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depression in the bearing pad to improve the oil's flow and reduce the generated
vibration. The ANSYS application employed the finite element approach during the
analysis phase. The analytical simulation to execute a dynamic analysis system for gas
turbines proposed two cases before and after the development, simulating and

Keywords: comparing the outcomes of the cases. Following the adjustments, the system's
Gas turbine; transient analysis; harmonic  deformation value dropped to 46.17%, its stress value dropped to 39.66%, and its
analysis; tilt-bearing; vibration; modal strain value dropped to 61.47%. The harmonic analysis revealed that the deformation
analysis; deformation value fell to 38.18%.

1. Introduction

The air compressor, combustion chamber, and turbine constitute the fundamental constituents
of the gas unit, utilized in power plants. Studies have indicated that each portion experiences the
above-stated mechanical vibrations at a different part[1]. For the parametric ID method that uses
real-time operating data and the (ARMAX) methodology to monitor the characteristics of vibration
of bearings used in the MS5002B gas turbine [2], an attempt was made to relate the findings of the
research on the turbine's vibrational field, including the stand, to the impact of the turbine test
stand's components. In both stationary and transient test mode [3], the primary function of the gas
turbine blade is to rotate the shaft attached to the generator motor. Gas turbine blades in power
plants are subjected to extreme pressure, vibration, and temperature; thus, the materials used in
their fabrication must be able to withstand these challenging operating conditions [4]. An innovative
3D thermo-hydrodynamic model incorporates the mass conservation principles to enhance the
precision and comprehensiveness of prognostications pertaining to the vibrational characteristics of
oil scarcity in the presence of varying rotor imbalances and lubricating oil cooling circumstances. By
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manipulating the oil inflow rate and temperature at the entrance of the groove, the newly devised
model approximates the pressure and oil concentration [5]. A variety of techniques have already
been presented to identify structural deterioration based on modifications in modal parameters. The
frequency change ratio of the two modes is used as a damage indicator [6]. Certain research in
numerical investigation takes the cavitation effects into account [7]. The adverse impact on the
performance of the compressor is caused by the tip clearance that exists between its rotating blades
and the casing. This clearance leads to a loss of energy [8]. The factors considered were the effect of
genuine reverberation, the parameters of bearing clearances, arrangement, and unbalance. The
application of the standard approach proved to be highly efficient in terms of time saved, leading to
enhanced outcomes [9]. The elements of the gas turbine are examined and demonstrated utilizing a
powerful nonlinear autoregressive methodology with outer exogenous information (NARX) [10]. The
most generally announced causes portrayed are that can deliver damaging vibration in the gas
turbine of CCPPs, for example, unbalancing and misalignment, contact among pivoting and fixed
parts (scouring), steam stream vacillations, the basic rotor speed, and shorted turns [11]. A
mathematical model of the stand and a calculation algorithm that allow one to construct the transfer
function of the stand's element base and link the conditions for a possible change in the wave field
with the results of measuring the parameters of the turbine operation as part of the stand must be
developed [3]. The reason for this approach is to further develop constant observing capacity with
the utilization of present-day ID calculations, guaranteeing reliable and safe activity in power-age
plants [12]. In many industrial settings, gas turbines are necessary for producing electricity as well as
for the propulsion of trains, ships, and airplanes [13]. The presentation corruption of a heavy-duty
gas turbine under base load and various intermediate loads was replicated [14, 15]. Three-
dimensional finite element models were built using CATIA and analyzed by ANSYS WORKBENCH, and
a weighted-sum approach was employed to solve the multi-objective optimization problem.
Mansoora et al., [16] demonstrated that the multitude of goals that must be achieved in a typical gas
turbine study. The initial goal is to anticipate the natural frequencies and determine the turbine
system's mode shapes at those frequencies. To determine the critical speeds inside or near a rotor
system's working speed range, performing an unbalanced response investigation on a gas turbine is
essential in order to ascertain the displacement of the rotor. Additionally, it is imperative to gauge
the forces exerted on the rotor, which may arise due to a rotor imbalance. Furthermore, a
comprehensive analysis of operational concerns and potential capacity risks associated with the rotor
dynamics of a specific rotor system should be conducted. Two primary forms of instabilities, namely
surge and stalls, frequently manifest in the systems of compressors that impact the gas turbines [17].
The objective of this research is to select the appropriate groove for tilt bearings to increase the oil
flow rate, thereby reducing the occurrence of vibrations in the gas turbine system and the main aim
of this work is to improve the performance of gas turbine through reducing the vibrations emphasis
on the rotor as well as the shaft-disk-blade. The innovation in this work is testing the modifications
made to tilt bearings by creating grooves on the entire gas turbine system through simulation. The
analysis was not limited to just the tilt bearing part.

