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Abstract— Predicting the fatigue life of component exactly under
the operating conditions is a challenging task in design
engineering. In this work, fatigue life of pressure reducing valve
diaphragm has been predicted which works under steam pressure.
The fatigue life is predicted analytically by Goodman diagram
using stress values given by different approaches suggested by M.
Di Giovanni, Roark’s, Timoshenko and Nadai. The stress and
deflection values given by different analytical approaches have
shown good agreement with Finite Element Analysis (FEA)
results. Finally experimental fatigue testing for fatigue life
estimation of the pressure reducing valve diaphragm has been
done for its maximum stroke.

Index Terms— Pressure reducing valve, rigid center, endurance
limit, fatigue life.

I. INTRODUCTION

Fatigue design is one of the observed modes of mechanical
failure in practice. For this reason, fatigue becomes an
obvious design consideration for many structures, such as
aircraft, bridges, railroad cars, automotive suspensions and
vehicle frames. In practice, accurate estimates of fatigue life
are difficult to obtain as small changes in the loading and
manufacturing conditions may strongly affect fatigue life. M.
Di Giovanni [1] has presented all information which is
necessary for complete design and analysis the performance
of flat and corrugated diaphragms. In this handbook, they
presented detailed information with respect to the materials
for diaphragms, design procedure for flat and corrugated
diaphragms, flat and corrugated diaphragms with rigid
center, analytical solution for frequency response of flat and
corrugated diaphragms and design of corrugated diaphragms
with and without rigid center. This handbook also provides
stress and deflections values for various diaphragm cases
which are useful for fatigue life calculation. Richard C. Rice
[2] has given elements of fatigue design process and how
those elements must be tied together in a comprehensive
product evaluation. The handbook covered various current
technologies and procedures of importance in a fatigue
design evaluation. The handbook is mainly focused on
fatigue design considerations, effect of processing on fatigue
performance, numerical analysis method and structural life
evaluation. Piyush Gohil et al. [3] developed fatigue analysis
test set up for predicting the life of sheet metal components.
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Authors demonstrated that the prediction of fatigue life for a
sheet metal component has reasonable accuracy and
efficiency by utilizing commercially available software’s like
ANSYS and Fe-Safe software were utilized as the finite
element and fatigue life prediction solvers, respectively.
Presented methodology of experimentally investigating the
fatigue life of IS 2062 MS steel sheet metal component under
constant amplitude loading. Albert E. et al. [4] described a
fixture for making normal pressure tests of flat plates 5 inch
in diameter in which particular care was taken to obtain rigid
clamping at the edges. The centre deflection and extreme
fiber stresses at low pressure and at high pressure were
compared with the theoretical values. The empirical
equations given were useful for finding the deflection values
and stress values considering large deflection of plates. S.
Timoshenko [5] gave deflection and stresses values for three
different cases as like thin plates with small deflection, thin
plates with large deflection and for thick plates. In case of
large deflections author distinguished between immovable
edges and edges free to move in the plane of the plate. This
book also gave approximate formulas for uniformly loaded
circular plates with large deflections and exact solution for a
uniformly loaded circular plate with a clamped edge. Warren
C. Y. and Richard G. B. [6] gave different diaphragm stresses
or direct stresses for thin plates undergoing large deflection.
Author gave various stress and deflection formulas for
circular plates under distributed load producing large
deflections for centre and edge conditions when the plates
clamped at periphery and also for different boundary
conditions. Shigley et al. [7] gave information regarding
fatigue failure resulting from static and variable loading.
Authors discussed different failure theories for the static
loading. For variable loading condition authors have given
different fatigue life methods like stress life method, strain
life method, linear elastic fracture mechanics method. This
book also gives endurance limit factors which are needed for
fatigue life calculation. The book summarizes various factors
which are important for fatigue failure like stress
concentration and notch sensitivity, how to characterize the
fluctuating stresses, fatigue failure criteria for fluctuating
stress. Mahesh L. Raotole et al. [8] gave method of finding
the fatigue life of crankshaft under complex loading
conditions. Due to the repeated bending and twisting,
crankshaft fails, as cracks form in fillet area. Mainly authors
have given how to estimate the life of crankshaft using finite
element method. In this work dynamic load analysis, FEM
and stress analysis and finally prediction of fatigue life for
crankshaft was performed, while doing this, authors focused
upon accurate prediction of fatigue life to insure safety of
components and its reliability.
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They have used the S-N approach to predict the fatigue life of
crankshaft. R. Tang and F. Erdogan [9] presented general
problem of a rectangular plate clamped along two parallel
sides and containing a crack parallel to the clamps is
considered. The problem is formulated in terms of a system
of singular integral equations and the asymptotic behavior of
the stress state near the corners is investigated. Numerical
examples are considered for a clamped plate without a crack
and with a centrally located crack, and the stresses along the
clamp are calculated.

