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Introduction
With a demand for more efficient 
engines and lightweight components 
in motorsport, it is vital to use 
materials which are lower in density 
and not sacrificing their strength 
properties. Reducing the mass of 
PANKL made connecting rod can 
improve the acceleration of a 
motorcycle through the reduction in 
mechanical losses of power in 
multiple forms.

These forms of power loss are:

• Inertial mass and the energy lost 
from cranks rotational motion

• Friction between the piston skirt 
and cylinder wall

• The balance shaft rotation taking 
energy from the engine

The opportunity to study this topic 
was provided by SymCirrus 
Motorsport, an experiment to use 
Super TIX-51AF for the connecting 
rod. This material has been used in 
the recently released 2020 Yamaha 
R1 and is 44% lighter for the same 
volume.

Aims and Objectives
• Reverse engineer the 4340 steel 

connecting rod
• Model the crank mechanism 

assembly
• Complete FEA study on 4340 

steel and Super TIX-51AF
• Suggest an optimized rod design 

with less mass
• Correct the balance shaft with 

reduced connecting rod mass

• Analyse benefits of reduced 
mass
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Figure 2 Left: Original 4340 steel shank thickness, Right: 
Super TIX-51AF optimised shank thickness
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Methodology
Cylinder pressure data from a 
Triumph Daytona 675 provided by Dr 
Owen Williams was manipulated to 
calculate the force which the 
connecting rod is subject to over the 
720°of crank rotation. Knowing the 
force has allowed for calculation of 
the following:

• Compressive and Tensile stresses

• Rod shank displacement during 
compression and tension

• Fatigue Safety Factors at different 
areas of the connecting rod

Figure 1 Calculated net force on the connecting rod

Using Solidworks the connecting rod 
made by PANKL was modelled and 
FEA was carried out. The forces 
calculated in excel were used in the 
FEA. The stress results were then 
validated against the excel model of 
the stresses. 

Due to unforeseen circumstances 
much of the physical testing 
validation was not able to take place. 

The material was changed to Super 
TIX-51AF, this resulted in 
displacement being too high, 
therefore a thicker rod shank was 
suggested. The material difference 
can be seen below:

Material UTS (N/mm2) Density (kg/m3) Young's Modulus (E)
Forged Steel Alloy 4340 1110 7850 205
Super-TIX 51AF 1000 4430 120

Material Properties

Table 1 Material Properties Comparison

Results
With a thicker I-beam section of the 
rod, this resulted in a higher safety 
factor and a displacement within 
tolerance.

Table 2 Rod displacement comparison

Table 3 Rod stress and FSF comparison

The following results illustrate the 
effect of reducing mass:

Steel 4340 Super TIX-51AF % Reduction
Reciprocating Mass (kg) 0.27432 0.24998 9%

Rotating Mass (kg) 0.08780 0.07044 20%
Total Rod Assembly (kg) 0.24716 0.17414 30%

Table 4 Final mass comparison

Table 5 Piston skirt friction comparison

Conclusions
With the use of cylinder pressure data 
and Solidworks FEA, the PANKL 4340 
steel connecting rods mass has been 
reduced successfully by using Super 
TIX-51AF, resulting in a performance 
increase through fewer mechanical 
power losses. Therefore, improving 
engine efficiency, something which is 
paramount in the automotive and 
racing industry. 

Steel 4340 Super TIX-51AF % Reduction
Mass Moment (kg.mm) 3.30899 3.01538 9%

Table 6 Acceleration improvement from excel lap 
simulation

Table 7 Balance shaft correction as result of reduced 
reciprocating mass
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