for month, 
improving method study of stay vane and 
applying time study total number of job 
increased per month 19 to 21 shown in table 
5.2. 

3. After calculating machining cost and deducting 
cost of fixture from profit then net profit for 
company for producing stay vane per year is 
1,38,400 Rs as shown in table 6.3. 

7.2 Conclusion 

 From the discussion of the above parameters, it can 
be concluded that this process can be improved based on 
the five parameters (work process, method study, time 
measurement, fixture design and cost analysis) it will 
improve the current work process. These modifications 
are made by eliminating the wasted time and reduction 
of the work contents. From the comparison between 
current and new work process shown in topic 5.2, it 
indicates that the best alternative towards this problem 
by new method. After implementing new method on this 
stay vane job production it will increase production (2 
stay vanes) as compare to company method. (In 
company method it would produce 19 stay vanes and 
after applying new method they can produce 21 stay 
vanes per month see table 5.2). This improvement was 
successfully implemented and it achieves the project 
goals and objectives, which improve processes, 
production layout, economy in human effort and the 
reduction of unnecessary fatigue. 
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Abstract – Textile designing is a technical process which includes different methods for production of textile, surface design and 
structural design of a textile. Braid is the textile product having various types like round and flat braid made by using textile threads 
or wires which are alternatively interwoven in braiding machine. A small scale industry in Nagpur produces each type of cotton 
braids using 16 spindle braiding machines on the single line shaft acquired power from 0.50 HP motor runs at 1440 rpm with the 
production rate of 87.5 m/hr. This paper discusses about to increase production of braids and design parameters of braiding machine. 
The production rate has been improved by modifying the some parameters by maintaining quality of braid as per the today’s market 
is concerned. 

Keywords:- braid, braiding machine, drives, production rate, spur gear, speed reduction 

.  

 

I. INTRODUCTION  

 There is lot of textile products in market one of 
them is braided products like coated wire, yarns, plastic 
coatings etc. Braids are textile compositions made with 
yarn thread crossing in diagonal direction. Each thread 
intertwines the diagonal threads it crosses one from 
above and one from below. Braiding machines are used 
for such type of constructions.  Braiding machines are 
used for producing wide range of articles viz. Round 
braid(cords, laces, cables or ropes) and flat braid 
(decorative objects, and hairstyles) shown in figure 1 
and figure 2 using textile threads or wires which are 
alternatively interwoven. 

 

    
Figure 1 Round Braid          Figure 2 Flat Braid 

 

 The small scale industry in Nagpur produces round 
and flat braids of cotton and nylon material using 16 
spindle braiding machines focus on to improve the 
production rate. 10-15 machines operate on single line 
shaft acquired power of 0.5 HP from electric motor and 
rotate at 1440 rpm with the capacity of 700 meter per 
day. The machine is constructed with the arrangements 
of spur gear, bevel gear, worm gear, horn gear, top plate 
and belt drives. Thread bundles (bobbins) has been 
mounted on the each spindle on the top plate having 
path for spindle carrier and the threads from each 
bobbins collected and carried by thread carrier on the 
top of the machine to form the braid as final product 
used for the laces of shoes, coating on electric wire, 
small size ropes. 

A. Observation 

 During study in the industry about the production of 
braid, following points were observed: 

1. Capacity of braiding machine to produce braid is 
about 700 meter per day from each machine. 

2. Multiple machines operate on power of single 
motor (0.5HP) using line shaft. 
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3. On increasing the number of bobbins, thickness of 
final product is increases. 

4. Total 60 machines are used for the continuous 
production of 4200-4500 meter per day for 8-10 
hours. 

5. For increasing the thickness of thread, the 
additional thread is provided from the centre of top 
plate as a central cord. 

II. WORKING PRINCIPLE OF BRAIDING 
MACHINE 

 Braiding machine consist of component like electric 
motor, flat belt pulley, gears (bevel gear, horn gear, spur 
gear), rig-pick arrangement, thread carrier, spindles, top 
plate etc. Horn gears are mounted on the spur gears 
rotated below the top plate to drive yarn bobbins 
mounted over it. Each horn gear consists of four ‘wings’ 
that can accommodate one bobbin and the bobbin 
motion is prescribed through the groves in the top plate. 
The motion of yarns on one track is clockwise and the 
other is counter clockwise causing the yarns to interlace. 
The track plate consists of two separate paths: each path 
180 degrees out of phase from the other. One path 
motion is clockwise, while the other path is counter 
clockwise; at the point where the paths converge, the 
yarns interact as one yarn travels over and the other yarn 
under. The over-under interaction causes an interlacing 
of the two yarns and is the chief mechanism responsible 
for the formation of the braided structure. The braid is 
formed as a continuous process by interlacing the yarns 
and drawing them through a ‘braiding point’. The 
mounting of bobbins on spindle and rotation of horn 
gears are shown in figure 3. 

 
 

Figure 3 Rotation of bobbins due to horn gear 

 Groves in the top plate also guide the bobbins; 
however, switch points are located between each pair of 
horn gears that can be activated to transfer the bobbin to 
an adjacent horn gear. In braiding machine the top plate 
is intended with the path of spindle carrier as through 
which the spindle followed forward and reversed 
motion. The interlocked threads pulled up with the help 
of rig-pick arrangement. M. Schneider et al4 explain the 
motion of bobbins due to rotation of horn gears. Figure 
4 shows the driving path of bobbins on the top plate and 
figure 5 explain the driving mechanism. 

 
Figure 4 : Photo of Top plate showing driving path of 

bobbins 

 
 

Figure 5 : Driving Mechanism of machine 

 The power of 0.5 horse power is first transmitted by 
the electric motor with the speed of 1440 rpm to the line 
shaft via V-belt drive which tansfer the power to the 
horizontal shaft of braiding machine via flat belt drive. 
Bevel gear is mounted on the same shaft of larger flat 
belt pulley rotates with same speed and transmitted 
power to the vertical shaft where the spur gear is fitted 
with bevel gear which rotates the horn gears and provide 
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motion to bobbins mounted on the top plate by 
transmitting the power to the gear train assembled below 
the top plate. The vertical shaft is attached with the 
worm and worm gear from which the power is 
transmitted to the rig-pick arrangement (spur gear drive) 
which plays an important role in production of braiding 
machine. The braid carries by the thread carrier (Spur 
gear drive) at the top depend on the speed of rig-pick 
arrangement. Therefore by incresing the speed of shaft 
between thread carrier and rig-pick arrangement the 
production of machine can be increased by maintaining 
the speed ratio to maintain the quality of braid. Figure 6 
and 7 shows the actual photo and schematic diagram of 
braiding machine. 

 

Figure 6 : Photograph of Braiding machine 

 
 

Figure 7 : Schematic diagram of Braiding machine 

III. SPEED REDUCTION IN BRAIDING 
MACHINE 

 By study of the components and working of 
braiding machine it is observed that speed (in rpm) is 
main factor responsible for the production of braid. The 
speed is reduced from electric motor to thread carrier by 
the various arrangements of drives in the machine as per 
the requirements which is responsible for the production 
of braid.  Table 1 shows the technical specification of 
the components of braiding machine. 

