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Introduction

This International Standard has been developed in response to worldwide demand fo
for milking machine installations. The basic requirements for the construction and

vi © ISO 2006 — All rights reserved
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Milking machine installations — Construction a rformance

1 Scope

This International Standard is applicable to milking machines for
goats where animals are milked with pulsation created by vacuu

{ waterHuffaloes, sheep and
here milk is, at least partly,

2 Normative references

The following referenced documents are i
references, only the edition cited applie

ISO 4288, Geometrical Product Specificatior Urface texture: Profile method — Rules and
procedures for the assessment 0£s

terminology, methodology

ISO 12100-2, Safety o
principles

ISO 14159, Sg

© I1SO 2006 — All rights reserved 1
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4 General

4.1 Tests for compliance

The methods for performance testing referred to in this document are specified in ISO 6690+

performance characteristics that are not covered by the requirements in this International Standard sho

also be described and specified in the user's manual.
4.2 Access for measurements

421 General
The connection points specified in 4.2.2 and 4.2.3 shall be provided to tesi\th ngtion of the installation.

Dismantling parts of the milking machine is acceptable to access these conyectigh points. All connection
points and their location shall be described in the user's manual.

4.2.2 Airflow measuring connections
The following connection points shall be provided for an airflow s
— A1: to enable measurement of effective reservg

— in bucket or direct-to-can milking machifnes egulator sensing point and the first vacuum
tap;

use, these connectipn points shall not form any trap for liquids. The connection point
shall have the same ihternal diameter as the jair line or (48,5 + 2) mm, whichever is smaller.

— Vp near each vatt pump inlet.

To enable measurement of exhaust backpressure, a suitable connection point Pe shall be provided to
measure exhaust backpressure on each exhaust line at the vacuum pump outlet.

2 © I1SO 2006 — All rights reserved
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See measuring connections Vm, Vr, Vp and Pe in Figures 1, 2 and 3 of ISO 3918:2006.

NOTE In a pipeline milking machine, Vm can be any point in the milking system in, or upstream of, the receiver. In a
recorder milking machine, Vm can be in the milking vacuum line or in the nearest convenient recorder jar. In a bucket
milking machine, Vm = Vr and can be combined with the nearest convenient vacuum tap.

These connection points should be located at least five pipe diameters from 2
other fittings creating air turbulence.

iglet points or

If the regulator sensing point is on a branch, there shall be two measurin
vacuum drop in the air line upstream of this branch and the other one to dete
the regulator sensing point.

4.2.4 Other necessary measures

Means shall be provided to isolate the vacuum pump from the inst
vacuum pump capacity.

may involve danger if damaged, such as glass, shall be designed using a safety factor of
ernal pressure (i.e. 5 x 90 kPa).

pipelines or recorder jars) or flexible components (e.g. joint rings, teatcup liners), shall be constructed to
withstand the maximum temperature used in the plant as specified in the user's manual. In addition, such
materials, when used in accordance with the recommendations in the user's manual, shall not taint the milk
and shall meet requirements for food contact surfaces.

© I1SO 2006 — All rights reserved 3
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All milk contact surfaces shall be free from engraving or embossing. All metal milk contact surfaces, except for
welded seams, shall have a surface roughness, Ra, less than or equal to 2,5 ym when tested in accordance
with ISO 4288. Surface roughness, Ra, on welded seams shall not exceed 16 um.

Copper or copper alloys shall not be used in any part of the installation that may come into contact with milk or
cleaning and disinfecting fluids other than water.

suitable for such contact. Materials that also come into contact with milk shall be res
cleaning and disinfecting solutions.

4.5 User's manual

451 General
The user's manual shall specify a system of measures that ensure that theXu ygiene of the
milking machine are maintained during its intended lifetime. This includes instuc routine servicing and

replacement of individual parts. An indication shall be given as to whethe
performed by the user or if other suitably qualified personnel are needed.

user.

Besides the instructions stated in this clause,
specified in the user's manual.

