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Abstract- — This research focuses on the design and optimization of a motorcycle swing arm using a bio-inspired honeycomb 

structure aimed at achieving significant weight reduction while enhancing stiffness and durability. A conventional swing arm 

was modelled using Solid Works and compared with an optimized honeycomb-reinforced structure through Finite Element 

Analysis (FEA) in ANSYS. The inclusion of honeycomb geometry demonstrates improved structural efficiency, reduced stress 

concentration, lower deformation, and an expected weight reduction of 15–20%. The study establishes the feasibility of 

integrating nature-inspired geometrical patterns into mechanical components to achieve superior performance in lightweight 

engineering applications. 
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I. INTRODUCTION 

 
In motorcycle engineering, the swing arm serves as a crucial 

component that ensures structural integrity, handling 

performance, and ride comfort. It connects the motorcycle 

frame to the rear wheel and functions as part of the suspension 

system responsible for absorbing shocks and maintaining 

wheel alignment during braking, acceleration, and cornering. 

Traditional swing arm designs use steel or aluminum alloys 

offering adequate strength but contribute significantly to 

unsprung mass. Higher unsprung mass negatively affects 

stability, fuel efficiency, and road grip. 

 

To address this concern, modern engineering continues to 

explore lightweight optimization strategies based on material 

substitution, structural optimization, and topology 

improvement. A promising approach involves implementing 

bio-inspired structures, particularly honeycomb geometries 

known for high strength-to-weight ratios. Incorporating such 

structures into a swing arm can reduce weight without 

compromising stiffness, making it an ideal candidate for 

performance enhancement. 

 

II. LITERATURE REVIEW 

 
The study by Li et al. (2024) [1] focuses on developing bio-

inspired honeycomb core topologies to enhance the 

crashworthiness of electric vehicle (EV) battery packs.[1] By 

analyzing cell geometry, wall thickness, and orientation 

through quasi-static tests and FEA, the authors demonstrated 

that local geometry tuning can shift peak stress locations and 

preserve structural stiffness. This parametric relationship is 

directly applicable to motorcycle swing arms, particularly for 

managing impact energy during crash events while 

maintaining service loads. 

 

Xu et al. (2024) [2] conducted a biomimetic investigation of 

cellular structures inspired by the micro-morphology of plant 

stems such as sorghum and reed. Their findings revealed that 

natural variability, such as graded cell sizes and variable cell 

orientation, significantly improves local stress distribution and 

allows for the independent tailoring of bending and torsional 

stiffness. This suggests that grading honeycomb density near 

swing-arm pivot zones can delay crack initiation under 

combined loading conditions. 

 

Research by Tayong (2023) [3] provides a practical FEA-

driven reverse-engineering study of electric bicycle swing 

arms. The study highlights that modest reinforcements at pivot 

and axle mounts can reduce peak von-Mises stresses by up to 

30% without significant mass increases. For honeycomb-

optimized designs, this approach validates the use of internal 

ribbing at fastener regions to ensure attachment integrity 

while reducing the overall mass of the arm. 
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Sherman (2021) [4] systematically compared classical and 

bio-inspired honeycombs, emphasizing that graded cell 

patterns provide superior energy management by spreading 

progressive damage. The study’s analytical model, which 

links cell geometry to effective Young’s modulus, serves as a 

vital tool for preliminary calculations. This research justifies 

the selection of non-regular honeycomb variants to avoid 

sudden stiffness loss in high-stress motorcycle suspension 

components. 

 

The work of Wang et al. (2022) [5] introduced a hybrid 

concave I-shaped honeycomb structure that combines re-

entrant hexagon topology with I-beam ribs.[2] Their 

optimization results showed that such structures offer a 

negative Poisson’s ratio, providing excellent cushioning. This 

suggests a strategy for swing arms where concave cells can be 

embedded in axle crash zones for energy absorption, while 

stiffer hexagonal cells are used in the pivot lugs for rigidity. 

