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INVESTIGATING THE DYNAMIC BEHAVIOR OF A MULTI-PISTON PUMP 

At the University of Groningen, scientists are currently investigating a novel way to 

extract energy from ocean waves. The device, called the Ocean Grazer, is currently 

positioned in its design phase. The third concept, on which the project team is    

working now, is placed on the sea bottom (seen on the right [1]) and uses an unique 

pumping system to  transform wave energy to electrical energy. This pumping system 

is called the multi-piston pump. 

 Introduction 

The problem that is encountered is that there is currently not an available model to 

model the behavior of a multi piston pump system. The goal of this research is to  

obtain a working model for this pumping system to be able to answer the following 

question: 

“How does a multi-piston pump influence the frequency and force in 
the pump system for both the upstroke and downstroke?” 

 Problem statement and research question 

The model that is derived during this research is based on the model that was built 
by Robert Zaharia. Both models have the experimental setup (seen above) as a   
foundation. The difference between the models is that the new model simulates an 
multi piston pump system, whereas the old model simulates a single piston pump 
system (both seen on the right [2]). The difference between these systems lies in the 
number of pistons that are used. In addition, the multi piston pump has 7             
combinations that can be used.  

 The model 

The new multi piston pump model produces several different outputs. Within this  
research the focus lies on the force outputs of the model. The force outputs can be 
interpreted in different ways, namely: The combined piston force over the 7         
combinations, the individual force and the individual piston forces over the          
combinations. In the graphs shown on the left, the combined forces are shown over 
the seven combinations for both the upstroke (top) and downstroke (bottom) of the 
system. 

 Results 

The different outputs of the model showed that the model which was derived during 
the research is able to  show the behavior of the multi piston pump system. From the 
force outputs it turned out that when the combined force lowers the amplitude of 
the force oscillations lowers as well, whereas the frequency increases and the         
oscillations need more time damping out.  The damping factor, when set according 
to the piston mass, can lower the amplitude and frequency and lets the oscillation 
damp out sooner. The individual forces of the pistons, in the different combinations, 
tend to show that as the combination gets heavier the amplitude 
and the frequency both decrease. 

 Conclusions 
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