Table 1 Technical specifications of components of 
braiding machine 

Particulars Unit Dimensions 

Spindle - 16 

Pitch Size  mm 3 

Motor Power  HP 0.5 

Weight  Kg 650 

Length mm 1650 

Width  mm 1000 

Height  mm 1600 

Diameter of V- Belt Driver pulley mm 50.8 

Diameter of V- Belt Driven pulley mm 457.2 

Diameter of Flat belt driver and driven 
pulley  

mm 127 

Teeth on Spur Gear drive of top plate - 32 

Teeth on Bevel Gear - 21 

No. of teeth on worm and worm gear - 4 & 24 

Teeth on Spur Gear of rig-pick 
arrangement (larger& smaller) 

- 60 & 45 

 With the help of technical specification of the 
components of braiding machine, speed in rpm of each 
components has been calculated using relation 
N1D1=N2D2 or N1T1=N2T2which finds the speed ratio of 
4.45. Where N1 & N2 are the speed of driver and driven 
shaft, D1 & D2 are the diameter of driver and driven 
pulley and T1 & T2 are the number of teeth on driver and 
driven gear.  

 By maintaining the same speed ratio production of 
machine has been increased by replacing the spur gear 
of rig-pick arrangement as per the availability. The 
speed in whole arrangement is reduced from 1440 rpm 
to 36 rpm which gives the production of 700 m/day for 
each machine. The calculated value of speed of each 
component of the braiding machine is shown in table 2. 
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Table 2 : Speed Reduction in Braiding Machine Case I: If Tg = 60, Ng = 27 keep unchanged & Tp = 35 
from 45  

Sr. 
No. Drives Speed (rpm) 

Driver Driven 
1 V-belt drive 1440 160 
2 Flat belt drive 160 160 
3 Bevel gear drive 160 160 

4 Spur gear drive (Top 
plate) 160 160 

5 Worm & worm gear drive 160 27 

6 Spur gear drive (rig-pick 
arrangement) 27 36 

Ng Tg = Np Tp 

Np = 47 rpm 

With respect to velocity ratio=4.45& speed of smaller 
spur gear= 47 rpm 

Speed of top plate spur gear, N2 = 47 × 4.45 

                                          N2=209 rpm 

To enrich the speed of 27 rpm to driver rig-pick spur 
gear, the worm gear has to be replaced with 31 numbers 
of teeth.  The speed is varies from top plate to rig-pick 

arrangement (or pulling system) which gets the speed 
ratio of machine. 

Speed of top plate gearSpeed Ratio 4.45
Speed of rig-pick gear arrangement

= =

 

From table 2, it is cleared that the speed of larger flat 
belt pulley is equal to the speed of top plate spur gear, 
therefore the diameter of the larger flat belt pulley can 
be modified and calculated using relation, 

N1× D1= N2×D2                (D1= 50.8mm, from table 1) 
A. Analytical modification of machine parameter to 
increase production 

D2=350 mm (14 inch) 

Accordingly, the production rate has been changed as 
the speed of pinion is increased from 36 rpm to 47 rpm. 
For Np=36 rpm , production rate is 87.5 m/hr. So for 
Np=47 rpm,  

 As the speed of shaft between pulling system and 
rig-pick arrangement is mainly responsible for the 
production, it is necessary to increase speed of that shaft 
to improve production by maintaining the quality of 
braid which has been obtained by maintaining the same 
speed ratio and calculate or redesign other parameters of 
braiding machine. Accordingly, the speed of top plate 
also increased which relieves thread to pulling system. 
To increase speed, the small gear with 45 teeth in the 
rig-pick arrangement has been replaced with the gear of 
35 or 24 teeth as per the availability for the machine in 
industry. Accordingly the size of worm gear and flat belt 
pulley has been modified. To check the production of 
single braiding machine V-belt and flat belt drive is 
replaced with only flat belt drive. The calculations for 
35 and 24 number of teeth are as follows: 

Production rate = (87.5/36) × 47 = 114.24 m/hr. 

By replacing the spur gear of 45 teeth with 35 teeth the 
production rate has been increased to 114.24 m/hr 

Case II: If Tg = 60, Ng = 27 keep unchanged &  
Tp = 24 from 45  

Ng Tg = Np Tp 

Np = 67.5 rpm 

With respect to velocity ratio=4.45& speed of smaller 
spur gear= 67.5 rpm 

For the power of 0.5 HP with motor speed N1=1440 
rpm, modify the parameter of components of braiding 
machine for two cases considered for rig-pick spur gear 
arrangement. 

. 

Table 3 comparison between existing and modified machine 

Braiding 
machine 

Speed 
of 

motor 
(rpm) 

V-belt Pulley 
Diameter (mm) 

Flat-belt Pulley 
Diameter (mm) 

Teeth on Worm 
& Worm Gear 

Teeth on spur 
gear of rig-pick 

arrangement 
Producti
on rate 
(m/hr) Driver Driven Driver Driven Worm Worm 

gear Gear Pinion 

Current 
machine 1440 50.8 457.2 127 127 4 24 60 45 87.5 

Modified  
machine 1440 

- - 50.8 350 4 31 60 35 114.24 

- - 50.8 244 4 45 60 24 164 
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. Speed of top plate spur gear, N2 = 67.5 × 4.45 

                                                     N2= 300 rpm 

 To enrich the speed of 27 rpm to driver rig-pick 
spur gear, the worm gear has to be replaced with 45 
numbers of teeth. 

 Similarly the diameter of larger gear and production 
rate for the speed of 67.5 rpm is calculated and 
compared with previous one. 

N1× D1= N2×D2                (D1= 50.8mm, from table 1) 

D2= 244 mm (9.6 inch) 

For Np=36 rpm , production rate is 87.5 m/hr. So for 
Np=67.5 rpm,  

Production rate = (87.5/36) × 67.5 = 164 m/hr. 

 By replacing the spur gear of 45 teeth with 24 teeth 
the production rate has been increased to 164 m/hr. 

 From the calculation it is observed that the 
production rate is increased by replacing the smaller 
spur gear of rig-pick arrangement and modifying some 
parameters of components of braiding machine. The 
comparison of production rate and other technical 
design parameter of existing and new machine is shown 
in table 2. 

IV. CONCLUSION 

 After the Study of company profile, braiding 
machine and its components and company profile, it is 
observed that the braid plays an important role in textile 
engineering and useful for the laces, coating on wires 
etc. From company profile and market demand it is 
necessary to improve the production rate to achieve the 
demand. Each component of braiding machine and it’s 
principle of working is studied well in order to get 
technical logic to improve the production rate. After 
analytical study of each component and its technical 
parameters it is conclude that the speed reduction is the 
main factor affecting the production rate. The current 
braiding machine gives the production of 87.5 m/hr for 
8 hours per day which is increased to the level of 164 
m/hr after the modification of some parameters 
analytically.  

