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ANSI/ASABE AD6690:2007 JAN2011 (R2020) 
Approved February 2011 as an American National Standard 

Milking machine installations — Mechanical tests 

These materials are subject to copyright claims of ISO and ASABE. No part of this publication may be reproduced 
in any form, including an electronic retrieval system, without the prior written permission of ASABE. All requests 
pertaining to ANSI/ASABE AD6690:2007 (JAN2011) Standard should be submitted to ASABE. 

History of ASAE EP445, Test Equipment and Its Application for Measuring Milking Machine Operating 
Characteristics: Proposed by the Milking Machine Manufacturers Council of the Equipment Manufacturers 
Institute in conjunction with the ASAE IET 441 Milk Handling Equipment Committee; approved by the Electrical 
Power and Processing Division Standards Committee; adopted by ASAE March 1985; reconfirmed December 
1989; revised July 1996; reaffirmed December 2001, February 2003; reaffirmation extended two years February 
2008. EP445 was used as a basis document for ISO 6690, Milking machine installations - Mechanical tests. 
ASAE EP445.1 replaced by adoption with deviations of ISO 6690:2007 January 2011; approved by ANSI 
February 2011; reaffirmed by ASABE December 2015, reaffirmed by ANSI December 2015; reaffirmed by ASABE 
and ANSI November 2020. 

Keywords: Dairy, Milking, Terminology 

0 Forward 

0.1 ANSI/ASABE AD6690:2007, Milking machine installations — Mechanical tests, is an adoption with 
deviations of the identically titled ISO standard ISO 6690:2007, Milking machine installations Mechanical tests. 
Deviations noted in the following Forward sections pertain to those provisions where harmonization could not be 
achieved between ASABE and the International Standard. 

Deviations from the subsequently printed international standard are noted with underscore (additions) 
and strikethrough for deletions text. Deviations from the international standard figures and equations 
are clearly marked. 

0.2 ANSI/ASABE AD6690:2007 specifies mechanical tests for milking machine installations in order to verify 
compliance of an installation or component with the requirements of ISO 5707, which has been adopted with 
deviations by ASABE as ANSI/ASABE AD5707:2007. It also stipulates the accuracy requirements for the 
measuring instruments. 

This Standard is applicable for testing new installations and for periodic checking of installations for efficiency of 
operation. Alternative test methods may be applicable if they can be shown to achieve comparable results. 

Test procedures described in Annex A are primarily for testing in the laboratory. An example of a field test 
procedure which can reduce the time and effort involved in testing is given in Annex C and a corresponding test 
report in Annex D. 

0.3 Two Normative references are listed in ISO 6690:2007. The responsible ASABE committee has reviewed 
these references and approves the following deviations: 

0.3.1  Replace ISO 3918:2007, Milking machine installations Vocabulary; with ANSI/ASABE AD3918:2007, 
Milking machine installations — Vocabulary. Any reference to ISO 3918:2007 in the printed portion of ISO 6690 
shall be replaced by ANSI/ASABE AD3918:2007. 
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0.3.2  Replace ISO 5707:2007, Milking machine installations Construction and performance; with ANSI/ASABE 
AD5707:2007, Milking machine installations — Construction and performance. Any reference to ISO 5707:2007 
in the printed portion of ISO 6690 shall be replaced by ANSI/ASABE AD5707:2007. 

0.4 This standard has been approved as an American National Standard by ANSI (American National 
Standards Institute). 

ASAE EP445, Test Equipment and Its Application for Measuring Milking Machine Operating Characteristics, was 
used as a basis document for ISO 6690, Milking machine installations — Mechanical tests. 

0.5 ASABE technical deviations from ISO 6690:2007. 

0.5.1  Reference of ISO 5707 in the Scope of ISO 6690 is replaced with ANSI/ASABE AD5707:2007. 

0.5.2  See section 0.3 for Normative reference deviations. 

Text of ISO 6690:2007, Milking machine installations — Mechanical tests, follows. 

WARNING — Some of the tests specified in this International Standard involve procedures which could lead to 
a hazardous situation. The attention of any person performing tests in accordance with this International Standard 
is drawn to the need to be appropriately trained in the type of work to be carried out. It is left to the responsibility 
of the user to check all national regulatory conditions and health and safety requirements applicable for the 
relevant country. 

