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1. Introduction 
 

Numerous domains, including charge detectors, 

electronics, communication, composite materials, bio-

technology, the environment, energy storage, chemistry, and 

optics, are possible applications for cylindrical shells. The 

employment of cylindrical shells in pressure vessels, silos, 

core-barrels of pressure water reaction, and chimney design 

is widespread in practical applications. In theoretical and 

applied mechanics, vibration investigation is an important 

field of study (Yuan et al. 2024, Wang et al. 2023). 

Applications for shells in engineering science and 

technology are numerous. Their applications can be found, 

for instance, in the fields of nuclear, mechanical, electrical, 

aerodynamics, missile technology, spline-rotor systems, 

ship structure, and aerodynamics (Zhang and Ma 2022). 

The functionally graded materials are composed of 

multiple types of materials, and their physical characteristics 

differ on different surfaces. These surfaces differ mechanically 

and physically in a regular manner from one another, giving 

them a dual physical appearance. One of these surfaces has 

a high degree of heat resistance, while the other may 

maintain significant dynamic perseverance. Each of these 
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materials has interchangeable inner and outer surfaces, and 

they all have rather different physical characteristics and 

sandwich structure (Suresh and Mortensen 1997, Koizumi 

1997, Liu et al. 2022). These materials are arranged 

according to different methods, and dynamic elements like 

plates, beams, and shells use them. -Additionally, they have 

been seen in ship pipeline systems, spacecraft, nuclear 

reactors, missile technologies, and valve spool structures 

(Li et al. 2024, Zhang et al. 2024).  

Based on the particle swarm approach, Shi et al. (2024) 

looked into the optimum design for couple bearing surface 

texture. In 2021, Li and colleagues presented the scaling-

Basis Chirplet Transform. The frequencies of fluid-filled 

composite cylindrical shells were found by Sharma et al. 

(1998). They used trigonometric functions to estimate the 

axial modal deformations. The vibrations of infinitely long 

spinning, thin, isotropic cylindrical shells were studied by 

Di Taranto and Lessen in 1964. Pre-stress influence on 

buckling and vibration features of rotating cylindrical shells 

was analyzed by Padovan (1975). A fluid-submerged 

cylindrical shells (CS) was analytically investigated by 

Goncalves and Batista (1987). Sharma (1974) used the 

Rayleigh-Ritz formulation to examine the vibration 

frequencies of a circular cylinder and compared his findings 

with a few experimental ones. Research on isotropic long 

rotating cylindrical shells, including the impact of coriolis 

effects on their traveling modes, was carried out by 

Srinivasan and Lauterbach in 1971. The frequency response 

of fluid-filled cylindrical shells (CSs) was examined by 
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Abstract.  The shell problem in this work is modeled as a rotating cylindrical shell with three distinct volume fraction rules. 

There is a connection between polynomial, exponential, and trigonometric fraction laws and the governing equations for shell 

motion. The fundamental natural frequency is examined for several parameters, including height-radius and length-to-diameter 

ratios. The resulting backward and forward frequencies rise with rising height-to-radius ratios, whereas frequencies decrease 

with increasing length-to-radius ratios. Furthermore, as the angular speed increases, the forward and reverse frequencies 

decrease and increase, respectively. By using MATLAB coding, the eigen solutions of the frequency equation have been found. 

The findings for the clamped simply supported condition have been taken out of this numerical procedure in order to examine 

the properties of shell vibration. The generated results provide evidence for the applicability of the current shell model and are 

also supported by previously published material. 
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Chung et al. (1981), who also provided an analysis of their 

experimental and analytical research. Generalized end 

conditions were used by Penzes and Kraus (1972) to 

examine the vibrations of rotating cylindrical shells. The 

approximation approach and calculation process were 

required, the analysis of rotating shells was limited to a few 

exceptional circumstances. Advanced computers have 

completely transformed shell vibration analysis with their 

sophisticated numerical approaches. Rotating cylindrical 

shell vibrations were studied by Fox and Hardie (1985). For 

the shell motion equations, they employed Flugge’s shell 

theory. Donnell’s shallow-shell model with the quiescent, 

dense, inviscid, and incompressible fluid was utilized by 

Amabili et al. (1999). Additionally, the impact of the shell’s 

internal and external sides is investigated in relation to the 

dense fluid. Internally, the shell was thought to be entirely 

filled, but the fluid outside the shell was thought to be an 

unbounded domain that extended in all directions. Several 

scholars (Saito and Endo 1996, Wang et al. 1994, Chen et 

al. 1993) employed the shell motion equations for rotating 

cylindrical shells. The vibrations of spinning composite and 

sandwich cylindrical shells were studied by Lam and Loy 

(1994). They compared the vibration frequencies of 

revolving composite cylindrical shells and assessed the 

outcomes using various shell theories. Using sigmoid law 

distribution and the hygrothermal impact, Pankaj et al. 

