
71

Теоретическая и прикладная механика
Theoretical and Practical Mechanics

Fig. 10. Volumetric flow rate at output (a) and pump speed (b)  
of the pump with worn bearing. The speed has increased

Creating a predictive model
Design of experiments. Conducting these simulations is a part of design of experiments. The design of 

experiments is a special technique for planning, conducting and analysing experiments, using which we have 
the opportunity to study the influence of various factors (variables) on the result (output characteristic) as effi-
ciently as possible. In other words, the design of experiments is a systematic way of testing in which we decide 
in advance what to change and how to do it. From this we can subsequently understand which parameters affect 
the system and estimate how much they do. This will allow us to build a mathematical model of the behaviour 
of the system and find the optimal settings for it [15; 16].

In our case, the parameters used in the design of experiments are the cylinder leakage fraction, inlet blockage  
area, and viscous friction coefficient. By utilising the simulation data to create pressure data for the pump across 
all potential fault conditions, a large number of scenarios can be created for the digital twin. To avoid random 
errors in the sensor, each scenario must be simulated a large number of times. To model a large number of 
simulations, an approach can be used in which the simulation takes some time before reaching a steady state. 
The part where the system reaches steady state is simulated only once, after which each subsequent simula- 
tion starts from the point where the system reached steady state. In this way, up to two-thirds of the computation 
time can be saved (fig. 11).

Fig. 11. Sweep test of faults (individual and combination)


