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Summary:

Both ASAE and ISO standards cite recommendations for the minimum requirements of recording
equipment to evaluate vacuum stability in the various parts of the milking machine. Milking-time
tests require the use of instruments with response characteristics which are appropriate for the
measurement of expected rates of vacuum change. This paper presents the results of a study
conducted to determine the characteristics of vacuum fluctuations in the short milk tube during
milking and during wet tests with flow simulators.

Keywords: Milking machines, performance testing, test equipment

The author(s) is solely responsible for the technical content of this presentation. The technical presentation does not necessarily
reflect the official position of ASAE, and its printing and distribution does not constitute an endorsement of views which may be
expressed. Technical presentations are not subject to the formal review process by ASAE editorial committees; therefore, they are
not to be presented as refereed publications. Quotation from this work should state that it is from a presentation made by (name of
author) at (listed) ASAE meeting. EXAMPLE - From Author's Last Name, Initials. "Title of Presentation". Presented at the Date
and Title of meeting, Paper No. X., ASAE, 2950 Niles Rd.., St. Joseph, MI 49085-9659 USA.

For information about securing permission to reprint or reproduce a technical presentation, please address inquiries to ASAE.

ASAE, 2950 Niles Rd.., St. Joseph, MI 49085-9659 USA.
Voice: 616.429.0300 FAX: 616.429.3852



TEST EQUIPMENT AND ITS APPLICATION FOR MEASURING VACUUM
IN THE SHORT MILK TUBE
D. J. Reinemann, M. Dam Rasmussen, E.S. Frimer, G.A. Mein

Introduction

Test procedures recommended by both ASAE and ISO have performance-based specifications for
various system components. These procedures are based primarily on tests done with the milking
machine running but with no milk or other liquids flowing in the system. One of the limitations of
the current testing procedures is that they provide only indirect information about the effects of the
machine on the cow. Attempts are being made in several countries to move the point of testing
closer to the cow. This complicates testing and raises the requirements of the test equipment. The
test environment is moved beneath the cow and the vacuum fluctuations encountered in the claw
and short milk tube are faster than those in the milkline and receiver. This paper will present the
results of studies performed to determine the minimum requirements of test equipment and test
procedures required to accurately measure vacuum during milking in the short milk tube.

As new test methods are developed new terminology is required to describe these various types of
tests. The term "static testing" has traditionally been used to describe tests that are performed with
the machine running but only air flowing through the system. This term is misleading and should
be dropped. During these types of tests air is moving into and through the system, liners are
opening and closing. The key feature of so-called "static testing" is that the milking machine is
running but not milking. More particularly, no liquid is flowing through the system. The system is
dry. Most dry tests measure vacuum levels, air flow rates, and the cyclic vacuum changes in the
pulsation system. Additionally, some tests are conducted with the machine running and a test liquid
flowing through individual components, or groups of components, to simulate milking conditions.

The use of testing equipment and procedures for measurement of vacuum levels and vacuum
changes during milking has been defined loosely as "dynamic testing". This term has been used for
at least thirty years (3, 6) and is an integral part of the folklore of milking machine testing.
However, the term "dynamic" has no particular descriptive association with mechanical tests
conducted at milking time. It is misleading and imprecise in that it does not adequately distinguish
this type of testing from dry or wet tests which are conducted with the machine running but not
milking. "Milking-time testing" is a simpler, more accurate and more descriptive alternative to the
term "dynamic testing". Our proposal for a more descriptive classification of mechanical
performance tests is:

Dry tests - tests conducted with the machine running but not milking and only air flowing
through the machine.

Wet tests - tests performed with the machine running but not milking with both air and
liquid (water, milk or artificial milk) flowing through the machine using flow
simulator or artificial udder.

Milking-time tests - observations or measurements made while milking live animals.



