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Phase–frequency characteristics of three types of milking clusters with a different volume 
and shape of the pulsation chamber

B. Banev*, K. Peychev, V. Vlashev, G. Dineva

 Department of Agricultural Engineering, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. Three types of milking clusters were examined: a conventional type with cylindrical pulsation chamber (round milking cup with round milking liner), a 
new type with a complex form of pulsation chamber (triangular milking cup with triangular milking liner) and composite type with the complex shape of the 
pulsation chamber (round milking cup with triangular milking liner). Pulsation systems of three types of milking clusters were tested in different operating modes 

-1 which are changed by the following input parameters: a power vacuum of 40 and 50 kPa and pulsation frequency of 60÷150min (1, 1.5, 2,  2.5 Hz). With 
pulsotester output parameters of the pulsation system were registered: phases a, b, c and d and pulsation amplitude. The analysis shows that within frequency 
range from 1 Hz to 2,5 Hz transient processes (both phases a and c) in the three types milking clusters decrease in absolute values but increase in relative 
values. On the contrary, at the same time the established processes (both phases b and d) only decrease in absolute and relative values. The phenomenon is 
that in the higher frequency range the relative influence of the transient processes increase within full processes (a+b) or (c+d). In this study the so called 
transient coefficients k  and k  are used as a criterion for evaluating the utilization of pulsation cycles and the effectiveness of milking clusters operation. The a+b c+d

experiment in this study indicated that the combination of triangular shell and triangular milking liner demonstrate the best utilization of pulsation cycle: for the 
whole range of frequencies k  changed from 24% to 60% and k  varies from 14% to 30%. The reason for this good result is the weakening of the negative a+b c+d

feedback due to inertia of the milking liner which with increasing frequency vibrates with less amplitude. 

Keywords: milking cluster, pulsation chamber, triangular liner, phase – frequency characteristics
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some American and European companies placed on the market a Introduction
more complex form: a combination of triangular milking liner and teat 
cup-shaped with inner walls which is close to triangular. This type of One hundred years after the invention of the pulsation milking 
milking clusters with a complex form of the pulsation chamber machine (Reitsma, 1981; O'Callaghan, 1996) it still seems that the 
(known as "tri-circle") are presented as the "safest" in terms of health cluster may not adequately imitate natural suckling. Despite 
at the teat end. There are numerous studies which are contradictory progress in improving the milking equipment and technology, health 
but perhaps the widespread view that milking clusters with more problems of the breast and hygiene of milk yield continue to focus the 
complex configuration of the pulsation chamber other than the attention of scientists, engineers and specialists in the field of dairy 
cylindrical shape, provide a softer and gentler mode of milking farming. Recent studies have been focused entirely on the state of 
(Boast et al., 2003; Durstewitz, 2010; Kochman and Laney, 2009; the teat end due to its interaction with the milking liner (Gleeson et 
Schukken et al., 2006).al., 2004; Hammann and Mein, 1996). Scientists from the circle of 

The aim of this study is to illuminate the problem from another TCI (Teat Club International) describe this complex "phenomenon" 
point of view to study and compare the functional characteristics of as the influence of mechanical action of the milking liner on the 
milking clusters described above.effectiveness of machine milking and health of the teat end (Mein et 

Analysis was subject to standard milking phases a, b, c, and d al., 2003). Problems arising from the firm mechanical action of the 
with particular attention being paid to transition processes and their milking liner are defined as overpressure, but also as compressive 
impact on "real" phases of the milking process: milking phase b and load. The efforts of scientists, engineers and milking equipment 
massage phase d. Emphasis is placed on the influence of frequency manufacturers ultimately led to the creation of milking units with a 

-1 -1on phases a, b, c, and d in the range 60 min  (1 Hz) to 150 min  (2,5 different form of milking liners and milking cups, which can be 
Hz) which covers the frequency range of natural calf suckling.summarized as defining different configuration pulsation chamber. 

In traditional (conventional) milking clusters the pulsation chamber is 
with cylindrical shape. The active part of the circular milking liner, so 
called "barrel" is a cylinder that is inserted concentrically within the Material and methods
circular (cylindrical) milking cup. In the new type of milking clusters 
the configuration of the pulsation chamber is a more complex shape. 

The study was conducted in the laboratory milking machine at 
The most common option is milking liner with triangular (prismatic) 

the Department of Agricultural Engineering, Trakia University. The 
configuration of the active part that is inserted into the conventional 

experimental setup is shown in Figure 1.
(cylindrical) milking cup. The advantage of this set of "round teat cup-

One end of alternate adjustable electronic pulsator is 
triangular milking liner" is that farmers can use their old milking 

connected to the pulse of two chambers of teat cups to a classic 
clusters with the new triangular milking liners. Although this is a 

cluster-type «round teat cup-round milking liner» indicated in this 
cheaper and convenient combination of teat cup and milking liner, 
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Figure 1. Experimental setup: 1 – pulsator, 2 – pulsotester;
3 – pulse-divider, 4 – experimental milking cups, 5 – control 
milking cups.

