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Abstract— In our analysis, ANSYS was used and the model
was developed on CREO 5.0. In order to verify the present
ANSYS model, the Natural frequency with their modes by
using four types of materials are compared with the available
experimental results present in the literature. And the design
of shaft with different diameters. In this study, the
simulations of different profile Shafts and four types of
materials were analyzed for natural frequency and the
configurations of shaft design are proposed.
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. INTRODUCTION

The Industrial Shaft has perpetually emphasized long life
and this conservative approach has resulted within the
Industrial Shaft in several aspects yield high performance
for rugged operation. The commercial Shaft 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 Shaft” 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
Shafts. 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 Shafts. These organizations are used
throughout this discussion of axial-flow Shafts.

A. Effect of Axial Shaft

The airfoils are serpentine, lentiform 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 Shaft, and therefore the lentiform
aspect is named the suction aspect of the Shaft. The chord
line of associate degree aerofoil may be a line drawn from
the 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 Shaft. The camber
angle 0 is that the turning angle of the camber line. The
Shaft 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 Shaft
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 Shafts with higher loadings, and therefore the
Shafts 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.

B. 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 Shaft 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.

Il. SHAFT MATERIAL

Shaft is formed by formation, extrusion or machining. All
production Shafts, till the appearance of the new Advanced
Shaft, 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 properties, and smart strength at
temperatures up to regarding 900°F (482°C). due to the new
axial flow Shafts 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 Shaft
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
metal’s higher concentration of Cr and metallic element
content. Mechanical device corrosion results from wet
containing salts and acids assembling on the Shaft.
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
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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. There’s 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 Shafts is currently
quite common. mechanical device Shafts suffer a good
quantity of corrosion indentation from impurities within the
air stream. This corrosion indentation has diode to Shaft
failures. mechanical device Shafts 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 Shafts is sometimes
consistent of a duplex kind 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 higher|is 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.

I1l. SHAFT 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
Shafts 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 Shaft 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 the stages stalled, and also the
remainder of the stages unstalled.

A. Chemical Composition

The chemical composition of the fan Shafts 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.

IV. LITERATURE REVIEW

A. Numerical and Experimental Investigation

H. Hosseini-Toudeshky [2014] during this paper,
progressive debonding of the computer Shaft 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 Shaft 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 ANSYS 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
shrivelled order model for the nonlinear dynamic analysis of
the computer Shaft 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 Shaft
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 Shaft. The motility
speed of the Shaft and also the dynamic strain on the brink
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of the Shaft 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 Shaft of aero
engine was foreseen. throughout analysis of the Shaft with
mechanical distortion were taken. In experimental analysis
the Shaft was analyzed to resonant vibration. throughout
transversal vibrations, an enormous stress comes within the
Shaft. 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 Shafts
made of steel and metal alloys. The methodology and
analysis effects for identification of Shaft cracks area unit
diagrammatic. Wide diagrammatic area unit theoretical
foundations of:

1) Shaft modal analysis

2) Influence of material crack and fatigue on Shaft modal
characteristics

3) Influence of modal characteristics dispersion on fatigue
and repair conditions. [8]

B. 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 Shaft 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 Shaft 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 Shaft
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 Shaft. 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 Shaft is conducted mistreatment LS-DYNA. [27] Revealed
a thesis that describes the event of a simulation technique
for predicting rub-induced Shaft dynamics. However, access
to each of the theses is proscribed and thus it's not been
doable to realize data of their results.

V. 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 don't accumulate and cause the
ensuing output to be insignificant. There area 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.

A. 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 a planned style 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 area unit
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.
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VI. MODELING AND ANALYSIS

The procedure for solving the problem is:

—  Create the geometry.

—  Mesh the domain.

—  Set the material properties and boundary conditions.
—  Obtaining the solution

1) Finite Element Analysis of Steel Shaft

2) Analysis Type- Modal analysis

A. Preprocessing

Preprocessing include CAD model, meshing and defining
boundary conditions.

B. CAD Model

0.000 0.500(m)

0250

Fig. 1: CAD Model of Steel Shaft.

