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Abstract
The free vibration characteristics of functionally graded thin elliptical cylin-
drical shells were investigated using the absolute nodal coordinate formulation
(ANCF) method. Third-order Bézier curve fitting technology was employed
to calculate the initial circumferential tangent vectors and circumferential arc
lengths of ANCF rectangular shell elements, thereby avoiding elliptical integral
calculations and improving fitting accuracy. Starting from the kinetic energy
expression and the functional relationship between the Green strain tensor and
absolute displacements, the generalized mass matrix, generalized elastic force
vector, and generalized stiffness matrix of functionally graded thin elliptical
cylindrical shell elements were derived. Using d’Alembert’s principle, a system
of nonlinear dynamic differential equations was established. At the equilib-
rium position of the system, by introducing small variations in the generalized
coordinates, a system of linear motion differential equations for functionally
graded thin elliptical cylindrical shells was established. Through numerical cal-
culations, the effects of gradient index, elliptical cross-section eccentricity, and
length-to-diameter ratio on the natural frequencies of functionally graded thin el-
liptical cylindrical shells with simply supported ends were analyzed. The results
show that the material’s elastic modulus ratio, density ratio, and gradient in-
dex have significant effects on the natural frequencies; the natural frequencies of
each order for stainless steel-alumina shells (with circumferential wave numbers
1~3) decrease with increasing length-to-diameter ratio; the natural frequency
corresponding to a circumferential wave number of 1 increases with increasing
eccentricity, and the length-to-diameter ratio is the main factor affecting the
variation of natural frequencies.
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The provided text fragment is incomplete and cannot be cleaned as requested.
The content consists only of:

• A section header (“## Preamble”)
• Two unreplaced math placeholders (�MATH_{0005}�, �MATH_{0006}�)

Critical issues preventing cleanup:

1. Insufficient content: The body is only 37 characters, far below the
500-character minimum required for meaningful academic text.

2. Unreplaced placeholders: The �MATH_*� markers are not valid La-
TeX math expressions. These appear to be unresolved placeholders that
should have been replaced with actual mathematical notation (e.g., $...$,
$$...$$, or \[...\]).

3. Missing context: Without the full paper text, I cannot identify duplicate
sections, watermark artifacts, or properly structure paragraphs.

To proceed with cleanup, please provide: - The complete translated
text - The actual LaTeX math expressions to replace the �MATH_{0005}� and
�MATH_{0006}� placeholders - Any additional sections that were part of the
original translation

Once you supply the full text with proper math expressions, I will perform the
requested cleanup while preserving all LaTeX, citations, and academic format-
ting.

Note: Figure translations are in progress. See original paper for figures.
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