 To increase the production rate, the smaller spur 
gear of rig-pick arrangement has been replaced from 45 
number of teeth to 35 and 24 number of teeth. The 
production rate has been calculated for both the cases 
and it is observed that it is more in the replacement with 
24 teeth gives the production rate of 164 m/hr by 
maintaining the quality of braid. Accordingly, the other 
parameters also affected and changed as per the details 

mentioned in table 3. After the modification production 
rate is increased and satisfies today’s market demand. 
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Abstract – Majority of automobile and appliances component are made by deep drawing sheet metal process. So these growing need 
demands a new design methodology based on metal forming simulation. With the help of metal forming simulation we can identify 
the problem areas and solutions can be validated in computers without any expensive shop floor operations prior to any tool 
construction. Metal forming simulation is also helpful at the product and tool design stage to decide various parameters. Problem and 
improvements in each area of the SDF technology and their interactions should be considered. In the product and process design 
phases in order to optimize Blank Holding Force which is one of the important parameters in Deep Drawing process. Sometimes 
accuracies of frictional values have more effect on the simulation results than most of the material properties. So that friction plays a 
major role during optimization of Blank Holding Force. In this paper, the friction is varied in six different values.    CRDQ Steel is 
used as a material. For each value of friction and its corresponding B.H.F., Forming Limit Diagrams are drawn by using hyper mesh 
module of Hyper Form Solver software. Also the effect of these two parameters on occurrence of wrinkling during the process is 
studied. Thus, optimized range of coefficient of friction in which product is safe as well as having minimized wrinkles along with 
optimized B.H.F. is calculated 

Keywords: Blank Holding Force, Friction, Optimization, Hyper Mesh.  

 

I. INTRODUCTION  

 Metal forming involves plastically deforming a 
piece of material to obtain the desired product. A special 
class of metal forming where thickness of the work 
piece is small compared to the other dimension is called 
sheet metal forming. It is the process of converting a flat 
sheet metal into a part of desired shape without defects 
(fracture or excessive thinning, wrinkling etc.). 
Formability is the ability of a sheet metal to be formed 
without failure. [3] The formability of sheet metal is 
significantly affected by the sheet metal properties 
(work hardening, anisotropy ratio), the processing 
parameters (blank holder force and interface friction 
coefficient) and forming procedures. The formability of 
an isotropic material is described by its flow curve and 
the ductility is the measure of the forming limits. 

II. FORMABILITY: 

 Formability is the ability of sheet metal to be 
stamped or formed successfully into useful components 

without developing any failure. The common failures   
encountered during sheet metal forming are fractures, 
wrinkling, puckering, snap distortion, loose metal etc. 
Formability is not easily quantified, as it depends on 
several interacting factors. Material flow properties, 
ductility, die geometry, die material, lubrication 
conditions and press feed contribute to the success or 
failure of the formed sheet metal component to varying 
degrees in an interdependent manner. Formability, 
unlike tensile properties, is not a simple and well 
defined material property. In fact, formability should be 
viewed more as “system” parameters, involving the 
sheet metal that is being formed, the stamping process 
conditions, and the forming press. i.e.:- 

Formability  = f (sheet metal, process conditions, sheet 
metal component shape, machine tools and Equipment) 
[5] 

 It is conceivable that a given sheet metal could be 
formed successfully into a particular component or lead 
to failure, depending upon the process conditions and 
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the tooling used. In other words, the same sheet metal 
can have “good” or“bad” formability depending upon 
the remaining components of the forming “system” 
conditions, i.e.  

UTS = f (sheet metal); UTS ≠f (sheet thickness, process 
conditions, surface finish, etc.).  

 The sheet metal properties, such as the UTS, are 
usually referred to as intrinsic material properties. 

III. FACTORS AFFECTING FORMABILITY: 

 Formability of sheet metal depends on both the 
material and process variables. Material properties on 
which the formability of sheet metal depends 
are the 

1. Strain hardening exponent (n) 
2. The strain rate hardening exponent (m)  
3. Anisotropy ratio(r). 

 Various process Parameters influencing the 
formability are the blank holding force, the interfacial 
friction condition, the tooling geometry i.e. Punch and 
Die. [5] 

IV. BLANK HOLDING: 

 Even though the thickness of work metal and the 
die radius offer some restraint to the flow of metal into 
the die, some additional constraint is usually required to 
control the flow of metal. This additional restraint is 
obtained by the use of blank holding plate. The purpose 
of blank holding is to suppress wrinkling and puckering, 
and to control the flow of the work metal into the die. 
[5]  

  When the draw progress, compressive force 
developed in the blank causing a reduction in the blank 
diameter and thickening of the blank. Correspondingly, 
the blank holder pressure increases as the draw progress 
due to increase in thickness. Now there is possibility for 
the cup to tear at the weakest point because instead of 
drawing, the punch stretches the metal into the die. 

 So an ideal blank holder would be the one capable 
of proportionately varying the blank holding the 
pressure as the draw depth increases and the thickness of 
the flange increases, to maintain constant uniform blank 
restraint. 

 Normally blank holding pressure is assumed to be 
one third of maximum force. It is clear that the blank 
holder force must be sufficient large to prevent 
excessive wrinkling but not too large to cause tearing. 

 

V. FRICTION: 

 Friction is the one of the most important factors that 
eliminates the plastic deformation in sheet forming 
operation. Friction between sheet and tool play an 
important role. The frictional force plays an active role 
in affecting the material flow, the strain distribution and 
the forming force. Hence an accurate simulation 
requires a detailed understanding of friction behavior 
under actual forming condition. Any attempt to simulate 
sheet metal forming without a detailed understanding of 
friction cannot be successful [2]. It is known that 
Sometimes inaccuracies of frictional values have more 
effect on the simulation results than most of the material 
properties. [2] 

 The main difficulty in comparing the simulations 
and experiment is the largely unknown friction law, 
Even if the coulomb friction is assumed, the friction 
coefficient plays a critical role in determining strains 
and performance. During sheet forming, high friction 
condition raises the stresses in the sheet and promotes 
strain localization and split type failures. 

 This effect must be modeled accurately in order to 
obtain realistic FEM simulations. Friction and contact 
condition controls the development of non-uniform 
strain distribution. 

 For most forming operation maintaining a stable 
level of friction is more important than a low friction 
level. Use of the oiling conditions of the sheet permits to 
realize differential values on different area of the blank. 
In general, a low level of friction offers greater 
possibilities to press highly stressed parts with more 
complex shape.[2] 

V. MODEL OF STANDARD DEEP DRAWING 
COMPONENT 

 
Fig.1. Part drawing in Pro-E software 
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Fig.2. Detail drawing in Pro-E software 

 

Meshing size: 07 

Meshing Type:Triangular & rectangular (mixed). 

Initial Blank Shape: 

 
Final Blank Shape: 

 
Fig.4. Deformed blank into the die cavity 

 

VI. RESULT: 

 By taking number of iterations we plot the Forming 
Limit Diagram (FLD) for different coefficient of 
frictions (µ). Following are the FLDs 

 
Fig.5. FLD when µ = 0.1 

 
Fig.6. FLD when µ = 0.125 

 

 
Fig.7. FLD when µ= 0.15 
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Fig.8. FLD when µ= 0.175 

 

 
Fig.9. FLD when µ= 0.2 

 

 
Fig.10. FLD when µ= 0.25 

 

VII. Optimization Study:  

 Following are the graphs of friction and blank 
holding force with respect toprobability of formation of 
the wrinkle obtained after optimization study of the 
component. 

