Journal of
Applied Sciences

ISSN 1812-5654

science ANSI@??
alert http://ansinet.com




Journal of Applied Sciences 6 (4): 964-971, 2006
ISSN 1812-5654
© 2006 Asian Network for Scientific Information

Performance of Flectronic Pulsation Control Systems and
Pulsation Control Problems for Milking Machines in Turkey

'Mustafa Cetin, *Mustafa Vatandas and *Recai Gurhan
"Department of Agricultural Machinery, Adnan Menderes University, 09100 Aydin, Turkey
“Department of Agricultural Machinery, Ankara University, 06110 Ankara, Turkey

Abstract: In this study, performences of three different electronic pulsator control umt were determined to over
come the problems faced especially by pneumatic pulsators. For this reason, three different pulsation control
umits, one with conventional components (PCU,), one with PIC (PCUL) and one with PL.C (PCU,) were used. All
of the three umts were designed to control a selenoid valve system and connected to a mobile milking machine
performed milking for measurement of pulsation characteristics. A pulsator test equipment was used to
determine the pulsation characteristics. Tests were carried out at 40, 45 and 50 kPa vacuum levels and 50,
55 and 60 min~" pulsation rates. Variance analysis and Duncan tests were performed on experimental data, which
can be effective on changes. Based on the result of statistical analysis, changes of different levels and
mteractions between pulsation rate and vacuum level were determined. It was determined that, most of these
interactions were caused by structural properties of control units and selenoid valve. However, it was seen that
pulsation characteristics obtained by each of three pulsation control unit were accordance with international
standards at all vacuum levels and pulsation rates. In additional, results of detail statistical analysis showed

that, PCU, had more suitable characteristics than PCU, and PCU.
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INTRODUCTION

Milking machines are the most essential tools for the
ntensive dairy enterprises. With the help of this machine,
mechamzation of milking can be provided, milking
productivity can be mcreased and milking can be
performed in conditions that are more hygienic. In
addition, udder deformations cccurring in hand milking
usually don’t exist in machine milking.

Vacuum produced by pump m milking machines and
facilities are applied to udders in a controlled manner by
a pulsator. Thus, milk flow and massage phases are
performed. Pressure change of teatcups i vacuum
chamber 1s shown n Fig. 1.

In this Fig. 1 *a’ shows increasing vacuum phase, ‘b’
shows maximum vacuum phase (milking phase), ‘¢’ shows
decreasing vacuum phase and, ‘d” 1s the minimum vacuum
phase (massage phase).

Based on the international standards, the term (a+h)
(atbtctd)™ x100 is called pulsator ratio (ASAE, 1996a,b;
ISO 3918, 1997). Pulsator ratio often vanous from country
to country or from machine to machine n same country.
The most commonly used pulsator ratios are 60 and 70%.
Beside that, pulsator ratio and vacuum levels can also be

varied. For the milking machines used mn Turkey, usually
vacuum levels of 40-50 kPa, 50-60 min ™' pulsation rates
and pulsator ratio of 70% are applied.

Some of the pulsation parameters of milking must
be with in the international standard (ISO 5707, 1983).
These are,

»  Phase “b” of the pulsation chamber vacuum record
shall be not less than 30%.

»  Phase “d” of the pulsation chamber vacuum record
shall be not less than 15%.

¢ Tnalternately pulsation, the difference in the pulsator
ratio between two teatcups in the same cluster
(limping) shall not deviate by more than 5 umits of
percentage from the wvalue stated by the
manufacturer.

»  The pulsator ratio shall be within + 5 units of
percentage of the value stated by the manufacturer.

