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Abstract— Grand Prix Motorcycle Racing (MotoGP) refers 

to the premier class of motorcycle racing events held on 

racing circuits sanctioned by FIM (Fédération Internationale 

de Motocyclisme). Motorcycles used in these events have a 

power of about 260 bhp and can reach upto a top speed of 

316 km/h ; under power-cornering maneuvers the 

motorcycle is subjected to monumental loads, hence every 

component of motorcycle must be precisely designed in 

analysed in order for it to endure the extreme loads. The aim 

of this research is to design a swingarm component for 

MotoGP standard motorcycle using Shape Optimisation 

technique (under multiaxial loading scenario). Since weight 

is a salient factor, Aluminium 7075 T6 is selected as the 

component material because of its structural rigidity and 

strength to weight ratio. 
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I. INTRODUCTION 

Grand Prix Motorcycle Racing is a sophisticated motorcycle 

racing event held on racing circuits and sanctioned by 

Fédération Internationale de Motocyclisme. Grand Prix 

motorcycles are purpose built machines are purpose built 

machines that are generally unavailable for legally riding on 

public roads. These mighty machines experience extensive 

loads under power-cornering maneuvers, hence every 

component of these motorcycles are meticulously designed 

to improve safety of the vehicle and its performance. This 

research investigation is specifically focussed on swingarm 

component of the motorcycle.  

A swingarm is the main component of the rear 

suspension of most modern racing or commute motorcycle. 

Its function is to connect the rear wheel with the chassis and 

also to allow for the space of the rear suspension, while 

pivoting vertically, to allow the suspension to absorb bumps 

in the road [1].  Initial designs of motorcycles had no rear 

suspension as their frames were advanced versions of 

“Classic” diamond frame of the bicycle [2]. Present day 

swingarms of two main types : a traditional two arm and a 

single arm. Usually, the traditional swingarm is a 

symmetrical structure, with a pair of parallel pipes 

connecting the rear axle at one end and pivoting at the other 

end [3]. The previous researches shows that the strength, 

weight and stiffness are crucial factors of motorcycle 

swingarm design [1-7]. The swingarm should be strong 

enough to handle typical loads experienced in the field and 

stiff enough to increase the response and stability of the 

motorcycle [4-6]. The weight of the swingarm should also 

be reduced to improve motorcycle performance and increase 

the road holding of the rear wheel. Most motorcycles use 

materials such as steel, aluminium and magnesium in their 

swingarm design [7].  

The current research presents the initial design and 

shape optimisation of the aluminium swingarm for Honda 

RC213V motorcycle of MotoGP type 1 standards.  

 
Fig. 1: Existing Swingarm Design of Honda RC213V 

 

II. DESIGN & DEVELOPMENT 

A. Material Characteristics 

Material of any individual structural component plays an 

important role in developing its characteristics. One can 

improve performance parameters of a motorcycle by 

utilising a light material with high yield strength, rather than 

by changing the geometry of the design [4]. Aluminium 

7075 T6 alloy is being used in this particular research for its 

ease of machinability, high durability and high strength to 

weight ratio. Aluminium has another great property : during 

an impact it distributes the load throughout the component, 

hence reducing the deformation, unlike steel. 

Parameter Specification 

Density 2.81 𝑔 𝑐𝑚3⁄  

Ultimate Tensile Strength 600 MPa 

Yield Strength 520 MPa 

Young’s Modulus 72 GPa 

Poisson’s ratio 0.33 

Table 1: Al 7075 T6 properties 

B. Design Methodology 

 
Fig 2: Design Methodology 

 

Initial CAD 

model (Autodesk 

Fusion 360) 

Fine grade 

meshing 

First Multiaxial 

load analysis 

Shape 

Optimisation 
(Autodesk Nastran) 

Multiaxial load 

analysis 

Factor of 

Safety is 

greater than 3 

No 

Design 

Finalised 

Yes 



Design of Racing Motorcycle Swingarm with Shape Optimisation 

 (IJSRD/Vol. 6/Issue 06/2018/047) 

 

 All rights reserved by www.ijsrd.com 180 

A simple methodology is followed in designing of the most 

perfect swing arm for Honda RC213V. 