Recommendations for test equipment have been presented previously for milking time tests as
specified by the new ASAE standard S518 (2) and Practice ASAE EP445 (1), “Test equipment and
its application for measuring milking machine operating characteristics,” and the revised draft
international standard DIS/ISO 5707 (4). These tests are performed in the receiver, milkline, and
claw. The National Mastitis Council recommends measuring the bandwidth (maximum - minimum)
claw vacuum during milking in the new, “Procedures for Evaluating Vacuum Levels and Air Flow
in Milking Systems” (8).

The revised International Standards Organization draft standard (4) has similar recommendation for
milking-time tests of vacuum stability in the receiver and milkline as in ASAE S.518. In addition,
it includes a bench test method, for liner vacuum. The manufacturer shall state the maximum milk
flow .... to meet the test conditions .... [of not more than 15 kPa cyclic fluctuation in liner vacuum
when using an artificial udder and test conditions specified in DIS/ISO 6690].

A previous study (11) found that the most rapid vacuum fluctuations in the milkline and at the claw
outlet were caused by slugging of milk in the milkline and long milk tube. The rate of vacuum
change in these ‘wet’ parts of the system in the absence of unplanned air admission is usually less
than 150 kPa/s (45 in. Hg/s) with occasional fluctuations up to 500 kPa/s (150 in. Hg/s).

Previous studies provided recommendations for testing vacuum stability in the receiver, milkline
and the range of vacuum at the claw outlet during milking (7, 10). The range of vacuum
fluctuations (maximum - minimum) prescribed in the NMC, ASAE and ISO standards and
recommended accuracy for the milking-time measurements are as follows:

Test Range (kPa) Accuracy (kPa)
Receiver Vacuum <2 kPa +/- 0.2 kPa
Milkline Vacuum <2 kPa +/- 0.2 kPa

Claw Vacuum 7 to 10 kPa +/- 1.0 kPa

Most commercial vacuum recorders are capable of meeting these specifications if the proper
connection fittings are used and care is taken in the measurement technique. This objective of this
study was to determine the characteristics of vacuum recording systems required to make accurate
measurements of vacuum changes in the short milk tube during wet and milking time tests.

Materials and Methods

Flow simulators: Measurements were made at the UW Milking Research and Instruction
Laboratory using the type of flow simulator specified in the ISO test standard (5). The vacuum
recording device used for these tests is described in (9). A sampling rate of 500 Hz was used for
the short milk tube tests. Average and range (maximum - minimum) vacuum during one pulsation
cycle in the short milk tube were measured. For the first series of tests only one teatcup was used
The short milk tube was connected directly to a 73 mm milkline with a 16 mm diameter milk hose.
Water, at room temperature, was used as the test liquid with flowrates of 1.0 and 2.0 L/min per
teatcup. Air was admitted through a solenoid valve to one of the tubes feeding water into one teat
of the artificial udder. The airflow rate was 150 L/min. Air was admitted, as the liner opened, for
two consecutive pulsation cycles to simulate a severe liner slip.

A variety of connection fittings were used to connect to the short milk tube including: 12, 14 and 16
gauge needles with the bevel both facing toward and away from the flow stream and metal tubes



which were fitted so that the end of the tube was flush with the inner surface of the short milk tube.
Various hose lengths were used to connect from these fittings to the vacuum transducers.

Comparisons of short milk tube and claw outlet vacuum were made between the reference
recording system and four commercial vacuum recorders. These tests were done with all four
teatcups connected to a Germania top outlet claw. The claw was fitted with Alfa Laval 06 shells
and 01 liners. The claw was connected to a 73 mm diameter milkline with 1.5 m x 16 mm long milk
tube. The milkline was 800 mm below the top of teat cups. The ISO flow simulator supplied 5
L/min water flow rate to the milking unit. Pulsation was supplied by Bou-Matic alternating pulsator
at 52 pulsations per minute. The commercial recorders were connected to the test fittings with 3 mm
internal diameter tube 2 m long. Milking time measurements were also made at the UW Dairy
Cattle Research and Instruction Center milking parlor.