According to 2003 data, there are 5522 stationary and
102 616 portable type milking machmes mn Turkey. Thus,
a ratio of 66 cows per machine exists. However, milking
machine industry is fast growing sector and the number
of milking machines increased 29.2 times in during the last
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Table 1: Pulsation characteristics of milking machines with pneumatic pulsator

Pulsation phases (%)

No. of Vacuum Pulsation Pulsator
Machine pulsator (Kpa) rate (min"!) ratio (%) a b c d Limping (®o)
1 1 36.2 29.9 76.2 6.7 69.5 10.7 13.1 19.3
2 1 47.7 0.6 63.5 20.8 42.7 13.2 233 0.3
3 1 537 571 59.2 24.9 34.4 16.7 24.1 2.9
4 1 47.7 05.4 55.2 14.9 40.3 122 326 7.2
2 533 375 59.1 7.8 51.3 9.6 313 7.6
5 1 50.0 012 647 11.3 533 9.0 25.7 5.4
2 48.5 48.5 61.6 19.0 42.6 14.0 24.5 2.6
6 1 45.6 71.4 59.2 11.6 54.7 14.8 18.9 16.6
2 48.0 56.1 66.3 16.8 42.4 18.0 229 11.8
7 1 50.3 583 69.8 13.5 53.8 10.9 21.8 4.0
8 1 53.2 759 57.8 13.0 49.6 11.5 259 4.6
2 47.5 58.0 62.4 19.0 43.4 12.9 27.1 1.0
Warking ruminant. Pulsators used in milking machines are generally
vacuum . ;
¥ pneumatic type and produced in Turkey.
L] 1
: et 1 L 4 kPa Cetin (1997) measured operational parameters of
1 ] } P P
§ i i i milk%ng machines used in dairy enterprises in the
§ ' ! : province of Tokat. Alfa Laval Tester Mk IV was
R . L
Atmnspheﬁa : : fo- A us.ed. for me.asurem.ent. Pulsatl.on characteristics of
pressure FE 5 ¢ T d milking machines with pneumatic type pulsator were
shown in Table 1.
_ Vatandas and Gurhan (1997) evaluated pulsation
Fig. 1: Pulsator phases (ASAE, 1996a) rates and limping changes of pneumatic and hydraulic
Pulsation rate (1/min) Limping (%) type Puls.ators in different vacuum le\.fels. Pulsation raFe
Pulsati Lirmo and limping changes were shown in Fig. 2 for pneumatic
804 sation rate ; 1rping 30 type pulsator and Fig. 3 for hydraulic type pulsator.
60 - 40 Based on the mternaticnal standards Table 1 and
40 - 30 Fig. 2 and 3 were evaluated as follows:
- 25
201 + L 10 »  Milking vacuum levels of the most of the machines
0 L 0 were not stable. The reason for that, poor
30 4'0 45 5'0 5'5 &0 maintenance and cleaning, leakage of vacuum system
Vacuum (kPa) and regulation problems. Changes in vacuum levels

Fig. 2: Pulsation rate and limping changes in different
vacuum levels for pneumatic pulsator used in
practice (Vatandas and Gurhan, 1997)
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Fig. 3: Pulsation rate and limping changes in different
vacuum levels for hydraulic pulsator used in
practice (Vatandas and Gurhan, 1997)

five years (State Institute of Statistics 2004). On the other
hand, machinery milking is almost absent for small

usually merease risk of infection (Tones, 1999).

»  Pulsation rate values were dependent on system
vacuum levels. This occurs in all of the pneumatic
and hydraulic type pulsators. Increasing the system
vacuum level enhances pulsation rate for pneumatic
and hydraulic type pulsators. The deviations
pulsation rate were out of the standards.

+  Accordance with the international standards for *b’
and ‘d’ phases was obtained except only one
machine. However, values for transition phases ‘a’
and ‘¢’ were considerably high. High values for these
phases cause the extension of milking time since they
shorten the milking and massage phases.

»  Limping parameter showmng the difference between
pulsator ratios of each half of teatcup was usually
above the limits established by international
standards. This causes an unstable alternative
pulsation and vacuum fluctuations.
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The milking machine has little effect on mastitis if
properly operated and functioning according
manufacturer’s specifications. Nevertheless, it i1s very
difficult to do this i many dairies. The use of
malfunctioning pulsators can cause teat end damage

to

and increase the rate of new infection (Bray and
Shearer, 1994). The mastitis survey indicated that only
25% of all damries in Florida had all pulsators working
properly (Bray et al., 1998). Same conditions are also seen
in Turkey. These all of irregular operating conditions and
bad functional specifications are increase bacteral
penetration of the teat duct. This factor 1s determined that
one of the ways of the development of mastitis (National
Mastitis Council, 1996).