4.5.2 Installation details

— recommended cleaning and disinfecting procedures, including temperatures and chemicals, and
components requiring manual cleaning;

4 © I1SO 2006 — All rights reserved



ISO/FDIS 5707:2006(E)

— the maximum temperature at which the installation can be cleaned and disinfected;

— definition of any manual intervention, such as manual actuation of valves or replacement of single use
items such as filters, along with the appropriate time interval;

— procedures necessary to avoid contamination of the milk from cleaning solui6 A abnormal and
undesirable milk;

— the maximum number of units or maximum milk flow per slope of the milk

— procedures for introducing animals new to milking installations.

5 Vacuum system

5.1 General

The ultimate goal of vacuum regulation is to maintain vacuum conditio
range. In order to meet this requirement the machine shall be capable &
operators shall use the machine with reasonable care and in accordance w

he teat end within the intended
adequate vacuum control and the
the user's manual.

5.2 Vacuum regulation

5.2.1 Vacuum deviation

manual.

5.2.2 Regulation sensitivity

— at least the minimum effective reserve at standard atmospheric pressure shall be that given in A.1 for
cows and buffaloes and in D.1 for sheep and goats.

© I1SO 2006 — All rights reserved 5
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The calculation of the effective reserve in accordance with A.1 and D.1 is considered to be sufficient for small
milking systems and where the operator(s) take reasonable care to avoid air inlet in the cluster during normal
milking, whereas the vacuum drop and undershoot tests are more appropriate for large milking systems and
where the operators are less careful during attachment. During milking, there should be sufficient effective
reserve to maintain the working vacuum within + 2 kPa at measuring point Vm during the se of normal

pressures are given in Table A.4.
5.3 Vacuum pumps

5.3.1 General

The vacuum pump shall have adequate airflow capacity to meet the requiren
including the air used by all ancillary equipment operating during milking ang cle
or intermittently.

ing and cleaning,
g/ Whether continuously

For calculation of airflow capacity of the vacuum pump see the examples in AnnexA. The airflow shall be
measured in accordance with 5.3.1 of ISO 6690:2006.

5.3.2 Influence of altitude

Vacuum pump capacity decreases with altitude.
pump capacity. See A.5.

iQto actount when determining vacuum

5.3.3 Exhaust

The exhaust shall not obstruct the p by sharp bends, T-pieces or unsuitably
designed silencers.

example with an oil separator, collec ém fitted in the exhaust pipe.
Moisture from the exhaust pipe shall be ented from entering the vacuum pump, for example by fitting a
moisture trap or having an exh pipe with a coqtinuous slope away from the vacuum pump.

The vactn
using air line
where applicable

NOTE The vacuum™p
parlour and milk room.

fp should be placed in a well-ventilated and non-freezing area isolated from the milking

6 © I1SO 2006 — All rights reserved
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5.3.6 Marking and specifications

The vacuum pump shall be indelibly marked with the following information:
— the name of the manufacturer;

— the type and identification, e.g. model number or code;

— the direction of rotation;

— the recommended operating speed(s), corresponding capacity at 50 kR air at an

atmospheric pressure of 100 kPa, and power consumption in kW;

— when applicable, the maximum permissible exhaust backpresé asured in accordance with 5.3.3 of

ISO 6690:2006.

The user's manual shall also state:

— the oil consumption, if appropriate;
— the recommended lubricant, if used;
— mounting points and dimensions;

— how a capacity-controlled vacuum pump e and/or constant capacity.

5.4 Vacuum regulator

5.4.1 Regulator leakage

© I1SO 2006 — All rights reserved 7
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5.4.3 Marking and specification
The vacuum regulator shall be marked indelibly with the following information:

— the name of the manufacturer;

— the type and identification, e.g. model number or code;
— the designed working vacuum range;

— the airflow capacity range at 50 kPa working vacuum, expressed as free air at an
100 kPa.

The user's manual shall also state the airflow capacity at the upper and/iow
vacuum range.

5.5 Vacuum gauge

5.5.1 General

ervals of 2 kPa or less.
90:2006 shall not exceed

Over the vacuum range from 20 kPa to 80 kPa, the vacuum
When mounted and calibrated, the error measured in accofg
1 kPa at the working vacuum.

gauge shall indicate
e with 5.5 of ISO g6
NOTE 1

NOTE 2
gauge.

5.5.2 Mounting

NOTE
5.6 Airlines
5.6.1 General

5.6.2 Internal dia

decreases
exceed 3 kPa.