C. Motorcycle Specifications: 

As mentioned earlier, Honda RC213V is selected as our 

primal motorcycle choice, as it is most popular motorcycle 

in MotoGP industry. 

Parameter Specification 

Kerb Weight 160 Kg 

Dimensions L : 2.8m, W: 0.65m, H : 1.1m 

Ground Clearance 0.115 m 

Wheelbase 1.43 m 

Power 185 KW 

Top Speed 320 Km/h 

Table 2: Honda RC213V specifications 

D. Multiaxial Load Scenarios 

The loads on swingarm, during various maneuvering 

conditions emanating from vibrations generated from tire-

road surface contact and varying center of gravity, acts on 

the tire-swingarm connection point. Two loading scenarios, 

namely : braking and cornering, are being considered in this 

research. Foale (2002) suggested that center of gravity of the 

motorcycle is not constant and varies according to different 

loading scenarios. 

During braking, an inertia force acts on the center 

of gravity and results in mass transfer from rear to front of 

the motorcycle. The equilibrium load acting on the rear tyre 

is given by the equation : 

𝑊𝑅 =

1

2
∗ 𝑚 ∗ 𝑔 ∗ 𝑎2

𝐿
−

1

2
∗𝑚∗𝑔∗ℎ

𝐿
∗ 𝑎

𝑔
(1) 

Where,  

m =  mass of the vehicle 

g  =  acceleration due to gravity 

a  =  acceleration of the vehicle ( 0.5g ) 

L  =  Wheelbase  

h  =  C.G. Height 

𝑎2=  longitudinal distance between C.G. and Rear 

         wheel center 

The center of gravity during braking will change 

significantly, the height will decrease by 12 to 15 % while 

the length will decrease by 20 to 25%.  

 
Fig. 3: Braking Scenario 

During cornering, motorcycle takes a turn of 

certain radius of curvature about a centre, this results in shift 

of center of gravity in lateral direction. The load acting on 

the swingarm is given by the equation:  

𝑚 ∗ 𝑔 ∗ 𝐿′ + 𝐶. 𝐺.ℎ𝑒𝑖𝑔ℎ𝑡∗ 𝑚 ∗ 𝑎 = 𝑊𝑇 ∗ 𝐿
′(2) 

Where, 

 𝑊𝑇 =  Load acting on the swingarm 

 𝐿′    =  Shift in center of gravity (lateral direction) 

 
Fig. 4: Cornering Scenario 

During Cornering, both centripetal and centrifugal 

forces act on the motorcycle and since they are equal in 

magnitude, they will balance each other. But this balancing 

will not assure that there will be no load on the swing arm, 

hence a load 𝑊𝐶 will cat in the inward direction, given by 

the equation :  

𝑊𝐶 =
𝑚 ∗ 𝑣2

𝑟
(3) 

Where, 

 v  =  velocity of the motorcycle 

 r   =  radius of curvature 

 m  = mass of the motorcycle 

The shift in centre of gravity in the lateral direction is taken 

as 1.1 m, which is same as the height of the motorcycle, and 

the shift in height is 50% if the static value. 

III. FINITE ELEMENT ANALYSIS 

Swingarm failure occurs solely due to application of 

multiaxial load on connection point, during long service of 

the vehicle, thus, it's important to locate failure regions for 

better design optimisations. Autodesk Nastran is used to 

carry out the structural analysis of the steering knuckle, as it 

provides information with stress concentration regions on 

applications of loads and variation of the materials. 

A. Load Applications: 

Three distinguishable forces act on the swingarm due to, 

braking and cornering. To design a new swingarm first the 

analysis was conducted on the existing swingarm and then 

on the new design. 
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Fig. 5: Application of loads on the swingarm 

Since, swingarm is present at a particular angle 

during the riding mode, this angle is considered to be 𝜃, 

hence the forces due to braking and cornering will change.  

