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Досліджено взаємозв’язок між кон-
струкційно-технологічними парамет
рами колектора та режимами тран-
спортування молока до молокопроводу. 
Запропонована конструкція двосекційно-
го колектора. Отримана математична 
модель, яка пов’язує інтенсивність моло-
ковіддачі з технологічними параметра-
ми розробленого колектора, залежно від 
режимів доїння. Встановлено раціональ-
ні співвідношення між конструкційним 
об’ємом молочної камери колектора та 
діаметром молочного шланга

Ключові слова: градієнт тиску, дро-
сельний отвір, швидкість доїння, подача 
повітря, якість молока

Исследована взаимосвязь между кон-
струкционно-технологическими параме-
трами коллектора и режимами тран
спортировки молока к молокопроводу. 
Предложена конструкция двухсекцион
ного коллектора. Получена математи
ческая модель, которая связывает ин- 
тенсивность молокоотдачи с техноло-
гическими параметрами разработанно-
го коллектора, в зависимости от режи-
мов доения. Предложены рациональные 
соотношения между конструкционным 
объемом молочной камеры коллектора 
и  диаметром молочного шланга
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1. I ntroduction

The milking machine is designed to perform a very im-
portant biotechnological function in the system of machine 
milking of cows – removal of the created milk from the udder. 

In this case, main operations are executed by the milking 
cups. Direct contact with the body of an animal requires 
taking into consideration anatomic structure of quarters of 
the udder. The implementation of cycles of milk removal and 
pressing is the only assignment of milking cups in a general 
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system of machine-animal-human-environment. It is impor
tant in the process of machine milking of cows to completely 
remove milk formed in the udder [1, 2]. It is known that 
the level and stability of vacuum pressure are essential to 
the completeness of milking and the preservation of animal 
health [2–6]. It was established [7, 8] that systematic fluctu-
ations in pressure cause the loss of cow productivity by 9.2 %. 
Insufficient level of vacuum pressure leads to a decrease in 
milk production by 14 %; there is the effect of «ballooning» 
nipple rubber, which causes coming down of the milking 
cups [8–10]. At a high vacuum, there is the increased danger 
for cows of the disease of mastitis.

The overflow of the collector with milk during the tact 
of sucking and an incomplete emptying of the milk chamber 
changes the level of pressure under the nipple of a cow. Thus, 
the collector of a milking machine is essential to maintaining 
the desired level and stable vacuum pressure. In turn, the 
complete discharge of milk from the collector of the milking 
chamber depends on the rational structural-technological 
parameters of the transportation system. Unstable condi-
tions of transportation cause the frothing of milk, dispersing 
the fat globules and, as a consequence, deterioration of milk  
quality [8, 13]. This is especially relevant for the milking 
plants with the upper milk pipeline. The problem is of signi
ficant scale because more than 80 % of all commercial herd 
of cows are milked using milking machines of the «milk 
pipeline» type [13].

Thus, it is important to design a collector of the milking 
machine that would positively influence the completeness of 
implementation of the productive potential of animals, the 
preservation of quality of obtained milk, as well as improve 
efficiency of machine milking in general.

2. L iterature review and problem statement

Contemporary milking machines have permanent air sup-
ply (8–10 l/min) to the collector’s milk chamber [1, 13]. It is 
believed that such a solution ensures reliable transportation 
of milk to the upper milk pipeline. Continuous intake of air 
over 5–6 minutes of the duration of machine milking causes  
a change in pressure in the under-nipple space [2, 3, 10]. 
Since milk release fluctuates within a significant range (from 
0.2 to 6–8 l/min), the mode of milk transportation through  
a milk hose changes as well [13, 14]. A different ratio be-
tween milk and air is formed in the milk hose, and a different 
pressure drop, accordingly. At the insufficient pressure drop 
a portion of milk fails to rise to the milk pipeline during one 
pulse. Returning the milk to the collector results in increasing 
pressure losses for the transportation of next portion [4]. Pul-
sating motion and significant fluctuations in pressure occur, 
which reduces the efficiency of the transporting link [6, 13]. 
In addition, fluctuation of pressure negatively affects the 
health of cows [5, 9].