1. SIGNIFICANT PARAMETERS ESTIMATION

The austenitic alloys are most corrosion resistant of all the
stainless steels. However they cannot be heat treated to
improve their stress. Additional stress from the annealed
condition can be obtained only by cold working. The basic
alloy is type 304 possessing the minimum of 18% of
chromium and 8% nickel combined with maximum of 0.08%
of carbon. It is nonmagnetic as are all stainless steels.

¢ Chemical composition

Table 1. Chemical composition of type 304 is as follows:

Element | C Mg P S Si | Cr| Ni
o 008| 2 |0.04]0.03]| 1.0 18 8to
0 to

max | max | max | max | max 20 105
Table 2. Physical constants for type 304
Specific gravity 8.03

Density 8027 Kg/m?®

Specific heat 0.50 KJ/Kg/K

The mechanical properties of stainless steel type 304 are as
given below:

Modulus of elasticity (E) = 1.93 X 108 N/mm?in tension
Modulus of rigidity (G) = 8.62 X 10* N/mm?in tension

2.1 Behavior of diaphragm under lateral pressure

The pressure - deflection relationship for a pressure loaded
diaphragm is linear for only small deflections. When
diaphragm rigidly clamped at the edge is deflected even 10 %
of its thickness, tensile stresses begin to appear. As the load
continues to increase, the deflection increases at a slower rate
and load - deflection relationship becomes nonlinear.
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Figure 1. Deflection of rigidly
clamped diaphragm under diaphragm under
uniform pressure [1] uniform pressure [1]

Depending upon size and overall dimensions there are 5 types
of PRV such as 15NB, 20NB, 25NB, 40NB & 50NB. For
study and analysis purpose here considered largest
diaphragm which is used in 50NB PRV. The flat diaphragm
used in PRV (50NB) having the overall dimensions and other
parameters as in Table 3. On the basis of above mentioned
data it is clear that the deflection- thickness ratio (Y/h) for
existing diaphragm is higher than 5. So simple bending
theory (small deflection) is not applicable here because, in
case of simple bending theory diaphragm with small
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Figure 2. Shape of
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deflection (linear range) the ratio ('Y/h) must be smaller than
5. In case of simple bending deflection of diaphragm occurs
only due to bending stresses, there is no stress acting on
middle plane of diaphragm.

Table 3. Parameters used for analysis of flat diaphragm

Material Stainless steel (SS 304 ASTM -240)
Diameter 203.2 mm
Thickness (h) 0.25 mm

Max. stroke (lift)
for diaphragm ()
Max. operating

5.0 mm (50 NB).

pressure of PRV 17 Bar
Max. operating
temperature of 232° C

PRV

2.2 Analysis of flat diaphragm as a membrane

In existing flat diaphragm the ratio (Y/h) is greater than 5. So
it is considered as membrane for load deflection analysis and
used membrane theory for deflection and stress analysis.
Again diaphragm consists of centrally placed lower
diaphragm (L.D.) pad of 90 mm in diameter along with push
rod at upper side of diaphragm. This L. D. pad acts as rigid
center for flat diaphragm. So for deflection analysis of
diaphragm effect of rigid center is considered. The
characteristic equation for the flat diaphragm (membrane)
without rigid center has given us the relationship between the
pressure on the diaphragm and the corresponding deflection.