 
Fig.11. Coefficient of friction Vs. Probabilityof 

wrinkling 

 
Fig.12. Blank Holding Force vs. Prob. Of wrinkling 

Table.1. Relation between friction and blank holding 
force = (1/3)rd[Tonnage Force] [2]: 

Sr. No. Friction Blank holding 
force (Tonne) 

Conclusion 

1 0.1 0.1290 E+02 More Wrinkles 

2 0.125 0.1303 E+02 More Wrinkles 

3 0.150 0.1323 E+02 Less Wrinkles 

4 0.175 0.1346 E+02 Optimized 

5 0.2 0.1370 E+02 Failure 

6 0.25 0.1413 E+02 Failure 
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VIII. CONCLUSION 

 In this paper, we have studied effect of material 
properties i.e. n, m, r value. Also one of the important 
parameter, we consider is friction. Sometimes 
accuracies of frictional values have more effect on the 
simulation results than most of the material properties. 
By controlling it, we can be able to optimize Blank 
Holding Force up to certain range. For CRDQ Steel, the 
range of coefficient of friction is 0.125 to 0.175.  

 We conclude that, in the range of coefficient of 
friction. B.H.F. first start to decrease as coefficient of 
friction increases up to certain limit, then increases after 
certain value of µ.So we have taken number of iterations 
& found out range of µ for CRDQ Steel. By controlling 
µ in between 0.125 to 0.175, we can optimize B.H.F. for 
CRDQ Steel. 
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Abstract – Current trends in construction industry demands taller and lighter structures, which are also more flexible and having 
quite low damping value. This increases failure possibilities and also problems from serviceability point of view. This paper 
describes about different types of passive energy dissipating devices which helps to damp the vibration within a structural systems 
up to certain extent.  

Keywords  – passive control, energy dissipation, damping, vibration, dynamic response. 

 
I. INTRODUCTION  

 
International Conference on Mechanical and Industrial Engineering (ICMIE), ISBN : 978-93-81693-88-2, 16th Dec., 2012, Nagpur 

 
57 
 

 A number of passive control systems are currently 
in use for protection of structures against seismic or 
wind excitation. The term “passive” is used to indicate 
that the operation of these systems does not require an 
external power source. Typically, the mechanical 
properties of these systems cannot be modified. 
Furthermore, a passive damping system utilizes the 
motion of the structure to produce relative motion 
within damping devices which, in turn, dissipate energy. 
Passive damping systems dissipate energy through a 
variety of mechanisms[1]. Unlike the mass and stiffness 
characteristics of the structural system, damping does 
not relate to a unique physical phenomenon, and it is 
often difficult to engineer without the addition of 
external damping systems. Furthermore, the amount of 
inherent damping cannot be estimated with certainty; 
however known level of damping may be introduced 
through an auxiliary source[2][3]. Such sources come in 
the form of both active and passive system. Focus of this 
paper is on the passive systems. Classification of passive 
dampers is shown in fig. 1 

II. PASSIVE DAMPING DEVICES WITH INDIRECT 
ENERGY DISSIPATION 

 Auxiliary damping is commonly supplied through 
the incorporation of some secondary system capable of 
passive energy dissipation. Of the passive devices that 
impart indirect damping through modifications of the 
system characteristics, the damped inertial system is 
most popular. These systems, which will be discussed 
below, impart indirect damping to the structure by 
modifying its frequency response[4]. 

 
 

Fig. 1 : Classification of passive dampers 

A. Tuned Mass Damper 

  Tuned mass dampers (TMD) have been widely used 
for vibration control in mechanical engineering systems. 
In recent years, TMD theory has been adopted to reduce 
vibrations of tall buildings and other civil engineering 
structures. Dynamic absorbers and tuned mass dampers structures. Dynamic absorbers and tuned mass dampers 
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Fig. 3: Tuned Liquid Dampers  
for Structural Applications:  Immiscible  Fluids  

Damper[13]  

C. Impact Dampers 

     An Impact Vibration Absorber (IVA), which is also 
referred to as an impact damper, consists of a free mass 
moving between the motion limiting stops of a primary 
system. When the amplitude of vibration of the primary 
system exceeds the gap between the stops, the absorber 
mass collides with the stop. Under sufficient excitation, 
the IVA undergoes cyclic motion, colliding 
intermittently with the stops. By this mechanism, the 
IVA reduces the vibration of the primary system 
through momentum transfer by collision and dissipation 
of kinetic energy as acoustic and heat energy[16].  

III. PASSIVE DAMPING DEVICES WITH 
DIRECT ENERGY DISSIPATION 

 
Passive systems also help to increase the level of 

damping in a structure through a direct energy 
dissipation mechanism. Various passive systems with 
Viscoelastic Dampers, Friction Dampers, Viscous Fluid 
Dampers, Metallic Dampers. 

A. Viscoelastic Dampers 

 Viscoelastic materials used in structural application 
dissipate energy when subjected to shear deformation. 
Viscoelastic dampers, made of bonded viscoelastic 
layers (acrylic polymers), have been developed by 3M 
company and used in wind vibration control 
applications[17]. Its application to civil engineering 
structures appears to have begun in 1969 when 10,000 
viscoelastic dampers were installed in each of the twin 
towers of the World Trade Center in New York to help 
resist wind loads[18][19][20].  Further studies on the 
dynamic response of viscoelastic dampers have been 
carried out, and the results show that they can also be 

effectively used in reducing structural response due to 
large range of intensity levels of earthquake. 

 

 
 

Fig. 4 : Viscoelastic Damper[17] 
 
 Viscoelastic materials used in structural application 
are typically copolymers or glassy substances which 
dissipate energy when subjected to shear deformation. A 
typical viscoelastic (VE) damper is shown in fig.4 which 
consists of viscoelastic layers bonded with steel plates. 
When mounted in a structure, shear deformation and 
hence energy dissipation takes place when the structural 
vibration induces relative motion between the outer steel 
flanges and the center plate[10]. 
 
B. Friction Dampers 

    The dampers that utilize the mechanism of solid 
friction to provide the desired energy dissipation are 
called as friction dampers. Process of the friction that 
develops between two solid bodies sliding relative to 
one another is prevalent in nature and have also been 
employed in many engineered systems[10]. Friction 
provides another excellent mechanism for energy 
dissipation, and has been used for many years in 
automotive brakes to dissipate kinetic energy of motion. 
In the development of  friction dampers, it is important 
to minimize stick-slip phenomena to avoid introducing 
high frequency excitation. Furthermore, compatible 
materials must be employed to maintain a consistent 
coefficient of friction over the intended life of the 
device[5]. The Pall device is one of the damper elements 
utilizing the friction principle, which can be installed in 
a structure in an X-braced frame as illustrated in the  
Fig. 5. 

 
Fig. 5 : X-braced Friction Damper[21] 
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     Several different types of friction dampers are such 
as Limited Slip Bolted (LSB) joint originated by Pall[22], 
Sumitomo Friction Damper[23], Energy Dissipating 
Restraint[24], Slotted Bolted Connection[25]. 
 
