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The paper addresses the problem of improving the efficiency of machine milking by enhancing the design
of the milking machine collector with due consideration of the physiological characteristics of animals. It is
shown that most commercial collectors operate under fixed regimes and do not provide individual adaptation of
vacuum parameters to variations in milk flow intensity, which may result in incomplete milk extraction, longer
milking time, and negative effects on udder health.

The purpose of the study is to develop the design of an adaptive milking machine collector and to
analytically substantiate its structural and operating parameters that ensure stable transportation of the milk—
air mixture and optimal milking conditions. The object of the research is the operation process of the collector
as part of a two-stroke milking machine, while the subject of the research is the relationships between its
geometric parameters and operating modes.

An adaptive collector design with additional air chambers, a membrane—valve mechanism, and an
adjustable throttle channel is proposed. Using analytical, computational-graphical, and physical-mathematical
methods, the relationships between the throttle orifice diameter and air flow rate, the diameter of the milk hose
outlet and the parameters of the milk—air mixture, as well as between the operating parameters of the milking
machine and the volume of the collector milk chamber, were established.

Rational values of the design parameters were substantiated: throttle channel diameter of 1.1-2.7 mm,
milk hose outlet diameter of 8-16 mm, and milk chamber volume of 121 cm3. Pulsograms of the milking machine
operation with the developed collector were constructed, and the durations of the operating strokes and vacuum
pressure levels were determined. The obtained results confirm the feasibility of using an adaptive milking
collector to increase milking speed, stabilize the vacuum regime, and improve the operating conditions of milking
installations.

Keywords: milking machine, adaptive collector, vacuum regime, milk—air mixture, pulsation, machine
milking

Eq. 27. Fig. 4. Ref. 15.

1. Problem formulation

Modern machine milking systems are required to ensure high productivity while strictly complying with
the physiological requirements of dairy animals. One of the key functional elements of a milking machine is the
collector, which provides milk accumulation, stabilization of vacuum pressure, and transportation of the milk—
air mixture from the teat cups to the milk line. However, most collectors used in conventional milking machines
operate under fixed regime parameters and do not take into account the individual characteristics of animals, such
as differences in milk flow intensity, teat canal resistance, or sensitivity to vacuum fluctuations [1-2].

Scientific studies and practical experience indicate that non-adaptive milking regimes can lead to
incomplete milk extraction, increased milking time, and negative impact on the functional state of the udder,
which in turn raises the risk of mastitis and reduces the productive longevity of cows. According to FAO and
IDF recommendations, maintaining stable vacuum levels and optimal pulsation characteristics is a critical
condition for animal welfare and milk quality [2-3].

ANALYTICAL STUDIES OF THE STRUCTURAL AND OPERATING PARAMETERS OF THE COLLECTOR
® OF AN ADAPTIVE MILKING MACHINE © 2026 by Elchyn ALIIEV, Volodymyr GOVORUKHA, Olexander
TOLSTENKO is licensed under CC BY 4.0

Article received 12.01.2026. Article accepted 12.02.2026. Article published 17.04.2026.

19



http://tetapk.vsau.org/en/particles/analytical-studies-of-the-structural-and-operating-parameters-of-the-collector-of-an-adaptive-milking-machine
http://tetapk.vsau.org/en/particles/analytical-studies-of-the-structural-and-operating-parameters-of-the-collector-of-an-adaptive-milking-machine
http://tetapk.vsau.org/en/particles/analytical-studies-of-the-structural-and-operating-parameters-of-the-collector-of-an-adaptive-milking-machine
http://tetapk.vsau.org/en/particles/analytical-studies-of-the-structural-and-operating-parameters-of-the-collector-of-an-adaptive-milking-machine
https://creativecommons.org/licenses/by/4.0/

TexHika, eHepreTHka,
Nel(132) /2026 TpaHcnopt AIIK

/% Technology, energy,
~ ISSN: 2520-6168 Vol. 132, N2 1 /2026 agriculture transport AIC

Existing designs of milking machine collectors are mainly focused on mechanical simplicity and
manufacturability, while issues of adaptive regulation of vacuum pressure and milk flow remain insufficiently
addressed. Research presented in open scientific sources shows that changes in the geometry of air and milk
channels, as well as in the volume of the milk chamber, significantly affect pressure gradients and the dynamics
of milk—-air mixture transport [4-5]

Therefore, there is a scientific and practical problem of developing an adaptive milking collector capable
of automatically adjusting its operating parameters during the milking process. Such a collector should ensure
stable transportation of milk, minimize vacuum fluctuations in the teat chamber, and meet physiological
requirements under varying operating conditions. Solving this problem requires analytical substantiation of the
relationships between the constructive parameters of the collector and its operating modes, which forms the basis
of the present study.