1 Scope 

This International Standard specifies mechanical tests for milking machine installations in order to verify 
compliance of an installation or component with the requirements of ISO 5707 ANSI/ASABE AD5707:2007. It 
also stipulates the accuracy requirements for the measuring instruments. 

This International Standard is applicable for testing new installations and for periodic checking of installations for 
efficiency of operation. Alternative test methods may be applicable if they can be shown to achieve comparable 
results. 

Test procedures described in Annex A are primarily for testing in the laboratory. An example of a field test 
procedure which can reduce the time and effort involved in testing is given in Annex C and a corresponding test 
report in Annex D. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated references, 
only the edition cited applies. For undated references, the latest edition of the referenced document (including 
any amendments) applies. 

 
ISO 3918:2007, Milking machine installations — Vocabulary 
ANSI/ASABE AD3918:2007 Milking machine installations — Vocabulary 
 
ISO 5707:2007, Milking machine installations — Construction and performance 
ANSI/ASABE AD5707:2007, Milking machine installations — Construction and performance 

3 Definitions 
For the purposes of this document, the terms and definitions given in ISO 3918 ANSI/ASABE AD3918:2007 apply. 
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4 Test equipment 

4.1 General 

Measurements to be made for the specific milking machine shall be determined before making the tests. 

The measuring equipment shall have a precision (maximum error) that, together with the skill of the tester, 
ensures that the requirements given in ISO 5707 ANSI/ASABE AD5707:2007 can be recorded with sufficient 
accuracy. The instruments shall be calibrated regularly to ensure the given specifications. 

The measuring points A1, A2, Vm, Vr, Vp and Pe referred to in this International Standard are described in 4.2.2 
and 4.2.3 of ISO 5707 ANSI/ASABE AD5707:2007. 

4.2 Measurement of vacuum 

The instrument used for measuring vacuum shall be able to measure with an error of less than ± 0,6 kPa and a 
repeatability within ± 0,2 kPa. 

NOTE A vacuum gauge of accuracy class 1,0 will usually meet this requirement if calibrated at a vacuum close 
to that measured. The accuracy class is defined as the maximum permissible error expressed as a percentage 
of the pressure range for the gauge. 

4.3 Measurement of a vacuum changing over time 

The instrument used for measuring a vacuum changing over time shall fulfil the minimum requirements given in 
Table 1. If the sample rate is much higher than the minimum given in Table 1, then filtering shall be applied. The 
filtering frequency shall be maximum 50 % of the measuring frequency and approximately the frequency of the 
expected signal intended to be captured. 

NOTE The minimum requirements given in Table 1 ensure that 90 % of the true amplitude and rate of vacuum 
changes, or 90 % of the resolution of the recording equipment (0,2 kPa), will be measured, whichever is greater. 

Table 1 – Minimum sample rate and response rates for vacuum recording systems 

No. of 
Test Type of Test 

Minimum Sample Rate Minimum Response Rate 

Hz kPa/s 

1 Tests in the receiver and in dry parts of the milking 
machine. 

24 100 

2 Test of pulsators 100 1 000 

3 Wet or milking-time tests in the milkline. 48 1 000 

4 Wet or milking-time tests in the claw. 63 1 000 

5 Wet or milking-time tests in the short milk tube. 170 2 500 

6 Milking-time test of vacuum changes in the short 
milk tubes during a liner slip. 

1 000 22 000 

7 Milking-time test of vacuum changes in the short 
milk tubes during a liner squawk. 

2 500 42 000 

NOTE Normal rate of vacuum change in the pulsation chamber in the beginning of phases a and c (see ISO 3918 
ANSI/ASABE AD3918:2007, 5.9 and 5.11) can be about 1 000 kPa/s. 
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4.4 Measurement of atmospheric pressure 

The instrument used for measuring the atmospheric pressure shall be able to measure with an error of less than 
±1 kPa. 

4.5 Measurement of back pressure 

The instrument used for measuring back pressure shall be able to measure with an error of less than ±1 kPa. 

4.6 Measurement of airflow 

The instrument used for measuring airflow shall be capable of measuring with a maximum error of 5 % of the 
measured value and a repeatability of 1 % of the measured value or 1 l/min of free air, whichever is the greater, 
over a vacuum range of 30 kPa to 60 kPa and for atmospheric pressures from 80 kPa to 105 kPa. 

Correction curves shall be supplied if they are necessary to achieve this accuracy. 