1

2

3

54

66

3pulsation chamber volume 61346 mm . The inner diameter pulsation 
nipple of the milking cups is the same: 7,6 mm. Milking phases a, b, 
c, and d  of the relevant pulsation chambers of milking clusters are 
registered with pulsotester.

In this single factor experiment the values of the function F are 
recorded:

(1)

where phase a is duration of the transition process from state 
"massage" to state "milking";

phase b – duration of the established process "milking";
phase c - duration of the transition process from state "milking" 

to state "massage";
 phase d –duration of the established process "massage";
 ¦ – pulsation frequency.
During the experiment the frequency ¦ is set at 60, 90, 120 and 

150 min-1 (1Hz, 1.5 Hz, 2 Hz, 2.5 Hz, respectively). For each of the 
values of frequency measurement was conducted on two levels of 
vacuum: 40 kPa and 50 kPa.

study as control cluster № 1 (or «o-o») with pulsation chamber Results and discussion
3volume 94040 mm . In the other pulsator output pulsation chambers 

of two teat cups of one of the alternative milking clusters indicated in Absolute values of the phases of milking process for each 
this study as experimental milking units are connected. In the case of cluster and each of the four frequencies (1Hz, 1.5 Hz, 2 Hz, 2.5 Hz) 
cluster-type the «round teat cup-triangular milking liner» called are shown in the diagrams of Figure 2. All registrations are made in 
experimental cluster № 2 (or «о-∆») with pulsation chamber volume the power vacuum at 50 kPa. The results clearly show that the direct 

381563 mm  and cluster-type «triangular teat cup-triangular milking transition process (phase a) occurs most rapidly in cluster № 3 «∆-
liner» is identified as experimental cluster unit № 3 (or «∆-∆») with ∆»), where a  = 150 ms at 1Hz and 115 ms at 2,5 Hz. The slowest 3

Figure 2. The diagram of the absolute values (in ms) phases a, b, c, and d for each studied cluster at
vacuum rate of 50 kPa and four pulsation frequencies (¦ = 1Hz, ¦ = 1.5 Hz, ¦ = 2 Hz , ¦ = 2.5 Hz).

Note: 1. Chart values are ordered from left to right in order of frequency ¦, ¦, ¦, ¦.1 2 3 4

2. Indices of the phases a, b, c, and d correspond to the number of the studied milking cluster.
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Figure 4. Diagram of the relative values (in %) of phases a, b, c and d for each studied cluster at vacuum rate of 50 kPa 
and four pulsation frequencies (¦ = 1Hz, ¦ = 1.5 Hz, ¦ = 2 Hz, ¦ = 2.5 Hz).1 2 3 4
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direct transition process occurs for cluster № 1 («о-о») where a  = reverse transition process (phase c) runs quickly in cluster № 3 («∆-1

220 ms at 1Hz and 150 ms at 2,5 Hz. The trend in each clusters, ∆») where c = 68 ms for ¦ = 1 Hz and c  = 48 ms for ¦  = 2,5 Hz. The 3 1 3 4

however, is a clearly noticeable reduction in the duration of direct reverse transition process runs too slow for controlling cluster № 1 
transitioning process with increasing frequency from 1Hz to 2,5 Hz. («о-о») where c =100 ms at ¦=1 Hz and c  = 75 ms at ¦ = 2,5 Hz. 1 1 1 4

However, it should be noted that the dependence of phase a on the The most sensitive to the reduction of phase c with increase of 
frequency f is the most pronounced in the control cluster № 1 («о- frequency is again cluster № 3 («∆-∆»). 
о»), while phase a in cluster № 3 («∆-∆») is less sensitive to In conducting the study resistance and volumes of pulsation 
frequency change. In experimental cluster № 2 («o-∆») the values of systems are not changed. The total trend to reduce the duration of 
phase a are intermediate between those of cluster № 1 and № 3. The the direct and reverse transition processes for all milking clusters is 

Figure 3. Diagram of the absolute values (in ms) phases a, b, c and  for each studied cluster at vacuum rate of 40 kPa 
and four pulsation frequencies (¦ = 1Hz, ¦ = 1.5 Hz, ¦ = 2 Hz, ¦ = 2.5 Hz) Note: 1. Chart values are ordered from left 

to right in order of frequency ¦, ¦, ¦, ¦. 2. Indices of the phases a, b, c and d correspond to the number of cluster 1 2 3 4

studies.
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probably due to the weakening of the negative feedback (reaction of can be said about the reverse transition process (phase c): in cluster 
the elastic element in the pulsation system) with increasing № 1 the changes are from 10% to 18% and cluster № 3 the range of 
frequency. The main elastic element in the pulsation system is the variation is 5% to 16%. The increase in the relative transition time is 
milking liner. With increasing frequency the liner vibrates with less due to the processes b and d whose relative times progressively 
amplitude (due to its inertia). It is logical to expect that the smaller decrease with increasing of frequency without changing the 
amplitudes of oscillation will have less resistance to change of pulsation ratio, i.e. the ratio (a + b):(c + d) percentage remains the 
pressure in the pulsation system. same throughout the experimental frequency range. Similar 