(2019) investigated the functionally graded material. Aspect 

ratio frequency spectra have been illustrated with respect to 

different edge situations. Vibration frequencies and modes 

of rotating composite composite shafts were examined by 

Li and Lam (1998) in relation to edge circumstances. 

Different approaches were employed by a number of 

researchers to investigate frequency analysis (Golabchi et 

al. 2018, Lal and Markad 2018, Mousavi et al. 2019a, 

Loghman et al. 2017, Sayin and Calayir, 2015, Zheng et al. 

2021, Faleh et al. 2018, Fenjan et al. 2020a, b, Abdulrazzaq 

et al. 2020, Ahmed et al. 2021, Kong et al. 2024, Chen et 

al. 2024, Khadimallah et al. 2020a, b, Hussain 2022, 

Hussain et al. 2024, Hussain and Naeem, 2019, Muzamal 

2022, Qazaq et al. 2022). 

The control and automation shield machine was created 

by Qin et al. (2024a, b). Sun et al. (2025) and Chai et al. 

(2024) looked into vibration measurement using a semantic 

segmentation network and an algorithm. In 1968, Sewall 

and Naumann examined the vibration analysis of computer 

systems using both analytical and experimental techniques. 

Linear stiffeners were used to reinforce the shells. The 

vibrations of rotating cylindrical shells with limited length 

were examined by Zohar and Aboudi (1973), and the 

vibration of the shell was derived using a matrix approach. 

In their 2007 study, Najafizadeh and Isvandzibaei 

established their angular deformation theory of higher order 

by using ring supports to CSs for vibration analysis along 

the tangential direction. The effects of constituent volume 

fractions and shell configurations on the shell vibrations 

were ascertained by using the angular deformation in shell 

equations. The FG material properties were gradually 

altered. Cylindrical shell vibration was studied by Ergin and 

Temarel (2002). The shells were horizontally oriented, filled 

with fluid, and submerged in it. Eltaher et al. (2019), 

Ebrahimi et al. (2019), Safaei et al. (2019), Shahsavari et 

al. (2019), Benmansour et al. (2019), Miaofen et al. (2023), 

Wang et al. (2014). Researchers have recently employed 

many techniques for nonlinear modeling. 

The current study looks at the frequency characteristics 

of spinning FG cylindrical shells. Furthermore, almost little 

is known about or assumed about the angular frequency 

characteristics of shells with various geometrical parameters 

(ratios of thickness to radius and length to radius). Materials 

that are functionally graded are thought to be organized. 

The clamped-simply (C-S) boundary condition applied to 

the ends of a cylindrical shell, along with its reference 

surface, length, radius, and thickness characteristics, are 

used to explain the shell’s dynamic behavior. Vibration 

causes a stationary wave to be created when a static 

cylindrical shell moves. Furthermore, as the angular speed 

increases, the forward and reverse frequencies decrease and 

increase, respectively. The resulted presented here are 

produced by the MATLAB computer program. 
 

 

2. Effective material properties 
 

Functionally graded materials work best in extremely 

heated systems. Their fabric qualities depend on the 

temperature under these circumstances. According to 

Touloukian (1973) definition, if 𝜒  denotes a fabric 

attribute and is dependent upon the absolute temperature T 

(K), then 

𝜒 = 𝜒0(𝜒−1𝑇
−1 + 𝜒1𝑇 + 𝜒2𝑇

2 + 𝜒3𝑇
3) (1) 

The thermal coefficients are defined here by 𝜒0, 𝜒−1, 

𝜒1 , 𝜒2  and 𝜒3  and the temperature (K) is expressed in 

Kelvin degrees. The following are the fabric qualities that 

result from a FGM: 

𝜒 =∑𝜒𝑖𝑉𝑓𝑖

†

𝑖=1

 (2) 

The number of functionally graded ingredient fabrics is 

† wherever 𝜒𝑖  denotes the fabric property and the volume 

fraction 𝑉𝑓𝑖 of the ith FGM in that order. The outcome of 

adding the volume fractions of these component materials is 

one that is 

∑𝑉𝑓𝑖 = 1

†

𝑖=1

 (3) 

 
 
3. Volume fraction laws 

 

Three volume fraction rules are examined in the 

vibrations of rotating FG circular cylindrical shells: 

polynomial, exponential, and trigonometric. In the direction 

of the shell radius, these principles regulate the functionally 

graded material composition. 