NOTE 1 A fixed orifice flowmeter is suitable for airflows admitted from the atmosphere. Such a meter is an 
adjustable calibrated valve that allows a set airflow to enter a vacuum system. 

NOTE 2 To measure the air admission and leakage in a cluster or teatcup (see 8.3 and 8.4) a flowmeter actually 
measuring the passing airflow is necessary. A variable area flowmeter is suitable. When inserted in the long milk 
tube they measure expanded airflow and thus must be calibrated or corrected to the available vacuum or air 
pressure. 

As flowmeters actually measure the flow at the operating vacuum, most meter readings shall be corrected for 
that vacuum and the ambient atmospheric pressure according to the instructions for the instrument. 

An alternative method for measuring air admission and leakage without a flowmeter is given in Annex B. 

4.7 Measurement of pulsation characteristics 

The instrument, including connection tubes, used for measuring pulsation characteristics shall measure with an 
error of less than ±1 pulse/min for the pulsation rate and with an error of less than ±1 unit of percentage for the 
pulsation phases and the pulsator ratio (see Figure 6 of ISO 3918 ANSI/ASABE AD3918:2007 ). See also Table 1. 

The dimensions of the connection tube and T-piece used for attachment to the installation shall be specified with 
the instrument. 

4.8 Measurement of pump rotational frequency 

The instrument used for measuring the rotational frequency of the pump shall be able to measure with an error 
of less than 2 % of the measured value. 

4.9 Teatcup plugs 

Standard teatcup plugs which are in accordance with Figure 1 shall be used. 

The plugs shall withstand cleaning and disinfection. The materials shall comply with the requirements given in 
4.4 of ISO 5707 ANSI/ASABE AD5707:2007 for materials in contact with milk. Some means shall be provided to 
keep the plug in the liner (e.g. a bead or a cylindrical part). 
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Figure 1 – Teatcup plug 

5 Vacuum system 

5.1 General requirements and preparation 

5.1.1  General 

5.1.1.1  To keep a milking plant in good condition, periodic checking is recommended. If the effective reserve 
(see 5.2.5) obtained at the acceptance test has not changed significantly, it is not necessary to perform the tests 
described in 5.2.4, 5.3.1 and 5.4. 

5.1.1.2  For the investigation of particular defects or failures, only those tests that are appropriate to the 
problem need to be applied. 

5.1.2  Preparation before testing 

5.1.2.1  Start the vacuum pump and put the milking machine into the milking position with all milking units 
connected. Portable milking units shall be placed at the most distant milking positions. Teatcup plugs conforming 
to 4.9 shall be fitted and all controls (e.g. automatic cluster remover systems) shall be in the milking position. All 
vacuum-operated equipment associated with the installation shall be connected including those not operating 
during milking. 

NOTE It should be observed that, for the measurements specified in 5.6 and 6.2, the place of the units on the 
milkline can influence the results significantly. 

5.1.2.2  Unless otherwise specified in the user’s manual, allow the vacuum pump to run for at least 15 min 
before taking any measurements. 

5.1.2.3  Record the atmospheric pressure. 
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5.2 Vacuum regulation 

5.2.1  Test of vacuum regulation deviation  

See 5.2.1 of ISO 5707 ANSI/ASABE AD5707:2007. 

With the milking machine running in accordance with 5.1.2, record the working vacuum at the receiver and 
compare it with the nominal vacuum. 

5.2.2  Regulation sensitivity See 5.2.2 of ISO 5707 ANSI/ASABE AD5707:2007. 

5.2.2.1  With the milking machine operating in accordance with 5.1.2, connect a vacuum meter to the 
connection point Vm. 

5.2.2.2  Record the vacuum as the working vacuum for the milking machine. 

5.2.2.3  Shut off all milking units and record the vacuum. The milking machine shall then be in the same state 
as during milking but with no milking unit in operation. 

5.2.2.4  Calculate the regulation sensitivity as the difference between the vacuum measured with no milking 
units in operation (see 5.2.2.3) and that with all units operating (see 5.2.2.2). 

5.2.3  Regulation loss 

See 5.2.3 of ISO 5707 ANSI/ASABE AD5707:2007 and 5.1.1.1 of this document. 

NOTE This test is not applicable to bucket and direct-to-can milking machines. 