It is proposed to eliminate the fluctuation of pressure 
caused by the irregular milk release through the enlargement 
of volume of the collector’s milk chamber. The design of the 
collector with the enlarged volume of milk chamber and 
portion-wise air supply through a valve [15] partially solves 
the problem of pulsation. However, significant complexity 
in the design of collector requires further examination of  
a given solution. Instead, scientists [13] recommended li
miting the volume of milk chamber at the level of 150–250 ml, 
and a diameter of the milk hose should not exceed 14 mm. 

Continuous air supply to the collector must be combined 
with a pair-wise milking regime. Such a mode of operation 
of the milking machine reduces the instantaneous amount of 
milk in the collector’s milk chamber while a continuous flow 
of air must create a transporting pressure difference.

A variety of commercially available collector designs tes-
tifies to the constant search for its rational structural-tech-
nological scheme. Some structural solutions considerably 
complicate design of the collector, which makes it more 
expensive. In this case, the influence of air and its amount 
on the quality indicators of milk is not taken into conside
ration. Thus, in the milk hose, under the influence of a strong 
stream of air, there occurs the dispersing of milk. Breaking 
down milk globules into tiny structures leads to a reduction 
in the bactericidal phase of milk [11, 13]. In addition, milk 
is churned when it is transported by excessive air flow. Fat 
globules exfoliate and remain on the walls of the milk pipe-
line system. It was established that 0.32 % of milk fat is lost as 
a result of such processes [11, 13]; this negatively affects the 
technological properties of milk.

Still unresolved is the task on establishing a rational cor-
relation between structural parameters of the collector’s milk 
chamber and resource-saving modes of milk transportation 
through a milk hose to the milk pipeline. For this purpose, 
it is necessary to align air supply to the milk chamber over  
a tact of compression and the intensity of milk release in or-
der to ensure a transporting difference of pressure.

Thus, the lack of scientifically substantiated structural-
technological parameters and operation modes necessitates 
undertaking research into establishing a rational structural-
functional scheme of the milking machine collector.

3. T he aim and objectives of the study

The aim of present study is to enhance effectiveness 
of milking into the upper milk pipeline by improving  
a structural-technological scheme of the milking machine 
collector.

To accomplish the aim, the following tasks have been set:
– to establish the impact of parameters of the collector’s 

milk chamber on the operational modes of a milking machine;
– to find a rational structural-technological scheme of 

the milking machine collector;
– to substantiate rational parameters for the system 

of transporting milk from the collector to the upper milk 
pipeline.

4. M aterials and methods for studying the collector  
of a milking machine

Structural parameters of milking machines and their ope
ration modes must exert a minimum influence on a change in 
the quality indicators of obtained milk. It is known that in 
contemporary milking machines a source of the milk quality 
deterioration is the air that penetrates the collector’s milk 
chamber from the outside. In addition, continuous intake of 
air causes fluctuations in the level of vacuum pressure. It is 
possible to eliminate negative manifestations by changing 
the collector’s structural-technological scheme. We propose 
an improved design of the collector [16, 17] with a dual milk 
chamber and the intake of air only during a compression 
tact (Fig. 1).
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Each milk collecting chamber of the collector is con-
nected to the milk pipeline via a separate milk pipeline 
hose (Fig. 1). During the tact of compression, air arrives to 
the milk collecting chambers through valve openings. Such  
a solution will improve the mode of milk transportation, sta-
bilize pressure in a milk collecting chamber during the tact of 
sucking, and will ensure effective «blowing» during the tact 
of compression.

In order to solve the set tasks, we shall apply methods 
of theoretical research. Theoretical research is based on the 
application of the theory of mathematical modeling using 
basic provisions of the integral and differential calculus, 
hydro gas dynamics, heat engineering and vacuum technolo-
gy (methods of classical sciences). Processing of the research 
results was performed applying provisions of the theory of 
probability and mathematical statistics, using the software 
packages Statistica 10 and Microsoft Excel 2010.