2. Analysis of recent research and publications

Recent scientific publications on milking machine technology show a clear research interest in
improving collector designs and vacuum systemsto enhance milking efficiency and animal welfare. A study
by [6] establishes that the structural and technological parameters of a milking machine collector significantly
affect the efficiency of milk transportation and the completeness of milking. It highlights that traditional
collector designs often perform inefficiently and that adjusting parameters such as the volume of the milk
chamber and throttle opening can improve performance by optimizing pressure gradients during milk flow.

Similar research from Ukrainian agricultural universities also focuses on technical and technological
parameters of milking equipment, constructing mathematical models that relate vacuum levels, pulsation
frequency, and other operational variables to the rate of milk yield, thereby providing theoretical foundations
for optimizing machine milking performance [7]. Additionally, work on interconnections between technical
parameters and the dynamics of milk—air mixture movement demonstrates the importance of understanding
fluid dynamics within the milking system as a basis for improving equipment design and operation [8].

Other international research explores vacuum control and stability, such as the use of flow-controlled
vacuum regulation systems in milking machines. These systems adapt vacuum levels according to actual flow
rate, reducing fluctuations and potentially improving milking efficiency and teat condition, which aligns with
the physiological considerations addressed by adaptive collector design [9-10].

Historical engineering studies presented at conferences also propose adaptive and autonomous control
systems for milking apparatuses that adjust the milk flow and vacuum based on real-time operating conditions
to enhance overall performance [11-12].

Collectively, this body of research supports the need for adaptive milking machine components —
including collectors — that can dynamically respond to changing conditions during milking to improve both
machine performance and animal well-being.

3. The purpose of the article

The purpose of the study is to develop the design of an adaptive milking machine collector and to
analytically substantiate its structural and operating parameters that ensure individual adaptation of milking
modes to the physiological characteristics of animals during the milking process, by determining rational
geometric parameters of air and milk channels, the volume of the milk chamber, and vacuum operating modes
required for stable transportation of the milk—air mixture and efficient operation of the milking machine.

4. Results and discussion

From the analysis of existing types of milking machine collectors, we conclude that it is necessary to
develop an adaptive milking collector that would have a simple design and ensure high milking speed. The
development of the adaptive milking collector will be carried out based on the two-chamber collector
ADU.03.000 by adding two additional air chambers.

The main components and parts of the adaptive milking collector (Fig. 1) are: a plastic body 1, which
functions as the milk collection chamber K1 with a drain pipe; chamber 2 with connectors for the milking
cups; cup 3, which is a continuation of chamber 2; variable vacuum chamber 4, divided by cup 5 into upper
6 (K3) and lower 7 (K2) parts; membrane 8, which limits the lower part of the variable vacuum chamber
7 from below and is secured with nuts 12; one-way valve 9; valve 10 equipped with a limiter 11, which also
serves as a seal; adjustable screw 13; vacuum distributor 14 (K4) installed on the variable vacuum chamber
4; and valve 15.
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The adaptive milking collector, as part of a two-stroke milking machine, operates as follows (figs. 2—
3). During milking, valve 15 is open. During the suction stroke, milk from the milking cups enters the plastic
body 1 (K1) through the connectors. As milk flow increases, the vacuum in body 1 (K1) decreases, the
membrane 8 deflects upward, opens valve 10, and atmospheric air flows from the lower part of the variable
vacuum chamber (K2) into the upper part (K3), then through the hole with adjustable screw 13, through the
one-way valve 9, into body 1 (K1), which contributes to accelerating milk evacuation into the milk pipeline.