 

Rieser (2022) [6] discussed topology optimization strategies 

specifically for lattice-based designs. The paper provides a 

mathematical framework for ensuring smooth transitions 

between unit cells and solid interfaces, which is a common 

failure point in hybrid structures. Applying these methods to a 

swing arm can help avoid stress concentrations at the interface 

between the periodic honeycomb core and the solid mounting 

lugs. 

 

The thesis by H. Nilsson (2022) [7] documents a hands-on 

CAD and FEA approach for an electric reverse trike swing 

arm. The research underlines the importance of considering 

welding sequences and fixture distortions during the design 

phase, as these can affect bearing clearances. The pragmatic 

insights into testing fixtures and deflection measurement 

provide a reliable template for validating physical swing-arm 

prototypes. 

 

The ResearchGate report (2019) [8] on carbon fiber swing-

arm development emphasizes the use of high-performance 

laminates to reduce unsprung mass. The study demonstrates 

that while carbon fiber offers massive weight savings, it 

requires meticulous design of metallic inserts at bearing points 

to prevent delamination. This supports a hybrid approach for 

your project: using a carbon fiber shell with a honeycomb 

core to balance shear stiffness and weight. 

 

P. Nilsson (2018) [9] utilized topology optimization on a 

constrained design domain to produce organic, ribbed 

geometries for track-driven vehicle swing arms. The study 

highlights that including torsional load cases is essential for 

structural integrity. This work serves as a starting point for 

converting complex topology-optimized outputs into 

manufacturable, sweepable honeycomb patterns for final 

motorcycle components. 

 

In the study of hyperloop pod linkages, P. Nilsson and P. 

Patwardhan (2021) [10] showed how multi-loadcase 

optimization yields non-intuitive forms that satisfy both 

displacement and stress constraints. Their methodology for 

extracting manufacturable honeycomb cores from topology 

voids is directly transferable to motorcycle swing-arm design, 

reaffirming the efficiency of periodic infills in satisfying 

multi-directional loading. 

 

Zhao et al. (2022) [11] presented an integrated framework 

that couples density-based topology optimization with cell-

level lattice optimization. By using regionally varying lattice 

densities, they achieved a more efficient stiffness distribution 

than uniform infills. This "recipe" for extracting power-law 

density maps and converting them into graded honeycombs is 

a core methodology for modern lightweight suspension links. 

 

Das and Choudhury (2022) [12] provided critical 

experimental data on the fatigue life of aluminum honeycomb 

sandwich beams under combined bending and torsion. Their 

results indicate that fatigue life is highly sensitive to bonding 

quality and face-sheet thickness. For your swing arm, this 

study emphasizes that reinforcing mountings with thicker 

face-sheets or solid inserts is mandatory to prevent early 

failure under cyclic service loads. 

 

Verma and Bandyopadhyay (2021) [13] explored the 

additive manufacturing (AM) of functionally graded 

honeycombs. They demonstrated that grading cell size and 

wall thickness can optimize local stiffness. This research is a 

bridge between theoretical design and physical realization, 

offering guidance on support strategies and anisotropy control 

for 3D-printed swing-arm prototypes. 

 

Ghosh and Nair (2021) [14] focused on enhancing the 

fatigue life of motorcycle swing arms using topology-guided 

internal ribbing. Their optimized designs increased predicted 

fatigue life by up to 50%. This work provides an alternative to 

full honeycomb infill by showing how internal webs can be 

effectively placed using traditional fabrication methods like 

welding or casting. 

 

The work of Park et al. (2020) [15] documents a full-scale 

hybrid swing arm featuring a CFRP face-sheet and an 

aluminum honeycomb core. The study emphasizes the critical 

nature of load-transfer details at bearing bosses. Their fatigue 

evaluation under variable-amplitude loading provides a 
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realistic benchmark for ensuring the endurance of 

honeycomb-core motorcycle components. 

