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Abstract

Based on the ruler cannon problem from the 2025 Young Physicists’ Tournament, this paper con-
structs a cantilever beam theoretical model integrating dynamic energy transfer and stability con-
straints. Through theoretical modeling, parametric simulation, and multi-objective optimization
analysis, the key parameters affecting the initial velocity of the projectile are systematically inves-
tigated. A dynamic energy balance equation considering friction loss and the beam’s own kinetic
energy is established, revealing the law that the position of the force application point influences
energy conversion efficiency through the modal excitation mechanism. Furthermore, combined
with beam-column theory, the buckling stability under combined compression-bending defor-
mation is analyzed, and a potential energy correction method based on the exact deflection solution
is proposed. Finally, by constructing a comprehensive optimization coefficient surface, the coordi-
nated optimization of stability and dynamic efficiency is achieved, the trade-off relationship be-
tween structural stability and launch efficiency is quantified, and the optimal design parameter do-
main is determined, providing a theoretical basis for the parameter design of such elastic dynamic
systems.
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Table 1. Parameter comparison table
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Figure 1. Operation result image of the deflection measurement program
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Figure 2. Pressure distribution under the beam
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Figure 3. Force analysis diagram of the elastic rigid body acting on the ball

3. BMERIFIEREZ S HE
FEMAE A BE o(x) RAGIRZHIALTE5 ] 0 T8 2, HERE BREL oo (x) T 2 LR RRALAA S5 AR [91 7 2

d* o(x)

EI
dx*

=0 “

DOI: 10.12677/app.2026.161005 48 N


https://doi.org/10.12677/app.2026.161005

BRI 5E

ERT A AT, IS AE U RN
1 ¢L dw ’
otpa(E2f
SR, BRI HR IS F T o AN A 2R RS Ll A A LA

EEE . DU AN —SE R BTN B, ORI, b T e B it 7 o B RS (¥ 2 R A1 20 Hr [10]
i 4, 185, Hert a Dt E0 R E v 0 B

Y.
) F. Y F
S| i S T
7 y
////////////A\V//////////////////////////////////////// X % Ry
\ | [ X
L L

Figure 4. Force analysis diagram for bending moment calculation using the section method (0 <x < L)
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Figure 5. Shear force diagram and bending moment diagram (0<x <L)
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Figure 6. Schematic diagram of the actual position
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Figure 7. First two order modal shapes of the cantilever beam
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Figure 8. Variation of the dynamic efficiency factor with the position of the force application point
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Figure 9. Modal excitation coefficients at different force application point positions
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Figure 10. Combined compression-bending deformation diagram
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Figure 11. Internal force distribution diagram
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Figure 13. Comprehensive optimization analysis of and dynamic response
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Figure 14. Contour diagram of the comprehensive stability optimization coefficient
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