During the compression stroke, the original vacuum level in body 1 (K1) is restored by the
membrane 8 deflecting downward and closing valve 10. At the end of milking, valve 15 is closed manually,
thereby disconnecting the vacuum from the collector.

o

2

Fig. 1. Design scheme of the adaptive milking collector:
1 — plastic body (K1); 2 — chamber; 3 — cup; 4 — variable vacuum chamber; 5 — cup; 6 — upper
part of the cup (K3); 7 — lower part (K2); 8 — membrane; 9 — one-way valve; 10 — valve; 11 — limiter;
12 — nut; 13 — adjustable screw; 14 — vacuum distributor (K4); 15 — valve

The operating mode of the adaptive milking collector as part of a two-stroke milking machine is
determined by the time intervals during which the valve switches (Figs. 2-3). The calculation is based on
taking into account the patterns observed when air flows from one chamber to another through the throttle
channel and the milk-filled collection chamber.

The suction stroke tc. of the two-stroke milking machine with the developed collector can be divided
into three stages (Figs. 2-3): t; — filling the collector’s milk chamber with milk; t,— air flow through the one-
way valve and throttle channel into the milk chamber; ts— emptying the collector’s milk chamber of milk.

A combined analytical and computational-graphical approach was applied to study the operation of
the developed adaptive milking collector, which included the following stages:

— Analysis of throttle channel and milk hose parameters. The relationship between the diameter of the
throttle orifice and air flow rate was determined to identify the optimal channel diameter for generating the
required pressure gradient for milk transport. Similarly, the relationship between the density of the milk-air
mixture, milking intensity, and the diameter of the milk hose outlet was established to determine the optimal
dimensions for efficient milk transportation under various pressure gradients.

— Determination of the collector milk chamber volume. Using Boyle’s law and force equilibrium
equations for the valve and membrane, the milk chamber volume was calculated. The process of filling the
chamber during the suction stroke, changes in vacuum pressure, and air flow through the one-way valve and
throttle channel were taken into account. These calculations allow determination of the filling and emptying
times of the milk chamber, ensuring synchronization with the two-stroke pulsator cycle.

— Construction of the milking machine pulsogram. The working cycle of the milking machine was
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graphically modeled as indicator pulsograms showing the vacuum pressure variation in the inter-wall and
teatcup chambers. Based on the calculated time intervals, the durations of suction and compression strokes
were determined, and the ideal pulsogram of the developed collector operation was constructed.

—] Suction stroke Rz Lompression stroke

~ - Milk
| Milk - Air
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Fig. 3. Calculation scheme of the adaptive milking collector operation

Calculation of milking speed and milking unit operation time. Milking speed was calculated based on
the milk chamber volume and operating vacuum pressure. Using the obtained milking speed and technical
parameters of the milking unit, the duration of a single milking session and the total operating time of the unit
were determined for both the standard and developed collector variants.

The relationship between the diameter of the throttle orifice and the air flow rate is described by the
following equation [13-14]:

2
di =(r+e)- 0,811;;_'_ , (1)

where dor — diameter of the throttle orifice, m; A, € — coefficients of linear and local resistance of the
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air duct; gr — air flow rate, m3/s; g — acceleration due to gravity, m/s?; R — specific gas constant for air, R =
29.27 m/K; T — air temperature, K.

Analysis of the obtained dependence (1) indicates that the optimal diameter of the throttle channel,
sufficient to create the pressure gradient necessary for transporting a portion of milk, lies within the range of
1.1-2.7 mm.

The relationship between the density of the milk—air mixture, milking intensity, and the diameter of
the milk hose outlet is described by the following equation [13-14]:

2
d°= 0,811-A-1-p.. -1, , @)
AP-p_ -g-h

where dn — diameter of the milk hose outlet, m; A — resistance coefficient; | — length of the milk hose,
m; p — density of the milk mixture, kg/m3; gm — milk flow rate, m*'s; AP — pressure gradient, Pa; h — height to
which milk needs to be transported, m.

Analysis of the obtained dependence (2) shows that the optimal diameter of the milk hose outlet,
sufficient for transporting a milk—air mixture with a density of 200—600 kg/m?3 under various pressure gradients,
ranges from 8 to 16 mm.