Law-I: Polynomial Law 𝑉𝑓 = (
𝑧

ℎ
+

1

2
)
𝛤

 (4) 
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Law-II: Exponential Law 𝑉𝑓 = 1 − 𝑒−
(
2

ℎ
+
1

2
)
𝛤

 (5) 

Law-III: Trigonometric Law 𝑉𝑓1 = 𝑐𝑜𝑠2 [(
2

ℎ
+

1

2
)
𝛤

]

 

(6) 

𝑉𝑓2 = 𝑠𝑖𝑛2 [(
2

ℎ
+
1

2
)
𝛤

]

 

(7) 

The term 𝑉𝑓 is designated as total volume fraction of 

FG-CS, respectively. The power exponent is denoted as 𝛤 

and h for thickness and z is the coordinate. 

Functionally graded materials are created when two or 

more materials, such as Nickel and Stainless steel, are 

mixed together. Depending on the compositional order, 

these shells are divided into two categories. Their 

configuration has a significant impact on how FG-CSs 

form. The constituent ingredients of FG are arranged as 

Type-I and Type-II, but in reverse order. At temperature 

300K, the material properties for FG-CS are:𝐸, 𝜐, 𝜌 for 

Stainless steel are 2.07788 × 1011
𝑁

𝑚2 , 0.317756 and 

8166
𝐾𝑔

𝑚3 and Nickel are 2.05098 × 1011
𝑁

𝑚2, 0.3100, and 

8900 
𝐾𝑔

𝑚3.  

So the Young’s modulus 𝐸𝑓𝑔𝑚, Poisson ratio 𝑣𝑓𝑔𝑚 and 

mass density 𝜌𝑓𝑔𝑚 for three different laws are defined as: 

Law-II: FGM Polynomial Law  

𝐸 = (𝐸1 − 𝐸2) (
𝑍

ℎ
+
1

2
)
𝛤

+ 𝐸2 (8) 

𝑣 = (𝑣1 − 𝑣2) (
𝑍

ℎ
+
1

2
)
𝛤

+ 𝑣2
 

(9) 

𝜌 = (𝜌1 − 𝜌2) (
𝑍

ℎ
+
1

2
)
𝛤

+ 𝜌2
 

(10) 

Law-II: FGM Exponential Law  

𝐸 = (𝐸1 − 𝐸2) (1 − 𝑎
−(

𝑍

ℎ
+
1

2
)
𝛤

) + 𝐸2 (11) 

𝑣 = (𝑣1 − 𝑣2) (1 − 𝑎
−(

𝑍

ℎ
+
1

2
)
𝛤

) + 𝑣2

 

(12) 

𝜌 = (𝜌1 − 𝜌2) (1 − 𝑎
−(

𝑍

ℎ
+
1

2
)
𝛤

) + 𝜌2

 

(13) 

Law-III: FGM Trigonometric Law 

𝐸 = (𝐸1 − 𝐸2) 𝑠𝑖𝑛
2 [(

𝑍

ℎ
+
1

2
)
𝛤

] + 𝐸2 (14) 

𝑣 = (𝑣1 − 𝑣2) 𝑠𝑖𝑛
2 [(

𝑍

ℎ
+
1

2
)
𝛤

] + 𝑣2
 

(15) 

𝜌 = (𝜌1 − 𝜌2) 𝑠𝑖𝑛
2 [(

𝑍

ℎ
+
1

2
)
𝛤

] + 𝜌2
 

(16) 

When 𝑧 = −
ℎ

2
 is substituted in the expressions (8) to 

(16), 𝐸 = 𝐸2 , 𝜈 = 𝜈2  and 𝜌 = 𝜌2  which are material 

properties of Type-I and when substitution 𝑧 =
ℎ

2
 is made 

in the above expressions, 𝐸 = 𝐸1, 𝜈 = 𝜈1 and 𝜌 = 𝜌1 for 

a Type-II. These substitutions demonstrate the continuous 

transition of the fabric Type-I qualities at the shell’s internal 

surface to Type-II properties at the shell external surface, 

which is connected to its mid surface. Given that the ratio of 

radius to thickness in a FG-CS consisting of two materials 

is more than twenty, any suitable thin shell theory can be 

applied to study the vibration characteristics of this 

heterogeneous shell. 
 

 

4. Theoretical formulations 
 

As illustrated in Fig. 1, the 𝑧  - co-ordinates are 

obtained in their radial directions, and the 𝑥, 𝜃  -co-

ordinates are considered to be along the longitudinal and 

circumferential directions, respectively. 