C.  Viscous Fluid Dampers 

       All the dampers such as viscoelastic, friction and 
metallic all utilize the action of solids to enhance the 
performance of structures subjected to transient 
environmental disturbances. Fluids can also be 
effectively employed in order to achieve the desired 
level of passive control[10]. Viscous fluid dampers, are 
widely used in aerospace and military applications, and 
have recently been adapted for structural applications[26]. 
Characteristics of these devices which are of primary 
interest in structural applications, are the linear viscous 
response achieved over a broad frequency range, 
insensitivity to temperature, and compactness in 
comparison to stroke and output force. The viscous 
nature of the device is obtained through the use of 
specially configured orifices, and is responsible for 
generating damper forces that are out of phase with 
displacement. A viscous fluid damper generally consists 
of a piston in the damper housing filled with a 
compound of silicone or oil[27]. A typical damper of this 
type is shown in Fig. 6. 

 

 
Fig. 6 : Taylor Devices Fluid Damper[26] 

 By incorporating fluid viscous dampers to control 
wind induced vibrations, structures may be built with 
reduced lateral stiffness, as the fluid dampers alone 
reduce the wind deflection by a factor of 2 to 3, which 
greatly improves occupant comfort without creating 
localized stiff sections[28]. 

D. Metallic Dampers 

      One of the most effective mechanisms available for 
the dissipation of energy, input to a structure during an 
earthquake, is through the inelastic deformation of 
metallic substances. In traditional steel structures, 
aseismic design relies upon the post-yield ductility of 
structural members to provide the required dissipation. 
However, the idea of utilizing separate metallic 
hysteretic dampers within a structure to absorb a large 
portion of the seismic energy began with the conceptual 

and experimental work by Kelly[29] and Skinner[30]. 
Many of these devices use mild steel plates with 
triangular or hourglass shapes so that yielding is spread 
almost uniformly throughout the material. A typical X-
shaped plate damper or added damping and stiffness 
(ADAS) device is shown in Fig. 7. 

                         
Fig. 7 : (ADAS) Device[31] 

IV. CONCLUSION 

        In order to reduce dynamic response of tall 
structure or buildings, we have to develop the 
techniques to control the structural vibrations produced 
by earthquake or wind by various means such as 
modifying rigidities, masses, damping, or shape, and by 
providing passive or active counter forces A discussion 
of various passive control systems used to mitigate 
structure motion was presented. Device that have most 
commonly been used for seismic protection of structures 
include viscous fluid dampers, viscoelastic solid 
dampers, friction dampers, and metallic dampers. Other 
devices that could be classified as passive energy 
dissipation devices (or, more generally, passive control 
devices) include tuned mass and tuned liquid dampers, 
both of which are  primarily applicable to wind vibration 
control. 
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Abstract – The vertically mounted fire fighting pump used in pump house generally subjected to mechanical, structural and 
hydraulic problems. This generates dynamic load and produces vibrations of high frequencies and stresses which affects the pump 
performance and increases the maintenance cost.  These problems leading to failure and damage of the costly components of pump 
houses. In this regard vibration analysis is necessary, to detect and diagnose faults of the fire fighting pumping house, to avoid any 
failure and efficient operation of pump system.  

This paper presents, the vibration analysis of different components of pump by actual measurement and performance testing at test 
rig. The vibrations are measured at no load as well as at full load condition. The defects in different components are identified and 
balanced. The balancing of the unbalanced motor fan enhances dynamic performance greatly due to decreased vibrations. The two 
different case studies of old as well as new pump are discussed here. The study becomes the benchmark for erection, commissioning 
and provides guidelines for fault diagnose of fire fighting pumps. 

Keywords  – Dynamic balancing, vibration analysis, fault diagnosis, Vertical fire fighting pump. 

 

I. INTRODUCTION  

  In the high speed Vertical fire fighting pumping 
house the most common problems are due to wrong 
installation and operation, resulting in increasing the 
vibration problems. This has increased the necessity of 
doing vibration analysis of pump to detect faults early. 
There are many causes of vibration in the Vertical fire 
fighting pumping house which include mechanical, 
structural and hydraulic causes etc. These reduce the 
performance of pump and decrease the operating life. 
Flow induced vibration in pumping system is mainly 
dependent on operating conditions, inlet distortion, 
cavitations, surge etc. In cases of such flow induced 
vibration in pumps, periodic vibration monitoring is 
widely recognized as a reliable method of dynamically 
determining the health of pump. Analysis on the overall 
vibration levels and associated vibration frequency 
spectra can result into early detection and isolation of 
common pump problems. The early detection allows 
corrective actions to be scheduled in the suitable time 
resulting in increased pump productivity economically 
and efficiently [7]. 

II. METHODOLOGIES: 

 The objective of the analysis is to determine the 
sources of high vibration. Knowing dynamic 
characteristics of the pumping system is the primary 
step to solve any structural weakness leading to 
resonance problems. Each faulty element has its exciting 
frequencies to the pump system. It is very important to 
identify all the exciting frequencies for the motor fan, 
thrust bearing, coupling etc. in the beginning before 
doing vibration analysis in addition to modal analysis to 
easily relate each exciting frequency and high vibration 
level to its source[7]. 

  Vibration in Vertical fire fighting pump may be the 
results of several phenomena and may affect various 
pump parts. Most vibration failures are caused by 
dynamic overloads; wear, bearing damages, shaft 
coupling misaligned etc. and performance loss occurs 
due to internal trans bearing clearance rubs. Vibration 
measurements and dynamic balancing were done for the 
different components of the pump by measuring overall 
vibration levels and vibration echo. Overall vibration 
levels indicate severity of vibration and are compared 
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with ISO 10816-1. Also, vibration echo is the relation of 
vibration amplitude with frequency and is measured to 
determine the excitation frequencies and the source of 
high vibration. According to ISO 10816-1, class III was 
used as a guide limit for the pump. The good vibration 
limit is up to 1.80mm/s rms vibration velocity, 
acceptable limit is up to 4.50mm/s, just tolerable limit is 
up to 11.2 mm/s. Vibration readings were recorded 
along the different parts of the pump system axially, 
horizontally and vertically [7]. 

1. Pump Vibration Analysis: 

 Vertical fire fighting pump can exhibit high 
vibration levels than other mounted pumps. These 
pumps often operate with unstable operation conditions, 
misalignments and vibration condition that cause 
immediate stops in the pump. There are many problems 
affecting dynamic performance of pumps. These 
problems include misalignment of shaft, unbalance of 
motor, bearing, pump flow, discharge pipe in tension, 
piping support, coupling misalignment and civil 
structural fracture. These problems generate vibration of 
high levels which may damage the pump components. 
The most common problem that can be found in any 
Vertical fire fighting pump is unbalance and 
misalignment [7]. 

2. Case Study: 

 Six different case studies are tested in the field and 
machinery workshop representing the problems leading 
to vibration in pump. A new Vertical fire fighting pump, 
showed high vibration and noise in the pump operation, 
was measured with and without load. 

III. VIBRATION PROBLEMS OF DEFECTIVE 
VERTICAL FIRE FIGHTING PUMP:- 

 Vibration measurements were done on a vertical 
mounted fire fighting hydrant pump in the field at fire 
fighting pump house. The pump house was in the.  