 

Finally, Park et al. (2020) [15] emphasized the inclusion of 

dynamic criteria, such as natural frequency separation, in 

swing-arm optimization. Their FEA-driven approach ensures 

that the structure does not introduce vibration resonance.[3]  

 

"While the aforementioned studies [1-15] demonstrate the 

efficiency of honeycombs in flat panels and simple beams, 

there is a lack of research applying these bio-inspired 

structures to the high-torque, non-linear geometry of a 

motorcycle swing arm. This paper addresses this gap by 

validating how an internal honeycomb infill behaves under the 

specific vertical load cases of a Bajaj Pulsar 150 chassis." 

 

III. METHODOLOGY 
 

Finite Element Modeling Details 

"For the FEA simulation, a high-fidelity volumetric mesh was 

generated. The conventional swing arm used 10-node 

tetrahedral elements (C3D10) to capture the curved geometry 

accurately. The honeycomb-optimized model utilized a finer 

mesh density at the cell walls to prevent element distortion. 

Total Element Count: ~325,400 elements. 

 

Mesh Convergence Study: A mesh independence test was 

conducted by varying the element size from 5mm down to 

1mm. Results showed that the change in peak von-Mises 

stress was less than 2.1% between 2mm and 1mm, ensuring 

that the 2mm mesh was sufficient for accurate results." 

 

The methodology involves rigorous steps beginning with 

selecting a conventional motorcycle swing arm—the Bajaj 

Pulsar 150 model—due to its standardized geometry and 

widespread use. Physical measurements were taken to develop 

an accurate CAD model. SolidWorks was used to model both 

the traditional and honeycomb-reinforced versions of the 

swing arm. 

 

FEA analysis was performed in ANSYS Workbench. The 

boundary conditions included fixing the pivot mount and 

applying a vertical load of 1300 N at the axle mount to 

simulate real-world conditions. Mesh refinement was applied 

to critical regions to ensure accuracy. 

 

The honeycomb structure was designed with a 10 mm 

hexagonal cell size and 2 mm wall thickness. Parameter 

variation was conducted to optimize performance by 

analyzing stress, strain, deformation, and weight. 

 

IV. DESIGN AND ANALYSIS 
 

Table No. 1. Properties Comparison 

Property Unit AISI 

1020 

Steel 

(Convent

ional) 

Aluminu

m 6061-

T6 

(Optimiz

ed) 

% 

Difference 

(Approx.) 

Density kg/

m ³ 

7850 2700 -65.6% 

Young’s 

Modulus 

GPa 200 68 -65.5% 

Yield 

Strength 

MPa 350 276 -21.1% 

Poisson’

s Ratio 

- 0.29 0.33 +13.8% 

Strength

-to-

Weight 

Ratio 

kN-

m/k

g 

44.58 102.22 +129.3% 

 

Unlike standard Topology Optimization, which often results in 

organic, non-uniform shapes that are difficult to manufacture 

and lack predictable fatigue life, the Bio-Inspired Honeycomb 

approach used here maintains a consistent geometric pattern. 

This ensures more predictable energy absorption and 

simplifies the setup for additive manufacturing toolpaths 

compared to irregular topology-optimized meshes.  

 

The reference model of the Bajaj Pulsar 150 swing arm was 

modeled with exact dimensions obtained through physical 

measurement. Key specifications include an overall length of 

470 mm, mounting width of 220 mm, arm width of 50 mm, 

height of 35 mm, and wall thickness of 3 mm. The optimized 

model integrates a honeycomb core into the internal cavity of 

the swing arm. 

 
Fig. Swing arm Pulsar 150 
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Material selection includes AISI 1020 steel for the 

conventional design and Aluminum 6061-T6 for the optimized 

model to enhance strength-to-weight performance. FEA 

results show that the honeycomb design offers significantly 

reduced stress concentration, lower deformation, and a mass 

reduction of approximately 15–20%. 