During the suction stroke of a two-stroke milking machine, the milk chamber of the collector is filled
with milk. At the same time, the vacuum pressure in the collector milk chamber, and consequently in the teat
space of the milking cups, decreases. Assuming that milk is an incompressible liquid, according to Boyle—
Mariotte’s law, we obtain:

P (Vmax - Vmilk ) =ViP (3)

oper max' max !
where Poper — Minimum vacuum pressure in the milk chamber at which the valve opens, Pa; Vimax —
volume of the milk chamber, m3; Vmik— volume of milk that has filled the milk chamber, m3.
From equation (3), we obtain:

p
Vmilk = Vmax ( Pmax _1J ' (4)

oper

The time required for milk to fill the volume Vi of the collector milk chamber is determined by the
equation:

t = Qmax _ Qmax
1 V ) - P ' 5
milk Vmax max _q ( )

Popelr

where Qmax — milk flow rate from the animal’s udder, m®/s.
According to the force equilibrium equation acting on the valve and the membrane, we have:
uS, =G-F, (6)

I:)oper
where S, — membrane area, m?:
S :%ndﬁ , )

m

where G — gravitational force of the moving parts (valve and membrane), N; Fn, — elastic force of the
membrane, N; u — membrane activity coefficient [15],

2
1 de [de
3°d, \d,
u= :

od LY (8)
1+ ="k 4| =k
d, \d,
where dx — inner diameter of the membrane, m; d, — outer diameter of the membrane, m.
From equation (6), we obtain:
P _G-F, 9
oper US : ( )

m

Finally, the time during which the vacuum pressure changes from Pax t0 Pmax IS:
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_ Qe
b= und? ' (10)
TE K
Vmax Pmax — -1
4(G -F, )

After the collector valve opens, during time t, air begins to flow through the one-way valve and the
throttle channel into the milk chamber, changing the pressure from Poper t0 Pmin. The rate of change of vacuum
pressure is determined by the following relationship:

dP(t) Kk,
—==—P(1), 11
eVl U (11)

max

where P(t) — vacuum pressure at time t, Pa; k, — poiseuille coefficient accounting for channel
dimensions and air viscosity, k, = ndg,; /(128I0TnB) ; dot, lor — diameter and length of the channel connecting

the pulsator chambers, m; 1, — dynamic viscosity of air, Pa-s.

From equation (11), we obtain:
Vmax i d_P — Vmax In POpET — 128|OTnB\/max n 4(G — Fm)

k P Kk P. ndg, und?’P

P Poper p min min

t,=

, (12)

where Pmin — minimum vacuum pressure at which the suspension unit remains attached to the teats, Pa.
During time ts, due to the created concentration gradient Pmax — Pmin, milk is discharged from the
collector milk chamber:

ty; = , 13
? Vmilk ( )
where Q — milk flow rate through the outlet nipple of the milk hose, m¥s.
The Bernoulli equation is formulated for the process of milk flow through the outlet nipple of the milk
hose:
I:’max Pmin 02
—_— = + —_
P9 P9 29
where p — milk density, kg/m?; g — acceleration due to gravity, m/s?; v — velocity of milk flow in the
milk hose nipple, m/s.
The milk flow velocity is expressed through the nipple diameter d, and milk flow rate Qmax. The

average milk flow velocity is:

) (14)

4Qmax
VET 2o (15)

Substituting equation (14) into equation (15) and performing the corresponding transformations, we

obtain:
Posc P
Qmax = Ttdi max8—pmm : (16)
ndZ F)max - Pmin
t, = N %

3 J : (17)

Finally, we obtain:

2
Vmax IDmaxwtidK
4(G - Fm)

The total response time of the collector valve t; + t> + t3 must be equal to the duration of the suction
stroke of the two-stroke pulsator tc:

nd? @
Q. 1281,V 4(G-F,) N8 _t_. (18)
v [p Ldi_l ndg, und?P, v [p L‘ji_l *
max max 4(G—Fm) max max 4(G—Fm)

From equation (18), an expression for determining the volume of the collector milk chamber is
obtained Vmax:
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t +AZ—4A, (A, +A,)
max 2A3

Ldz I:>0 - I:)max + ng
4 \/
A, = P ; (20)
und,
P 7 =~ —1
( 4(G a Fm) ]
ndﬁ 2(Pmax - Pmin )
A, = 4\ P :

P (21)
P und, 1
mex 4(G - Fm)
—F:)

1281,,m, | 4(G
ndg, und’P

Substituting the determined design parameters of the collector and the operating parameters of the
two-stroke milking machine into equations (19)—(22), the volume of the milk chamber of the developed
collector is obtained and equals 121 cm?,

The calculation of the developed collector as part of the milking machine involves determining the
duration of the operating strokes. The working cycle of the milking machine is graphically represented in the
form of indicator pulsograms, which show the variation of vacuum pressure over time in the inter-wall and
teat chambers of the milking cup.