5. R esults of the research into parameters  
of the transporting link milk collector-milk  

pipeline

To improve the transporting capability of the designed 
collector, a milk collecting chamber during the tact of 
compression must receive air at atmospheric pressure. The 
duration of filling with air depends on the structural volume 
of the collector’s milk chamber, diameter of the throttle ope
ning, and the magnitudes of pressure at the beginning of the 
tact on both sides of the opening. Thus, over a certain period 
dt, the collector’s milk chamber, through a throttle opening, 
will receive air of volume Vv with intensity Qn, which will 
change the pressure on dp. We shall construct a differential 
equation of material balance:

Q pdt V dpn v= , 	 (1)

where p is the variable magnitude of pressure over dt, kPa; 
Qn is the intensity of air intake through the throttle ope
ning, m3/s; Vv is the volume of air that changes pressure  
on dp, m3. 

By dividing the variables, we performed integration 
under initial conditions (t = t0 = 0; р = рm) and obtained the 
solution:

p p emc m
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where рmc is the pressure in the collector’s milk 
chamber during the tact of compression, kPa;  
pm is the pressure in the collector’s milk chamber 
during milk release, kPa; tct is the duration of the 
compression tact, s. 

The volume of air Vv depends on the degree 
of filling the milk chamber during milk release. 
Since milk release is not constant in intensity, 
the pressure in the collector’s milk chamber 
accepts different values. In order to establish 
the level of pressure pm, we shall employ the 
Boyle-Mariotte law [18–20], we obtain:
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where рs is the pressure in the collector’s milk chamber at 
the beginning of the tact of sucking, kPa; Vm is the structural 
volume of the collector’s milk chamber, m3; Vp is the volume 
taken by air in the collector’s milk chamber at pressure pm, m3;  
ts is the time coordinate of the tact of sucking (it accepts va
lues from 0 to tst), s; tst is the duration of sucking tact, s; Qm is 
the intensity of milk release, m3/s. 

Coefficient 1/2 in equation (3) is determined by the 
design of the proposed two-section collector’s milk chamber, 
each part of which receives milk only from two milking cups 
at pairwise milking. The negative value of the time coordi-
nate of a sucking tact indicates a constant uninterrupted flow 
of milk through the outlet branch pipe. Thus, pressure рm 
has a variable magnitude during sucking tact (Fig. 2) and 
depends on the degree of filling the collector’s milk chamber 
with milk.

. . . . .
.

.

.

.

Fig. 2. Dependence of the magnitude of pressure рm 	
on the intensity of milk release (Qm) and structural volume 	

of the collector’s milk collecting chamber (Vm), under 
condition of initial pressure рs = 50 kPa and duration 	

of the tact of sucking tst = 0.6 s

а b

Fig. 1. Designed milk collector of a milking machine: 	
a – structural-technological scheme: 1 – milk chamber; 2 – partition; 	
3 – housing; 4 – milk branch pipe; 5 – cover with an air-separating 

chamber; 6 – air pipes to the inter-wall spaces of milking cups; 	
7 – coupling mechanism; 8 – cut-off valve; 9 – air pipe to pulsator; 	

10 – throttle opening; b – experimental sample
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An increase in the volume of a milk collecting chamber of 
the collector (Fig. 2) results in the decrease in pressure at the 
end of a sucking tact (pm) regardless of the intensity of milk 
release (Qm). However, at a fixed volume of the milk collec
ting chamber of the collector, pressure рm increases when the 
intensity of milk release grows.

The character of change in pressure can be explained by 
a change in the volume taken by milk in the collector’s milk 
chamber. Thus, at the intensity of milk release from 0.005 to 
0.04 l/s, the volume free of milk grows by 50–54 % with an 
increase in the volume of the collector’s milk chamber from 
0.08 to 0.16 l. Regardless of the volume of the collector’s 
milk collecting chamber, the volume taken by milk increases 
to 87.5 % at an increase in the intensity of milk release from 
0.005 to 0.04 l/s.

In order to ensure guaranteed milk transportation 
through the milk hose to the main milk pipeline, the fol
lowing condition must be satisfied:

p p pmc mh h≥ + Δ , 	 (4)

where рmh is the pressure in a milk pipeline, kPa; ∆рh are the 
pressure losses in a milk hose when transporting a portion 
of milk, kPa.

In order to determine the loss of pressure ∆рh, the fol
lowing equation was analytically derived:
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where ρm is the density of milk, kg/m3; α is the inclination 
angle of the milk hose, degrees; dh is the diameter of the milk 
hose, m; g is the free fall acceleration, m/s2; lh is the length 
of the milk hose, m; λh is the hydraulic friction coefficient; 
ξs, ξp, ξn is the coefficient of local resistance at contraction, 
expansion, change in direction and in the turn of the flow of 
milk in the milk hose, respectively. 

