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Abstract. Small-size milking machines of well known firms differ in the parameters of a vacuum system. Different 

schemes and techniques are used to connect the vacuum system components into one construction. It affects the 

variability of the performance figures of the equipment operation. It appears to be difficult to determine the 

generalized parameters of a vacuum system. Various components of a construction scheme of a vacuum system 

cause different loss levels of the vacuum pressure. Significant pressure losses in a vacuum system reduce the 

energetic effectiveness of a milking machine. The researchers have not sufficiently studied the problem of a 

vacuum system simulation with minimal vacuum pressure losses. A need arises to substantiate the rational 

construction of a vacuum system of a small-size milking machine. For this purpose, it is necessary to study the 

schemes of connecting a vacuum pump, a vacuum tank, air lines and a milk bucket into an overall design. The 

connection of the matched as to the geometric parameters components results in reducing the pressure losses in 

the vacuum system. The reducing of pressure losses in the vacuum system makes it possible to increase the level 

of vacuum pressure in the milk bucket. Herewith, the vacuum pump capacity is not changed. The investigation 

proves that it is expedient to attach the air pipeline under minimum angle to the cylinder of the vacuum tank. It 

makes it possible to reduce the vacuum pressure losses by 10-45%. It has been established that pressure losses 

reduce due to the increase in the size of an opening, when the set angle of the air pipeline connected to the vacuum 

tank decreases. The investigation establishes the increase in pressure losses by 8-11% for the air line with an 

optimal bending radius. A mathematical model of determining pressure at the inlet of the main air pipeline of the 

vacuum pump has been received. A rational scheme of the vacuum system of a small-size milking machine has 

been substantiated.  
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Introduction 

Small-size milking machines have an identical set of vacuum system components: a vacuum pump, 

a vacuum pipeline, a vacuum tank, a milking unit and a milk bucket. But machine models differ in 

technological, design and geometric parameters of the components. Overall total of a vacuum system 

determines the level of vacuum pressure in a vacuum system. The mismatch of design parameters and 

technological operating conditions causes pressure fluctuations in the vacuum system [1]. Excess 

fluctuation pressure results in lower milk cow productivity and poorer health [2-4]. The level of pressure 

fluctuation must meet the requirements of ISO [5], irrespective of the design and technological 

parameters. It concerns a minimal duration of regaining pressure in the vacuum system [6]. Different 

schematic illustrations and techniques of connecting components into one construction of a vacuum 

system have been used. The researchers point out the necessity to correlate the vacuum pump capacity 

and the vacuum system capacity admittance [7; 8]. Series of connection schemes of the vacuum system 

components have been studied in the investigation [6]. But a suggested scheme has not been introduced 

in commercial models of small-size milking machines because of its complexity. 

Optimum size of a vacuum tank and of a milk bucket, under which pressure fluctuations are 

minimal, has been recommended by the researchers [9]. Herewith, the researchers point out the 

reduction of duration of the working pressure setting under the condition of increasing the vacuum 

system admittance, as well as of analogical vacuum pump capacity. These demands ensure a higher 

level of constant vacuum pressure [9]. But the studies, as to the effects of the techniques of connecting 

components into one construction on the effectiveness of a vacuum system, have not been conducted. 

Thus, there is a need to design a constructive schematic illustration, which will ensure maximal 

geometric admittance of a vacuum system. In this case, lower level of pressure losses under the same 

vacuum pump capacity can be achieved. 

Materials and methods 

The goal of the research is to determine the effects of different techniques of connecting components 

of a vacuum system into one construction on the level of pressure losses. To achieve the goal, it is 

necessary to simulate the effects of constructive schematic illustrations of a vacuum system on its 
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admittance. The theory of mathematic simulation, with due regards to essentials of integral and 

differential computations, hydro and gas dynamics, as well as to vacuum machinery, has been used 

during the research. The object of the research is structural and functional schemes of connecting the 

components of a vacuum system.  

A vacuum system combines the components which facilitate the performance of a small-size 

milking machine with given operational conditions. First of all, it is providing of a required level and 

stability of vacuum pressure. In its turn, the stability of vacuum pressure is determined by minimal 

pressure losses during the milking machine performance. That is why constructive and geometric 

specifications of its structural and functional schemes can be of great importance for more effective 

machine milking. Thus, the investigation is topical and important for determining the reserves of 

reducing pressure losses. Small-size milking machines of well-known firms-producers have different 

structural schemes and vacuum system parameters. A significant difference is in the technique of 

connecting the vacuum pump and thevacuum pipeline with the vacuum tank (Fig. 1). 

