IJSART - Volume 3 Issue 10 - OCTOBER 2017

ISSN [ONLINE]: 2395-1052

A Review on Effect of Vibration on Compressor Blade

Aditya Shukla’, Dr. Vandana Somkuwar’
1.2 Department of Mechanical Engineering
L2 National Institute Of Technical Teachers Training And Research, Bhopal, India

Abstract- In spite of the high levels of irresponsibleness of
recent compressors elements ensuing from rigid standards and
practices, failures of mechanical device blades throughout
traditional operational environments square measure common
things that compromise the flight safety. The investigation of
real failures touching these elements permits gaining a deeper
data regarding the mechanisms of crack &amp; vibration
initiation and propagation that, in turn, are often employed in
order to forestall future incidents or accidents.
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. INTRODUCTION

The Industrial compressor has perpetually
emphasized long life and this conservative approach has
resulted within the Industrial compressor in several aspects
yield high performance for rugged operation. The commercial
compressor has been conservative within the pressure
magnitude relation and also the firing temperatures. This has
all modified within the last 10 years; spurred on by the
introduction of the “Aero-Derivative compressor” the
commercial Air mechanical device has dramatically improved
its performance altogether operational aspects. This has
resulted in dramatically reducing the performance gap
between these 2 sorts of Air Compressors. Like different sorts
of rotating machinery, associate axial mechanical device are
often delineated in an exceedingly cylindrical organization.
The z axis is on the axis of rotation that is on the running
length of the mechanical device shaft, the radius r is measured
outward from the shaft, and also the angle of rotation 0 is that
the angle turned by the blades. This organization is used
throughout this discussion of axial-flow compressors.

1. NOMENCLATURE OF BLADE & CASCADE
» Effect of Axial Flow Compressor

The airfoils are serpentine, lent form on one aspect
and cotyloidal on the opposite, with the rotor rotating toward
the cotyloidal aspect. The cotyloidal aspect is named the
pressure aspect of the blade, and therefore the lent form aspect
is named the suction aspect of the blade. The chord line of
associate degree aerofoil may be a line drawn from the
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vanguard to the edge of the aerofoil, and therefore the chord is
that the length of the chord line. The camber line may be a line
drawn halfway between the 2 surfaces, and therefore the
distance between the camber line and therefore the chord line
is that the camber of the blade. The camber angle 0 is that the
turning angle of the camber line. The blade form is
represented by specifying the quantitative relation of the chord
to the camber at some specific length on the chord line,
measured from the vanguard. The {aspect quantitative relation
ratio} AR is that the ratio of the blade length to the chord
length. The term “hub-to-tip ratio” is usually used rather than
ratio. The ratio becomes necessary once three-dimensional
flow characteristics square measure mentioned. The new
advanced mechanical device rotors have fewer blades with
higher loadings, and therefore the blades square measure
diluents, larger, and square measure designed victimization
advanced radial equilibrium theory, that produce 3
Dimensional and Controlled Diffusion formed airfoils
(3D/CDA), with smaller clearances and better loading per
stage

* Radial Equilibrium

The flow in associate axial-flow mechanical device is
outlined by the continuity, momentum, and energy equations.
An entire answer to those equations isn't potential owing to the
quality of the flow in associate axial-flow mechanical device.
Sizeable work has been done on the consequences of radial
flow in associate axial-flow mechanical device. The primary
simplification used considers the flow ax bilaterally
symmetrical. This simplification implies that the flows at
every radial and axial station inside the blade row are often
depicted by a median circumferential condition. Another
simplification considers the radial element of speed the speed
the rate} the maximum amount smaller than the axial element
velocity, therefore it are often neglected.