Results and Discussion

Short Milk Tube Tests: The characteristics of vacuum measurements for the short milk tube tests
for 1 and 2 L/min water flow rates both with and without 150 L/min air admission and are
summarized in Table I. The average vacuum and standard deviation for three repeated tests are
given in the first row. The vacuum range (maximum - minimum) and the standard deviation for
three repeated tests are given in the second row. The maximum rate of change (kPa/second) over
0.002 second and 0.02 second sample times and standard deviations for three repeated tests are
given in rows 3 and 4. The standard deviations of repeated measures were small indicating that the
test method had good repeatability. The maximum rate of change was under 500 kPa/s with only
water flowing in the short milk tube. When air was admitted to simulate a liner slip, the maximum
rate of change exceeded 3000 kPa/s.

Comparisons of the reference system to a variety of connection fittings are given in Table II for 1
L/min water flow and in Table III for 2 L/min both with and without air admission. The average
vacuum was generally within 2% of the reference systems for all connection fittings. Considerable
error was introduced in both the range and rate of change for all fittings which protruded into the
flow stream. The addition of 1 and 2 m tubes to the connection mounted flush with the inner
surface of the short milk tube also introduced considerable error. Tubes of 10 cm and less in length
had the same readings (data not shown). Water in the connecting hose to the

transducer was found to reduce the vacuum range by up to 50% (data not shown). Connecting
tubes must be mounted in a manner that allows liquid to freely drain to avoid this measurement
error.

Needles with the bevel facing toward the flow stream are able to measure average vacuum within
1% ( 0.5 kPa) of the reference system. Needles with the bevel facing away from the flow stream
measured an average vacuum about 1% higher than the reference method for water flow but read 1 -
3% high during simulated liner slip. For a SMT diameter of 7 mm average vacuum was 6% higher
than the reference (data not shown). Damping of the minimum vacuum reading was the major
source of error for small diameter needles which likely had water trapped in the needle shaft. The
12 G needle was probably able to drain which reduced damping of the minimum vacuum readings
but indicated higher values during 1 and 2 L/min water flow probably because of impact of water
on the needle tip.

Comparisons of the reference system with commercial recorders are presented in Table IV. The
average vacuum levels measured with the commercial recorders were within 1% of the reference
system. The vacuum range (Maximum - Minimum) and values were 48 to 68 percent of the
reference value for electronic recorders and as low as 13 percent of the reference values for water



flow only. Note that all commercial recorders were fitted with 2 m connecting tubes. Previous
measurements (7, 9) were made with parallel connections of the reference system and the
commercial recorders which were all fitted with 2 m connecting tubes. This acted to damp the
fluctuations and under-report the error in vacuum range.

Milking time tests: Several tests were performed during milking. The maximum rate of change
recorded with a sample rate of 100 Hz during a liner slip was 1060 kPa/s. When a sample rate of
500 Hz was used the maximum rate of change recorded during a liner slip was 2500 kPa/s.

Conclusions and Recommendations

We propose that one set of criteria be established for routine field measurements, such as those
performed by milking machine service personnel to ensure that the milking machine is operating
withing the generally accepted standards. Another set of criteria should be established for purposes
of research into cause and effect relationships between the cow and the milking machine. These
second set of criteria are more demanding.

For research purposes, all measurements made in the Short Milk Tube (SMT) should be made so
that the fitting is flush with the inner surface of the short milk tube and is as close as possible to the
inlet of the short milk tube. The fittings and connections to the vacuum transducer should have a
minimum internal diameter of 2 mm and a maximum length of 10 cm. This will require that the
vacuum transducer be mounted on or very near the short milk tube. The extra volume introduced
by connecting tubes acts to damp vacuum fluctuations.

For field measurements, the average vacuum level in the short milk tube can be measured with
commercial vacuum recorders but considerable error will be introduced in the measurement of the
vacuum range and the rate of change. Measurements at the claw outlet do not necessarily

reflect average vacuum or rate of change in the short milk tube.
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