5.2.3.1  With the milking machine operating in accordance with 5.1.2, connect the airflow meter with a full-bore 
connection to connection point A1 (see Figures 2 and 3 of ISO 3918 ANSI/ASABE AD3918:2007), with the airflow 
meter closed. Connect a vacuum meter to the connection point Vm. 

5.2.3.2  Record the vacuum as the working vacuum for the milking machine. 

5.2.3.3  Open the airflow meter until the vacuum decreases by 2 kPa from the value measured in 5.2.3.2. and 
record the airflow. For systems with capacity controlled pumps only, check that the pump is running at its 
maximum speed. If so, there is no regulation loss. 

NOTE With multiple receivers it may be necessary to divide the air admission appropriately between connection 
points A1. 

5.2.3.4  Stop any airflow through regulators that admit air and set capacity controlled pumps to their maximum 
capacity. 

5.2.3.5  Decrease the vacuum by opening the airflow meter to the same as in 5.2.3.3 and record the airflow 
as the manual reserve for the milking machine. 

5.2.3.6  Calculate the regulation loss as the difference between the airflows recorded in 5.2.3.5 and 5.2.3.3. 

5.2.4  Tests of regulation characteristics  

See 5.2.4 of ISO 5707 ANSI/ASABE AD5707:2007. 

5.2.4.1  The regulation characteristics are preferably tested in the fall-off and attachment tests. The presence 
or absence of an automatic shut-off valve as well as quarter milking will affect the way the tests are carried out. 
The tests shall therefore be performed as follows. 
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a) Milking unit with automatic shut-off valve: 

1) use one cluster with shut-off valve enabled (fall-off test); 

2) use one teatcup, with the shut-off valve in attachment position (attachment test). 

b) Milking unit without automatic shut-off valve: 

1) use one cluster (fall-off test); 

2) use one teatcup (attachment test). 

c) Quarter milking: 

1) use one teatcup (fall-off test); 

2) use one teatcup with the shut-off valve in attachment position (attachment test). 

5.2.4.2  With the milking machine operating in accordance with 5.1.2, connect a vacuum recorder to measuring 
point Vm. 

5.2.4.3  Record the vacuum for 5 s to 15 s: phase 1 of Figure 2. 

5.2.4.4  While recording, open one teatcup or one cluster and record for 5 s to 15 s after the vacuum has 
stabilized: phases 2 and 3 of Figure 2. If 32 or more clusters or teatcups for quarter milking are connected, open 
one cluster or teatcup per every 32 clusters or teatcups. 

If the milking unit is equipped with an automatic shut-off valve, this shall be in operation for the fall-off test, and 
in or out of operation as during attachment, for the attachment test. 

5.2.4.5  While recording, close the teatcup or cluster and record for 5 s to 15 s after the vacuum has stabilized: 
phase 4 of Figure 2. 

5.2.4.6  Calculate the average vacuum during 5 s of phase 1. 

5.2.4.7  Find the minimum vacuum of phase 2. 

5.2.4.8  Calculate the average vacuum during 5 s of the stable part of phase 3. 

 

Figure 2 – Regulation undershoot, vacuum drop and regulation overshoot for rapid changes in air 
admission 
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5.2.4.9  Find the maximum vacuum of phase 4. 

5.2.4.10 Calculate the average vacuum during 5 s of the stable part of phase 4. 

5.2.4.11  Calculate the fall-off vacuum drop or the attachment vacuum drop (B in Figure 2) as the average 
vacuum in 5.2.4.6 (phase 1) minus the average vacuum in 5.2.4.8 (phase 3). 

5.2.4.12 Calculate the regulation undershoot (A in Figure 2) as the average in 5.2.4.8 (phase 3) minus the 
minimum vacuum in 5.2.4.7 (phase 2). 

5.2.4.13 Calculate the regulation overshoot (C in Figure 2) as the maximum vacuum in 5.2.4.9 (phase 4) minus 
the average vacuum in 5.2.4.10 (phase 4). 

5.2.5  Effective reserve for milking 

See 5.2.4 of ISO 5707 ANSI/ASABE AD5707:2007 and 5.1.1.1 of this document. 

5.2.5.1  With the milking machine operating in accordance with 5.1.2, connect the airflow meter with a full-
bore connection to connection point A1 (see Figures 1, 2 and 3 of ISO 3918 ANSI/ASABE AD3918:2007), with 
the airflow meter closed. Connect a vacuum meter to the connection point Vm. 

