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Small annual production programs of work of technical service points of agricultural 
enterprises determine the design of a washing machine with small overall dimensions and a volume 
of a bath for washing solution. Heating of the solution to the working temperature is advisable to 
carry out with electric heaters, intensification of the cleaning process - with a blade activator [1]. 

The machine consists of two washing chambers, which are mounted in one body of the bath, 
mounted on a stand (Fig. 1). In one washing chamber, parts are cleaned with a washing solution, the 
movement of which is created by an activator. In the other chamber, already cleaned parts are 
rinsed. The activator is driven by an electric motor through a V-belt transmission.  

 
1 – cover, 2 – washing chamber, 3 – activator, 4 – V-belt drive, 

5 – electric motor, 6 – frame 
Fig. 1. Washing machine 

 
The motor power for the activator drive and its rotation frequency depend on the required 

activator power and the drive shaft rotation frequency. The required electric motor power for the  
РАК activator drive, kW, can be determined by the formula [2],  
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where Q – volumetric fluid flow, m3/s;  
р – pressure created by the activator, Pa;  
m – power reserve factor;  

ηАК, η – efficiency of the activator and the drive, respectively. 
The volumetric flow depends on the size and speed of the activator's working elements [2] 

 Q = p  ∙ D ∙ в ∙ uЛ , (2) 
where D – impeller disk diameter, m;  

в – impeller rib width, m;  
uЛ – absolute impeller speed, m/s. 
The dimensions of the impeller depend on the diameter of the washing machine tub and are 

selected from the ratios: D = (0,3...0,9) ∙ dВ ,  в = (0,005...0,09) ∙ dВ.  
The pressure created by the activator is determined by the formula 

 р = r  ∙ q ∙ Н, (3) 
where r  − density of washing liquid, kg/m3;  

q – acceleration of free fall, m/s2; 



Н – activator pressure, m. It is taken equal to the height of the washing liquid in the bath. 
Rated engine power РНОМ is selected according to the value larger, but closest to the required 

power РНОМ ≥ РДВ. The installed engine power, taking into account the starting torque, should 
exceed the calculated value by 10-15%. 

Propeller activators are recommended for use with a washing solution viscosity of up to 10 
MPa. The design of the most common three-blade cast propeller activator with a wing-shaped 
profile is shown in Fig. 2. 

 
Fig. 2. Propeller activator with a wing-shaped profile 

 
The main geometric parameter of the actuator is the pitch S, which is related to the angle of 

inclination of the blades. Usually the blade of a propeller actuator is part of a helical surface with a 
constant pitch. The inclination of the blades changes continuously: the minimum is on the outer 
circle, the maximum is at the hub.. 

Often the pitch is set equal to the diameter of the activator S = d. However, the best 
circulation of the washing solution is provided at S = 2d. In this case, the circulation speed can 
reach 2.0 m/s. For some geometric parameters of propeller activators, the following optimal ratios 
have been established: average blade width b = (0,2…0,35) d; blade thickness С = (0,03…0,07) d; 
bushing diameter dBТ ≥ d. 

The diameter of the activator can vary within very wide limits. d = 100…2500 mm; at the 
same time, the edge speed of the blades must be at least 6…15 m/s.  

Having a significant pumping effect, vane activators can create powerful turbulent flows in 
the washing solution (radial, axial, radial-axial) [3]. 
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