2.3 Flat diaphragm (membrane) with rigid center

There are many applications where it is necessary to provide
a passive area in the centre of the diaphragm in the form of
boss or rigid center. In our application also the lower
diaphragm (L.D.) pad acts as rigid center, so it is necessary to
consider the effect of L.D. Pad as a rigid center in the analysis
of diaphragm for pressure Vs deflection relationship.

-b/—Sm
Loaded
Maln
Walve

ush
L

j” _ O
l—gp—l \Cmmplnu

e
i

Pressure (P)

%
N

Figure 3. Flat diaphragm
with rigid center [1]

Figure 4. Arrangement of flat
diaphragm with L. D. pad & push
rod in PRV

The L.D. Pad as a rigid center is located on diaphragm as
shown in Figure 3, Where,

a : Radius of diaphragm; b : Rigid center radius; (b/a) :

Solidity ratio for flat diaphragm

To be effective the thickness of the rigid center should be at

least 6 times the thickness of the diaphragm. The solidity

ratio (b/a), it is the ratio of the rigid center radius and
diaphragm radius; it is very important parameter in the
performance characteristics of the diaphragm with rigid
center [1].

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://www.ijeat.org/

International Journal of Engineering and Advanced Technology (IJEAT)

OPEN

The arrangement of flat diaphragm with L. D. pad & push rod
in PRV shown in Figure 4.

2.4 Characteristic equation of a membrane without rigid
center

The main diaphragm in the PRV is mounted in between the
lower diaphragm chamber and body of the valve. Pressure
connection from the pilot valve is supplied to the bottom of
diaphragm with the help of contol pipe assembly. The
diaphragm gets deflected as per pressure signal coming from
the pilot valve through control pipe assembly. This pressure
vs deflection relationship in terms of characteristic equation
has been given by Andreeva (1946).The characteristic
equation of a membrane as developed by Andreeva (1946) is

ACCESS

pat _ 71 ¥ou3 W
Eh* 3(1—w) *h h
Where,

P = Pressure acting on diaphragm; E = Modulus of elasticity
of material; h = Thickness of diaphragm; a= Radius of
diaphragm; yo= Centre deflection of diaphragm under
pressure P.

From above Equation (1), it is clear that the resistance of the
diaphragm to an external load increases with the cube of the
deflection. There is nonlinear relationship between pressure
and deflection [1].

2.5 Stress distribution for membrane without rigid center
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Figure 5. Shape of elastic Figure 6. Membrane
surface stresses or & ot

When pressure applied on diaphragm which is clamped at
periphery, the shape of elastic surface of a membrane under
pressure is almost spherical in shape. M. Di Giovanni [1] has
given radial stress and tangential stress equations for this
clamped diaphragm at peripheries which are given as ,The
radial stress at any point r from the centre of diaphragm can
be given as,

_ Eyo’(3p_ ¢
Or = 4a? \1—p a2 ()

The maximum stress occurs at the centre of diaphragm where
r =0 and it can be given by following equation,

o<

(b) a9

_ 3—p EYDE
Tot-pa® ®)
The tangential stress @, can be given as,
o — Evo’ (3—u 31"2)
t 4a? \1—p 2/ (4)

The maximum tangential stress is at the centre and is equal to
the radial stress. It is important to note that the tensile stresses
in a membrane increases with the square of the deflection.

Figure 5 shows, flexible diaphragm shape when it is
undergone pressure. The shape of elastic surface after
application of pressure is shown in Figure 5.The directions of
radial stress and tangential stress are shown in Figure 6. The
stresses or & ot are taken as a membrane stresses because
there is large deflection of diaphragm under applied pressure
and for the diaphragm the deflection to its thickness ratio is
greater than 5 [1]. Solving Equation 3 and 4 for different
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pressure values, it gives corresponding deflection and stress
values. The handbook of M.Di Giovanni giving only the
centre stress values but considering the failure location the
edge stress values are more important. So for which study
undergone through different handbooks as discussed in
following sections, which are giving centre stress as well as
edge stress values for flat diaphragm (membrane) without
rigid center for the corresponding pressure.