Here, 𝜌t stands for density and is written as 

𝜌𝑡 = ∫𝜌

ℎ

2

−ℎ

2

𝑑𝑧

 

(17) 

where,
 
𝐴𝑖𝑗, 𝐵𝑖𝑗 , and

 
𝐷𝑖𝑗  respectively, indicate the stiffness 

condition of the FG-shell and are explained as: 

In case of isotropic, 𝑄𝑖𝑗
 

is reduced stiffness 

𝑄11 = 𝑄22 =
𝐸

1 − 𝜈2
 (18) 

𝐴𝑖𝑗 = ∫ 𝑄𝑖𝑗𝑑𝑧

ℎ

2

−ℎ

2

𝐵𝑖𝑗 = ∫ 𝑧𝑄𝑖𝑗𝑑𝑧

ℎ

2

−ℎ

2

𝐷𝑖𝑗 = ∫ 𝑧2𝑄𝑖𝑗𝑑𝑧

ℎ

2

−ℎ

2 }
 
 
 
 

 
 
 
 

 (19) 

For isotropic materials, 𝑄𝑖𝑗  is the reduced stiffness with 

the conjunction of E and 𝑣is expressed as follows: 

𝑄22 = 
𝐸

1 − 𝑣2
 (20) 

𝑄12 = 
𝑣𝐸

1 − 𝑣2
 

(21) 

𝑄66 = 
𝐸

2(1 + 𝑣)
 

(22) 

Making use of the rotating cylinder differential operator 

notation from sander shell theory as 

⫚11 𝑢 +⫚12 𝑣 +⫚13 𝑤 = 𝑅2𝜌𝑡
𝜕2𝑣

𝜕𝑡2
 (23) 
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⫚21 𝑢 +⫚22 𝑣 +⫚23= 𝑅2𝜌𝑡 (
𝜕2𝑣

𝜕𝑡2
+ £

𝜕𝑤

𝜕𝑡
− £2𝑣)

 

(24) 

  ⫚31 𝑢 +⫚32 𝑣 +⫚33 𝑤 = 𝑅2𝜌𝑡 (
𝜕2𝑤

𝜕𝑡2
− £

𝜕𝑣

𝜕𝑡
− £2𝑤)

 

(25) 

where 

⫚11= 𝐴11
𝜕2

𝜕𝑥2
+ ( 

𝐴66

𝑅2
+ 𝜌𝑡£

2 𝜕2

𝜕𝜃2
). 

⫚12= 
(𝐴12 + 𝐴66)

𝑅

𝜕2

𝜕𝑥𝜕𝜃
+
(𝐵12 + 2𝐵66)

𝑅2
𝜕2

𝜕𝑥𝜕𝜃
 

⫚13= (
𝐴12
𝑅
−𝜌𝑡£

2𝑅)
𝜕

𝜕𝑥
− 𝐵11

𝜕3

𝜕𝑥3
−
(𝐵12 + 2𝐵66)

𝑅2
𝜕3

𝜕𝑥𝜕𝜃2
 

⫚21= (
𝐴12 + 𝐴66

𝑅
+
𝐵12 + 𝐵66

𝑅2
+ 𝜌𝑡£

2𝑅)
𝜕2

𝜕𝑥𝜕𝜃
 

⫚22= (𝐴66 +
3𝐵66
𝑅

+
2𝐷66
𝑅2

)
𝜕2

𝜕𝑥2
 

+ (
𝐴22
𝑅2

+
2𝐵22
𝑅3

+
𝐷22
𝑅4
)
𝜕2

𝜕𝜃2
+𝜌𝑡£

2 

⫚23= (
𝐴22
𝑅2

+
𝐵22
𝑅3
)
𝜕

𝜕𝜃
− (

𝐵22
𝑅3

+
𝐷22
𝑅4
)
𝜕3

𝜕𝜃3
 

−(
𝐵12 + 2𝐵66

𝑅
+
𝐷12 + 2𝐷66

𝑅2
)

𝜕3

𝜕𝑥2𝜕𝜃
− 2𝜌𝑡£

𝜕

𝜕𝑡
 

⫚31=  −
𝐴12
𝑅

𝜕

𝜕𝑥
+ 𝐵11

𝜕3

𝜕𝑥3
+ (

𝐵12 + 2𝐵66
𝑅2

)
𝜕3

𝜕𝑥𝜕𝜃2
 

⫚32= −(
𝐴22
𝑅2

+
𝐵22
𝑅3

+𝜌𝑡£
2)

𝜕

𝜕𝜃
+ (

𝐵22
𝑅3

+
𝐷22
𝑅4
)
𝜕3

𝜕𝜃3
 

+(
𝐵12 + 2𝐵66

𝑅
+
𝐷12 + 4𝐷66

𝑅2
)

𝜕3

𝜕𝑥2𝜕𝜃
+ 2𝜌𝑡£

𝜕

𝜕𝑡
 

⫚33= −
𝐴22
𝑅2

+𝜌𝑡£
2 +

2𝐵12
𝑅

𝜕2

𝜕𝑥2
+ (

2𝐵22
𝑅3

+𝜌𝑡£
2)

𝜕2

𝜕𝜃2
 

−𝐷11
𝜕4

𝜕𝑥4
− 2(

𝐷12 + 2𝐷66
𝑅2

)
𝜕4

𝜕𝑥2𝜕𝜃2
−
𝐷22
𝑅4

𝜕4

𝜕𝜃4
 

The displacement components are represented as 

follows in the first order shear deformation theory:  