Am pump capacity. Therefore the vacuum drop between Vm and Vp should preferably not

Annex B gives guidelines/for the required internal diameter of the air lines based on the specified vacuum
drop and the effective length of the pipe system at a given average airflow.

8 © I1SO 2006 — All rights reserved
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5.7 Interceptor
An interceptor shall be fitted near the vacuum pump, between the vacuum pump and the regulator.

There shall not be any intermediate connections into the air line between the intereeptor and the vacuum

pump, except as required for test purposes or connection of a safety valve.

NOTE The safety valve may be fitted to protect the pump from effects of high vacy
vacuum shut-off valve in the interceptor.

Means shall be provided to prevent liquids trapped in the interceptor from en
also be provided with automatic drainage facilities and it shall be possible to
the interceptor.

The effective volume of the interceptor shall be given in the user's as-measured in accordance with
5.7 of ISO 6690:2006.

The effective volume should be adequate to facilitate washing of the ai and should be determined by the
air line sizes.

5.8 Sanitary trap

A sanitary trap shall be fitted between the milk sys
milking machines, between the receiver vessel and
pulsation systems form part of the routine circ >

3ystem in pipeline and recorder
except where the vacuum and

fion cleaning of the sanitary trap(s), the receiver(s) and the receiver air
owards the sanitary trap(s).

For taps connected by means of a special adapter, the adapter shall be considered as part of the tap.

© I1SO 2006 — All rights reserved 9
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6 Pulsation system

6.1 Design data

The following data shall be included in the user's manual:

— the pulsation rate and pulsator ratio at a nominal vacuum and specified temperat
— the temperature range over which the pulsation rate will stay within + 5 % of the
— the temperature range over which the pulsators can be operated;
— the variation of pulsation rate within this range;

— typical pulsation chamber vacuum records for a defined milking unit;

— where applicable, deliberate variations in pulsation
stimulation and changes in milk flow.

6.2 Pulsator air line

The vacuum drop between the working vacuunf 2 S : i and the maximum pulsation
chamber vacuum shall be no more than 2 ) s tested in accordance with 6.2 of
1ISO 6690:2006.

The pulsator ratio shall not diffe 5\UNitsyof percentage from the values given in the user's manual.
The pulsator ratios of 2 } shall not vary from each other by more than 5 units of
percentage.

the vacuum during phase~d shall not be more than 4 kPa.

10 © 1SO 2006 — All rights reserved
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7 Milk system

7.1 General

It shall be possible to inspect the inside of the milk system for cleanliness.

installation.

7.2 Design of milklines

Branches in the milkline shall be swept i
shall be 1,5 times the diameter.

inage of all parts of the milk system.

The receiver shall have sufficient volume to accommodate slugs of liquid which may be formed during milking
and cleaning. The effective volume, measured in accordance with 7.3 of ISO 6690:2006, shall be stated in the
instructions for installation.

The receiver inlet(s) should be shaped to limit formation of foam during milking.

© 1SO 2006 — All rights reserved 11



ISO/FDIS 5707:2006(E)

7.8 Releaser

7.8.1 General

A releaser, when fitted in the installation, shall be adequate to deal with the maximum flowatwhich milk and

cleaning and disinfecting fluids flow through the system.

be checked according to 7.4.5 of ISO 6690:2006.

7.8.2 Control of releaser milk pumps

receiver or mixing of air and milk is avoided.

7.9 Delivery line

Means shall be provided at every low point to permit drainag
equipment.

8 Milking unit

8.1 General

Milk contact surfaces/wj RON
inspection.

nt of the milking unit shall be accessible for convenient visual

8.2 Teatcup
The shell and dentify manufacturer and type. The liner and shell combination shall be
provided dicating if the liner is twisted or a means of preventing the liner from twisting in the

shell. The i glons of the shell shall not restrict the operation of the liner.

— sufficient data to be dble to choose the liner for a herd.

NOTE Such data may include teat sizes, liner type or dimensions (see Figure 5 of ISO 3918:2006).

12 © 1SO 2006 — All rights reserved
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8.3 Teatcup attachment

Means shall be provided to limit the airflow through the cluster or teatcup until attachment.

