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Introduction
This study, represents the 
comparison of the different design 
concepts of variable compression 
ratio engines.

The motivating factors for this 
project, were to analyse each of the 
design concepts in relation to 
reducing the emission rate and 
improving the efficiency of an internal 
combustion engine whilst providing 
the same power output.
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Figure 2 
represents the 
motion simulation 
of the Atkinson 
cycle, in which is 
connected to a 
mechanical link 
allowing for a 
longer expansion 
stroke compared 
to the intake 
stroke
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Project Aims
The aim for this project was to 
design each of the variable 
compression ratio engine design 
concepts and carry out a motion 
simulation gathering results to 
analyse the efficiency improvement 
and motion of how they work with the 
adjustment of compression ratio. In 
addition, the benefits and limitations 
of each of the designs, and how they 
are applied to the internal 
combustion engine in the real world. 

Types of cycles
Figure 1 represented below, the Otto 
cycle used in internal combustion 
engines, (1,2,3,40-1), where the 
expansion stroke is the same as the 
compression. Atkinson cycle, 
(1,2,3,4A-1), used in hybrids, 
resulting in a greater thermal 
efficiency.

Design concepts

Figure 3 represents the FEV VCR 
connecting rod, where the 
compression ratio is adjusted based 
on the gudgeon pin position in the 
rotating eccentric sleeve controlled 
by both left and right hydraulic 
cylinders acting against both gas and 
inertia forces being applied. 

Figure 1: P-V Diagram of the three full-expansion cycles (Zhao, 2017)

Figure 2: Final Design of the Atkinson cycle engine

Figure 3: Final Design of the FEV connecting rod

Figure 4: Final Design of the Infiniti VCR engine

Figure 4 represents the Infiniti VC-T 
design concept, in which uses a 
multi-link system to achieve VC, 
where a control linkage system lies 
between the connecting rod and the 
crankshaft, which connects onto the 
actuator shaft, allowing the 
compression ratio to be varied as 
shown in the motion simulation. This 
represents the angular change of the 
upper link, allowing the displacement 
to increase or decrease.

Results
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Figure 5: Indicated efficiency calculated for each cycle

Figure 6: Infiniti Piston Displacement vs Crank Angle 

at each compression ratio
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