𝑈(𝑥, 𝜃, 𝑡)  =  αm  𝑈(𝑥) 𝑆𝑖𝑛 (𝑛𝜃 + 𝜔𝑡) (26) 

𝑉 (𝑥, 𝜃, 𝑡) = 𝛽𝑚   𝑉(𝑥) 𝐶𝑜𝑠 (𝑛𝜃 + 𝜔𝑡)

 

(27) 

𝑊 (𝑥, 𝜃, 𝑡) = 𝛾𝑚  𝑊(𝑥) 𝑆𝑖𝑛 (𝑛𝜃 + 𝜔𝑡)

 

(28) 

where U, V, and W are the unknown functions that, in turn, 

represent the corresponding deformations in the transverse, 

tangential, and longitudinal directions. The vibration 

amplitudes in the x, θ, and z directions are represented by 

the coefficients 𝛼𝑚,  𝛽𝑚 and  𝛾𝑚 respectively. The angular 

frequency of the shell is described by ω (rad/sec), while n 

indicates the circumferential wavenumber. The axial wave 

number is indicated by the subscript m. For different 

boundary conditions, the exponents of the complex 

exponential functions that define the functions U, V, and W 

are related to the axial wave number km.  

i.e., U(x)=V(x)=W(x)=𝑒−𝑖𝑘𝑚x 
The modal displacement functions (26)-(28) are then 

substituted into the governing Eqs. (23)-(25) once the value 

of U(x) = V(x ) = W(x) has been entered into them. One can 

obtain algebraic expressions in their full form: 

{−𝑘𝑚
2 𝐴11 − 𝑛

2 (
𝐴66
𝑅2

+ 𝜌𝑡£
2) + 𝜌𝑡ω

2} 𝑈 

+ {−𝑖𝑛𝑘𝑚 (
𝐴12 + 𝐴66

𝑅
+
𝐵12 + 2𝐵66

𝑅2
)}𝑉 

+{
−𝑖𝑘𝑚

3 𝐵11 − 𝑖𝑘𝑚 (
𝐴12
𝑅
−𝜌𝑡£

2𝑅)

−𝑖𝑛2𝑘𝑚 (
𝐵12 + 2𝐵66

𝑅2
)

}𝑊 = 0 

(29) 

{𝑖𝑛𝑘𝑚 (
𝐴12 + 𝐴66

𝑅
+
𝐵12 + 𝐵66

𝑅2
+ 𝜌𝑡£

2𝑅)}𝑈 

+{
−𝑘𝑚

2 (𝐴66 +
3𝐵66
𝑅

+
2𝐷66
𝑅2

)

−𝑛2 (
𝐴22
𝑅2

+
2𝐵22
𝑅3

+
𝐷22
𝑅4
)+𝜌𝑡£

2𝜌𝑡ω
2

}𝑉 

+{
−𝑛 (

𝐴22
𝑅2

+
𝐵22
𝑅3
) − 𝑛3 (

𝐵22
𝑅3

+
𝐷22
𝑅4
)

−𝑛𝑘𝑚
2 (
𝐵12 + 2𝐵66

𝑅
+
𝐷12 + 2𝐷66

𝑅2
) + 2£𝜌𝑡𝜔

}𝑊 

= 0

 

(30) 

{𝑖𝑘𝑚
𝐴12
𝑅
+ 𝑖𝑘𝑚

3 𝐵11 + 𝑖𝑛
2𝑘𝑚 (

𝐵12 + 2𝐵66
𝑅2

)} 𝛼𝑚 

+{
−𝑛 (

𝐴22
𝑅2

+
𝐵22
𝑅3

+𝜌𝑡£
2) − 𝑛3 (

𝐵22
𝑅3

+
𝐷22
𝑅4
)

−𝑛𝑘𝑚
2 (
𝐵12 + 2𝐵66

𝑅
+
𝐷12 + 4𝐷66

𝑅2
) + 2£𝜌𝑡𝜔

}𝛽𝑚 

+{
−
𝐴22
𝑅2

+𝜌𝑡£
2 − 𝑘𝑚

2
2𝐵12
𝑅

− 𝑛2 (
2𝐵22
𝑅3

+𝜌𝑡£
2)

−𝑘𝑚
4 𝐷11 − 2𝑛

2𝑘𝑚
2 (
𝐷12 + 2𝐷66

𝑅2
) − 𝑛4

𝐷22
𝑅4

+ 𝜌𝑡ω
2

}𝛾𝑚 

= 0

 

(16) 

The word arrangement for the eigenvalue form is 

framed as  

{𝛥̃1𝜔
2 + 𝛥̃2𝜔 + 𝛥̃3}[𝑥] = 0  (32) 

Here  𝛥̃1,  Δ̃2,  𝛥̃3  
signify order three square matrices. 