5.2.5.2  Record the vacuum as the working vacuum for the milking machine. 

5.2.5.3  Open the airflow meter until the vacuum decreases by 2 kPa from the value measured in 5.2.5.2. 

NOTE With multiple receivers it may be necessary to divide the air admission appropriately between connection 
points A1. 

5.2.5.4  Record the airflow through the airflow meter. If the ambient atmospheric pressure at the time of the 
test differs by more than 3 kPa from the standard atmospheric pressure for the altitude (see Table 3), the 
corrected airflow shall be calculated from the measured value by the method given in 5.2.6. 

5.2.5.5  The airflow recorded in 5.2.5.4 shall be reduced by the air consumption of equipment normally 
operating during milking but not operating during the test (e.g. diaphragm milk pumps operated by float switch). 
The resulting airflow is the effective reserve. 

5.2.6  Calculation of effective reserve capacity at standard atmospheric pressure 

The predicted effective reserve, qR,th, at standard atmospheric pressure can be calculated for positive 
displacement vacuum pumps by: 

( )mR,
s

as
2thR, 2

qq
p

pp
qKq −×

×
+−×=   (1) 

where 

K2  is a factor calculated in accordance with 5.3.2.2 or the values given in Table 4; 

q   is the measured pump capacity, in litres per minute of free air (l/min), at the prevailing 
atmospheric pressure; 

qR,m is the measured effective reserve, in litres per minute of free air (l/min), at the prevailing 
atmospheric pressure; 

pa   is the prevailing atmospheric pressure during the test, in kilopascals (kPa); 

ps  is the standard atmospheric pressure, in kilopascals (kPa). 
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5.3 Vacuum pumps 

5.3.1  Vacuum pump capacity 

See 5.3.1 of ISO 5707 ANSI/ASABE AD5707:2007 and 5.1.1.1 of this document. 

5.3.1.1  With the milking machine operating in accordance with 5.1.2, record the vacuum at the vacuum pump 
measuring connection Vp as the working vacuum for the pump. 

5.3.1.2  Isolate the vacuum pump from all other parts of the installation and, for capacity controlled pumps, 
ensure that they are running at maximum capacity. Connect the airflow meter directly to the vacuum pump with 
a full-bore connection. 

5.3.1.3  Record the airflow meter reading at the same vacuum as recorded in 5.3.1.1 as the pump capacity at 
the working vacuum. 

To compare the measured vacuum pump capacity with previous values when the atmospheric pressure at the 
time of the test differs by more than 3 kPa from the standard atmospheric pressure for the altitude (see Table 3), 
the airflow at that altitude should be corrected by the factor K2, calculated in accordance with 5.3.2.2 or the 
values given in Table 4. To calculate this correction, the maximum vacuum of the pump is needed (see 5.3.1.7). 

5.3.1.4  Record the airflow meter reading, q50, in litres per minute, at a vacuum of 50 kPa. 

5.3.1.5  Record the rotational frequency of the vacuum pump, n, per min at a vacuum of 50 kPa. 

5.3.1.6  Calculate the nominal vacuum pump capacity, qnom, in litres per minute for positive displacement 
vacuum pumps, from the formula: 

50
nom

nom q
n

n
q ×=   (2) 

where 

nnom is the nominal rotational frequency of the vacuum pump per min.  

To compare the measured vacuum pump capacity with the nominal values marked on the pump when the 
ambient atmospheric pressure differs by more than 3 kPa from the reference atmospheric pressure of 100 
kPa, the flow should be corrected by the factor K1 calculated in accordance with 5.3.2.1 or the values given 
in Table 2. To calculate this correction, the maximum vacuum of the pump is needed (see 5.3.1.7). 

5.3.1.7  Close the airflow meter totally until the vacuum has stabilized unless the manufacturer has specified 
an alternative test method. Record the maximum vacuum, pmax, and open the airflow meter again to avoid pump 
damage. 

This measurement needs only to be made if the pump capacity has to be corrected by calculation. The result is 
only relevant if the rotational frequency does not decrease by more than 1 %. 