I1l. COMPRESSOR BLADE MATERIAL

Compressor blading is formed by formation,
extrusion or machining. All production blades, till the
appearance of he new Advanced compressor, are made up of
unsullied steels, kind 403 or 403 Cb each having regarding
twelve metallic element. This family of alloys has properties
that embrace smart plasticity at high strength levels, uniform
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properties, and smart strength at temperatures up to regarding
900°F (482°C). due to the new axial flow compressors that
have pressure magnitude relation of 30:1 to 40:1, and exit
temperatures between 1000°F — 1150°F (538°C - 621°C), new
mechanical device blade material, a precipitation hardened,
martensitic chrome steel appreciate 15-5 pH scale nominal,
was introduced into production for advanced and uprated
machines, as shown in Table four. This material provides
magnified durability while not sacrificing stress corrosion
resistance. Substantial will increase within the high-cycle
fatigue and corrosion fatigue strength are achieved with this
material, compared with the kind 403 chrome steel with 12Cr.
Superior corrosion resistance is additionally achieved thanks
to the metals higher concentration of Cr and metallic element
content. Mechanical device corrosion results from wet
containing salts and acids assembling on the blading.
throughout operation, wet will be gift due to rain, use of phase
change coolers, fogging systems, or mechanical device water
washes, or condensation ensuing from wet air being
accelerated at the mechanical device body of water. wet is also
gift within the mechanical device throughout operation up to
between stage five and stage eight, wherever it always
becomes heat enough to forestall condensation. Once the
rotary engine isn't operative, the mechanical device will still
become wet if metal temperatures square measure below the
native temperature. This may happen to units keep in wet
environments. Balanced chemistry that minimizes the
formation of delta-ferrite. Inclusions and therefore the delta-
ferrite would supply planes of weakness in this half. It*s not
uncommon for the mill to provide formation stock that has
initial been given a 1900°F heat treatment, only for higher
forge ability. the cast blanks square measure then sometimes
reheat-treated at 1900°F, followed by hardening treatments
between 1100°F and 1150°F looking on the properties wanted.
Theres a general correlation between hardness and strength
(tensile/fatigue). A hardness of RC thirty two suggests that the
durability is around 150000 psi which the hardening
temperature used throughout manufacture was somewhere
around 1100°F to 1150°F. Coating of the mechanical device
blades is currently quite common. Mechanical device blades
suffer a good quantity of corrosion indentation from impurities
within the air stream. This corrosion indentation has diode to
blade failures. Mechanical device blades in several cases have
over one hundred, 000 hours however thanks to indentation
will be reduced significantly to between twenty, 000 — 60,000
hours. It”s been a awfully common apply for over thirty years
to coat a minimum of the primary 5-8 stages looking on the
mechanical device style. the primary stages square measure
thought-about to be the “wet stages” as a result of several units
currently use on line water washes, similarly as have phase
change cooling and fogging for power augmentation. Coating
for these blades is sometimes consistent of a duplex kind
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coating that should be a minimum of three mils in thickness.
This coating as commonest coating encompasses a Kill
undercoat coating that is placed on the bottom metal and is
roofed by a ceramic coating. Ni-Cd coating is additionally
employed in elect applications; associated new coatings
consisting of an Al suspension coating that encompasses a
protecting ceramic prime layer that has improved erosion
resistance are being introduced. This sort of coating, as
compared to traditional Al suspension coatings, {is high-ris
best is healthier} in corrosion protection and well better in
erosion resistance. This sort of coating conjointly improves the
performance of the turbine by reducing the quantity of power
consumed by the mechanical device. Tests conducted show a
discount of 2%-3% within the power consumed by the
mechanical device that pays back further price of coating in 4-
6 months of operation.

IV. COMPRESSOR OPERATION
CHARACTERISTICS

A mechanical device operates over an oversized vary
of flow and speed delivering a stable head/pressure
quantitative relation. Throughout begin the mechanical device
should be designed to work in a very stable condition at low
motion speeds. there's associate degree unstable limit of
operation called ,,surging™, and it's shown on the performance
map because the surge line. The surge purpose in a very
mechanical device happens once the mechanical device back
pressure is high and also the mechanical device cannot pump
against this high head inflicting the flow to separate and
reverse its direction. Surge could be a reversal of flow and
could be a complete breakdown of the continual steady flow
through the total mechanical device. It ends up in mechanical
harm to the mechanical device because of the massive
fluctuations of flow which ends in changes in direction of the
thrust forces on the rotor making harm to the blades and also
the thrust bearings. The development of billowing mustn't be
confused with the obstruction of a mechanical device stage.
Obstruction is that the breakaway of the ensue the suction
facet of the blade device therefore inflicting associate degree
mechanics stall. A multi-stage mechanical device could
operate stably within the unsurged region with one or a lot of
of the stages stalled, and also the remainder of the stages
unstalled.

