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The terms deviation and residual will be used in the following ways. Deviation is the difference between 
yobserved and ymean  ( ),y  i. e., deviation � �( ).y y

To analyse the adjustment of the model to the observed data, it is necessary to consider the following cha
racteristics: total sum of squares of the deviations of the observed values [12]

SQ y y� �� �� 2
.

The less is the difference (i. e., error), the better the chosen values are the better the correspondence between 
the real model and the simulated one.

After several iterations the proper values of plow Pa= 30 000 , pup Pa= 120 000  can be obtained. Now the 
simulated model can reproduce results that are consistent with the measured ones (fig. 4).

Fig. 4. Simulated output pressure compared with the measured pressure after parameter estimation

Thus, with a validated pump model, it is now possible to run simulations and obtain values for outlet volu-
metric flow rate, pump speed, and outlet pressure (fig. 5).

Fig. 5. Volumetric flow rate at output (a) and pump speed (b) of the pump with default configuration

The faults considered in this paper are categorised into three types: seal leakage, blocked inlet, and worn 
bearing.

Fault modelling. Seal leakage. The modelling of typical pump faults, such as seal leakage, is a critical step 
towards the predictive maintenance, which has been actively researched for hydraulic systems [13; 14]. Consider 
the first case. Seal leakage – fluid escapes through the seal gap between plunger and cylinder. The seal leakage 