Pressure in the collector’s milk chamber rises from 
the starting magnitude to level pmc due to the supply 
of air through the throttle opening. The intensity of air  
supply (Qn) must provide for the required transporting pres-
sure difference, which is:

Q
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where tct is the duration of compression tact, s.
By applying formula (6), it is possible to determine the 

required actual air supply to the collector’s milk collecting 
chamber in order to satisfy condition (4). Structural parame-
ters of the transporting link and the mode of operation of the 
milking machine influence the intensity of air supply (Fig. 3).

At an increase in the diameter of the milk hose (Fig. 3) 
the intensity of air supply (Qn) depends significantly on the 
intensity of milk release. Thus, within the range of diameter 
of the milk hose from 10 to 16 mm the intensity of air supply 
for Qm = 0.12 l/s grows by 22.4 %, while for Qm = 0.02 l/s only 
by 2 %. This indicates the importance of the right choice  
of a rational diameter for a milk hose in order to ensure  
a guaranteed condition for the transportation of a portion 

of milk to the main milk pipeline. Under condition of the 
maximal value for the intensity of milk release (Qm = 0.12 l/s) 
and the smallest diameter of the milk hose (dh = 10 mm), one 
observes the minimally required supply of air (Qn = 0.18 l/s).

.

.

.

.

.
. . . . . .

. . . . . . . .

Fig. 3. Dependence of the intensity of air supply (Qn) 
on diameter of the milk hose (dh ) and intensity of milk 

release (Qm) at a structural volume of the section 	
of a milk collecting chamber Vm = 0.10 l

An important structural parameter of the designed col-
lector is the diameter of the throttle opening. Depending on 
the intensity of air intake and a pressure difference between 
the separating chamber and the milk chamber of the collec-
tor, with respect to equations (3) and (6), a diameter of the 
throttle opening is derived from formula:

d
Q p
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where ρr is the air density at pressure рr, kg/m3; рr is the air 
pressure in the separating chamber of the collector during 
compression tact, kPa. 

The larger volume of the section of the collector’s milk 
chamber (Vm) is matched with a larger diameter of the 
throttle opening (d), regardless of the intensity of milk re-
lease (Fig. 4).

.

.

.

.

.

. . . . . .

Fig. 4. Dependence of diameter of the throttle opening (d ) 
on the intensity of milk release (Qm) and diameter of the milk 

hose (dh ) in combination with a fixed structural volume 	
of  the section of a milk collecting chamber (Vm ): 	

1 – Vm = 0.08 l, dh = 12 mm; 2 – Vm = 0,1 l, dh = 14 mm; 	
3 – Vm = 0.12 l, dh = 16 mm
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According to Fig. 4, at a certain combination of diame
ter of the milk hose (dh) and the structural volume of the 
section of a collector’s milk chamber (Vm), a diameter of 
the throttle opening is almost unchanged. Therefore, the 
diameter of the throttle opening (d) may have a constant 
magnitude regardless of the intensity of milk release. How-
ever, an increasing diameter of the milk hose (dh) requires  
a larger diameter of the throttle opening (d). This is observed 
in the examined range of volumes of sections of the collec-
tor’s milk chambers (Vm) regardless of the intensity of milk  
release (Qm).

6.  Discussion of results of studying structural  
parameters and modes of functioning of the collector  

of a milking machine

The proposed structural solutions of the designed col-
lector make it possible to eliminate the reasons that accom-
pany the milk flow pulsation, dispersing the fat globules 
and, accordingly, the deterioration of its technological 
properties. 

We propose a mode of operation under which milk 
collecting sections of the collector receives the air only 
during the tact of compression. The intensity of air supply 
is controlled by the volume of section of the milk chamber, 
by a diameter of the throttle opening, and depends on the 
magnitude of pressures at the start of the tact on both sides 
of the opening. In a combination with the pairwise mode of 
operation of the milking machine, it improves the efficiency 
of transporting a portion of milk to the upper milk pipeline 
of the milking plant.