V. COMPRESSOR SURGE

Compressor surge may be a development of goodly
interest; nonetheless, it's not totally understood. It a sort of
unstable operation and may be avoided. It“s a development
that sadly happens often, typically with damaging results.
Surge has been historically outlined because the lower limit of
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stable operation during a mechanical device, and it involves
the reversal of flow. This reversal of flow happens thanks to
some reasonably mechanics instability at intervals the system.
Usually, a locality of the mechanical device is that the reason
behind the mechanics instability, though it's attainable for the
system arrangement to be capable of augmenting this
instability. Compressors area unit typically operated at a
operating line, separated by some margin of error from the
surge line. Intensive investigations are conducted on surge.
Poor quantitative catholicity or mechanics loading capacities
of various blades and stators, and inexact information of
boundary-layer behavior create the precise prediction of flow
within the mechanical device at the off-design stage tough. A
decrease within the mass rate, a rise within the movement
speed of the vane, or each will cause the mechanical device to
surge. Whether or not surge is caused by a decrease in flow
speed or a rise in movement speeds, the blades or the stators
will stall. One ought to note that operative at higher potency
implies operation nearer to surge. It ought to be noted here
that total pressure will increase occur solely within the
movement a part of the mechanical device.

Materials characterization
»  Chemical composition

The chemical composition of the fan blades is given
in Table a combine of. The best customary chemical element
alloy found inside the literature is AA 2124 that would be a
fashioned and heat treatable alloy (American Society for
Metals [ASM], 1990). This alloy derives its strength mainly
from second section particles that unit distributed inside the
matrix through a precipitation hardening methodology.
Fracture Analysis of mechanical device Fracture analysis
involves the computation of fracture parameters. Fracture
analysis assumes the presence of a crack inside the structure.
Fracture analysis is typically carried out either exploitation the
energy criterion or the stress-intensity-factor criterion. In
energy criterion, the energy required for a unit extension of the
crack (the energy-release rate) characterizes the fracture
toughness, whereas inside the stress-intensity-factor criterion;
the crucial value of the amplitude of the strain and
deformation fields characterizes the fracture toughness.

VI. EFFECTS ON COMPRESSOR
»  Compressor Choke

The mechanical device choke purpose is once the
flow within the mechanical device reaches Mach one at the
blade throat, a degree wherever no additional flow will taste
the mechanical device. This development is commonly noted

Page | 640

ISSN [ONLINE]: 2395-1052

within the trade as “Stone Walling.” The additional stages, the
upper the pressure magnitude relation, and also the smaller the
operational margin between surge and choke regions of the
mechanical device.

» Compressor Stall
There are a unit 3 distinct stall phenomena.

stall associated individual blade stall area unit
stall flutter is an aero elastic

Rotating
mechanics phenomena;
development.

e Individual Blade Stall

This type of stall happens once all the blades
round the mechanical device annulus stall at the same time
while not the prevalence of a stall propagation mechanism.
The circumstance beneath that individual blade stall is
established square measure unknown at the moment. It seems
that the obstruction of a blade row usually manifests itself in
some sort of propagating stall which individual blade stall is
associate degree exception.

* Rotating Stall

Rotating, or propagating stall, was 1st ascertained by
pare and his team on the inducer vanes of a centrifugal
mechanical device. Rotating stall (propagating stall) consists
of huge stall zones covering many blade passages and
propagates within the direction of the rotation and at some
fraction of rotor speed. the amount of stall zones and also the
propagating rates vary significantly. Rotating stall is that the
most current variety of stall development.

e Stall Flutter

This development is caused by self-excitation of the
blade and is an aero-elastic development. It should be
distinguished from classic flutter, since classic flutter could be
a coupled torsional-flexural vibration that happens once the
free-stream rate over a wing or control surface section reaches
an explicit crucial rate. Stall flutter, on the opposite hand,
could be a development that happens thanks to the stall of the
flow around a blade. Blade stall causes Karman vortices
within the control surface wake. Whenever the frequency of
those vortices coincides with the natural frequency of the
control surface, flutter can occur. Stall flutter could be a major
reason behind mechanical device blade failure.

VIl. LITERATURE REVIEW

Numerical and Experimental Investigation:
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H. Hosseini-Toudeshky [2014] during this paper,
progressive deboning of the computer blade base association
of a 660 kilowatt computer below variable loading is
analyzed. Increased fatigue deboning of this adhesive joint is
expected by considering cohesive zone interacting modeling.
The blade is subjected to variable loadings appreciate
mechanics forces, force, gravity, and product due to the
variation in gas action. A discretionary printed material is
utilized among the ANSY'S finite half code to analyze every
the crack propagation and initiation among the adhesive joint
below entirely completely different amplitude fatigue loading.