This study was conducted to provide solutions for
some of the above mentioned problems for milking
machines. Among them was to develop a pulsation
control system in which pulsation rate is independent of
vacuum levels and pulsation phases and limping
parameters are in accordance with international standards
and to determine the operational performance of this
system. In this study, three different type electronic
control umts were used. First of them is a conventional
electronic control unit (PCU,). Second of them is a
programmable PIC (Peripheral interface controller, PCTJ,)
and third of them is a PL.C (programmable logic controller,
PCU,) which commonly used in industrial automation

Programmable pulsation control i1s important to
obtain the different pulsation conditions easily and the
application of this in milking systems is not a new
concept. This process, which was done by, complicated
electronic circuits without any software (Cant and
Reitsma, 1979). In this study, applications was performed
by a low cost mtegrated circuit (PIC). In addition, a
programmable pulsation control umt can also suitable
for sensors comnection and perform stinulated milking.
Tt was determined that stimulated milking was effective
for milking yield in all phases of milking (Hamann and
Tolle, 1980).

The aims of this study were to determme alternative
electronic pulsators which will easily be adopted to
milking machines widely used in dairy managements in
Turkey and preserve the obtained data unchanged for a
long time of period and to compare available pneumatic
pulsators in deciding the more suitable one.

MATERIALS AND METHODS

This study was performed in Agricultural Machinery
Department of Ankara Universtiy at 2004. Tn this study,
three different pulsation control units (PCU,, PCU, and
PCU,) were used with a selenoid valve umt Pulsation

966

R2 1/6 4049 svi
4047 +
N 5 sv2
T
Fig. 4: Simplified diagram of PCUJ,
PIC —————§V1
RB3 RB1
3 <%
Fig. 5: Simplified diagram of PC1J,
Micro PLC

1

COM

GNO

G o——— 202
Lo—om
G e—204
2 e——1705

w

2 e——1201

Zoe—1200

Fig. 6: Simplhfied diagram of PCU,

N
f $V1 §V2
. (ELm el
KUt
—
Vacuum pump

Fig. 7: Selenoid valve

signals from pulsation control unit was applied to
selenoid valve and thus, different vacuum levels m
teatcup were obtained. The pulsation control units are
shown in Fig. 4, 5 and 6 and selenoid valve unit was
shown in Fig. 7. PCU,, PCU, and PCU, control units were
all designed to provide alternately pulsation.

4047 integrated circuit used in the control unit in
Fig. 4 is operated as a monostable multivibrator. With
the R, and C, components comnected to circuit for time
constant was obtaned and R, adjust the pulsation
rate. Then, the obtained signals were applied to buffers
mn 4049 integrate circuit. R,-C; and Rs-C; components
in circutt provide the pulsator ratio for each half of
the teatcup.
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Fig. 8 Flowchart for classical pulsation control software
developed for PIC 16F84

A programmable integrated circuit was used as a
control unit in Fig. 5. This integrated circuit is a 16F84
type PIC. Two different pulsation control software were
developed and edited m PICBASIC programming
language (Micro Engineering Labs, Inc., 1999) and were
loaded to PIC by a computer. One of this software
provides a 70% pulsator ratio and 60 min~' pulsation rates
and, the flowchart was given in Fig. 8. The other one was
to provide a stunulated pulsation control and given in
Fig. 9. The pulsator ratio was the same as the first one
and, the pulsation rate was changed regularly from the
nominal value to 200 min " By this way, it was aimed to
provide a periodical stimulation for dairy cows.

A micro PLC was used as a control unit shown in
Fig. 6. PL.C is a commonly used programmable device in
mdustrial application. Instead of PCU, and PCU, units are
low cost, PCU; with PLC costs more than them. However,
it was possible to control more than one selenoid valves

Table 2: Pulsation characteristics of the control unit PCU,

with this device and thus suitable for milking stations.
PLC used in this study has six outputs and the number of
outputs can be mcreased by relays. Flowchart for PLC
software developed was shown m Fig. 10.