Maintaining quality indicators of milk is achieved by 
aligning the intensity of air supply to the section of the milk 
chamber to the intensity of milk release. Under such condi-
tion, a portion of milk remains intact and it is not destroyed 
while transported to the main milk pipeline. This follows 
from the accepted mode of air supply to the collector’s milk 
collecting chamber – during the tact of compression. That is 
why each portion of the received milk will be kept in the milk 
hose, between two air plugs. The losses of pressure caused 
by the displacement of air flow through a milk hose will not  
exert any significant impact on the overall losses of head. 
This is explained by the much lower density of air in compa
rison with the density of milk.

Important for ensuring the efficient transportation of 
milk to the milk pipeline is the volume of milk chamber and 
a diameter of the milk hose. Depending on the structural 
volume of the milk chamber and the intensity of milk re-
lease, the desired intensity of air supply is assigned. Thus, 
the larger volume of the milk chamber is matched with  
a higher supply of air at constant intensity of milk release. 
An increase in the intensity of milk release leads to a de-
crease in the supply of air at the expense of reduction in the 
volume of the collector’s milk chamber free from milk. The 
diameter of a milk hose determines the high-speed modes of 
transporting milk to the milk pipeline, due to the impact on 
the intensity of air supply.

Therefore, choosing the right rational diameter of the 
flexible milk pipeline would improve the mode of milk 
transportation, especially when milking cows with high 
productivity.The volume of section of the collector’s milk 
collecting chamber should be aligned with the diameter of  
a throttle opening. This conclusion is due to a change in the 

driving pressure difference between the separating chamber 
and the milk chamber of the collector depending on the 
mode of milking. 

Application of the obtained mathematical dependences 
would make it possible to establish a rational combination 
of the structural volume of section of the collector’s milk 
chamber, the diameter of a milk hose and the diameter of  
a throttle opening. The applied aspect of employing the re-
sults of scientific research is the possibility to improve design 
of collector of the milking machine, which would ensure the 
preservation of milk quality while transporting it to the up-
per milk pipeline of the milking plant.

Further research should focus on the substantiation 
of theoretical calculations by carrying out experimental 
study. The emphasis should be given to the ratio between 
milk and air in a general flow of milk-air mixture in the  
milk hose.

Results of present work confirm the possibility of con-
structing a structural-functional scheme of collector with 
rational design-technological parameters, adapted to the 
modes of milking.

7. C onclusions

1. We established that the variation of structural volume 
of the collector’s milk chamber makes it possible to ensure 
a safe level and the required stability of pressure in the un-
der-nipple space of the milking cups. It was found that the 
highest increase in pressure is matched with a smaller volume 
of the collector’s milk chamber, regardless of the intensity of 
milk release. In this case, an additional increase in pressure 
improves the mode of transportation of the milk-air mixture 
to the upper milk pipeline of the milking plant.

2. We have designed a two-section collector of the mil
king machine that makes it possible to eliminate the negative 
impact on the quality of the received milk. This is achieved 
by enabling the desired mode of milk transportation through 
a milk hose. The distinctive structural-technological feature 
is the air supply to the milk chamber’s section only during the 
tact of compression. In order to preserve the quality of milk, 
the air comes through a throttle opening from the separating 
chamber of the collector. Such a solution stabilizes pressure 
in the milk collecting chamber during the tact of sucking and 
ensures effective «blowing» during the tact of compression. 
This reduces the negative effect of pressure on the nipple of 
an animal by lowering its level.

3. We established in the course of present research the 
required intensity of air supply to the section of the col-
lector’s milk chamber depending on the diameter of a milk 
hose. Thus, while increasing the diameter of a milk hose from 
10 to 16 mm, it is necessary to increase the intensity of air 
supply by 2 % to 22.4 % within a milk release intensity of 
0.02 l/s to 0.12 l/s. A mathematical model was constructed 
that connects the diameter of a throttle opening to the in-
tensity of milk release, the intensity of air supply, the diame
ter of a milk hose, structural volume of section of the milk  
collecting chamber, and pressure losses in the milk hose.  
It was determined that at a diameter of the milk hose of 
16 mm and a volume of section of the milk chamber of 0.12 l, 
it will suffice to have a diameter of the throttle opening of 
1.63 mm. In this case, the intensity of milk release will not 
exert any significant impact on the efficiency of transporting 
a portion of milk.
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