From equations (1) and (2) we get, 

𝑊𝑇 = 𝑊𝑇 ∗ 𝑐𝑜𝑠(𝜃)(4) 

𝑊𝑅 = 𝑊𝑅 ∗ 𝑐𝑜𝑠(𝜃)(5) 
Where, the inclination 𝜃 is considered as  15∘and 

the vehicle is said to take turn of 40m radius, hence from 

equations (3), (4) and (5) we get the forces as : 

𝑊𝑐 = 19.758𝑘𝑁 

𝑊𝑇 = 3.92𝑘𝑁 

𝑊𝑅 = 0.656𝑘𝑁 

B. Analysis on the current design: 

Current design of swingarm present in Honda RC213V was 

replicated in Autodesk Fusion 360 and was analysed. Spring 

mounting point was fixed while the bolt point was given 

bearing support and the loads were applied according to the 

figure (5). 

 
Fig 6 : Max stress in current design (243.1 MPa) 

 
Fig 7 : Max Displacement in current design (7.99 mm) 

C. First Iteration: 

Shape optimisation on the current design is carried out on 

Autodesk Nastran using similar boundary conditions as 

structural analysis. 

 
Fig. 8: Shape to be optimised on the current design 

Using the results from shape optimisation, the 

current design was optimised to reduce the weight by 5% 

(i.e., from 26.96 kg to 25.34 kg) by reducing 1.6 kg from the 

swingarm. This first iteration of the same material, 

Aluminium 7075 T6, and structural analysis was performed 

on it to locate the stress concentration regions and find the 

maximum displacement.  

 
Fig 8: CAD design of the first iteration 

 
Fig. 9: Max stress in first iteration (272.7 MPa) 

 
Fig. 10: Max Displacement in first iteration (9.44 mm) 
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D. Second Iteration: 

Second iteration of the swingarm was designed after 

conducting the shape optimisation on the first iteration, and 

the the new design is 9.2% lighter than the current design, 

weighing around 24.4 kgs. 

 
Fig. 9: Shape optimisation on first iteration 

 
Fig. 10: CAD design of the second iteration 

Fig. 11: Max Stress in the second iteration (270.3 MPa) 

 
Fig. 12: Max Displacement in second iteration (9.63 mm) 

E. Final Iteration: 

The last iteration of the swingarm was designed with 

15.13% reduction in weight when compared to the actual 

model. The new design is about 22.8 kg and has similar 

stress and displacement values as that of original design. 

 
Fig. 13: Shape Optimisation on second iteration 

 
Fig. 14: CAD Design of final iteration 

 
Fig. 15: Max stress in final design (276.2 MPa) 

 
Fig. 16: Max displacement in final design (9.97mm) 
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IV. RESULTS & DISCUSSION 

A successful shape optimisation of the generic swingarm 

design was performed by multiaxial structural analysis 

method. About 4.2 kg of weight was reduced in the original 

design while maintaining the factor of safety. 

Parameter Original Design Iteration 3 

Max Stress (MPa) 243.1 276.2 

Max Displacement (mm) 7.99 9.97 

Factor of Safety 2.22 1.95 

Weight (kg) 26.96 22.80 

Table 3: Simulation results of the iterations 

 
Fig. 17: Original design and new iteration comparison 

V. CONCLUSION 

From the simulation results, it is clear that using shape 

optimisation technique the weight of the swingarm can be 

further reduced resulting in reduction in kerb weight of the 

motorcycle. Since, mass is one of the important criterion in 

the MotoGP event, as lighter mass vehicles tend to travel 

faster, hence shape optimisation can be helpful to reduce 

mass upto 15%. For similar design, strength can further be 

improved by using Ti-Al alloy material instead of Al 7075 

T6 alloy. 
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