8.4 Teatcup removal

Means shall be provided of shutting off the vacuum to the liner before teatcup/re :
only as a result of the air vent(s), the leakage of the shut-off shall be less tha i and less than
a quarter of the air vent admission for individual teatcups. The leakage shall [bel measured_iff accordance with
8.3 of ISO 6690:2006 and the admission of air in accordance with 8.4.6 of ISQ 6§90:2006.
Teatcup removal shall be initiated:

— if milk flow is not present after a specified time;

— when the milk flow has ceased or has gone below a specified flp
— when a specified total machine-on time has elapsed;

— by human intervention.

This initiation together with the limits shall be describgd in the user's manual

8.5 Vacuum shut-off

It shall be possible to shut off vacuum to the Ji flen not mi

8.6 Air vent and leakage

To allow effective milk transport from f{
admission per cluster shall be at least 4 I/ z
8 I/min for sheep and goats at the peminal working vacuup

excessive agitation of the milk, the total air
eed 12 I/min for cows and water buffaloes or
e air vent(s) shall be made of a rigid material.

quantitative requirements do
stated in the user's manual.

the desirethayerage liner vacuum and/or the desired average liner vacuum during phase b and phase d of
the pulsation chamber vacuum record;

b) the corresponding nominal vacuum in the milkline; this nominal vacuum shall be based on the average
vacuum drop measured in accordance with 8.6 of ISO 6690:2006.

© 1SO 2006 — All rights reserved 13
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NOTE Both research and field experience indicate that a mean liner vacuum within the range 32 kPa to 42 kPa
during the peak flow period of milking for cows ensures that most cows will be milked quickly, gently and completely.
Similarly, a mean liner working vacuum, within the range 28 kPa to 38 kPa during the peak flow period of milking for sheep
and goats will ensure that most animals will be milked quickly, gently and completely.

For devices not originally fitted to a milking unit between the cluster and the milkline or
the effect on the milking vacuum conditions shall be stated in the user's manual, meas
8.7 of ISO 6690:2006.

ing/vacuum line,
i accord with

Table 1 — Representative peak milk flows for commercially milk

Species commercially milked Reference liquid flow for st‘ﬁig\
kg/min

Low producing

(i
High producing \5\ w —
Water buffaloes Low producing 1\§ \V/( /

High producing 2,5

Cows

Sheep Low producing 0,8 \ \
High producing /\ 1,5 /\\/
Goats Low producing \ 1,0 //

High producing —— 29//

8.8 Milk recording equipment

8.8.1 General
Milk recording equipment shall comply wj

NOTE For official yield recording, tjfe yé
Recording (ICAR).

ts| to be met are stated by the International Committee for Animal

8.8.2 Recorder jars

8.9 Attachments te.the milking unit

Devices, including additfonal necessary connecting tubes, fitted between the cluster or teatcup and the
milkline or milking vacuum line, shall not cause any additional vacuum drop greater than 5 kPa at a milk flow
of 5 kg/min for cows or 2 kg/min for water buffaloes, sheep and goats, compared with the same milking unit
without those devices when measured in accordance with 8.7 of ISO 6690:2006.

14 © 1SO 2006 — All rights reserved
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8.10 Long milk tubes

Means shall be provided to minimize the risk of flattening of the long milk tube due to direct pull or constant
drag on the milk inlet.

Where milk is lifted by means of airflow, the maximum internal diameter of the Igrig milk/ tube shall be 16 mm

8.11 Bucket milking units
The effective working volume of buckets and transport cans shall be stated i the user's manual, measured in
accordance with 8.5 of ISO 6690:2006.

non-return valve shall be fitted between the air line™and th uum reduction of that non-return
valve shall be specified in the user's manual, when tested\in ascordance Avith 8.8 of ISO 6690:2006.

éxpected that any cleaning procedure will:
ontact surfaces visibly free from milk residues and other deposits;
— leave surface

free from undesirable residues of cleaning and disinfecting chemicals;

— reduce the count of viable bacteria to an acceptable level on milk contact surfaces.

© I1SO 2006 — All rights reserved 15
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Annex A
(normative)

Vacuum pump capacity — Effective reserve plus allow
for cows and water buffaloes

A.1 Effective reserve

The effective reserve to fulfil the demand of a minimum effective reserve—i

n_5.2.4 is given ables A1
and A.2.