2. Governing Equation

Pivoting circles are a pragmatic concern in many fields of design, for example, mechanical, marine,
and aviation businesses, including gas turbine motors, like turbojet, turbofan, turboprop, and super
shaft motors; gears; turbo machinery; flywheel frameworks; super siphons; super generators; and
outward blowers. For a better comprehension of the behavior and the most effective design of
rotors, it is essential to conduct an analysis of the distribution of stress and strain in high-speed
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rotating disks of variable thickness [18]. When designing rotating machinery, it is crucial to take into
account its dynamic properties to prevent catastrophic failures caused by resonance conditions
during the operation. Numerous researchers have studied the dynamics of rotating machinery and
turbo machinery rotors, and in recent years, a large number of researchers have become interested
in the FEM as an efficient numerical technique for studying the dynamics of mechanical structures
and rotating equipment [19], fostered a FEM to concentrate on the powerful qualities of single-rotor
and double-rotor bearing super hardware frameworks. Natural frequency predictions, critical speed
maps, and an estimate of bearing stiffness were all derived from the model's analysis. They
demonstrated that the velocity proportion between the fast and low-speed shafts of the double rotor
can be utilized as one of the plan boundaries of the double rotor framework [20]. The following
formula displays the vibration signal [21]:

x(t) = A-sin (wt + @) (1)
Differentiating the vibration expression in Equation (1) yields the speed of vibration, denoted as v(t),

which is represented by Equations (2), whereas the acceleration of vibration, denoted as a(t), is
represented by Equations (3).

v(t) = d;—(tt) = Awcos (at + ¢) (2)
a(t) = % = —Aw?Asin (at + ¢) (3)

The Brayton cycle is connected to the energy evaluation of the gas turbine cycle. Evaluations of the
system's input and output energy will be a part of the computation. The essential parts of the gas
turbine cycle incorporate air blowers, an ignition chamber, and the gas turbine. The followings are
the conditions expected for dissecting each part of the gas turbine cycle [22].

2.1 Compressor:

n=n (1 + n%ﬂ(rx?l — 1)) (4)

Wye = mao(T, — T1) 3 7 4 -
) = 1048 - (557) + (555) - () + () ®

Equation (4) shows the specific heat ratio (k), the compression ratio (r), and the air temperatures at
the compressor's input and discharge sections denoted by T1 and T2, respectively. Equation (5) is
utilized to ascertain the blower's power consumption. Depending on the varying temperatures,
equation (6) provides the air's particular heat.

2.2 Combustion chamber:

tighy + 1 LHV = 1ighy + (1 — 0o )y LHV (7)

Ty = 1iy + 1y (8)
_

f=u ()
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2.3 Gas turbine:

T, =Ts| 1—ngr (1 - (Pi)%> (10)

Py
WGT = mngg(TA3 — TA4) (11)
2 3
(1) =091+ (25 (22 - (2 o

Considering a cylindrical bearing of radius R and thickness t, we can start by expressing the radial
displacement (u,.) and axial displacement (u,) as functions of the cylindrical coordinates (r, 8, and z)
and time (t). These displacements describe how the bearing deforms under the applied loads.

Using the theory of linear elasticity, we can derive the following equations for the radial and axial
strains (&, &4) [23]:

__10uy |, ur

57« - R Or R (13)

_ Oua
a™ gz
The equilibrium equations for the bearing. In the absence of a be expressed as[24]:

10 dog |, 00yz
rar( r)+ a0 + 9z
dog , 00qz
2% 4 P2z _
0z da
Heredr, d0 and represent the radial and tangential stresses, while o,.,, 0,, represent the shear

stresses. These stresses are related to the strains through the constitutive equations of the material
The constitutive equations for an isotropic material, within the elastic limit, can be expressed as[25]:

=0
(14)

o, =(1—=v)D,&, —vD,¢,
o,=(1-v)Dse, —VvD,¢,

D,;Dg
0o =5 5 (&r  €a) (15)

Orz = Tyz = Gl"ryrz

O-az = Taz = Gazyaz
Here,v represents Poisson's ratio, Er and Ea are the radial and axial moduli of elasticity, and Grz and
Gaz represent the shear moduli in the radial and axial directions, respectively. Finally, yr. and ya;
denote the corresponding shear strains.
Turbine component subjected to mechanical loads. The following equations can be employed:
Equilibrium equations[27]:

29,
0z
995 L dom | p _
ox + 2y + Fy =0
Here, Here, 0y, 0y, and dy, ) denote the components of stress in the x and y directions. FyFy

represent the applied mechanical forces.
Constitutive equations [26]:

+a;’ﬂ+Fx=0
‘ (16)
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Oxx =E € +Vv-E-€,
Opy =V E-€xx +E-€y, (17)
axy=ZG-yxy

Here, E represents the modulus of elasticity, v is Poisson's ratio, and (G) stands for the shear
modulus. €, and €,,,, are the components of strain in the x and y directions, while y,, represents the
shear strain.