2.6 Circular plates under distributed load producing
large deflection

Roark’s has given formulas for stress and deflection of flat
plates for various loading and boundary conditions. These
formulas should be used whenever the maximum deflection
exceeds half the thickness as like in our case where deflection
is much larger compare to the thickness of diaphragm. The
following data gives the necessary parameters for the
loadings and support conditions for calculation of stress and
deflection values.

Let,

h = thickness of plate (mm); a = outer radius of plate (mm);
P = unit lateral pressure (MPa); yo= maximum deflection
(mm); op = bending stress (MPa); o4 = diaphragm stress
(MPa);

6 = op+ oy = maximum stress due to flexure and diaphragm
tension combined (MPa)

Then the applying the following formulas: First solving for yo
in Equation 5 and calculate the stress values from Equation 6.

% = K2+ K, (%)3 .......... s)
. 2
K2+ K, (%) .......... ©)

For case of fixed and held having uniform pressure g over

entire plate constant Ky, Kz are as follows,
5.33 . . 2.6
K, = Pl K, = o 7
For getting centre stress value, constant values K; & Kjare as
follows,
2

Ky = = ;K,= 0976

To calculate edge stress value, the constants Ks, K4 are as
follows,

4
K, = P ;. K, =17
Solving Equation 5 and 6 for different pressure values [6], it
gives corresponding deflection and stress values.
2.7 Timoshenko handbook
The Timoshenko has given stress and deflection formulas for
various loading cases and boundary conditions for large
deflection of thin plates. The Timoshenko has also given
approximate formulas for uniformly loaded circular plates
with large deflection and exact solution for uniformly loaded
circular plates with clamped edges. For lateral loading of
plates Timoshenko has done considerable numerical
calculation for getting the stress and deflection values.
Considering our case i.e. uniformly loaded circular plates
with clamped edges. Let, a circular plate of radius a be
clamped at the edge and subjected to a uniformly distributed
load (UDL) of intensity g. Timoshenko assumed that the
shape of the deflected surface can be represented by the
following Equation 10,
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r?. 2
y=%0-2)

Where,
y = deflection value at distance; from centre of the plate
(mm); yo= centre deflection value (mm); r = radial distance
from the centre of the plate (mm); a = outer radius of plate
(mm); P= UDL intensity (MPa); o= Radial stress (MPa) ;
ot=Tangential stress (MPa)

For calculating stress and deflection value Timoshenko has
given following formulas [5].
P ﬂ]4

oy gy _pit
b ey =gl

Egyﬁ)g ....... (11)
Or = Qo™

o= ppms
o=aEC) (14)
0y = ﬁtEyaL:l ......................... (15)

Where,

or, ot are stresses in middle plane and o, o are extreme fiber
bending stresses.ar, o, Br, P, A, B are constant values taken
from Timoshenko handbook. The Timoshenko equations
have given stresses in middle plane of the plate as well as
extreme fiber stresses and square addition of them gives total
maximum stress at the centre and edge location using
different constants values given by Timoshenko handbook.
Solving Equation 11, 12,13,14,15 for different pressure
values, it gives corresponding deflection and stress values.
Following the numerical results and calculations of
Timoshenko, another researcher Nadai has given the
approximate solution for uniformly loaded circular plates
with clamped edges as follows.

2.8 Nadai approach

Nadai followed the equations of Timoshenko, taking the
derivatives of Equation 10; Nadai developed his own
equation of flexible membrane. The general equation of such
membrane can be given by following Equation 16,

2 |Pa

Above formula shows that, the deflections are not
proportional to the intensity of the load but vary as the cube
root of that intensity [5]. For the tensile stresses at the centre
of the membrane and at the boundary, Nadai has given the
following solutions, respectively,

(0)rm0 = 0.423°|F25 . (17)
(O)rea = 0328]FE2 oo (18)

Where,
E = Modulus of elasticity of plate material (MPa); h =
Thickness of diaphragm or plate (mm);

(o,),=g = centre stress value (MPa); (&, ),.=, = edge

stress value (MPa). Solving Equation 16, Equation 17 and
Equation 18 for different pressure values it gives
corresponding deflection and stress values.
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I, 111 FINITEELEMENT ANALYSIS OF FLAT

DIAPHRAGM

3.1 Simulation of flat diaphragm

3.1.1 Model: The model of flat diaphragm shown in Figure
3.7 is drawn using workbench design modeler & imported the
same model in ANSYS workbench simulation.