For installations with milking units without automatic shut-off valves, the

Table A.1 shall be increased by 80 I/min for bucket milking machines and b
milking machines.

effective reserve in
for the other types of

u

Table A.1 — Minimum effective reserve where miIkinNh automatic s off valves are used

Valugs in litres per minute of free air

Number of units inimum effe 'W
n Bucket or direct-to-can m}m‘hines\u\ C}lémilking machines
2. <n<10 80 + 25 g/ Y 200+30n
>10 330 + 10(n<,1 /\% 500 + 10(n —10)
Add the airflow required for ancillary equipment in accordM&& //

derived fr(%ae in Table A.1 for different numbers of

ilking units, the formulae in Table A.1 can be used.

a

Table A.2 gives the calculated effectie feservi
milking units between 2 and 20. For/mgte than 20

16 © 1SO 2006 — All rights reserved
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Table A.2 — Minimum effective reserve

Values in litres per minute of free air

Minimum effective reserve 2
Number of Bucket or direct to can milking machines Other piilking/machines
milking units
With automatic shut- Without automatic With automat ut- Withou tomatic
off valve shut-off valve off valye /s‘w(\bc::f%’alve
2 130 210 260 | N apo]
3 155 235 200\ \ Ao
4 180 260 320 \ N sho
5 205 285 350 550
6 230 310 { x—_380 580
7 255 335 N\ 407 ~1/ 610
8 280 360 N\ 4 640
9 305 385 \47¢ 670
10 330 410 500\ 700
11 340 428, 510, ) 710
12 350 0 B2 720
13 360 440 ./ f 730
14 370 /. _—4hs50 ' /540 740
15 / ] Y 550 750
16 (. "\ 560 760
17 o ) 570 770
18 // 580 780
19 /N /— 590 790
20 // N 600 800
2 Add the airflow required fo%?f(ary equipn}ént in accordancewith A.3.

dclean

pump capacity, in litres per minute;

d is the internal diameter of the milkline, in millimetres;

v is the air slug speed in the milkline, in metres per second;

© I1SO 2006 — All rights reserved
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Pa is the actual atmospheric pressure during the test, in kilopascals;
Pw is the vacuum when washing the plant, in kilopascals.

Table A.3 gives the air capacity for some milkline dimensions and working vacuums at an atmospheric
pressure of 100 kPa. It also gives the airflow at the vacuum in the line to be used for calcutations for plants at
high altitudes.

Table A.3 — Airflow for cleaning at a speed of 8 m/s and under atmospheric/pressure o kP

Internal milkline | Airflow admission to produce slug flow for cleaning at a vacuum o\ Airflow in milkline

diameter

mm 40 kPa 45 kPa 50 kPa

34 261 240 18— 436

36 293 269 LN 188

38 326 299 275\\ / ) 544
(

40 362 332 301

44 438 401 365

\4

\
48 521 477 434\ 868
50 565 518 471 / 7 942

60 814 746_— 678 / / 1356

63 985 03—/ g2l / 1641

73 1205 [1h04 T\ 1004 2008

98 2171 kW/ ) ] 1809 3619

NOTE To calculate the airflow for cleaning at higher alcher atmo yric pressure is less than 100 kPa, use the last

column in Table A.3 and multiply the value by (p, —%‘)lpa.\

ns for sheep and goats, it may be benef|C|aI to
a positive pressure pump.

when the nominal vacuum is low
increase vacuum during washin

A.3 Ancillary equipme

that shall be considered~when sizing the air lines.

For equipment of the type defined in c) there is no need to take its capacity into account when calculating the
vacuum pump capacity for milking.

18 © 1SO 2006 — All rights reserved
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A.4 Calculations of vacuum pump capacity based on effective reserve requirements

A.41 The vacuum pump(s) shall have adequate capacity to meet the performance requirements for milking
and cleaning. This includes air used by all ancillary equipment operating during milking and cleaning, whether
continuously or intermittently.

A.4.2 Calculate the airflow use for all equipment continuously running or ug
during cleaning such as pulsators, air inlets and vacuum-operated milk pu
pulsators shall be regarded as continuously running.

ilking and
and the

Check the airflow for equipment that uses air for a short time.