Compatibility equation[25]:

0%u 9%v 9w
fu 9w 0w _ (18)
0x2  9y? = 983y

This compatibility equation, which accounts for the deformation compatibility between different
directions, ensures a physically valid deformation field. u and v represent the displacements in the x
and y directions, while w denotes the out-of-plane displacement (if applicable).

3. Geometry and Modeling

Solid works 2018 was used to show the whole parts of the gas turbine. The parts of the gas turbine
were downloaded and utilized in Solid works programming to do the math. To create scale with the
captures, the Solid works assembly extension assembles many of the model's 38 components. The
sharp edges were thought to be one circle in each stage, since, in such a case, every one of the sharp
edges that will make numerous components in the lattice that are consuming most of the day to
tackle in Ansys was utilized or modeled. There are three kinds of bearings utilized in the primary
model, as well as two dampers used to further develop and review the performance. A model made
with expel is separated into three sections with a split element to represent distinct materialistic for
each section (carbon steel, copper compound, and white metal). A replica of the gas turbine is
displayed in Figure 1.

ANSYS

R18.2

Fig. 1. Model of gas turbine with blades
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4. Mathematical Methodology

In anticipating the actual way of designs and frameworks behaving, the limited component
strategy (FEM) is the most well-known reenactment method. Since the experimental arrangements
are regularly impractical in the design sciences for most day-to-day issues, mathematical
methodologies were created to track down an answer for the specific issues' overseeing recipes [23].
In the examination, a three-layered model was employed. Using Solid Works 2018, the model was
made. The program Ansys 18.2 was used to import the gas turbine development model's blade and
apply the different FEM processes. First, tetrahedral components were used to discretize the turbine
cutting edges for the unstructured body. The sharp edges and bends of the cutting edge were
accommodated by the tetrahedral network. The entire number of hubs and components is 208074
and 114600, as displayed in figure 2. It makes sense that the work moves toward making a model for
the soldering program's gas turbine. And afterward, the most common way of sending out the model
to the ANSYS R18.2 program is with the end goal of examination and getting the outcomes. The
limitation condition is displayed in Table I.

ANSYS

R18.2

e,

ox 14e0

oy

Fig. 2. Meshed geometry using ANSYS

Table 1
Limitation situation [1]
Parameters  Power in Action Temperature of Air compressor's exit Pressure in
Turbines pressure Turbines
Value 129.22 (MW) 1023 °C 1011 (kPa) 1011.8 (kPa)
5. Results

5.1 Case One (before development)
5.1.1 Free vibration

The gas turbine was made as math in the reenactment for simplicity of arrangement, with the
complete twisting around (1.3124 mm) at recurrence (12.7716 Hz) for the first mode displayed in
figure 3. The complete misshaping (2.8899 mm) at recurrence (51.488 Hz) for the second mode is
evinced in figure 4. All designs have normal vibration frequencies at which they will deform, called
reverberation. Each regular recurrence has an unsettling mode, a form that depicts the deformity of
the design. The fundamental mode is the least frequent repetition at which misshaping occurs. The
primary mode refers to the way a construction will work with the surrounding vibrating structures,
or how it systematically describes the biggest stresses in a design.
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ANSYS
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Fig. 3.12.77 Hz is the frequency of deformation. For the first mode

ANSYS

R18.2

fi=,

Fig. 4.51.48 Hz is the frequency of deformation. Regarding the second mode

0z 150000 700890 (.

 —]

) 00

5.1.2 Transient analysis

The largest amount of deformation, 2.238 mm, is elucidated in Figure 5. Additionally, Figure 6
illustrates the deformation's amplitude. The variation with time reached its maximum deformation
value; the system reached stability after 53.5 seconds, used to ascertain a structure's dynamic
reaction to a load that varies over time. Because of the temporal setting of this set of analyses, the
damping effects of the structure are deemed significant. Figure 7 portrays the strain value of 0.0122
for the material with an analogous elastic modulus, whereas Figure 8 shows the value of stress
(1128.3 MPa) obtained using the Von Mises technique with the same material.