For a two-stroke milking machine, a characteristic ratio of suction and compression strokes is used,
which is determined by the expression:

(19)

where

A, =

(22)

t 60

0=""S=—;
t,, 40 (23)
and the pulsation frequency, which is determined by the equation:
1 . .
n= " =60 imp./min. (24)

From these expressions, the following values are obtained: t.. = 0.6 s and tcm = 0.4 s. The operating
vacuum pressure in the vacuum system is 48 kPa.

By substituting the determined design parameters of the collector into equations (10), (12), and (17),
the following time intervals are obtained: t; = 0.16 s, t, = 0.33 s, and t3 = 0.11 s. For these intervals, the vacuum
pressures take the following values: Poper = 39 kPa (according to equation (9)) and Pmin = 20 kPa.

Figure 3 presents the pulsogram of the ideal operating process of the developed collector as part of a
two-stroke milking machine.

The milking speed is calculated using the following formula:

9=nV,, =nV,, [% —1J =60-0.121-(48/39 — 1) = 1.67 L/min. (25)
oper

Considering that the average milking speed of a standard ADU milking machine equipped with a serial
two-chamber collector is 1.5 L/min, the duration of a single milking operation is calculated for a UDM-200
milking installation with 12 milking units:

. H-N
° 60-D-m-9-N,, '’
where H — annual milk yield, I; N— number of animals; D — lactation period, days; m— milking
frequency; Nmu— number of milking units.

h, (26)
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Fig. 4. Pulsogram of the ideal operating process of the developed collector as part of a two-stroke
milking machine

According to the calculations in Section 2, the following results are obtained:

for the base variant: t, = 4500-200 =1.39 h;
60-300-2-1.5-12
4500-200

for the developed variant: t, = 5h.

60-300-2-1.67-12
The operating time of the milking installation is determined by the equation:

t,=t,-D-m,h. (27)
Finally, the following values are obtained:
for the base variant: t; =1.39-300-2 =833 h;

for the developed variant: t, =1,25-300-2=749 h.

5. Conclusion

As a result of the analysis of existing types of milking machine collectors, the design of an adaptive
milking collector was developed. The proposed collector meets physiological requirements by adapting its
operating modes individually to each animal directly during the milking process. The developed adaptive
milking collector consists of a plastic body (K1), chamber, cup, variable vacuum chamber, cup, upper part of
the cup (K3), lower part (K2), membrane, one-way valve, valve, limiter, nut, adjustable screw, vacuum
distributor (K4), and valve.

The design parameters of the developed adaptive milking collector were substantiated. The
dependence of the air duct diameter dor on the air flow rate and the reduced resistance coefficient was
determined. The dependence of the milk hose outlet diameter d» on the density and flow rate of the milk-air
mixture under a given pressure gradient was established. The rational diameter of the throttle channel,
sufficient to create the pressure gradient required for transporting a portion of milk, was found to be within the
range of 1.1-2.7 mm. The rational diameter of the milk hose outlet, sufficient for transporting a milk-air
mixture with a density of 200-600 kg/m? under various pressure gradients, lies within the range of 8-16 mm.

The relationships between the operating parameters of the adaptive milking collector (pulsation
frequency and stroke ratio) and the volume of its milk chamber were established. Taking into account the
adopted technological parameters of the machine milking process, the rational volume of the milk chamber of
the developed collector was determined to be 121 cm3.

Pulsograms of the milking machine operation with the developed collector were constructed, and the
operating strokes for the inter-wall and teat chambers of the milking cup were determined: t1 =0.16 s, t, =0.33
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s, and t3 = 0.116 s. At these intervals, the vacuum pressures assume the following values: Poer = 39 kPa and
Pmin = 20 kPa

10.

11.

12.

13.

14.