Fig. 1 : Measurement locations for vibration of fire 
hydrant pump. 

commissioning stage where high level of vibration and 
noise was observed. Measurements were done on fire 
hydrant pump at no load condition where the motor was 
disconnected completely from the pump via the 
coupling and at full load condition. For no load 
condition, vibration data was taken on 9 locations on the 
motor, pump, thrust bearing and foundation axially, 
horizontally and vertically as shown Figure1 

 Overall vibration measurements were done on the 
fire hydrant pump during the normal operating 
conditions and it was observed that vibration level was 
not permissible on some locations at pump. The motor 
was disconnected from the pump system. After the 
motor was operated at this condition and vibration level 
was measured. The vibration source was observed from 
the motor itself, whether connected to a load or not. 
Vibration levels at no load condition are maximum at 
motor non drive end in the horizontal direction on both 
sides of motor at locations [7]. Maximum vibration for 
no load condition occurs at vertical direction is of 15.4 
mm/sec. However, maximum vibration level measured 
horizontal for fire hydrant pump is of 19.3 mm/sec. 

 Overall vibration levels measured at full load 
condition are larger than that no load condition at the 
corresponding locations. However, maximum vibration 
level measured at vertical direction is of 53 mm/sec and 
horizontal direction is of 50 mm/sec. Moreover, full 
load condition observed high vibration level from the 
pump itself. Frequency analyses were done on the fire 
hydrant pump at no load and full load conditions to 
define the causes of high level of vibration. In the 
overall vibration measured, the maximum vibration 
levels were found on the motor non drive end and on the 
pump itself. 

3.1 DEVIATION CHECKING OF A FIRE 
HYDRANT PUMP PARTS:- 

Inspection Report of Fire Hydrant Pump - 

 Deviations found in discharge head stool, motor 
stool, line shafts,  thrust bearing housing, gun metal 
bush housing and pump coupling  are replace it. 

1)  Discharge head Stool – With reference to the Motor 
Stool radial location, radial location of impeller housing 
shows 0.8 mm deviation and also surface variation of 
top surface shows 0.14 mm. 

2)  Motor Stool –With reference to the discharge stool 
radial location counter, motor radial location counter 
shows 0.45mm deviation. 

3) Line Shafts - Shaft number one- 0.15 mm max 
deviation, Shaft number two-0.2 mm max deviation and 
Shaft number three-0.06 mm max deviation. 
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4) Thrust bearing housing - With reference to Housing 
locations step outer diameter and face Thrust Bearing 
radial location shows 0.32 deviation and Ratchet flange 
seating surfaces shows 0.18 mm of face run out. 

5) Gun Metal Bush Housing – Bore location faces show 
0.15 mm variation and location step in radial direction 
shows 0.2mm deviation. 

6) Pump Coupling - With reference to outer diameter 
bore shows 0.18 deviations and PCD Variation shows 
0.3 mm. 

 The manufacturing defects in the various 
components of fire hydrant pump that create enormous 
vibration are identified during commissioning and 
operation of pump in fire pumping house and have been 
discussed in Table 1 as follows.  

PART 
NAME 

PART PHOTO OBSERVATION

1.Discharge 
head stool 

• Radial 
deviation at 
bottom side is 
0.8 mm. 

• The 
variation at top 
surface is 0.14 
mm. 

2.Motor 
stool 

 

• Radial  

deviation at 
motor seating 
area is 0.45 mm.

• Radial   

Joviality at 
discharge  top 
seating area is 
0.40 mm. 

3.Line shaft  

 

• Top shaft  

radial run out of 
0.15mm. 

• Line shaft  

radial run out of  
0.20 mm. 

• Bottom  

shaft radial run 
out of 0.06mm. 

4.Thrust 
bearing 
Housing 

 

• Thrust 
bearing radial   

deviation is 0.32 
mm. 

• Thrust 
bearing housing 
radial deviation 
is 0.11 mm. 

• Thrust 
bearing housing 
axial deviation 
is 0.18mm. 

5.Gun 
metal bush 
Housing 

 

• Bore 
location face      

deviation is 
0.15mm. 

• Bore 
location step        

radial deviation 
is  0.2mm. 

6.Pump 
coupling 

 

• Outer  

diameter bore 
deviation is 0.18 
mm. 

• PCD  

deviation is 
0.3mm. 

Table 1 Pump Component Deviations 

3.2. VIBRATION PROBLEM OF A NEW FIRE 
HYDRANT PUMP:- 

 Replacement of old fire hydrant pump part was 
done due to deviation that created a very high vibration 
in pump and foundation. After replacements of parts the 
pump was started and reassembly of long coupled fire 
hydrant pump was done again and very high vibration 
level and noise observed at motor non drive end and 
motor coupling. Measurements were done on fire 
hydrant pump at no load condition, vibration 
measurements were done on 8 locations on the motor 
and motor stool. For full load condition, vibration data 
were recorded on 18 locations on the motor, pump, 
thrust bearing and foundation in the axial and radial 
direction. Connecting the motor to the fire hydrant pump 
has little effect on vibration level measured on the 
motor. So, the vibration source was from the motor itself 
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whether connecting to a load or not. Maximum vibration 
for no load condition occurs at vertical direction is of 
26.8mm/sec. However, maximum vibration level 
measured horizontal for fire hydrant pump is of 40.1 
mm/sec. 

3.2 UNBALANCE PROBLEM OF NEW FIRE 
HYDRANT PUMP:- 

 Summary of the results show that there was a 
problem of unbalanced motor at non drive end and 
motor coupling. Dynamic balancing analysis was done 
in the axial and radial direction to determine exciting 
frequencies and evaluate sources of high vibration. This 
situation indicated server unbalance problem for the 
motor fan and motor coupling, simulated by adding 
different weights in different planes by using trial error 
method. 

The reading which were noted during measuring 
vibration have been tabulated in the Table-2 and plotted 
in Figure2(a)and(b),as given below 
 

Vibration in fire 
hydrant pump 

Balancing weight in fire hydrant 
pump 

Velocity in 
mm/sec 

Weight 
added in 
Motor fan 

Weight added in 
Motor coupling 

40.1 mm/sec 85.64 gm ------ 

26.8 mm/sec 81.3 gm ------ 

7 mm/sec 24.51 gm 112 gm 

5.1 mm/sec 16.24 gm 119.5 gm 

Table 2 Pump Component Deviations 

 

 

 

 

 

 

 

 

 

 

Fig. 2(a) : Balancing of Pump 

 
 

 
 

 
Fig. 2(b) : Balancing weight added in motor coupling 

and motor fan. 

 Balancing was done to the motor fan- motor 
coupling and vibration level was measured and 
analyzed. Vibration amplitude had decreased greatly 
vertically to 5.1mm/sec and horizontally to 5.4mm/sec 
and axially to 1.7 mm/sec. All reading were in allowable 
zone according to the ISO 10816-1 class III and 
dynamic performance enhanced greatly as vibration 
level decreased. 
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IV.  RESULT AND DISSCUSSION- 

 Replacement of old fire hydrant pump part was 
done due to deviation that created a very high vibration 
in pump and foundation. After replacements of parts the 
pump was started and reassembly of long coupled fire 
hydrant pump was done again and very high vibration 
level and noise observed at motor non drive end and 
motor coupling. It was observed that unbalanced 
problem was in motor itself. The same was simulated by 
adding different weights in different planes, by using 
trial error method. Results of vibration levels then 
measured at normal condition were well within 
allowable limit in the order of 5.1 mm/sec. 