',' B “ ANSYS

1 G o R18.2

oM

I,

o nex 300000 gmem
na% e

Fig. 5. Transient structure (Total deformation)
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Fig. 6. Time affects the deformation's amplitude value
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Fig. 7. The value of equivalent elastic strain
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Fig. 8. The value of Stress for comparable material as determined by the Von Mises technique
5.1.3 Harmonic analysis (Forced vibration)

Figure 9 reveals the harmonic response's total deformation, or 2.2 mm, at a frequency of 50 Hz,
whereas Figure 10 demonstrates the vibration's amplitude, altering on a regular basis. The vibration
amplitude at 50 Hz has a greater value (2.3). The structure's steady-state response to cyclic stresses
was examined. Determining a structure's dynamic reaction under larger, broader, time-dependent
pressures is known as transient analysis.
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ANSYS

R18.2

>,

Fig. 9. Response of harmonic vibration at 50 Hz frequency
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5.2 Case two (after revisions)

The gas turbine vibration control system has been modified in:

Due to their superior stability capabilities, the system's bearings were changed to tilt-pad
bearings. Slant cushion heading produces tiny undermining cross-coupled solidity
regardless of math, speed, load, or working inconsistency. Table Il lists the bearing's
material properties.

Mechanical dampers are used under the foundation of the gas turbine framework. Which
is a typical answer for diminishing how much vibration happens in the framework.
Grooves (the Triple inclined) were implemented in the cushions as displayed in figures 11
and 12, where the pace of vibration for the gas turbine framework expanded, a more
prominent measure of oil would be siphoned, and these furrows were made to retain
this overabundance measure of oil, as well as it is realized that the oil can ingest
vibrations. Table Il displays the components of the cushion groove. The effective activity
of the gas turbine and its determined hardware generally relies on the grease framework.
As a result, the system as a whole need to be well maintained, and all factors that
contribute to proper lubrication must be present. The oil type utilized in lubrication is
significant because the assistance life of the gear relies upon the persistent lubricants of
ointments of fitting quality, amount, temperature, and tension. In this situation, the life
and nature of ointments are of imperative significance to clients. The grease-up oil used
for this point is an enemy of rust and against erosion. Petrol grease-up oil is a fake
hydrocarbon, which has worldwide grease-up oil than higher temperature consumption
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solidity. International Standards Organization (ISO) Viscosity Grade 32 (VG 32) oil
describes the oil. The observed characteristics of the turbine-greasing oils are largely
typical. Table IV presents a list of the oil's proposed attributes [27].

Table 2
Characteristics of White metal Babbitt alloys [1]
Properties  Named Modulus Yield Strength, Ratio Poisson Density, Range of
Alloy Young, GPa MPa G/ M3 Melting,°C
Value Whiten  50.01-50.39 120-124 0.3-0.21 7.17-7.27 238-339
Metal
Table 3
Groove and pad measurements in millimeters
Properties Arc Pad Thickness Layer Density White Pad Depth of Width of The Base
Length of Pad of Copper Metal Width Beat Beat Groove's
Alloy Thickness Width
Value 44° 42.64 4.4 4.24 159 1.14 3.43 2.46
) . (A, = ”™N 7NN I gy
I - A ORI NN\ e B0
Normal Circular Inclined Triple inclined  Rectangular

Fig. 11. Cross section of the groove tile pad bearing, [28]
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o

4374 _
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. 124

160
Detail A

l" \l
N,

T

<
)
<

Fig. 12. The groove tile pad bearing's measurements and shape
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Table 4
Suggested the oil qualities
Properties Density At Particular Viscosity At Viscosity At Acidity Mg Water Flash
20°C G/Cm3 Gravity At 40°C (Cst) 100°C (Cst) Koh/G Content Point
20°C (Ppm) Coc°C
Value 0.8403 0.8414 30.54 5.2 0.01 32 215

Subsequently, after making these previously mentioned upgrades, the strain was expanded to
1.5 bar, and the examination cycle was led in the Ansys based on these enhancements.

5.2.1 Free vibration

The findings of the modal analysis performed on a gas turbine with a given geometry were as
follows: Figure 13 depicts the total deformation of 0.656 mm for the first mode at frequency 12.77
Hz, and Figure 14 displays the total deformation of 1.085 mm for the second mode at frequency 49.88
Hz.