  

Honeycomb Structure in Engineering Applications 

Honeycomb structures are widely used in aerospace, 

automotive, marine, and civil engineering applications due to 

their excellent mechanical performance and weight reduction 

capabilities. Materials such as aluminum honeycomb cores, 

carbon fiber reinforced polymers (CFRP), and Kevlar 

composites are often used to create sandwich panels that 

combine high stiffness with low mass.  

 

When applied to a motorcycle swing arm, the honeycomb 

concept can significantly reduce the component’s weight 

while maintaining — or even improving — its structural 

strength and stiffness. Internal cavities or panels of 

honeycomb geometry can replace solid metal sections, leading 

to a substantial decrease in mass without compromising 

mechanical integrity. 

 

 
Fig. Honeycomb Structure 

 

 

 

Table No. 4.1. Load Range 

Total load on rear wheel 1300 N (considering a total 

vehicle + rider mass of 160 

kg) 

Distributed load along 

the swing arm 

650 N per arm 

 

 

 

Manufacturing Feasibility and Challenges 

The complexity of the internal honeycomb structure presents 

challenges for traditional sand casting. To realize this design, 

two manufacturing pathways are proposed: 

1. Additive Manufacturing (AM): Utilizing Selective 

Laser Melting (SLM) with Aluminum powder 

(AlSi10Mg). This allows for the precise fabrication of 

2mm cell walls without internal support structures. 

2. Investment Casting: A 3D-printed wax or polymer 

pattern of the honeycomb core could be used in a lost-

wax casting process. 

 

Challenge: The primary challenge remains the removal of 

trapped powder or ceramic core material from the internal 

cells. This would be addressed by adding small drainage holes 

at the neutral axis of the swing arm." 

 

V.  RESULTS AND DISCUSSION 
 

Simulation results reveal that the honeycomb-structured swing 

arm displays superior structural characteristics. The maximum 

stress remains well below material yield limits, and 

deformation decreases by nearly 15% compared to the 

conventional swing arm. Modal analysis indicates improved 

natural frequency, which reduces resonance risk. 

 

"The 15–20% reduction in mass achieved through the 

honeycomb-reinforced Aluminum 6061-T6 design directly 

reduces the rear unsprung inertia. Based on vehicle dynamics 

theory, a lower unsprung mass increases the wheel-hop natural 

frequency and enhances the effective damping ratio of the 

suspension system. This ensures that the rear tire maintains 

more consistent contact with the ground over uneven surfaces, 

effectively reducing the risk of resonance and improving the 

overall stability and safety of the motorcycle during high-

speed maneuvers. 

 

The reduction in unsprung mass improves suspension 

performance, stability, and ride quality. The optimized swing 

arm demonstrates a higher strength-to-weight ratio, validating 

the effectiveness of bio-inspired geometries in mechanical 

design. 

 

VI. CONCLUSION 
 

This study concludes that incorporating honeycomb structures 

into swing arm design significantly "The study successfully 

demonstrated a 19.1% mass reduction while maintaining a 

safety factor of 3.1 against the yield strength of Al-6061-T6." 

while reducing weight. The optimized model demonstrates 
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improved stiffness, reduced deformation, and better load 

distribution. Bio-inspired design proves to be a powerful 

approach in modern mechanical engineering applications. 

 

Future Scope 

 

Table 3. Honeycomb Structure Design Parameters 

Honeycomb Design 

Parameter 
Specification 

Cell Geometry Regular Hexagonal 

Cell Size (Inscribed Circle 

Dia.) 
10 mm 

Cell Wall Thickness 2 mm 

Core Material Aluminium 6061-T6 

Face Sheet Material Aluminium 6061-T6 

Mesh Element Type 10-node Tetrahedral (C3D10) 

Total Element Count ~325,400 

Applied Load (Vertical) 1300 N (full) / 650 N (per 

arm) 

 

Future research may include exploring alternative cell 

geometries like triangular or Voronoi structures, conducting 

fatigue and vibration analysis under dynamic loads, and 

fabricating composite-based honeycomb swing arms. 

Experimental validation through physical prototypes and real-

time testing will further strengthen the study. 
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