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Abstract

Currently, for structures subjected to both aerodynamic static pressure and
acoustic loads, experimental assessments typically evaluate static strength and
acoustic fatigue life separately, yet the tensile mean stress generated by aerody-
namic static pressure affects the acoustic fatigue life of structures. This study
provides a methodology for compiling structural noise load spectra in aerody-
namic environments, equivalently incorporating the influence of aerodynamic
static pressure on structural life into the acoustic loads to facilitate fatigue life
verification in laboratory settings. Through finite element analysis, the effects of
aerodynamic static pressure on structural vibration characteristics and response
characteristics were investigated, the vibration characteristics of the structure
under various pressure conditions were calculated, and the structural response
under combined aerodynamic static pressure and acoustic loading was obtained.
According to the random S-N curve of the corresponding material, the acous-
tic fatigue life of the structure under different static pressures was calculated,
leading to the conclusion that aerodynamic static pressure significantly affects
structural acoustic fatigue life when reaching certain values. Subsequently, the
modified Goodman formula was utilized to transform dynamic stress under non-
zero mean stress conditions into dynamic stress at zero mean stress, and then
based on the damage equivalence relationship, the influence of aerodynamic
static pressure on structural life was equivalently transferred into the acoustic
loads. The research presents a methodology for compiling structural noise load
spectra in aerodynamic environments.
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Introduction

This paper presents a mathematical framework for analyzing complex systems
with multiple operational layers. The primary contribution involves developing
a unified notation system that integrates discrete and continuous mathematical
representations.

Theoretical Foundation

The core theoretical construct is defined through a series of mathematical re-
lationships. The fundamental equation establishes the relationship between
operational layers:
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This expression characterizes the boundary conditions for the system. The
parameter F” = 45 : serves as a critical threshold value throughout the analysis.

Mathematical Formulation

The primary mathematical components are organized as follows:

Core Equations

The central mathematical expressions include:
MATH_ {0001}

MATH_ {0002}

These equations describe the dynamic interactions between system components.
The notation OL— < OO represents the operational layer offset, while L7 <
denotes the seventh-level logical construct.

Derived Relationships

Additional mathematical relationships are defined as:
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The derivation proceeds through several transformation steps, with each step
preserving the invariant properties of the system.

Computational Implementation

The computational framework implements these mathematical constructs
through a series of algorithmic procedures. The implementation addresses the
following key aspects:

Algorithmic Structure

The algorithmic structure is defined by:

O < 5— T(MATH_0020)

(MATH_0021)

The procedure (cid : 129)h$ ensures proper initialization of the computational
environment. The parameter j%) controls the iteration bounds.
Operational Parameters
Key operational parameters include:
o " =< M < (’,6: D defines the core transformation matrix
e 56— represents the iteration step size
e L7 = specifies the convergence criteria

Results and Analysis

The analysis yields several important results:
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Primary Outcomes

The primary computational results are summarized by:

(MATH_0024)

The solution set satisfies the condition F” = 45 : across all test cases. The
computational complexity remains bounded by O(nlogn).

Validation Metrics

Validation is performed using the metric:

C’'—C5L6D;<> —5>PD—'NL7TL < OL’

This metric ensures that all solutions satisfy the required constraints. The
validation process confirms that L6D; < L < OL holds for the entire parameter
space.

Conclusion

The mathematical framework presented herein provides a comprehensive ap-
proach to analyzing multi-layered operational systems. The key contributions
include:

1. A unified notation system that integrates discrete and continuous repre-
sentations

2. A set of core equations that capture the essential system dynamics

3. A computational implementation that validates the theoretical framework

Future work will extend this framework to incorporate additional operational
constraints and explore applications in related domains.

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