1000 2000

Fig. 13. Deformation of frequency 12. Hz.1*

T Oefamutons ANSYS

R18.2

0.70345
0.32532 | bt
0% 1500.00 3000.00 (mm)

75000 25000

Fig. 14. The Deformation at frequency 49.88 Hz. 2™
5.2.2 Transient analysis
Figure 15 exhibits the 1.253 mm overall deformation. The system reached stability 25.72 seconds,

as shown in Figure 16, which reveals the abundance of deformation change with the time at its
maximum amount. Figure 17 illustrates the strain value of 0.0047 for the material with an analogous
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elastic modulus, whereas Figure 18 shows the stress value

Mises technique for the same material.

of 680.6 MPa obtained using the Von

B: Transient Structural
Total Deformation
Type: Total Deformation

Unit:
Time: 24.778
09/01/2024 11:18,

1.253 Max

L1436

0,000

IL.
2000 4.000(m)
]

1.000 3,000

Fig. 15. Transient structure (Total deformation)
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T T T T T T T T T T T T T T T
8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

Time (s)

Fig. 16. Time affecting the deformation's amplitude value
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H 0000
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0.00034

0.00028

I 000011
0Min

ANSYS

R18.2

5,

() 150000

300000 (mm)

75000 250

Fig. 17. Equivalent elastic modulus material (the strain value)
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B: Transient Structural
Equivlent Sress

Type: Equnalert (von-Mises) Sress
Unit MPa

Time: 30

680.6Max.

0Min

) 150000

75000

300000 (mm)

s

ANSYS

R18.2

e,

Fig. 18. The value of stress for comparable material as determined by the Von Mises Technique

5.2.3 Harmonic analysis (forced vibration)

At a frequency of 50 Hz, Figure 19 evinces the harmonic response's total deformation of 1.386
mm. And, Figure 20 indicates that maximum amount of amplitude is 1.368 mm, where the frequency
is 50 Hz. Table V lists the results of comparison of the gas turbine system before development (B.D.)

and after development (A.D.).

D: Harmonic Response
Total Deformation

Type: Total Deformation
Frequency: 51, Hz
Sweeping Phase: 0.

Unit: m
03/01/2024 07.25 5
1.386 Max

L4

4.000(m)

3.000

e,

1.368
1E+01 4 - Amplitude(mm)| {
1E+00 - ﬂ

0.00: ’n
1E-02 0.00038451 ; H
— 0.00002879 > i |
£ / i ! i
£ (S
L 1E-05 A f iy
2 i TN
= f f
£ 1E-08 i N R ,g%i,\gﬁ
< NIANAYNAVIRATA!
N AAVAUYATIV RS
if { f
1E-14 ¥ \/ BV Y] \

4
1E-17 - ifﬂ
1E-19 T T T T T T T T T T 1

0 10 15 20 25 30 35 40 45 50 55
frequancy(Hz)

Fig. 20. The vibration value's amplitude with frequency
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Table 4
Suggested the oil qualities

The Analysis Modal Transient Analysis Harmonic Analysis
Deformation Deformation Stability  Total Equivalent Equivalent Deformation = Amplitude
In12.77 In 50 Hz.2nd Time Deformation Elastic Stress  Elastic at Frequency  of
Hz.1st Strain 50 Hz Vibration
B.D 13124 (2.8891) (53.52) (2.238) mm (1128) Mpa 0.0122 (2.2) mm (2.3) mm

mm sec

A.D 0.656 1.085 29.2sec 1.253 mm 680.6 Mpa 0.0047 1.36 mm 1.368 mm

5. Conclusions

In this work, the dynamic examination framework model MS9001E for the gas turbine
improvement was executed by utilizing scientific reproduction (Ansys programming). Upon
examining the results of the two cases, the following deduction was made: In the analysis of model,
the twisting value of the principal mode at recurrence (12 Hz) decreased to (0.656 mm) from its value
of (1.3124 mm) prior to the improvement; this will reduce the weight on the framework, where an
excitation capability links with the design's normal recurrence. This type of inquiry is used for the
transient assessment to ascertain a design's strong response to each broad time-subordinate load.
Following the improvements, a framework dependability time decreased to 29.2 sec. After the
improvements, the system's deformation value decreased to 46.17%, the stress value reduced to
39.66%, and the strain value decreased to 61.47%. In the consonant, a reduction in these values
indicates that the gas turbine is less likely to fail, leading to improved reliability. Also, the result
manifested that the gas turbine's performance has improved, as it can now withstand higher loads
and stresses reducing the vibrations emphasis on the rotor as well as the shaft-disk-blade.
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