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Introduction
The Ford 1.0l Ecoboost has proven 
to be an exceptional IC engine amid 
stringent WLTP requirements. 
Stemming from the power unit two 
areas of interest were investigated, the 
first of which looked at the combustion 
characteristics using computational 
methods. While the second is in the 
current interest of the global move 
towards a zero-emissions future [1], 
developing a series hybrid variant of 
the original platform. 
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Project Aims
To achieve both targets the project 
aims were as follows,

 Identify faster cycles from cyclic 
variations within combustion to 
better inform component loading 
cases.

 Produce a variant of the original 
platform suitable for use within a 
series hybrid with the being focus 
on low noise, vibration and 
harshness (NVH) qualities.

Methodology
To analyse cyclic combustion a script 
is written within MATLAB using 
various principles. Both a peak 
pressure and burn angle approach 
are utilised to identify the cyclic 
occurrences. 
The crankshaft is complex component 
encompassing many factors proved 
challenging to design. The 
development thereof spanned many 
different stages. Once it was decided 
the power requirements for a Vmax of 
120km/h could be satisfied with an 
inline twin configuration, work was 
done on under-balancing the unit 
within Solidworks Motion Analysis. 
This approach simplified the 
assembly and avoided balancing 
shafts. Testing using a finite element 
method within Genesis Design 
Studio compared stresses and

Results
The peak pressure method proved best 
to identify the faster burning cycles, as 
both pressure and crank angle location 
(see graph below) are clearly identified. 
A clear trend is seen, slower cycles 
produce low peak pressures and vice 
versa. The Burn angle analysis method 
suffered from raw data errors when using 
a manual start and end of combustion 
identification method.

Conclusion
To conclude, more informed 
component loading conditions can be 
gained from the cyclic analysis, while 
a preferred method was also 
identified.

A crankshaft with proposed low NVH 
qualities suitable for use within a 
series hybrid was successfully 
designed. Development methods 
were proven accurate and a firm 
foundation for future testing.

displacements of the new design to 
the predecessor. Resonance within 
the assembly was of a concern with 
the addition of the hybrid generator 
rotor, therefore a modal analysis 
study was conducted. The aim for 
low NVH properties stipulated the 
specification of a torsional vibration 
damper which was ‘tuned’ using a 
similar modal analysis method, both 
within the Genesis software.

A Brief look at the balancing assembly within 
Solidworks Motion Analysis, the results of bearing 

reaction forces (x & y) can be seen on the left.

Result of peak pressure cyclic analysis, a clear trend in 
higher cylinder pressures from faster cycles are identified.

FEA results bar meshing irregularities 
were acceptable. While the limited 
operation range (max 4000rpm) meant 
the first and second order combustion 
frequency would not resonate with the 
crankshaft. A TV damper was 
successfully specified to the torsional 
frequencies present in the assembly.

First bending mode.

Torsional damper tuning using modal analysis.
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