arguments are in vacuum 40 kPa. This means that high frequency Milking phase b is also affected by frequency with ¦=1 Hz with 1

milking clusters can be assessed under transient coefficients of the the longest duration being b =340 ms while the lowest duration is 3

technological cycle (a + b - "milking") and (c + d - "massage") with b =275 ms. In ¦=2,5 Hz, b =75 ms, b  = 65 ms. The overall pattern of 1 4 3 1
the transition process, calculated as:all milking clusters is to reduce the absolute phase b by increasing 

the frequency, but the rate of reduction of b for the different milking 
(2)clusters is not the same. Similar considerations can be made for 

phase d which is extremely sensitive to increasing frequency and the 
 change is within a very wide range: d  = 445 ms for ¦ = 1 Hz and 3 1 (3) decreases to d =148 ms for ¦ = 2,5 Hz in cluster № 3 «∆-∆»). In the 3 4

   control cluster № 1 results are similar: d  = 425 ms for¦ = 1 Hz and 1 1
  d = 47 ms for ¦ = 2,5 Hz.1 4  

When reducing the power vacuum to level 40 kPa trends of where k  - transient coefficient of "milking" cycle;a+bchange of phase a, b, c and d are retained: transient processes a 
 k  - transient coefficient of "massage" cycle.c+dand c and established conditions b and d decrease in absolute value 
The estimated coefficients k  and k  based on a+b c+dwith increasing of frequency ¦ (Figure 3). But it can be seen that 

experimentally obtained data for the three investigated milking when the vacuum is 40 kPa transient processes are faster (i.e. the 
clusters at four different frequencies (¦ = 1 Hz, ¦ = 1,5 Hz, ¦ = 2 Hz, 1 2 3absolute times are shorter), while the established conditions b and d 
¦ = 2,5 Hz) in level of the power vacuum 40 and 50 kPa, are shown 4have greater absolute duration compared with the experiences 
graphically in Figure 6.made at a rate of 50 kPa vacuum.

Results, we believe, are quite surprising. It turns out that the Figure 4 and Figure 5 show diagrams (respectively, vacuum 50 
classic milking clusters (in this case control cluster № 1) at ¦=1 Hz kPa and 40 kPa) of the relative values (%) of the phases of the 1

milking process for each cluster and each of the four pulsation and 40 kPa vacuum k =37% and k = 44% at 50 kPa. This means a+b a+b

frequencies (¦ = 1 Hz, ¦ = 1,5 Hz, ¦ = 2 Hz, ¦ = 2,5 Hz). that more than one third of the cycle time (a+b) is in the transitional 1 2 3 4

process. With increasing frequency the transition process "eats" Trends of transient processes a and c of all tested milking 
more time from the active part of the milking cycle – phase b. When clusters are increasing trends. At vacuum of 50 kPa relative changes 
switching from conventional to up-to-date type of cluster, in the case are smaller in control cluster № 1 (phase a changes from 22% to 
of № 2 and № 3, the transition process (phase a) takes a less active 30%) and the biggest in cluster № 3 (from 15% to 28%). The same 

Figure 5. Diagram of the relative values (in %) of phases a, b, c and d for each studied cluster at vacuum rate of 40 kPa 
and four pulsation frequencies (¦ = 1Hz, ¦ = 1.5 Hz, ¦ = 2 Hz, ¦ = 2.5 Hz).1 2 3 4
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processes (both phase a and c) in the three milking clusters 
decrease in absolute values but increase in relative values. 
Transients (phase a and c) occur most rapidly in cluster № 3 («∆-∆») 
and they are the slowest in cluster № 1, probably due to the smaller 
volume of pulsation chamber with configuration («∆-∆») to («о-о»). 
In the higher frequency range the weakening of negative feedback is 
also strongly influenced by the transient times. Within the frequency 
range from 1 Hz to 2,5 Hz the established processes (both phases b 
and d) in the three types of milking clusters decrease in absolute and 
relative values.

In the higher frequency range the relative influence of the 
transient processes increase within full processes (a+b) or (c+d) 
and this phenomenon is established by transient coefficients k  and a+b

k  for the three types of investigated milking clusters. Both c+d

coefficients k  and k  have summary character and they are taken a+b c+d

as a criterion for effectiveness of the milking cluster. In this study 
cluster № 3 («∆-∆») demonstrates the best utilization of pulsation 
cycles: for the whole range of frequencies k  changes from 24% to a+b

60% and k  varies from 14% to 30%.c+d
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)

The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations. 
 
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
  
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 

 

possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 
tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 

parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 
Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, Sept.11 – 14, Berlin, 
Germany, p. 302 (Abstr.).
Thesis:
Penkov D, 2008. Estimation of metabolic 
energy and true digestibility of amino acids 
of some feeds in experiments with muscus 
duck (Carina moshata, L). Thesis for DSc. 
Agrarian University, Plovdiv, 314 pp.

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.
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