Mohammad M. Rezaei [2014] this paper shows a
shriveled order model for the nonlinear dynamic analysis of
the computer blade below operating loading is viewed. The
exactitude and tolerances of the model square measure
foreseen through utterly completely different stable and
ranging analyses. Also, the fluid coupling effects due to
quasisteady mechanics and attractive force forces square
measure thought-about analyzed.

Wen-Xue Wang [2015] during this paper the blade
was fictitious by the skin of carbon fiber bolstered plastic and
solid foam core. Tests were in hot water variable gas pressure
and 3 completely different yawing angles to research the
consequences of the interfaces of the flanged diffuser and also
the yawing angle on the blade. The motility speed of the blade
and also the dynamic strain on the brink of the blade base
were foreseen underneath the conditions with and while not
the flanged diffuser.

Lucjan Witek [2015] during this work the crack
propagation analysis of the mechanical device blade of aero
engine was foreseen. Throughout analysis of the blade with
mechanical distortion were taken. In experimental analysis the
blade was analyzed to resonant vibration. Throughout
transversal vibrations, an enormous stress comes within the
blade. Incidence of stress causes the fatigue of fabric. Was
foreseen by victimization Finite part technique [7]

Miroslaw WITOS [2015] the paper shows the
strategy of reliable health diagnostic of computer blades made
of steel and metal alloys. The methodology and analysis
effects for identification of blade cracks area unit
diagrammatic. Wide diagrammatic area unit theoretical
foundations of:

1. Blade modal analysis

2. Influence of material crack and fatigue on blade modal
characteristics

3. Influence of modal characteristics dispersion on fatigue
and repair conditions. [8]
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e Review of Current Literature on Rotor-Stator
Interactions

There has been a great deal of analysis done on rotor-
to-stator interactions; for a listing of key analysis articles that
have self-addressed this issue, the reader ought to consult with
[30]. Though analysis into tip-rubbing development has taken
place since the appearance of jet engines, Associate in nursing
distended understanding of the topic wasn't totally explored
till the Eighties. Primarily, analytical, numerical and
experimental ways are wont to perceive the dynamics
concerned. [27] State in their paper that early investigation
primarily centered on the rotor dynamic response; less
attention was paid to the blade and casing dynamics. This
trend in analysis was modified by [22] United Nations agency,
in his literature review on rub-related vibrations, thought-
about the native blade and casing dynamics in addition.

After survey, there has been very little experimental
add the sector. [11] conducted analytical studies on the tip-
rubbing phenomenon; experimental and analytical studies on
the dynamics of full ring-shaped rub were conducted by. [29]
And [22] [18] additionally studied the phenomena
analytically.

According to [8] the jump development is anticipated
to occur throughout a full ring-shaped rub. The authors
additionally discovered that jump phenomena tend to occur at
frequencies on top of the system natural frequency. It will be
brought on by the nonlinearities gift among the system. [10]
Discovered that rotor-stator rub redoubled the stiffness of the
rotor, which might effectively replicate upon the severity of
the event. The amendment within the trend of rotor stiffness
will be wont to evaluate the severity of the rub. Most of the
studies conducted on the tip-rubbing development modify the
analysis by taking a rotating cantilever beam because the
baseline model. However, [8] discovered that the dynamics of
a true blade area unit quite totally different to a simplified
model. The authors additionally discovered that analytical
models turn out quite totally different results to FEA models.
This more reiterates the requirement of modeling tip-rubbing
on FEA model of a true blade. There are a unit a couple of
comes that have tried Associate in nursing understanding of
the nonlinear dynamics concerned in an exceedingly tip-
rubbing event.[27] Mentions 2 come within the Ohio State
University; the primary may be a thesis written by Garza
within which a full transient and nonlinear rub simulation of a
blade is conducted mistreatment LS-DYNA. [27] Revealed a
thesis that describes the event of a simulation technique for
predicting rub-induced blade dynamics. However, access to
each of the theses is proscribed and thus it's not been doable to
realize data of their results.
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VIII. FINITE ELEMENT ANALYSIS