R
0.000 0.300 (m)
] .
0150

Fig. 2: CAD Model of Steel Shaft with diameter 70-100

0.000 0.400(m) -
L S
0.200 >

Fig. 3: CAD Model of Steel Shaft with diameter 80-100

VII.

It is found that the titanium alloy has maximum frequency in
the case of different diameter profile and minimum for gray
cast iron profile. It is also seen that the frequency

RESULT ANALYSIS AND DISCUSSION

distribution along the material stainless steel and structural
steel of the shaft for all the two profiles decreases with an
increase in the natural frequency modes. This is because
different diameter value will lead to more frequency being
transferred to the material and less vibration stored in the
shaft, hence resulting in low vibration and higher frequency
base. This reduced vibration will induce smaller resonance
condition and the consequent increase in the frequency of
different material with shaft diameter of different profiles.
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Fig. 4: Campbell diagram of Frequency and rotational
velocity Distributions along the Steel Shaft of diameter 70-
100
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Fig. 5: Validated model of Steel Shaft.

70361
./ —©—— Mode -1 -BW - STABLE

600. 4 : : : —— Mode -2 - FW - STABLE
—&— Mode -3 - BW - STABLE

< Mode -4 -FW - STABLE
—&—— Mode -5 - BW - STABLE
e Mode -6 - FW - STABLE
| | ——®—— Mode -7 - FW - STABLE
~—@—— Mode -8 - BW - STABLE
——&—— Mode -9 -BW - STABLE
e—u— RATIO = 1

A CRITICAL SPEED

g

g

Frequency (Hz)

g

g8

e

0. 500. 1000. 1500. 2000. 2500. 3000. 3663.
Rotational Velocity (rad/s)

Fig. 6: Campbell diagram of Frequency and rotational
velocity Distributions along the Steel Shaft of diameter 80-

100
Natural frequency of same dia
Mo | Gray cast Stainless Structural Titanium
de iron steel steel alloy
1 57.003 67.705 68.055 67.686
2 59.016 71.469 71.936 69.854
3 174.82 187.68 187.37 212.24
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4 191.99 212.16 212.22 231.62
5 324.6 366.27 366.61 367.99
6 338.97 407.88 408.05 412.86

Table 1: Natural Frequency of Steel Shaft with Different
diameter and materials

Frequency of shaft with same diameter and
diffrent material
450
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350
E-_- 300
g 50 — Gy CHSL 0N requency
g 200 m— L ainbess steel frequency
w150
100 —Structural sheel freguency
&0 s Tikmnium Aoy frogquency
o
1 2 3 4 5 B
Modes

Fig. 7: Graph shows modes and frequency of a shaft with
same diameter and different material
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Fig. 8: First mode Frequency of gray cast iron Shaft of same
dia.
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Fig. 9: Second mode Frequency of gray cast iron Shaft of
same dia.
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Fig. 10: Third mode Frequency of gray cast iron Shaft of
same dia.
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Fig. 11: Forth mode Frequency of gray cast iron Shaft of
same dia.
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Fig. 12: Fifth mode Frequency of gray cast iron Shaft of
same dia.
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Fig. 13: Sixth mode Frequency of gray cast iron Shaft of
same dia.

VIIl. DESIGN OF ROTOR SHAFT

The surface of a mechanical device is intended to Fig.
against centrifugal load arising from rotations of the order of
10,000 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 Shaft is that the mechanics load arising from
the maneuvering of the craft. The failure mode of this Shaft
is of high cycle fatigue. To urge such high fatigue strength
with uniform properties, the sole producing method is
formation. The cast Shaft made up of martensitic stainless-
steel undergoes broaching at the foundation and edge on the
profile, followed by plating to urge the finished form.
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IX. CONCLUSION

The effect of diameter with different profiles of the Shaft
with diameter 70-100 mm and 80-100 mm on the natural
frequency and modes of different materials and critical
speed effects were analyzed on different profile and
materials of shaft and distribution along the Steel Shaft was
studied. From the analysis of the results.In a comparison
with the gray cast iron, stainless steel, structural steel and
titanium alloy material resulted in higher frequency
characteristics close to the end of the shaft for a different
shaft diameter profile. The critical speeds are maximum for
structural steel at high frequency and minimum for gray cast
iron at less frequency on same RPM
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