15.
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AHAJIITUYHI JOCJJIKEHHA KOHCTPYKTUBHO-PEXKUMHUX ITAPAMETPIB
KOJIEKTOPA AJIAITUBHOI'O JOIJIBHOI'O ATTIAPATA
Y cmammi poszensinymo npobremy niosuwjenns e@exmusHocmi MAWUHHO20 OO0iHHA 3a PAXYHOK

VOOCKOHANCHHS KOHCMPYKYIT KOIeKmopa 00ibHO20 anapama 3 ypaxy8auHam @i3ionociynux ocobausocmel
meapun. [loxkaszano, wo Oinbwiicms cepilinux KOJIEKMopie npayioroms 3a QIiKCoBAHUMU PENCUMAMU MA He
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3abe3neyyromy iHOUBIOYaIbHOI adanmayii napamempis 8axyyMHoi 0ii 00 3MiH IHMEHCUBHOCMI MOIOKO8I00aYi,
Wo Modice Npu3BoOUmu 00 3HUJNCEHHS NOBHOMU GUOOIO8AHHS, NOO0BI’CEHHSI MPUBALOCMI OOIHHA Ma
He2amusHo20 6NIUBY HA CIMAH GUMEHI.

Memoro docriddcenns € po3pobaenHs KOHCMPYKYii a0anmueHo20 KOLeKmopa 00iIbHO20 anapama ma
aHanimuune oOIPYHMYBAHHSA 1020 KOHCMPYKIMUBHO-PENXCUMHUX napamempis, aKi 3abe3neuyioms cmabiibHe
MPAHCNOPIMYBAHHS MOLOYHO-NOGIMPAHOL cyMiui 1l onmumanbHi ymosu 0oinusa. 06 ekmom 00CaiodNceHHst €
npoyec (QYHKYIOHY8aHHSL KOJNEKmMopa 6 CKIadi O08OMAKMHO20 O0iNbHO20 anapamd, NpeoMemom —
63AEMO38 A3KU MINHC U020 2e0MEMPUUHUMU NAPAMEMPAMY A PEHCUMAMU POOOMU.

3anponorosano KOHCMPYKYIIO A0anMUBHO20 KOAEKMopa 3 000amMKOBUMYU NOGIMPAHUMU KAMEPAMU,
MEMOPAHHO-KIANAHHUM MEXAHI3MOM I pe2yibO8aHUuM OPOCETbHUM KAHALOM. 3 GUKOPUCTMAHHAM AHATTMUYHUX,
PO3DAXYHKO80-2padiuHux ma izuKo-mamemMamuyHux mMemooie 6CMAHOBIEHO 3AeHCHOCII MidC diamempom
0poCenbHo20 OmMEopy i UMPAmMoI0 NOGimps, OiaMempom 6UXiOHO20 nampyOKa MOJIOYHO20 WilaHed ma
napamempamu MOJL04YHO-NOBIMPAHOL CyMiLLi, @ MAKOIHC MIXHC PEHCUMHUMU NAPAMEMPAMU 00LTbHO20 anapama
i 06’ eMOM MONOUHOI KamMepu KOIeKmopa.

OO0Tpynmosano payioHanbHi 3HAYEHHS KOHCMPYKMUGHUX Napamempis: oiamemp OpOCenbHO20
kanany — 1,1-2,7 mm, Odiamemp e6uxionoeco nampybka monouno2o uiiavea — 8—16 mm, 06’em MonouHoi
xamepu — 121 e, Tlobyoosano nynvcoecpamu pobomu 00ibHO20 anapama 3 po3pooaeHUM KOJLEKMOpoM ma
BU3HAYEHO MPUBANOCMi pobouux makmie 1 pieni eaxyymHo2o mucky. Ompumani pe3yibmamu
niomeepoHCYIOmMb OOYINIbHICMb 3ACMOCY8AHHS A0ANTNUBHO20 KONEKMOpa 01 RIOBUWEHHS WBUOKOCHE 00iHH S,
CMabibHOCMI 8AKYYMHO20 PENCUMY MA NOKPAWJEHHS YMO8 eKCHIYamayii 00ITbHUX YCMAHOBOK.

Knrouoei cnosa: 0oinvruti anapam, adanmuerull KOJeKmop, 6aKyyMHUL PEXNCUM, MOLOYHO-NOBIMPSHA
cymiut, nyrbcayis, MauuHHe OOiHHSL.
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