Figure 7. Flat diaphragm model

3.1.2 Mesh: Now, assigned stainless steel material to the
model using material directory of ANSYS workbench, and
then meshing has been done using mesh option. Element type
SHELL 181 is suitable for analyzing thin to moderately-thick
shell structures. It is a four-node element with six degrees of
freedom at each node: translations in the x, y, and z
directions, and rotations about the X, y, and z-axes. It is
associated with linear elastic, elastoplastic, creep, or hyper
elastic material properties. It is well-suited for linear, large
rotation, large strain nonlinear applications. Change in shell
thickness is accounted for in nonlinear analyses. It accounts
for follower (load stiffness) effects of distributed pressures.
The geometry, node locations, and the coordinate system for
this element are shown in Figure 9.

Triangular Option
{not recommended)

Figure 8. Mesh for flat
diaphragm

Figure 9. Shell 181 element

3.1.3 Constraints or Boundary Conditions:

The displacements at circular periphery of the geometry are
specified as zero, since the diaphragm is clamped at its
periphery. Then the pressure is given on the bottom surface of
the plate. Once the boundary conditions are specified the
model looks as shown in Figure 10.
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A: LE_0.02Mpa
Displacement
Time: 1.5
25-05-201417:21

|:| Displacement
Components: 0,0,0. mm

Figure 10. Application of boundary conditions (Clamping
at periphery)

RLEOOMps
Q0P

Time: 1.5
60520410

[A] isptacernent
B Pressure: 2e:000 WP
[ Force: S48

Figure 11. Application of pressure and rigid center
weight

3.1.4 Loads:

After fixing the periphery next step is the application of
pressure on the diaphragm from bottom side as shown in
Figure 11. The L. D. pad & push rod on flat diaphragm is
rigid center for our case as mentioned in earlier chapter. Now,
the weight of this rigid center converted into force and
applied on the flat diaphragm on 90 mm diameter which is
opposing to the applied pressure.

3.1.5 Results:

Once the boundary conditions are specified, the model is
selected and the solution option solves for all possible results.
The result involves the maximum deformation, maximum
centre stress, maximum edge stress of the flat circular
diaphragm clamped at its periphery as shown in Figure 12 to
Figure 17.

3.1.5.1 Flat diaphragm without rigid center results

A:LE_0.02Mpa
Directional Deformation

Type: Directional Deformation(Z Sxis)
Unit: mm
Global Coordinate System
Tirme: 1
07-06-2014 08:56

2.1063 Max
1.8723
1.6383
1.4042
1.1702
0.93616
- 0.70212
0.46808
0.23404
0 Min

Figure 12. Deformation plot for flat diaphragm without
rigid center
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A: LE_0.02Mpa

centre_Maximum Principal Stress

Type: Maximurm Principal Stress - Middle - Layer 1
Unit: MPa

Time: 1

07-06-2014 08:54

91.917 Max
91383
90.848
90.314

89.78

89.246
88.711
88177
87.643
87.109 Min

Figure 13. Centre stress plot for flat diaphragm without
rigid center

A:LE_0.02Mpa
edge_Maximurn Principal Stress
Type: Maximum Principal Stress - Middle 468
Unit: MPa
Time: 1

07-06-2014 08:55

70.944 Max
70733
70523
70312
70101
69.89

69.68

60.469
60,258
69.048 Min

Figure 14. Edge stress plot for flat diaphragm without
rigid center

Figure 12, Figure 13, Figure 14 shows, the deflection plot and
stress plots obtained for flat diaphragm without rigid center
with 0.2 bar as applied pressure. After changing the applied
pressure values and solving the same problem, then ANSYS
automatically gives the deflection plot and stress plot for that
particular pressure.