The experimental data were recorded during the
milking process performed by milking machines with the
control units commected. Alfa Laval Alfatrome Tester Mk
IV was used for this purpose. With this device, vacuum
changes in pulsation chamber of teatcup, vacuum level
and pulsation rate were measured and recorded. The
pulsation curves can be obtained from tester’s printer.

To compare the performance of pulsation control
units used in this study, a commercial type electronic
pulsator was also tested. This will be helpful during data
analysis of the control umits. On the other hand, results
were statistically analyzed to show the differences
between pulsation control units.

RESULTS AND DISCUSSION

Performance of control units: In Table 2-4 data recorded
for each half of the teatcup were given one under the
other. A pulsation characteristic of a commercial type
pulsator was also given in Table 5.

Results of statistical analysis: Evaluation of differences
between pulsation control units, based on the pulsation
characteristics obtained under the most commonly used
vacuum of 50 kPa and pulsation rate of 60 min™' for the
control units of PCU,, PCT,; and PCUJ, the following
statistical evaluations were performed:

¢+ Maximum vacuum level phase ‘b’ and minimum
vacuum level phase ‘d’ for all three units were n
accordance with the
However, imping parameter was highly below the
limits given by the international standards. This
that all three-control units had stable
pulsation characteristics. Based on the statistical
analysis results, 1t was concluded that the difference
between the maximum vacuum phase ‘b’ values of

mternational  standards.

shows

Vacuum (kPa)
40 45 50

Pulsation Characteristics (%) Characteristics (%) Characteristics (%)

rate

(min~!) ath a b C d  Limping atb a b C d  Limping atb a b C d Limping

50 70.1 102 599 98 20.1 0.1 70.0 11.3 587 10.5 195 0.1 699 129 570 101 200 01
70.0 11.0 59.0 93 20.7 701 11.1 59.0 99 200 70.0 140 3560 94 206

55 7.1 11.1 60.0 9.0 19.9 0.2 70.1  10.7 594 10.7 192 0.5 704 127 577 126 170 0S5
703 106 597 106 19.1 70.6 134 572 105 189 69.9 102 597 121 18.0

60 699 98 601 107 19.4 0.5 69.7 13.7 56.0 114 189 0.1 70.0 124 576 100 200 01
704 109 595 99 19.7 69.8 13.6 562 11.5 187 70.1 120 581 98 20.1
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Fig. 9: Flowchart for stimulated pulsation control software developed for PIC 16F84
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Fig. 10: Flowchart for pulsation control with PL.C
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PCU, and PCU, pulsation control umts was not
statistically important, but the difference between
them and PCU; and commercial type pulsation
control unit was found to be statistically important
(p<0.01). On the other hand, the difference between
minimum vacuum phase “d’ values of PCU,, PCU; and
commercial type was not statistically important; but
the difference between PCU, and PCU, was found to
be statistically important (p<0.01).

Increasing vacuum phase “a’, which was designed to
be small during the all-milking periods, was
determined to be considerably lower for PCU, and
PCU, pulsation control units than PCU; and
commercial type pulsation umt (p<0.05).

Decreasing vacuum phase °¢’, which was also
designed to be small during the all-milking periods,
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Table 3: Pulsation characteristics of the control unit PCU,