V. CONCLUSION: 

 Vibration level generated from fire hydrant pump is 
high, dangerous and not in permissible limit according 
to the standards ISO 10186-1 class III. Maximum 
vibration level measured at no load is of 50 mm/sec at 
the motor non drive end. However, maximum vibration 
level that increases at full load is of 53 mm/sec at the 
motor non drive end. Pump loading creates other 
sources of high vibration of 12.0 mm/sec due to 
misalignment and thrust bearing housing problems. 
Unbalance problem of a fire hydrant pump produces 
high vibration of 40.1 mm/sec; however, balancing of 
the unbalanced motor fan enhances dynamic balancing 
performance greatly as vibration level decreases at 5.1 
mm/sec.  

 Vibration analysis should be done regularly to bring 
the pumps to a good condition capable of performing 
their duty in safe operation and minimum maintenance 
costs. Special care should be taken to monitor 
operational health of vertical fire hydrant pump. 
Assembly and disassembly for heavy vertical pumps 
should be done precisely. 
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Abstract – This paper describes results obtained by analyzing cracked plates by means of FEA based on the procedures of ANSYS 
13. The numerical results are compared with their analytical solution. Same problem is considered half crack symmetric model (2d) 
and half crack symmetric model (3d) are considered and analysed analytically and with FEA approach. Stress intensity factor (SIF) 
and J-integral is calculated both analytically and by FEA software. The results obtained from both approaches have been compared 
and are in agreement with more than 99% accuracy. 

Keywords  – FEA, ANSYS, CINT, Linear elastic fracture mechanics (LEFM), Stress Intensity Factor (SIF), J-Integral 

 
I. INTRODUCTION  

  Linear Elastic Fracture Mechanics (LEFM) assumes 
that the material is elastic and plastic zone around the 
crack tip is very small compared to crack length, the 
influence of plastic zone in elastic analysis may be 
neglected. [2]The modelling of linear elastic fracture 
mechanics problem requires singular elements at the 
crack tip. The use of FEA for solving tasks in the field 
of LEFM is the development of "quarter-point" (¼) of 
the final element by Henshell, Shaw and Barsoum [1]. 
They proved that the correct fields of displacements, 
stresses and deformations at the crack tip could be 
numerically modelled (for linear environment) by 
moving the node (position ½) to the crack tip (position 
¼) and introduces singularities (infinite stresses at crack 
tip) in the stress field [1]. The determination of linear 
elastic fracture mechanics parameters – Stress Intensity 
Factors (SIF) [1] and J-integral plays an important role 
in fracture analysis. The brittle failure state of structures 
could be estimated by comparing these parameters with 
their particular critical values [1]. In order to compare 
the results from ANSYS a simple geometry is chosen 
because of the availability of its analytical solution in 
literature [1].     

II. ANALYTICAL PART 

A.  The Model Specimen Geometry (Fig. 1): Plate with 
edge crack with crack length, a=10mm length. The plate 
dimensions are:  
H = 75mm, W = 50mm 

B.  Crack: A crack is placed perpendicularly to the 
loading direction in the centre of the plate. The edged 
crack tension plate is assumed to be in the plane strain 
condition in the present analysis.  

C.  Material Model: Linear elastic isotropic with 
modulus of elasticity (E) = 2 × 105 N/mm2 and Poisson 
ratio (ν) = 0.3.  

D.  Boundary conditions: The elastic plate is subjected 
to a uniform tensile stress in the longitudinal direction as 
much as σ= 40 N/mm2.  

     The calculation procedure presented below is an 
analytical solution for centre cracked plates under 
tension (Fig. 1). According to Murakami, Y [3] SIF (KI) 
is de nfi ed as:   

ூܭ ൌ ݂ሺߙሻ ൈ ߪ ൈ ߨ√ ൈ ܽ 

Where, f (α) is a function of geometry of the plate. 
Give  n by,

݂ሺߙሻ ൌ 1.12 െ ߙ0.23 ൅ ଶߙ10.55 െ ଷߙ21.72

൅  ସߙ30.39

ߙ ൌ ሺܽ/ݓሻሾ2] 

Also,J-integral is defin
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ed as,  

ܬ ൌ
ூܭ

ଶ ൈ ሺ1 െ ଶሻߥ
ܧ  
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Fig. 1 : A schematic showing plate parameters used for 
analytical solution. 

  For numerical solution a, PLANE183 a higher order 
2-D, 8-node is used. This element is defined by 8 nodes 
having two degrees of freedom at each node: 
translations in the nodal x and y directions. The element 
may be used as a plane element (plane stress, plane 
strain and generalized plane strain) or as an 
axisymmetric element. It has nodes at the corners and 
also at the midpoint on its each side [1].  

 Another similar element (Fig. 2) has midpoints 
which are moved one- node - placed at the crack tip 
position. Such a ¼ point element is also called “a 
singular element” [1]. The elements designed for 
numerical computation of SIF in two-dimensional space 
are elements: a quadrilateral 8 node point element (Fig 
2) and a collapsed ¼ point element (Fig  3). 

 

Fig 2:  A conception of a quadrilateral 8 node element in 
the two-dimensional space [1]. 

 

 
 

Fig. 3:  A conception of a collapsed (triangular) ¼ point 
(singular) element in the two-dimensional space [1]. 

 Displacement, stress and strain fields are modelled 
by moving of the mid-side node of the element to the 
position of ¼ nearer to the crack tip – as it is shown on 
Fig. 3 (points 5 and 7). 

      Around the node at the crack tip, a circular area is 
created and it is divided into a designated number of 
triangular singular elements by an option of 
concentrated key points in ANSYS. These are precisely 
the elements which can interpolate the stress distribution 
in the vicinity of the crack tip. [1] They introduce 1/√r 
singularity where r is the distance from the crack tip 
(r/a<<1) [1]. These elements are implemented for FEA 
calculations of the SIF – KI and J-integral. 

III. NUMERICAL SIMULATION  

      The computation of SIF is performed using ANSYS 
software. The general steps are:  

1.  Inputs are material, geometry, the boundary and 
loading conditions for FEA analysis of the plate.  

2.  The crack parameters are crack points, the length of 
the crack, the crack position and the sides of the 
crack are input data.  

3.  Assigning a concentrated key point at crack tip 
using KSCON command. 

4.  Meshing the structures. The local FE mesh is 
refined at the crack tip.  

5.  Using operators KCALC for linear problems to 
obtain SIF [1]. 

6.   Using CINT command for computing J-integral. 

J-Integral Calculation with CINT command requires 
following steps: 

Step 1: Initiate a New J-Integral Calculation 

Step 2: Define Crack Information 

Step 3: Specify the Number of Contours to Calculate  
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Step 4: Define a Crack Symmetry Condition 

Step 5: Specify Output Controls. 