3.1.5.2 Flat diaphragm with rigid center results

A: LE_0.02Mpa
Directional Deformation
Type: Directional Deformation(Z Axis)
Unit: mm

Global Coordinate System
Time: 1
07-06-2014 08:39

2.0833 Max
1.8518
1.6203
1.3889
1.1574
0.92591
0.69443
0.46295
0.23148
0 Min

Figure 15. Deformation plot for flat diaphragm with rigid
center
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A:LE_0.02Mpa
centre_Maximurn Principal Stress
Type: Maximum Principal Stress - Middle - Layer 1
Unit: MPa

Time: 1
07-06-2014 08:40

90.394 Max
89.887
£9.381
88.874
£8.367
87.861
87.354
86.847

86.34
85.834 Min

Figure 16. Centre stress plot for flat diaphragm with
rigid center

A: LE_0.02Mpa
edge_Maximum Principal Stress
Type: Maximum Principal Stress@vii
Unit: MPa

Time: 1
07-06-2014 08:41

70.126 Max
69.918
69.709

68.25 Min

Figure 17. Edge stress plot for flat diaphragm with rigid
center

Figure 15, Figure 16, Figure 17 shows, the deflection plot and
stress plots obtained for flat diaphragm with rigid center with
0.2 bar as applied pressure. After changing the applied
pressure values and solving the same problem, then ANSYS
automatically gives the deflection plot and stress plots for that
particular pressure. As the weight of the rigid center (545
gram) is much smaller compared to pressure applied from
bottom side, it is observed that there is only small amount of
reduction occurred for deflection value, centre stress value
and edge stress value. As the analytical equations are not
available for rigid center on flat diaphragm, FEA simulation
results are taken for fatigue life estimation.

V. SUMMARY

4.1 Deflection values

Conclusion: All the handbooks and FEA results giving the
nearly same value of centre deflection for different pressure
conditions. It observed that, for all the approaches and FEA
results in between 2 bar to 2.5 bar, the diaphragm is giving its
maximum stroke or lift of 5 mm. The deflection values given
by M.Di Giovanni and Nadai approach are much closer to
FEA values compared to all other approaches. The results are
shown graphically in the Figure 18.
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Pressure (bar)
—4—NM.Di Giovanni —=Roarl’s ——Timoshenko
== Nadai —#=FEA without RC =®—=FEA with RC

Figure 18. Comparison of results of centre deflection with
analytical & FEA method

4.2 Centre stress values

Conclusion: All the handbooks giving the nearly the same
value of centre stress for different pressure conditions. The
stress values given by Roark’s handbook are higher compare
to other handbooks. The stress values given by M.Di
Giovanni and Nadai are much closer to FEA values compared
to all other approaches. The results are shown graphically in
the Figure 19.

G600
300
400
300
200
100 -

Center stress (MPa)

0 0.5 1 1.5

=)

=)
o
w

Pressure (bar)

—o—NM.Di Giovanni =—#=Roarl’s ——Timoshenko

—=<=—Nadai —=FEA withoutRC —0—FEA withRC

Figure 19. Comparison of results of centre stress with
analytical & FEA method

4.3 Edge stress values

Conclusion: The stress values given by Timoshenko and
Nadai are closer to each other but they are much lower than
Roark’s handbook. Because for the Roark’s the edges stress
value is deflection dependant while for Nadai and
Timoshenko approach edge stress value is pressure
dependant. Timoshenko and Nadai have given the stresses
considering nonlinearity coming into the material but
Roark’s has given only linear stress value. The results are
shown graphically in the Figure 20.