The shell parameters are implicated by the matrix entries 

𝛥̃3 .  

Six eigenvalues make up the solution, hence out of these 

values, the smallest absolute real value is selected. Eigen 

frequency divides into two components during the rotation 

of a cylindrical shell: the positive and negative rotating 

sections. When the shell rotates, the standing wave splits 

into forward and backward waves based on the direction of 

rotation. When the shell vibrates, these two frequencies are 

comparable, but they are static. According to the frequency 

values, the forward frequencies are lower than the backward 

wave frequencies.  
 

 

5. Results and discussion 

 

For the current model’s validity and effectiveness, some 

frequency work is done. A comparison between the simply 

supported condition and wave number n = 1~5 is presented 

in Table 1 (Loy et al. 1997). A comparison of the analytical 

frequencies of shell for = 2, 3 is shown in Table 2 (Ahmad 

and Naeem 2009). Table 2 presents a good agreement 

between Ahmad and Naeem (2009) and the simply 

supported shell ends conditions of natural frequencies (Hz)  
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Table 1 The frequency of a cylindrical shell edge condition 

that is simply supported and functionally graded (Loy et al. 

1997) 

𝑛 𝑚 Loy et al. (1997) Present 

2 

1 2045.3 2046.4 

2 5636.5 5637.2 

3 8934.9 8933.4 

4 11406.7 11407.8 

5 13252.7 13253.0 

 

Table 2 The frequency of a cylindrical shell edge condition 

with a simply supported functionally graded structure 

(Ahmad and Naeem 2009) 

𝑛 𝑚 Ahmad and Naeem (2009) Present 

2 

1 2043.77 2046.4 

2 5635.37 5637.1 

3 8932.46 8933.4 

4 11407.4 11407.7 

5 13253.1 13253.0 

3 

1 2195.05 2199.0 

2 4035.55 4041.2 

3 6614.63 6619.2 

4 9121.10 9124.1 

5 11358.91 11360.8 
 

 

for circumferential wave number n = 2, 3. The axial form m 

varies from 1 to 5. Enhancing the value of m leads to an 

increase in the natural frequency. Table 2 lists the 

geometrical and material parameters (v, E, ρ), (L, R, h). 

Table 3 demonstrates the mathematical values that Naeem 

and Sharma (2000) looked into. Natural frequency values 

nowadays are considerably nearer and somewhat higher 

than those of (Naeem and Sharma, 2000). The Type-I and 

 

Table 3 According to Naeem and Sharma (2000), the 

frequency of an S-S functionally graded cylindrical shell 

edge conditions vs n 

n Naeem and Sharma (2000) Present 

4 287.59 288.49 

5 201.85 202.33 

6 166.59 166.56 

7 166.22 165.63 

8 189.29 188.15 

9 226.88 225.26 

10 274.09 271.99 

11 328.64 326.03 

12 389.49 386.37 

13 456.21 452.53 

14 528.57 524.28 

15 606.45 601.51 

 

Table 4 For C-S edge conditions, the frequency of non-

rotating FG-CS against n for Type I: (𝑚 = 1, ℎ 𝑅⁄ =

0.003 ,  𝐿 𝑅⁄ = 15 ) 

𝑛 Polynomial Exponential 

1 22.428 22.416 

2 7.6512 7.6463 

3 6.3897 6.3786 

4 10.482 10.462 

5 16.535 16.463 

6 24.184 24.152 

7 33.258 33.188 

8 43.739 43.698 

9 55.621 55.528 

10 68.903 68.881 

 

 
Fig. 1. Labeling the rotating CS’s geometry 
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Table 5 For C-S edge conditions, the frequency of non-

rotating FG-CS against n for Type II:  (𝑚 = 1, ℎ 𝑅⁄ =

0.002 ,  𝐿 𝑅⁄ = 20  , 𝛤 = 0.7 ) 

𝑛 Polynomial Exponential Trigonometric 

1 13.151 13.162 13.175 

2 4.4521 4.4586 4.4607 

3 4.1249 4.2272 4.2327 

4 6.9928 7.2913 7.3245 

5 11.173 11.206 11.291 

6 16.359 16.385 16.399 

7 22.225 22.320 22.541 

8 29.602 29.690 29.719 

9 37.647 37.685 37.691 

10 46.639 46.669 46.689 

 