CINT macro: 

CINT, NEW, <CRACK ID> 

CINT, CTNC, <CRACKTIP COMPONENT>, < ANY 
NODE ON OPEN SIDE> 

CINT, CENC, <CRACK EXTENSION DIRECTION 
COMPONENT>, <CRACKTIP NODE>,,, 
<COORDINATE SYSTEM NUMBER>,, 

CINT, TYPE, JINT   

CINT, NCON, <NUMBER OF COUNTERS> 

CINT, SYMMETICITY, <ON OR OFF> 

CINT, NORM, <COORDINATE SYSTEM 
NUMBER>, <AXIS OF COORDINATE SYSTEM 
NUMBER> 

IV. ANALYTICAL SOLUTION 

    The data presented above allow us to calculate the 
values α=(a/w). 

α=10 50=0.2

݂ሺߙሻ ൌ 1.12 െ 0.23ሺ0.2ሻ ൅ 10.55ሺ0.2ሻଶ െ

/ . 

21.72ሺ0.2ሻଷ ൅ 30.39ሺ0.2ሻସ ൌ 1.37, 

ߨ ൈ ூܭ10 ൌ 1.37 ൈ 40 ൈ √ ൌ 306.15 ܰ/݉݉
ଷ
ଶ 

ܬ ൌ
ܭ ଶ ൈ ሺ1 െ ଶሻூߥ

ܧ  

ܬ ൌ
306.15ଶ ൈ ሺ1 െ 0.3ଶሻ

2 ൈ 10ହ ൌ 0.429 ܰ െ ݉݉ 

This KI and J-integral value will be used as reference to 
the results obtained from FEA method. 

V. NUMERICAL SOLUTION WITH ANSYS. 

     The results from a numerical investigation are 
compared with the analytical fracture mechanics 
parameters. They refer to plates with transversal to the 
loading force cracks. 

CASE1: Two dimensional half crack model: 

      The mesh (Fig.6) is generated according to [4]. To 
obtain reliable results ¼ finite elements are used. The 
radius of the first row of elements, generated in the 
vicinity of the crack tip, is: 

 r=a/8=10/8=1.25mm. 

Where a is the length of the crack. Every one of these 
elements is positioned at 18° in the circumferential 

direction. Due to symmetricity half model is considered 
and symmetric boundary condition is applied. The mesh 
generated contains contains 10 elements around the 
crack tip, total 445 elements and 1378 nodes (Fig.6). 
Due to symmetricity half model is considered and 
symmetric boundary condition is applied in line. 

SIF is calculated by nodal results during post-processing 
after definition of the path along the crack face. 

J-integral is calculated by CINT command during the 
post processing defining the crack tip node, any node on 
open side of crack, number of counters and crack plane 
as mentioned in above CINT macro.  

 
Fig 6 : FEA ANSYS half model with boundary 

conditions. 

 
Fig. 7 : FEA ANSYS half model with node numbering 

for calculation purpose 

CINT output: 

POST1 J-INTEGRAL   RESULT LISTING 

Crack ID =   1 

Crack Front Node = 112 

Contour Values =0.42840      0.42647      0.42754      
0.42757      0.42757 

KCAL output: 306.67 
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CASE2: Three dimensional half crack model: 

 The mesh (Fig.8) is generated according to [4]. To 
obtain reliable results ¼ finite elements are used. The 
radius of the first row of elements, generated in the 
vicinity of the crack tip, is: 

 r=a/8=10/8=1.25mm. 

Where a is the length of the crack. Every one of these 
elements is positioned at 18° in the circumferential 
direction. Due to symmetricity half model is considered 
and symmetric boundary condition is applied. The mesh 
generated contains contains 30 elements along crack 
length, total 2665 elements and 11662 nodes (Fig.8). 
Due to symmetricity three dimensional half model is 
considered and symmetric boundary condition is applied 
on symmetric area.      

J-integral is calculated by CINT command during the 
post processing defining the crack tip node, any node on 
open side of crack, number of counters and crack plane 
as mentioned in above CINT macro. 

 

Fig  8 FEA ANSYS 3d half model with boundary 
conditions. 

 

Fig 9:  FEA ANSYS 3d half model with node 
numbering for calculation purpose. 

 

TABLE I. 

CINT output:  VALUES OF J-INTEGRAL ALONG 
CRACK FRONT 

Crack D = 1                
Crack Front
Node  =  1          

Contour
Values =  -1.59E02 1.1332 1.1332 1.1332 1.1332 

Crack Front
Node  =  2624          

Contour
Values =  0.15652 0.1565 0.1565 0.1565 0.1565 

Crack Front
Node  =  2625          

Contour
Values =  0.35725 0.5266 0.5266 0.5266 0.5266 

Crack Front
Node  =  2626          

Contour
Values =  0.42932 0.4641 0.4648 0.4647 0.4644 

Crack  Front
Node  =  2627          

Contour
Values =  0.47621 0.4746 0.4744 0.4748 0.4747 

Crack Front
Node  =  3774          

Contour
Values =  0.42802 0.4734 0.473 0.4735 0.4734 

Crack Front
Node  =  3775          

Contour
Values =  0.47518 0.4737 0.4735 0.4739 0.4739 

Crack Front
Node  =  3776          

Contour
Values =  0.43016 0.4735 0.4729 0.4734 0.4733 

Crack Front
Node  =  3777          

Contour
Values =  0.46874 0.4673 0.4671 0.4677 0.4676 

Crack Front
Node  =  3778          

Contour
Values = 0.41177 0.4553 0.456 0.4563 0.4561 

Crack Front
Node = 2623     
Contour
Values = 0.4345 0.4338 0.4339 0.4344 0.4344 

Calculation Of SIF:  

 Here we will consider the values of j-integral along 
the countours of last node  2623 given by ansys. 

J-integral value is 0.433, 

Putting J=0.433 in  calculate KI ,  below equation,we

ܬ ൌ
ܭ ଶ ൈ ሺ1 െ ଶሻூߥ

ܧ  

ூܭ  ൌ 308.48 
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VI. RESULTS AND DISCUSSIONS 

TABLE II. 

RESULTS COMPARISON TABLE 
Parameter Analytical 

results 
ANSYS 

  2d half 3d half 
J-integral 
(N/mm) 

0.429 
0.426 0.433 

Variation in J (%) -0.699 0.932 
 

SIF (N/mm3/2) 306.150 306.670 308.480 
Variation in SIF (%) 0.169 0.755 

 

 VII. CONCLUSION  

    A numerical simulation for cracked plates with 
two different cases is accomplished by means of 
ANSYS. The reduction of model to its half symmetry 
reduces the computation time and requires less storage 
space on disk. Symmetric boundary conditions are to be 
applied for half model. The Stress Intensity Factor and 
J-integral is received for plates with an edge transverse 
crack and under uniaxial loading. The comparison Table 
II above between numerical results and analytical 
solution shows excellent agreement (more than 99% 
accuracy) for KI and J-integral. ANSYS gives fictitious 
results about KII and these results must be neglected. As 
the plane of loading symmetry coincides with the plane 
of the geometrical symmetry, then in this plane - 
tangential stresses are zero.[1] 
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