1400
1200 .
1000
= 800
% 600 P
2 400 "
2 200 /
& o | == | | | |
M 0 0.5 1 1.5 2 2.5 3
Pressure (bar)
—4#—Roark’s —@—Tinoshenko Nadati
—=FEA without RC —#—=FEA with RC

Figure 20. Comparison of results of edge stress with
analytical & FEA method
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. FATIGUE LIFE ESTIMATION

5.1 Endurance limit modifying factors calculation

The fatigue or endurance limit of material is the maximum
amplitude of completely reversed stress that the standard
specimen can sustain for an unlimited number of cycles
without fatigue failure and the fatigue life is the number of
stress cycles that standard specimen can complete during the
test before appearance of first fatigue crack. Since fatigue test
cannot be conducted for unlimited number of cycles,
10%cycle is considered as sufficient number to define the
endurance limit. The rotating-beam specimen used in the
laboratory to determine endurance limits is prepared very
carefully and tested under closely controlled conditions. It is
unrealistic to expect the endurance limit of a mechanical or
structural member to match the values obtained in the
laboratory. Galling Marin identified factors which considers
the effects of surface condition, size, loading, temperature
and miscellaneous items. A Marin given the Equation 19 as
follows,

When endurance tests of parts are not available, estimations
are made by applying Marin factors to the endurance limit.
The stainless steel diaphragm which is clamped at periphery
and undergoes pressure cycles, for calculating its fatigue life
it is needed to apply here the Marin equation for
corresponding operating conditions. When endurance tests of
parts are not available, estimations are made by applying
Marin factors to the endurance limit. The stainless steel
diaphragm which is clamped at periphery and undergoes
pressure cycles, for calculating its fatigue life it is needed to
apply here the Marin equation for corresponding operating
conditions.

59 = kcﬂkl‘.'‘e."éckﬂks‘s‘sIl (19)

Table 4. Endurance limit factors for fatigue life

ISSN: 2249-8958 (Online), Volume-4 Issue-3, February 2015

Table 5. Pressure Vs Centre stress Vs Fatigue stress with
analytical & FEA method

Centre Stress (MPa) Fatigue stress (MPa)
Press- : :

Without With . .
(Ere) RC RC Without RC With RC

ar - -
Analyti | e n | pga | AT eea | peA
cal cal

25 511.09 510.42 | 509.78 328.55 328 327.47

Table 6. Pressure Vs Edge stress Vs Fatigue stress with
analytical & FEA method

Edge Stress (MPa) Fatigue stress (MPa)
Press- ; ;
ure Without RC | withoutRe o
(bar) :
Analyti | pen 1 pea | AMAVUL pen | EEA
cal ical
25 396.3 401.74 401.4 239.39 | 243.38 243.13

Fatigue life of diaphragm for corresponding pressure
calculated by fatigue stress given by Goodman diaphragm. It
is observed that for lower pressure there is higher number of
cycles of diaphragm.

Table 7. Fatigue life for corresponding Fatigue stress
with analytical & FEA method for centre stress values

Pressure (bar) 2.5
M.Di Giovanni 6.15X 10*
Without RC Roark’s 2.07 X 10*
(analytical) Timoshenko 3.41 X 10*
Nadai 7.89 X 104
Without RC (FEA) 7.94 X 10
With RC (FEA) 7.99 X 10

Table 8. Fatigue life for corresponding Fatigue stress
with analytical & FEA method for edge stress values

calculation
Se'=
0.5 Se=
ka kb kc kd ke X (MPa)
Sut
0.69 | 0.77 1 0.89 | 0.62 | 575 168.574

Pressure (bar) 2.5
Without RC | Timoshenko 7.10 X 10°
(analytical) Nadai 2.63 X 10°

Without RC (FEA) 2.47 X 105
With RC (FEA) 2.48 X 10°

5.2 Fatigue life calculation

As the diaphragm of PRV undergoing higher number of
cycles, for finite life design of diaphragm, used modified
Goodman diagram for calculation and based on values of
Goodman diagram SN curve is generated this is useful for
fatigue life calculation. Goodman diagram is chosen for
fatigue stress calculation instead of using Soderberg and
Gerber, because Goodman line is safe from design
considerations because it is completely inside the failure
points. Goodman equation of straight line is simple compared
with parabolic equations given by Gerber [7].

5.2.1 Fatigue stress calculation
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5.3. Experimental set up

Figure 21 shows ,experimental set up for fatigue testing of
flat diaphragm of diameter 203.2 mm ,which is clamped by
bolting arrangement in a pressure reducing valve ( PRV)
having size of 50 NB .