Table 6 For C-S edge conditions, the frequency of rotating 

FG-CS against n for Type I: (𝑚 = 1, ℎ 𝑅⁄ = 0.01 , 𝐿 𝑅⁄ =

10 , £ = 1 , 𝛤 = 30) 

n 
Polynomial Exponential Trigonometric 

Backward Forward Backward Forward Backward Forward 

1 47.523 47.224 47.431 47.152 47.326 47.118 

2 17.758 17.504 17.515 17.360 17.154 17.099 

3 19.633 19.441 19.467 19.276 19.125 18.994 

4 34.501 34.351 34.301 34.251 34.189 34.039 

5 55.204 55.082 54.941 54.718 54.586 54.364 

6 80.758 80.654 80.500 80.396 80.233 80.129 

7 111.01 110.93 110.98 110.47 110.32 110.11 

8 145.95 145.87 145.84 147.72 145.66 145.09 

9 185.56 185.49 185.37 185.25 185.19 185.03 

10 229.83 229.77 229.71 229.65 229.51 229.38 

 

Table 7 For C-S edge conditions, the frequency of rotating 

FG-CS against n for Type II: (𝑚 = 1, ℎ 𝑅⁄ = 0.002 , 𝐿 𝑅⁄ =

20 , £ = 1 , 𝛤 = 0.5) 

n 
Polynomial Exponential Trigonometric 

Backward Forward Backward Forward Backward Forward 

1 13.260 12.945 13.283 12.955 13.306 12.965 

2 4.5693 4.3147 4.5774 4.3157 4.5784 4.3167 

3 4.2263 4.0353 4.2336 4.0363 4.2346 4.0373 

4 7.0670 6.9171 7.0785 6.9181 7.0808 6.9192 

5 11.219 11.097 11.238 11.107 11.261 11.117 

6 16.377 16.274 16.404 16.286 16.427 16.296 

7 22.494 22.405 22.530 22.415 22.553 22.430 

8 29.560 29.481 29.607 29.491 29.630 29.503 

9 37.571 37.501 37.632 37.511 37.655 37.521 

10 46.465 46.528 46.602 46.538 46.625 46.549 

 

 

Type-II frequency fluctuations with clamped simply 

condition (C-S) end conditions are plotted against n in  

Table 8 Rotating FG-CS frequency vs angular speed £ for 

C-S edge situations in Type I: (𝑚 = 1  , ℎ 𝑅⁄ = 0.03 ,
𝐿
𝑅⁄ = 10 , 𝑛 = 2, 𝛤 = 30) 

£ 
Polynomial Exponential Trigonometric 

Backward Forward Backward Forward Backward Forward 

0 11.633 11.583 11.403 11.301 11.163 11.101 

1 11.939 11.244 11.677 11.993 11.407 10.783 

2 12.179 10.999 11.912 10.732 11.632 10.522 

3 12.4163 10.7833 12.123 10.521 11.823 10.271 

4 12.6479 10.586 12.341 10.311 12.041 10.059 

5 12.8783 10.373 12.571 10.1091 12.221 9.8411 

6 13.099 10.1733 12.771 9.9051 12.391 9.6411 

7 13.331 9.9433 12.993 9.6833 12.599 9.4332 

8 13.5683 9.7532 13.173 9.5001 12.798 9.2293 

9 13.7937 9.5609 13.395 9.3211 12.985 9.0651 

 

Table 9 Rotating FG-CS frequency vs angular speed £ for 

C-S edge situations in Type II: (  𝑚 = 1, ℎ 𝑅⁄ =

0.03 , 𝐿 𝑅⁄ = 10 , 𝑛 = 2, 𝛤 = 30) 

£ 
Polynomial Exponential Trigonometric 

Backward Forward Backward Forward Backward Forward 

0 11.163 11.102 11.402 11.302 11.624 11.582 

1 11.407 11.782 12.678 11.992 11.932 11.243 

2 11.632 10.523 11.913 10.731 12.178 10.998 

3 11.821 10.272 12.122 10.522 12.414 10.7834 

4 12.042 10.057 12.342 10.313 12.646 10.587 

5 12.222 9.842 12.5714 10.1092 12.877 10.361 

6 12.393 9.6421 12.775 9.9054 13.098 10.132 

7 12.595 9.4332 12.992 9.6832 13.321 9.9434 

8 12.799 9.2293 13.176 9.5006 13.567 9.752 

9 12.985 9.0653 13.395 9.3212 13.794 9.5608 

 

 

Tables 4 and 5. Three rules of volume fractions limit the 

material work of the shell: (I), (II), and (III). It demonstrates 

that the frequency derived from the polynomial law is 

greater than the frequency derived from the other two laws. 

It demonstrates that the frequency as defined by the 

trigonometric law is greater than the frequency as 

determined by the other two laws. For the circumferential 

wave number n, the natural frequencies (Hz) of a rotating 

functionally graded cylindrical shell design are displayed in 

Tables 6 and 7. The volume fraction rules, also known as 

the polynomial (Law-I), exponential (Law-II), and 

trigonometric (Law-III), have been used to establish the 

variance in frequencies. As their circumferential wave 

number (n) increases, so do the forward and backward 

frequencies.  