The finite element method (FEM) (its exercise
typically referred to as finite component analysis (FEA)) may
be a numerical technique for locating approximate answer of
partial equation (PDE) yet as integral equation. the answer
approach relies either on eliminating the equation utterly
(steady state problem), or rendering the PDE into Associate in
Nursing approximation system of standard equation, that area
unit then numerically integrated victimization commonplace
technique akin to Euler*s methodology, Rungekutta, etc. In
determination partial differential equations, the first challenge
is to form Associate in Nursing equation that approximates the
equation to be studied , however is numerically stable , that
means that error within the input and intermediate calculation
dont accumulate and cause the ensuing output to be
insignificant. There are a unit some ways of doing this, all
with blessings and disadvantage. The finite component
methodology may be a sensible choice for determination
partial equation over sophisticated domain (like cars and oil
pipelines), once domain changes (as throughout a solid state
reaction with a moving boundary), once and the specified
exactitude varies over the complete domain, once the answer
lacks smoothness.

Finite component Analysis:

FEA consists of a laptop model of a cloth or style
that's stressed and analyzed for specific results. It”s utilized in
new product style, and existing product refinement. A
corporation is ready to verify planned styles are able to
perform to the client's specifications before producing or
construction. Modifying Associate in Nursing existing product
or structure is used to qualify the merchandise or structure for
a brand new service condition. Just in case of structural
failure, FEA could also be wont to facilitate verify the look
modifications to satisfy the new condition. There are units
usually 2 kinds of analysis that area unit utilized in industry:
2-D modeling, and 3-D modeling. Whereas 2-D modeling
conserves simplicity and permits the analysis to be run on a
comparatively traditional laptop, it tends to yield less correct
results. 3-D modeling, however, produces additional correct
results whereas sacrificing the power to run on virtually the
quickest computers effectively. at intervals every of those
modeling schemes, the engineer will insert various algorithms
(functions) which can build the system behave linearly or non-
linearly. Linear systems area unit so much less advanced and
usually don't take into consideration plastic deformation. Non-
linear systems do account for plastic deformation, and lots of
are capable of testing a cloth all the thanks to fracture.

IX. DESIGN OF ROTOR BLADE
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The surface of a mechanical device is intended to
figure against centrifugal load arising from rotations of the
order of ten, 000 rev and Air bending hundreds. Additionally,
it's to survive against corrosion, erosion, and impact from
foreign object, if any, and vibration hundreds. The opposite
load that acts on the blade is that the mechanics load arising
from the maneuvering of the craft. The failure mode of this
blade is of high cycle fatigue. To urge such high fatigue
strength with uniform properties, the sole producing method is
formation. The cast blade made up of martensitic stainless-
steel undergoes broaching at the foundation and edge on the
profile, followed by plating to urge the finished form

X.  LOSSES ON COMPRESSOR BLADE

» Disc friction loss: This loss is from skin friction on the
discs that house the blades of the compressors. This loss
varies with differing types of discs.

* Incidence loss: This loss is caused by the angle of the air
and also the blade angle not being coincident. The loss is
at a minimum to regarding AN angle of £ 40, when that
the loss will increase chop-chop.

* Blade loading and profile loss: This loss is thanks to the
negative rate gradients within the physical phenomenon,
which supplies rise to flow separation.

e SKin friction loss: This loss is from skin friction on the
blade surfaces and on the doughnut-shaped walls.

e Clearance loss: This loss is thanks to the clearance
between the blade tips and also the casing.

*  Wake loss: This loss is from the wake created at the exit
of the rotary.

»  Stator profile and skin friction loss: This loss is from
skin friction and also the attack angle of the flow coming
into the stator coil.

e Exit loss: This loss is thanks to the mechanical energy
head going away the stator coil.

XI.  CONCLUSION

The FEA technique for cyclic interchangeable
structures is a good technique for coupling vibration analysis
of mechanical device blade system. The natural frequencies
and corresponding mode shapes of an exact aero engine
mechanical device blade-system square measure obtained by
this technique and also the Joseph Campbell diagram,
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resonance speed and frequencies square measure reviewed
consequently. meantime the vibration characteristics square
measure mentioned thoroughly. The analysis results may be
used for optimisation style and vibration characteristic
verification for this mechanical device blade system.

REFERENCES

[1] Lucjan Witek, “Experimental crack propagation and
failure analysis of the first stage compressor blade
subjected to vibration”, Engineering Failure Analysis 16
(2009) 2163-2170.