Vacuum (kPa)
40 45 50
Pulsation  Characteristics (%0) Characteristics (%0) Characteristics (%)
rate
(min™") atb a b c d Limping atb a b c d Limping athb a b c d  Limping
50 714 131 583 107 179 0.2 71.0 148 3562 109 181 0.2 70.8 137 571 121 171 0.4
712 128 584 10.8 18.0 71.2 148 564 108 18.0 704 123 581 11.8 17.8
55 704 113 591 115 181 0.5 69.9 122 577 123 178 0.3 70.1 114 587 11.8 181 0.4
702 126 583 114 177 70.1 12,0 581 108 191 70.5 126 579 11.5 18.0
60 71.0 131 579 111 179 0.3 70.1 13.0 571 11.9 18.0 0.1 70.0 11.8 582 11.7 183 0.1
707 125 582 111 182 702 11.1 591 11.6 182 69.9 11.5 584 122 179
2007 699 140 559 121 180 0.3 70.8 147 561 11.8 174 0.6 70.2 122 580 11.7 181 0.3
702 140 562 122 17.6 702 132 57.0 10.8 19.0 705 131 574 11.0 185
“Stimulated pulsation control
Table 4: Pulsation characteristics of the control unit PCU,
Vacuum (kPa)
40 45 50
Pulsation  Characteristics (%6) Characteristics (%) Characteristics (%)
rate
(min~ " atb a b c d  Limping atb a b c d Limping atb a b c d Limping
50 70.4 18.3 521 7.3 223 0.4 71.0 200 51.0 7.9 211 0.6 69.9 188 51.1 104 19.7 0.4
70.0 158 542 81 21.9 70.6 184 522 54 240 703 182 321 96 20.1
55 69.7 147 550 4.1 26.2 0.8 70.0 170 330 76 224 09 706 175 331 58 23.6 0.7
70.5 166 539 55 24.0 70.9 187 522 6.0 231 69.9 17.8 521 59 24.2
60 70.0 140 560 50 250 0.6 70.2 155 347 56 242 04 70.9 17.9 530 102 189 1.0
70.6 154 552 55 23.9 70.6 146 56.0 6.8 2206 69.9 149 550 109 19.2
Table 5: Pulsation characteristics of a commercial type electronic pulsator
Vacuum (kPa)
40 45 50
Pulsation  Characteristics (99) Characteristics (%) Characteristics (%)
rate
(min~!) ath a b C d Limping  a+b a C d Limping a+b a b C d  Limping
60 69.8 157 541 104 198 0.3 70.0 152 548 99 201 0.2 69.9 149 550 101 200 0.2
701 159 542 10.0 19.9 702 151 551 101 197 70.2 150 552 103 195

was lower for PCU, than the others and the
difference was found to be statistically important
(p=<0.01).

Evaluation of pulsation control units, PCU,, PCU,, PCU,
PCU;: The increasing vacuum phase “a’ of PCU, pulsation
control unit was 40 kPa. The difference between values at
this vacuum level was found to be statistically important
(p<0.05) regardless of pulsation rate difference. For the
maximum vacuum phase ‘b’ values, difference between 40
and 45 kPa vacuum levels at 50 min™' pulsation rate was
statistically unimportant, on the other hand the difference
at 50 kPa vacuum level was found to be statistically
important (p<0.05). The difference between vacuum levels
at 55 min~' pulsation rates was not statistically important.
The difference between 45 and 50 kPa vacuum levels at
60 min~" pulsation rates was not statistically important
but the difference between 40 kPa and the others at same
pulsation rate was found to be statistically important.
Again, for the maximum vacuum

phase ‘b’ values, difference between all pulsation rates at
the 40 kPa vacuum level was not statistically important.
The ‘b’ values of 60 min™ pulsation rates at 45 kPa
vacuum level were found to be statistically different and
lower than the other. For the 50 kPa vacuum level, the ‘b’
values of 50 and 55 min~" pulsation rates were found to be
different from the ‘b’ values of 60 min™ pulsation rates.
The maximum ‘b’ values were obtained at 55 min '
pulsation rates.

For the decreasing vacuum phase ‘¢” values, some
statistically mmportant differences were found for PCU,
pulsation control unit at different pulsation rates and
vacuum levels (p<0.01). The ‘¢’ values at 50 and
60 min~' pulsation rates have not showed a statistically
important difference for all vacuum levels. However, for
535 min~' pulsation rates, the ‘c’ values at 50 kPa vacuum
level were statistically different from the others. A
statistically important difference between ‘¢’ values was
observed only at 530 kPa vacuum level and 55 min™'
pulsation rate. The ‘¢’ values of this pulsation rate were
higher than the others.
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For the minimum vacuum phase ‘d” values, also some
statistically important differences were found for PCU,
pulsation control wnit of different pulsation rates and
vacuum levels (p<0.01). The ‘d” values at 50 and 60 min~'
pulsation rates have not showed a statistically important
difference for all vacuum levels. On the other hand, the
difference between ‘d’ values at 55 min~' pulsation rates
and 50 kPa vacuum levels were statistically different from
the other. It was observed that the difference between
‘d’ values at 40 and 45 kPa vacuum levels was not
statistically important for all pulsation rates. A statistically
umportant difference between ‘d” values was observed at
50 kPa vacuum levels for 55 min~' pulsation rates.