A.4.3 Add the effective reserve from A.1 and the airflow use during milking from»\A

A.4.4 Add the airflow use for cleaning from A.2 and the airflow ¢seduring ing from A.4.2.

A.4.5 Take the higher of the values calculated in A.4.3 and A.4.4.

A.4.6 Add 10 I/min, plus 2 I/min for each milking unit, for leakage\into/the milk system determined in

A.4.8 Add the regulation loss, in accordance with i
accordance with 5.2.3.

To be able to choose a sti S o' size, the calculated airflow use shall be corrected to nominal values for
pump data.

multiplied by H pump capacities rated at 100 kPa ambient atmospheric pressure.
The correction as follows:

(A.2)

he vacuum at the totally closed pump inlet during the test, in kilopascals;

is the nominal vacuum at the pump inlet, in kilopascals;

Ds e>standard atmospheric pressure at the altitude of the plant, in kilopascals;
Pan is the nominal atmospheric pressure, in kilopascals;
P is the vacuum at the pump inlet (actual or calculated), in kilopascals.

© 1SO 2006 — All rights reserved 19
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NOTE This formula for determining H is principally the same as the formulae for determining K, and X, in 5.3.2.1 and
5.3.2.2 of ISO 6690:2006.

Consideration should also be given to the fact that the maximum power of most electric motors will decrease

at high altitude because of the decrease in the cooling capacity of the air. This means that_a motor will be
hotter and thus allow a lower maximum load. This information can be obtained from the smanufacturer of the

motor.
Table A.4 — Standard atmospheric pressures, p., and correction factor, /7, at various aftitddes

Altitude Standard atmospheric Correction factok, /)
pressure, p, at a pump vacuum, 3, 0

m kPa 40 kPa 45 kPa 50 k
<300 100 0,80 ( w 1,00

from 300 to 700 95 0,84 0% 7 A 107
from 700 to 1 200 90 0,88 Noy /S / 116

from 1 200 to 1 700 85 0,93 1})@ ( 1,28
from 1 700 to 2 200 80 1,00 1,19\ \ 145

NOTE 1  These values are based on a volumetric efficiency, 5, equal tg/0,9¢alculated from:

p
77 . = max
p a
where p,., is the vacuum, in kilopascals, at the inlet of the puphp @then completely closed, ™ ed at atmospheric pressure, p,.
NOTE 2  p,,y Or the value of volumetric efficiency can be pbfained fr@er.

N

A.6 Example of prediction of a vacuum pump capaci

A.6.1 Data

a) a herringbone milking parlodr plking units direct to line, automatic cluster removers and
automatic shut-off valves at Slaw ¢/1 300 m aboveé sea level,

b) one milker;

c) working vacuum: 44

d) milkline diameter{ 4$

e) airflow use for ea

f) airflow injé

g) maxiry ch automatic cluster remover: 50 I/min.

In accordance W , the effective reserve capacity for milking will be:

500 + [(12 — 10) X 4Q¥= 520 l/min

In accordance with Clause 9 and Equation (A.1), the airflow use for cleaning at 44 kPa should be 498 I/min for
a milkline with a diameter of 48,5 mm.
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As the altitude for the plant is 1 300 m, the airflow use for cleaning could be adjusted to the lower atmospheric
pressure.

The atmospheric pressure at 1 300 m is 85 kPa (see Table A.4). The last column in Table A.3 shall be used,
which gives by interpolation 886 I/min. To obtain the capacity necessary at cleaning,multiply this value by

(pa _pw)/ps:

= 886 x (85 — 44)/85 l/min = 427 l/min

9clean

om them
$ to be the

ve total airflow usg
at airflow use

If many recorders or automatic cluster removers are operated simultaneous|
might exceed the effective reserve or airflow use for cleaning. In such a case,
base for sizing.