5.3.2  Calculations for other atmospheric pressures 

Vacuum pump capacity (and measured effective reserve) for a milking machine varies with ambient atmospheric 
pressure. When a milking machine is tested, the measured values shall be multiplied by correction factors, which 
give predicted values under standard atmospheric pressure or nominal conditions. 
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5.3.2.1  Calculation of vacuum pump capacity under nominal conditions 

The vacuum pump capacity of positive displacement vacuum pumps at the nominal atmospheric pressure of 100 
kPa is obtained by multiplying the measured capacity by the factor K1 calculated from the formula: 

pp

p
p

pp

K
−

×−
=

max

an

a
nommax

1   (3) 

 
where 

pa   is the ambient atmospheric pressure during the test, in kilopascals (kPa); 

pan  is the nominal atmospheric pressure, in kilopascals (kPa) (usually 100); 

pmax  is the maximum vacuum at the totally closed pump inlet during the test, in kilopascals (kPa); 

p   is the vacuum (calculated or actual) at the pump inlet, in kilopascals (kPa); 

pnom  is the nominal vacuum at the pump inlet, in kilopascals (kPa) (usually 50). 

The correction factor K1 to calculate the predicted vacuum pump capacity at the nominal atmospheric pressure 
of 100 kPa for volumetric efficiency, ηV, = pmax/pa, of 90 % is given in Table 2. 

Table 2 – Correction factor, K1, at different atmospheric pressures 

Ambient atmospheric pressure, Pa 

kPa 
Correction factor, K1, for a vacuum at a 

pump capacity of 50 kPa 

100 1,00 

95 1.07 

90 1,16 

85 1,28 

80 1,45 

5.3.2.2   Calculation of vacuum pump capacity under standard atmospheric pressure 

For the purposes of this International Standard, standard atmospheric pressures at different altitudes are given 
in Table 3. 

Table 3 – Standard atmospheric pressures at different altitudes 

Altitude, h 

m 

Standard atmospheric pressure, Ps 

kPa 

h < 300 100 

300 ≤ h <700 95 

700 ≤ h < 1 200 90 

1 200 ≤ h < 1 700 85 

1 700 ≤ h < 2 200 80 
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The vacuum pump capacity of positive displacement vacuum pumps at the standard atmospheric pressure for 
the altitude, as given in Table 3, is obtained by multiplying the measured capacity by the factor K2 calculated from 
the formula: 
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where 

 pa   is the ambient atmospheric pressure during the test, in kilopascals (kPa); 

 ps   is the standard atmospheric pressure for the altitude, in kilopascals (kPa); 

 pmax  is the maximum vacuum at the totally closed pump inlet during the test, in kilopascals (kPa); 

 p   is the vacuum (calculated or actual) at the pump inlet, in kilopascals (kPa). 

The correction factor K2 to calculate the predicted vacuum pump capacity at an atmospheric pressure of 100 kPa 
for some vacuum values based on a volumetric efficiency, η v = Pmax/Pa, of 90 % is given in Table 4. 

Table 4 – Correction factor K2 for various atmospheric pressures 

Ambient atmospheric pressure, Pa 

kPa 

Correction factor, K2, for a vacuum at a pump capacity of 

40 KPa 45 KPa 50 KPa 

109 0,94 0,92 0,91 

106 0,96 0,95 0,93 

103 0,98 0,97 0,96 

100 1,00 1,00 1,00 

97 1,03 1,03 1,04 

94 1,05 1,07 1,09 

91 1,09 1,11 1,14 

5.3.3  Vacuum pump exhaust back pressure  

See 5.3.6 of ISO 5707 ANSI/ASABE AD5707:2007. 

With the vacuum pump operating in accordance with 5.3.1.1, measure and record the exhaust back pressure at 
the connection point Pe. 

5.4 Vacuum regulator leakage 

See 5.4.1 of ISO 5707 ANSI/ASABE AD5707:2007 and 5.1.1.1 of this document. 

5.4.1  With the milking machine operating in accordance with 5.1.2, connect the airflow meter with a full-bore 
connection to connection point A1 (see Figures 1, 2 and 3 of ISO 3918 ANSI/ASABE AD3918:2007), with no 
airflow through it. A vacuum meter shall be connected to connection point Vr. 

5.4.2  Record the vacuum as the regulator working vacuum. 

5.4.3  Decrease the vacuum by 2 kPa by opening the airflow meter and record the airflow. For systems with 
capacity controlled pumps only, check that the pump is running at its maximum speed. If so, there is no regulator 
leakage. 

NOTE With multiple receivers it may be necessary to divide the air admission appropriately between connection 
points A1. 
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