Figure 21.E>Ferimental set
up for fatigue testing of
diaphragm

Figure 22. Block
diaphragm for
experimental analysis
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Table 9 shows, comparison of number of fatigue failure
cycles obtained by analytical, FEA and actual testing for 2.5
bar steam pressure.

Table 9. Number of cycles with analytical, FEA and
fatigue testing of diaphragm

Pressure (bar) 25
Without Analytical 2,63,000
Number RC FEA 2,47,000
of With RC FEA 2,48,000
cycles Plate 1 | Testing with RC 2,20,000
Plate 2 | Testing with RC 2,24,000

5.3.1 Failure images of diaphragm

Following Figure 23 and Figure 24 shows, observed cracks at
edge location nearer to clamping region after performing the
fatigue test.

< e

Figure 23. Cracks on
diaphragm at edge location
(test plate 1)

Figure 24. Cracks on
diaphragm at edge
location (test plate 2)

VI. RESULTS AND DISCUSSIONS

Fatigue testing of flat diaphragm was conducted for 2.5 bar
steam pressure. The number of failure cycles are compared
with analytical and FEA results.

s B — 00
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g : T
a2 o 1 2 3 P 0w
Z = 0
= Pressure (bur) "
= [ 1 H 3
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FEA with R ——Nadai <B-TTA without RC —4—TLA with RC

Figure 25. Pressure Vs
Fatigue stress at centre ion

Figure 26. Pressure Vs
Fatigue stress at edge

of plate location of plate
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Figure 27. Pressure Vs
Fatigue stress comparison at
centre and edge location of
plate

Figure 28. Fatigue stress
Vs Number of cycles at
centre location of plate
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Figure 29. Fatigue stress Vs
Number of cycles at edge
location of plate

Figure 30. Fatigue stress
Vs Number of cycles
comparison at centre and
edge location of plate
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Figure 31. Pressure Vs Number of cycles at centre
location of plate
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Figure 32. Pressure Vs Number of cycles at edge location
of plate

VII. CONCLUSION AND FUTURE SCOPE

7.1 Discussion and conclusions

The project is aimed at estimation of fatigue life of pressure
reducing valve diaphragm analytically and experimentally
for required pressure inlet and outlet conditions. This chapter
summarizes the main conclusions from this work.

o Theoretical pressure deflection relationship for flat
diaphragm is established through various approaches
suggested by M.Di Giovanni, Roark’s, Timoshenko and
Nadai.

o Finite element analysis of flat diaphragm for pressure
deflection relationship done, results show good agreement
with analytical solution.

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://www.ijeat.org/

International Journal of Engineering and Advanced Technology (IJEAT)
OPEN aACCESS ISSN: 2249-8958 (Online), Volume-4 Issue-3, February 2015
o Theoretical pressure stress relationship for flat diaphragm
is established through various approaches suggested by M.Di
Giovanni, Roark’s, Timoshenko and Nadai.
¢ Finite element analysis of flat diaphragm for pressure
stress relationship done, results show good agreement with
analytical solution.
¢ In fatigue life evaluation as go on increasing the reliability,
reliability factor K. decreases, endurance limit of material
decreases so humber of fatigue failure cycles also decreases.
o In fatigue life evaluation as go on changing the surface
finish of the material from ground, machine rolled, hot rolled
to as forged endurance limit of material decreases so number
of fatigue failure cycles also decreases.
¢ As the operating temperature increases the temperature
modification factor decreases, endurance limit of material
decreases so number of fatigue failure cycles also decreases.

7.2 Future scope

In this study the pressure deflection analysis and pressure
stress analysis of flat diaphragm has been done. Deflection
and stresses in diaphragms are compared by analytical &
FEA method. Further future study can be done by changing
the material of the flat diaphragm. It is also suggested to
check the performance of flat diaphragm by changing the
thickness of sheet.The material which is having higher
ultimate tensile strength and corrosion resistance can be used
as diaphragm material which can increase the fatigue life and
performance of pressure reducing valve.
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