[2] Benudhar Sahoo and Gantayat Gouda, “Failure Analysis
Of Compressor Blade Of Typical Fighter-Class Aero-
Engine —A Case Study”, defense science journal,
Vol.52,No 4,october2002,pp363-367

[3] Fernando A. Ribas Jr , “Thermal Analysis Of
Reciprocating Compressor-A  Critical Review”
International Compressor Engineering Conference at
Purdue, July 17-20, 2006

[4] Weigiang Zhao. *“Vibration Analysis of Engine
Compressor Blade Disc Coupling System” Applied
Mechanics and Materials Vols. 16-19 (2009) pp 264-268.

[5] A. Rama Rao, “Vibration Analysis For Detecting Failure
Of Compressor Blade” Engineering Failure Analysis 25
(2012) 211-218.

[6] D. S. Aziaka , “Structural And Conceptual Analysis Of
An Axial Compressor For Aindistrial Air Compressor”
World Journal of Mechanics, 2014, 4, 332-347

[7] Lucjan Witek , “Crack Propagation Analysis Of
Compressor Blade Subject To Resonant Vibration”
Proceedings  of  XLIII International Summer
SchoolConference APM 2015

[8] Miroslaw WITOS, “Modal Analysis As A High Sensitive
NDT Method Of Compressor Blades” VIIIth International
Workshop NDT in Progress (NDTP2015) Oct 12-14,
2015

[9] Sheik Ghouse, “Computational Analysis Of Compressor
Blade” International Journal Of Innovative Research In
Science Engineering And Technology ,Vol.4,lssue
3,march2015.1SSN:2319-8753

[10] Holmquist, L.O., and Rannie, W.D., “An Approximate
Method of Calculating Three-Dimensional Flow in Axial

Page | 643

ISSN [ONLINE]: 2395-1052

Turbomachines” (Paper) Meeting Inst. Aero. Sci., New
York, January 24-28, 1955.

[11] Lieblein, S., Schwenk, F.C., and Broderick, R.L.,
“Diffusion Factor for Estimating Losses and Limiting
Blade Loading in Axial-Flow Compressor Blade
Elements,” NACA RM #53001 (1953).

[12] Stewart, W.L., “Investigation of Compressible Flow
Mixing Losses Obtained Downstream of a Blade Row,”
NACARM E54120 (1954).

[13]1Boyce, M.P., “Transonic Axial-Flow Compressor.”
ASME Paper No. 67-GT-47.

[14] Carter, A.D.S., “The Low-Speed Performance of Related
Aerofoils in  Cascade,” Rep. R.J55, British
NGTE,September, 1949.

[15] Mellor, G., “The Aerodynamic Performance of Axial
Compressor Cascades With Applications To Machine
Design,” (Sc. D. Thesis), M.L.T. Air Compressor Lab,
M.I.T. Rep. No. 38 (1957).

[16] Graham, R.W. and Guentert, E.C., “Compressor Stall and
Blade Vibration,” NASA SP 365, (1956) Chapter XI,
p.311.

[17]Cumpsty, N. A., 1989, Compressor Aerodynamics,
Longman Group UK Ltd., London, England.

[18] Cumpsty, N. A., 1998, Jet Propulsion, Cambridge
University Press, Cambridge, England.

[19]Hill, P. G., Peterson, C. R., 1992, Mechanics and
Thermodynamics of Propulsion, Second Edition,
Addison-Wesley Publishing Company, Reading MA.

[20] Khalak, A., 2002, “A Famework for Futter Clearance of
Aeroengine Blades”, Journal of Engineering for Air
Compressor

[21]J. Zhang, X.P. Liu: Principle and _numerical Methods of
Modal Analysis to Turbo machines (National Defense
Industry Press, China 2001), pp.333-369. (In Chinese)

[22] C.H. Tao, P.D. Zhong and R.Z. Li: Failure Analysis and
Prevention for Rotor in Aeroengine (National Defence
Industry Press, China 2000), pp.102-163. (In Chinese)

[23] V.N. Shlyannikov, B.V. lltchenko and N.V. Stepanov:
Engineer Failure Analysis, Vol. 8 (2001) No.5, pp.461-

www.ijsart.com



IJSART - Volume 3 Issue 10 - OCTOBER 2017 ISSN [ONLINE]: 2395-1052

475.
[24] R. Herry, G. Feraris and Substructuring: Transcations of

ASME Journal of Engineer-ing for Air Compressor and
Power, VVol. 106 (1984) No.1, pp.2-10.

Page | 644 www.ijsart.com