 

Fig. 1. Schemes of attaching a vacuum pump and a vacuum pipeline to a vacuum tank of small-

size milking machines: a – Bosio MMU11 and UІD-10; b – MobiMelk; c – Melasty; 1 –tubulure of 

vacuum pump; 2 –vacuum pipeline; 3 –vacuum tank (authors’ research) 

According to Fig.1, the tubulure of the vacuum pump and the vacuum pipeline are attached to the 

vacuum tank in different ways. The machines Bosio MMU11 and UІD-10 have a similar angle 

1 = 2 = 90º of attaching the vacuum pump sockets and the vacuum pipeline to the vacuum tank. Such 

a scheme is a logical one as to a reasonable connecting of a vacuum pump and a vacuum tank. A small-

size mobile milking machine MobiMelk has another connection scheme under the same angle 

1 = 2 = 90º. For the machine Melasty, the angle 2 of thevacuum pipeline is less than 90º, and for the 

vacuum pump socket 1 = 90º, like for the machine Bosio MMU11. Such peculiarity causes the need 

for further studies of the effectiveness of the suggested solutions. 

To estimate the total pressure losses, it is necessary to set the distribution of absolute values of 

pressure in the vacuum system. Each construction element of the vacuum system causes resistance to 

the air flow. That is why the pressure at the outlet must be higher than at the inlet of the vacuum system. 

Final pressure can be determined by [7; 8]: 

 ,f bр р р= +   (1) 

where рf – pressure at the outlet of the vacuum system, Pa; 

 рb – pressure at the inlet of the vacuum system, Pa; 

 ∆р∑ – total pressure losses in order to lower the resistance of construction elements, Pa. 

With due regard to stationary air flow [7; 10], the pressure at the outlet of air pipelines of the vacuum 

system can be determined by: 

 ,b b
f b

p Q
p p

U


= +  (2) 

where Qb – total air loss at the inlet of the vacuum system, m3∙s-1; 

 UΣ – total vacuum system conductivity, m3∙s-1. 
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Pressure at the outlet of the vacuum system can be determined by dependence (2). With this in 

mind, it is necessary to assemble the vacuum system with the elements which are characterized by the 

highest transfer admittance. 

Results and discussion 

Pressure, where a socket (Fig. 1) is attached to the vacuum tank, is determined by equation (2) and 

recommendations [7; 8]:  
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where рp – pressure at the inlet of the vacuum pump, Pa; 

 Sp – air flow through the vacuum pump pipe, Pa∙m3∙s-1; 

 Ul1 – conductivity of the vacuum pump pipe, m3∙s-1; 

 Uh1 – conductivity at the pipe inlet, m3∙s-1. 

Pressure in a hole section, with consideration of Klaiperon-Mendeleev equation and 

recommendations [7; 10], is determined like: 
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where ph1 – pressure in the hole d1 (Fig. 1), Pa; 

 рl1 – pressure at the pipe outlet, Pa; 

 ∆рh1 – pressure losses when lowering the hole resistance, Pa; 

 d1 – diameter of the pipe of the vacuum pump, m; 

 ξh1 – coefficient of local resistance at the inlet of the hole, [11]. 

Resistance coefficient in the hole d1 (Fig. 1) depends on a scheme of attaching to the vacuum tank 

with due consideration of recommendations [11]: 

 2

1 1 10.5 0.3cos 0.2cos ,h  = + +  (5) 

where 1 – angle of attaching the pipe to the cylinder of the vacuum tank, degree. 

The calculations done by formula (5) show that the resistance coefficient of the hole ξh1 increases 

when the angle 1 decreases. According to equation (4), pressure losses depend on the size of the hole 

d1 (Fig. 2). 

 

Fig. 2. Dependence of pressure losses ∆рh1 at the inlet of the hole on the angle 1 of attaching 

tubulure to the vacuum tank for pipe diameter: 1 – d1 = 10 mm; 2 – d1 = 15 mm; 3 – d1 = 20 mm;  

4 – d1 = 25 mm (authors’ research) 
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According to Fig. 2, when the hole diameter d1 = 10 mm, pressure losses are the highest. When the 

attachment angle changes from 1 = 90º to 1 = 25º, pressure losses reduce by 11 kPa. It can be explained 

by the fact that when the angle of an aggregate decreases 1, the cross section area of the hole increases. 

When the hole diameter d1 increases, pressure losses decrease irrespective of the angle 1. In vacuum 

systems of small-size aggregates UID, Bosio and Melasty the connection of the vacuum pump and 

vacuum tank is made by means of a pipeline under the angle of 1 = 900. For the milking machine 

MobiMelk, the pipeline has a flexion with some flexion radius (Fig. 1, b). It causes additional pressure 

losses, because the run increases by an equivalent constituent. Smaller attachment angle 1 contributes 

to lower pressure losses in the hole; thus, total air pipeline admittance increases. 

The conductivity of the air pipeline, which connects the vacuum pump and the vacuum tank, is 

determined on the basis of recommendations [7; 8] by the formula: 
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where Ulp – total conductivity of the air pipeline as long as l1, m3∙s-1. 

Herewith, geometrical parameters and construction specifications of the air pipeline have 

significant impact on its admittance (Fig. 3). 