With one milker it is likely that not more than two automatic clugterremavers are operated simultaneously,

Coreectio/foy higher altitude in accordance with Table A.4 for the altitude of 1 300 m and a vacuum of 47 kPa
will give_a factor H = 1,16 which gives, for an atmospheric pressure of 100 kPa and a vacuum of 50 kPa, a
nominal puqp tapacity of:

1 086 I/min x 1,16 = 1 260 |/min

The minimum nominal capacity of the vacuum pump must therefore be 1 260 I/min.
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Annex B
(informative)

Determination of the minimum internal diameter of air li

B.1 Vacuum drop due to airflow in straight smooth pipelines

The pressure drop, up to about 3 kPa, in a smooth vacuum air line, usually in plastics O 55 , can
be calculated from:

175

Ap =27,8x1x qm (B.1)

d

where:
Ap is the pressure drop in the pipe, in kilopascals;

[ is the length of the pipe, in metres;

g is the flow in the pipe, in litres per minute o
d is the internal diameter of the pipe, in mj

Since the flow in the pipe and the maximum allg
written as:

1,75
d _ 475 27,8><l><q
Ap

Table B.1 gives the pipeline diameters™q
at 100 kPa atmospheric pressure and
line.

¢ usually known, this equation can be

(B.2)

gtraight single smooth pipeline in accordance with Equation (B.2)

Table B.2 gives the pipglineg diame boped smooth pipelines, at 50 kPa vacuum and 100 kPa
atmospheric pressure/prévided that both ends are connected to a pipe with at least twice its cross-sectional
area. The table is ba applied to the case of two pipes of equal length with the same flow,
and considering that th sum of the lengths of each pipe (branch); calculations were made,

for example, with //2 and\¢/2. This table sHouyld be used for the sizing of the pulsator air line.
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Table B.1 — Recommended minimum pipeline diameters for a design limit of 1 kPa vacuum drop due
to airflow in straight single smooth pipelines

Values in millimetres

Airflow Minimum internal diameter for a pipe length-6f
I/min 5m 10 m 15 m 20 m 25m 30m 40 m/ 50 m }/0}\ 70 m
100 15 18 19 21 22 22 2% \/26 | 27
200 20 23 25 27 28 29 ( 32 34 35
300 23 27 29 31 32 34 36 37 3 40
400 26 30 32 34 36 37 40 \\& /43/ / 45
500 28 32 35 37 39 T3 | 45 47 49
600 30 34 38 40 42 g\%w w50 52
700 32 36 40 42 44 46 \?/ 51 7| 53 55
800 33 38 42 44 46 48 1 54 56 58
900 35 40 44 46 48 50 \5 56 58 60
1000 36 42 45 48 50 52 %\e\> 58 61 63
1200 38 44 48 51 <\e\ 56 62 65 67
1400 41 47 51 54 \w\ 59 & 66 69 71
1600 43 49 54 ﬁ7 60 o/ |/ e6 69 72 74
1800 45 52 56 60 /66\\6A/ 69 72 75 78
2000 46 54 58 62 /| \ 68 72 75 78 81
2 500 50 58 63 \| 67 _A{ 71 73 78 82 85 88
3000 54 62 68 \'72/ 76 79 83 87 91 94
3500 57 66 /1 //_z{\ 76 y 83 88 93 96 99
4000 84 87 93 97 101 104
4500 88 91 97 102 106 109
5000 91 95 101 106 110 113
5 500 94 98 104 109 114 117
6000 98 101 108 113 117 121
6 500 100 104 111 116 121 125
7 000 103 107 114 119 124 128

Equivalent lengths for inlets and outlets to ftanks, elbows and T-pieces should be added to the length. See Table B.5.

NOTE As pr drop and pipe leagthl are proportional, diameters for pressure drops of 2 kPa and 3 kPa can be calculated using
the valyés given in'this t ing to one-half of the pipe length (for 2 kPa) and one-third of the pipe length (for 3 kPa).
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Table B.2 — Recommended minimum pipeline diameters for a design limit of 1 kPa vacuum drop
due to airflow in straight looped smooth pipelines