PCU,: For the increasing vacuum phases ‘a’ value of
PCU, pulsation control umt, statistically important
difference was determined only at 50 min™" pulsation rates
(p<0.01). The value at this pulsation rate was higher than
the other two pulsation rates.

For the PCU, pulsation control unit, the differences
between maximum vacuum phase ‘b’ values and the
difference between minimum vacuum phase ‘d” values
were not found to be statistically important for all
pulsation rates and vacuum levels.

For the decreasing vacuum phase ‘¢’ values, the
difference between ‘¢’ values at 40 and 45 kPa vacuum
levels were statistically mmportant (p<0.05). The ‘¢’
values at this vacuum levels were smaller than 50 kPa
vacuum level.

PCU,: For the PCU, pulsation control unit, the difference
between increasing vacuum phase ‘a’ values at 50 and
60 min~' pulsation rates were statistically important
(p<0.01). For the maximum vacuum phase ‘b’ values,
difference at various vacuum levels was statistically
important (p<0.05) and difference at various pulsation
rates were statistically important (p<<0.01). The pulsation
rates with statistically important differences were 50 and
60 min~" values and vacuum levels with statistically
important differences were 40 and 50 kPa. For the
decreasing vacuum phase ‘¢’ values, a statistically
important difference (p<<0.01) was observed for different
pulsation rates based on different vacuum levels. The
vacuum level with this statistically important difference
was 50 kPa vacuum levels. On the other hand, the ‘¢’
values at 60 min~' pulsation rates were statistically
different for 50 kPa vacuum levels from the others. It was
also determined that the ‘¢’ values 55 min~' pulsation rate
at 50 kPa vacuum level were statistically different from the
ones for the other two pulsation rates.

For the mimimum vacuum phase °‘d’ values,
statistically important (p<0.05) differences between
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various vacuum levels and different pulsation rates and
vice verse were observed. The difference between ‘d’
values for all vacuum levels except 45 kPa and at all
pulsation rates except 55 min~" pulsaticn rate was found
to be statistically important.

CONCLUSIONS

The following conclusions were drawn based on the
pulsation control units and the result of statistically
analysis.

Pulsation rate-vacuum level interactions obtamed
from pulsation phase transition of PCU, pulsation control
unit was due to the structural properties of the system.
Especially for the interactions from the transition phases
‘a” and ‘¢’ were caused by the mnertia of the metal core pin
located in selenoid valve during the displacement of this
pin in these two phases. Because different displacement
velocities occurs at different pulsation rates and vacuum
levels based on the mass of the metal core pin. This
restriction can be partially eliminated by a reduction in the
mass of metal core pin. On the other hand, performance
can be affected the characteristics of the components n
control umt caused by the parameters such as heat,
current and etc. Here, characteristics of the components
of R;-C; and R,-C; were considered important.

For the PCU, pulsation control umt, the same
conditions were observed for the transition phases of ‘a’
and ‘c’. However, the differences observed were lower
than the ones observed with PCU, and they were beyond
the nominal operational values. On the other hand, it was
noticeable that the values of the most important phases
(b and d) of pulsation could be determined independent
of pulsation rate and vacuum level parameters. This
results shows that the time based control process with a
PIC was lughly stable.

For the PCU, pulsation control unit, beside the above
mentioned factors an additional factor was observed due
to the selenoid valve. The relay type outputs of PLC used
1n this control unit have brought an additional mertia and
mechanical contact problems. That is why, there were
many interactions at pulsation phases of this unit.

In spite of the fact that the total time spent for the
experiments in dairies was not too long, there were not
any behavioral changes and infections on dairy cows
during the all experimental period. In addition, after a full
veterinarian control at the end of the experimental period,
it was observed that there was not only mastitis on
udders of the cows.

The results of this study were; to determine PCTJ,
pulsation control unit which will preserve the obtained
data unchanged for a long time of period and to compare
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the other pulsation units and easily be adopted to milking
machines widely used in dairy managements in Turkey.
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