 

Fig. 3. Dependence of the air pipeline conductivity on geometric parameters and techniques of 

attaching to the vacuum tank: 1 – in-line air pipeline under the angle of 1 = 90º; 2 – air pipeline 

with a flexion under an angle of 1 = 90º; 3 – in-line air pipeline under an angle of 1 = 25º;  

4 – air pipeline with a flexion under an angle of 1 = 25º (authors’ research) 

When the air pipeline diameter increases (Fig. 3), its admittance increases as well. It can be 

explained by the reduction of pressure losses over its length. At the attachment angle of 1 = 45º the 

conductivity increases by 9-10%, and under 1 = 25º it increases by 42-45% as compared to 1 = 90º. It 

happens because pressure losses at the inlet of the hole reduce. A flexion of the pipeline with a particular 

flexion radius increases the pressure losses by 1.5-2% over the air pipeline length. The admittance of 

such air pipeline decreases by 8-11%, as compared to an in-line air pipeline of the same length. 

The research shows that geometrical parameters of the air pipeline elements and vacuum system 

schemes have a significant impact on total pressure losses. The paper suggests an improved constructive 

scheme of a vacuum system of a small-size milking machine UІD-10 (Fig. 4). The experimental 

investigations were conducted in order to estimate the effectiveness of an improved version. The angle 

of attaching air pipelines (of different diameters) to the vacuum tank and to the milk bucket was 

measured by means of the main independent factors. Strain-gage pressure sensors IPD-2-0.06, a 

comparison unit with an enhancer TOPAS 3-0.2 and a self-recording unit H-3021-3 were used. The 

investigations were conducted with a threefold frequency under the vacuum pressure level – 50 kPa. 
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Fig. 4. Test-schemes of a vacuum commercial system (а) and of an improved version (b) of a 

small-size machine UID-10: 1 – vacuum pump; 2 – air pipeline l1 long; 3 – vacuum tank; 4 – air 

pipeline l2 long; 5 – vacuum regulator; 6 – vacuum tap; 7 – vacuum tube l3 long; 8 – milk bucket 

(authors’ research) 

The research results were processed by means of generally available software. Regression equations 

(7; 8) and dependence diagrams (Fig. 5) were received for the test-schemes of the vacuum system. The 

determination coefficient R2 = 0,999 points to a very important functional interconnection of the 

variables, so we have got a high confidence of regression equations. 

 2

10 0.0022 0.005 0.0037,UIDU d d− = − +  (7) 

 20.0027 0.0058 0.0043,NEWU d d= − +  (8) 

where UUID-10 – conductivity of the vacuum system UID-10 (1 = 90º, 2 = 90º and 3 = 90º),  

m3∙s-1; 

UNEW – conductivity of the improved vacuum system (1 = 25º, 2 = 25º and 3 = 45º), 

 m3∙s-1; 

 d – diameter of the air pipeline of thevacuum system, m. 

 

Fig. 5. Conductivity of a vacuum system of a small-size milking machine: 1 – commercial UІD-10; 

2 – improved version (Fig. 4, b); 3 – vacuum pump productive capacity (authors’ research) 

According to Fig. 5, air pipelines 10-13 mm in diameter have low conductivity for safe work of a 

small-size milking machine. It is caused by significant pressure losses. That is why a vacuum pump 

productive capacity will not be sufficient to replenish the pressure losses in the constructional elements. 

An improved design of a vacuum system (Fig. 4, b) provides by 25-28% higher conductivity under the 

same length of air pipelines UID-10. The extended length of air pipelines has a less significant impact 

on the conductivity level. Thus, when the air pipeline length extends by 100 mm, the admittance reduces 

only by 6-7%. Pressure level at the outlet of a vacuum system determines a response rate of the vacuum 

system. When the admittance of the vacuum system increases, the time of setting running conditions of 

a small-size milking machine reduces. 
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Conclusions 

1. Small-size milking machines have different characteristics of the parameters of vacuum system 

components. The most different is the scheme of connecting the sockets of the vacuum pump and 

of vacuum pipeline with the vacuum tank. It can affect the effectiveness indices of the vacuum 

system performance, as well as of machine milking on the whole. There are no scientifically 

substantiated recommendations as to an optimal constructional scheme of a vacuum system of a 

small-size milking machine.  

2. The research shows that the angle of setting of the air pipeline to the cylinder generatrix of the 

vacuum tank has significant effects on the air pipeline admittance. When the angle of setting 

1 = 25º, the admittance increases by 42-45%, as compared with 1 = 90º. It happens because 

pressure losses at the inlet of the hole reduce as the area of its cross-section increases. 

3. The results of the experimental research show the effectiveness of an improved version of a vacuum 

system. The suggested constructional scheme provides by 25-28% higher admittance as compared 

with a commercial small-size milking machine. It corresponds with a proportional level of reducing 

pressure losses, which were caused by the constructional elements of the vacuum system. Higher 

admittance of a vacuum system of a small-size milking machine makes it possible to reduce the 

time of setting an operating vacuum pressure in a milk bucket. 
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