The forward and backward frequencies for the 

polynomial volume law are higher than those for the other 

two laws. The natural frequencies (Hz) of a rotating 

cylindrical shell with functionally graded plotted against the 

angular speeds, £, are shown in Tables 8 and 9. These  
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Fig. 2 The frequency of rotating FG-CS for C-S edge 

conditions versus 𝑳 𝑹⁄  for Type I: ( 𝒎 = 𝟏, 𝒉 𝑹⁄ =

𝟎. 𝟎𝟏 , 𝜞 = 𝟎. 𝟓, 𝒏 = 𝟐, £ = 𝟑 ) 
 

 
Fig. 3 The frequency of rotating FG-CS for C-S edge 

conditions versus  𝑳 𝑹⁄  for Type II: (𝒎 = 𝟏, 𝒉 𝑹⁄ =

𝟎. 𝟎𝟏 , 𝜞 = 𝟎. 𝟕, 𝒏 = 𝟐, £ = 𝟑 ) 
 

 

findings were derived using the polynomial, exponential, 

and trigonometr ic volume fraction laws for the 

circumferential wave, n = 2. As the angular speed increases, 

the forward and reverse frequencies rise. The forward and 

backward frequencies for the polynomial volume law are 

higher than those for the other two laws. A rotating 

functionally graded cylindrical shell is sketched for natural 

frequencies (Hz) vs L/R for Type-I in Fig. 2. For every rule, 

the forward and reverse frequencies (Hz) decrease as L/R 

increases. The natural frequencies (Hz) of a rotating 

cylindrical shell type with functional graded rotation are 

plotted against L/R for Type-II in Figure 3. For all three 

volume fraction laws, the forward and backward 

frequencies (Hz) decrease as L/R increases. Regarding how 

the laws affect frequency variation, the forward and 

backward frequencies are higher than the frequencies that 

correspond to the other two laws. The forward and 

backward frequencies for the trigonometric volume law are 

greater than those for the polynomial and exponential laws. 

The natural frequencies (Hz) of a rotating functionally  

 
Fig. 4 The frequency of rotating FG-CS for C-S edge 

conditions versus  𝒉 𝑹⁄  for Type I: (𝒎 = 𝟏, 𝑳 𝑹⁄ = 𝟏𝟎  ,

𝑵 = 𝟏, 𝒏 = 𝟐, £ = 𝟑 ) 
 

 
Fig. 5 The frequency of rotating FG-CS for C-S edge 

conditions versus  𝒉 𝑹⁄  for Type II: (𝒎 = 𝟏, 𝑳 𝑹⁄ = 𝟐𝟎  ,

𝑵 = 𝟎. 𝟓, 𝒏 = 𝟑, £ = 𝟏 ) 
 

 

graded cylindrical shell for Type-I and Type-II are plotted 

versus the h/R in Figs. 4 and 5. For all three volume fraction 

laws, the forward and reverse frequencies (Hz) increase as 

h/R increases. However, both forward and backward 

frequencies related with the laws have bigger frequency 

changes than those connected with the other two laws. The 

forward and backward frequencies for the polynomial 

volume law are higher than those for the trigonometric and 

exponential laws. The frequencies of Type-II are higher 

than Type-I in Figs. 2-5. 

  

 

6. Conclusions 

 

Three volume fraction laws- polynomial, exponential, 

and trigonometric are investigated in the theoretical 

investigation of the vibration investigation of rotating 

cylindrical shells. In the direction of the shell radius, these 

principles regulate the functionally graded material 
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composition. Controlled from two or more materials are 

functionally graded materials. Typically, a cylindrical shell 

is formed from functionally graded material that is 

composed of two constituent materials. The shell structure 

of the current shell problem is made of Nickel and Stainless 

steel. Type I and Type II cylindrical shell arrangements are 

approved by switching the constituent material order from 

the inner and outer side. This creates two types of 

functionally graded cylindrical shells. The volume fraction 

law governs the fabric composition of a functionally graded 

material in the direction of shell thickness. Frequency 

values alter as the power law exponent varies. The impact 

of this investigation is being studied to prevent more issues. 

This process can adjust the axial wave number to 

accommodate any boundary condition. However, for the 

sake of simplicity, numerical results for rotating cylindrical 

shells with clamped simply supported have been 

investigated. These results show that the shell frequency is 

split into two halves, one associated with the forward wave 

and the other with the backward wave. The value of the 

backward frequency is found to be slightly higher than the 

forward frequency. The impact of laws governing volume 

fraction on shell frequencies has been investigated. A 

volume fraction laws forward and backward frequency 

curves are higher than those of two other volume fraction 

laws. The analysis of vibration characteristics of rotating 

FGM cylindrical shells with ring supports for different 

volume fraction laws can be done using an extension of this 

work. 
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