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The IoT plays a pivotal role in advancing digital twins by supplying real-time sensor data from physical 
assets. IoT devices collect diverse parameters like temperature, pressure, vibration, and humidity, which are 
then transmitted to the digital twin platform for analysis [5]. This continuous data integration allows digital 
twins to deliver precise and timely insights into system performance.

As an example of industrial application, one can refer to the mining enterprise digital twin components 
previously developed by the authors [6; 7].

This study focuses on the development process of a digital twin for a three-plunger hydraulic pump.

Method modelling
A plunger pump is classified as a volume pump, where the working chamber’s volume changes periodically 

due to the reciprocating motion of the plunger within the hydraulic cylinder. In terms of structure, the working 
chamber is isolated from the external environment by a sealing mechanism. During operation, the mechanical 
energy from the piston pump is converted directly into the pressure energy of the liquid [8; 9].

Figure 1 shows the crank OA rotating with uniform angular velocity of u, when the crank rotating angle 
� �� �0 , is the suction stroke, the crank rotating angle � � �� � 2  is the discharge stroke. When cross head is 
at the left of crank, crank is rotating along clockwise.

Fig. 1. Working principle of the plunger pump

Plunger displacement formula is stated as follows:
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Plunger velocity formula is of the form
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The relation between the output pressure р and pump supply (productivity) Q can be stated as follows:
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Here pmax is the maximum pressure, and it doesn’t change with the increase in the supply Q up to some va- 
lue Q1. Above that value, the output pressure declines non-linearly down to Qmax. A corresponds to the maxi- 
mum useful power of the plunger pump [10].

Specification of the model
The basis for the pump model was the stainless-steel plunger pump model 1051 from CAT pumps. The ma

nufacturer provided open-source CAD models of the pump, which were imported into Simulink. This was 
utilised to create a mechanical model of the pump for 3D multibody simulation. To accurately represent the 
dynamic behaviour of the system, the pump was enhanced with hydraulic and electric components. Certain 
parameters required for developing a digital twin, such as bore, stroke, and shaft diameter, were available in the 
manufacturer’s data sheet2.

2Data sheet: 15 frame plunger pumps // Cat Pumps : website. URL: https://www.catpumps.com/sites/default/files/2020-09/1051_ 
G_0.pdf (date of access: 27.08.2025).