Values in millimetres

Airflow Minimum internal diameter for a pipe length of
I/min 40 m 60 m 80m [ 100m | 120m | 140 m | 160 m | 180 m | 200 m Z/Z&Z_ZOm /”28Qm
100 16 17 18 19 20 21 21 22 22 3 % 4
150 19 20 21 22 23 24 25 25 26 7 2
200 21 22 24 25 26 27 28 28 29 30 1
250 22 24 26 27 28 29 30 31 31 \&K\B.&///Zﬁ
300 24 26 28 29 30 31 32 33 { 34 [—=35—1 36
350 25 28 29 31 32 33 34 35<\‘\36\\3%Q 38
400 | 27 | 20 | 3 32 | 34 | 35 | 36 | 36 \g\/ /3686 | 40
450 28 30 32 34 35 36 37 38 3 zg\ 40 42
500 29 3- 33 35 36 38 39 40 4 41 42 43
550 30 33 35 36 38 39 40 41 42 43 44 45
600 31 34 36 37 39 40 /\N\ 42 43 44 45 47
650 32 35 37 39 40 41 \ 44 4}5/\7 46 46 48
700 33 36 38 40 41 /41’_\7 44 45 /4 47 48 49
800 34 37 40 42 43 5 46 47 48 49 50 52
900 36 39 41 43 45 47 ) /ﬁ/\\\\g 50 51 52 54
1000 | 37 41 43 45 47 \\49/ 50 5 52 53 54 56
1200 40 43 46 48 50 \-52/ 53 5 56 57 58 60
1400 42 46 49 51 / 53 55 p 58 59 60 62 64
1600 | 44 48 51 4 56 58 |59 | 61 62 63 65 67
1800 46 50 54 58 0 62 64 65 66 67 70
2000 48 52 56 < 1 / 63 7 64 66 68 69 70 72
Equivalent lengths for inlets and outlets to ta}ks,\elbo sénd T-pieces should be added to the length. See Table B.5.
B.2 Vacuum drop d ight galvanized pipelines
The pressure drop, up tg about 3 kPa, in galyanized vacuum air lines, can be calculated from:
Ap =18,74 (B.3)

q

d

24

is the internal diameter of the pipe, in millimetres.
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Since the airflow and the maximum allowed pressure drop are usually known, this equation can be written as:

2
d:518,74><l><q (B.4)
V Ap

gquation (B.4)

Table B.3 gives pipeline diameters for a straight single galvanized pipeline in @cgdrdance wj

Table B.4 gives the pipeline diameters for straight looped galvanized pip uum and
100 kPa atmospheric pressure, provided that both ends are connected to a pip ige its cross-
sectional area. The table is based on Equation (B.4), applied to the case of two p ngth with the
same flow, considering that the total length is the sum of the lengtk alculations were

The pipeline diameter derived from Equation (B.4) or Tables B.3 and,BM edsed by about 5 % to
allow for deposits that might settle.

& /» Values in millimetres

Airflow Minimum internwter\foia/gié ength of
I/min S5m 10m 15m @' 25m 30 40m 50 m 60 m 70m
100 16 18 19 21 /22—\ 2 24 25 26 27
200 21 24 26 <2/7/ 30 31 33 34 35
300 24 28 30 3 /22’\ 35 37 38 40 41
400 27 31 34 .36 38 39 41 43 45 46
500 30 34 /3\ 39 41 43 45 47 49 50
600 32 37 /N A 42 44 46 49 51 53 54
700 34 39 /42 45 47 49 52 54 56 58
800 36 1 45 50 51 54 57 59 61
900 38 4 4y s 50 7 52 54 57 60 62 64
1000 39 )’S\\Ag 52 54 56 60 62 65 67
1200 42 49 5< 56 58 60 64 67 69 72
1400 45| —?z\\se\ 59 62 64 68 71 74 76
1600 47 \511\ 59 \/ 63 65 68 72 75 78 80
1800 0 57 2 66 69 7 75 79 82 84
2000 52 60 5 68 72 74 79 82 85 88
2500 57 65 1 75 78 81 86 90 93 96
30 6 70 76 80 84 87 92 97 100 103
3%} \_25/ 81 86 89 93 98 103 107 110
4 000 8 — 79— 85 90 94 98 104 108 112 116
500 82 89 95 99 103 109 114 118 122
5000 75 86 93 99 103 107 113 119 123 127
5 78 89 97 103 107 111 118 123 128 132
6 8Q0 < 80 92 100 106 111 115 122 128 132 136
6 500 $ 95 104 110 115 119 126 132 137 141
7 000 98 107 113 118 122 130 136 141 145
Equivalent lengths for inlets and outlets to tanks, elbows and T-pieces should be added to the length. See Table B.5.
NOTE As pressure drop and pipe length are proportional, diameters for pressure drops of 2 kPa and 3 kPa can be calculated using
the values given in this table corresponding to one-half of the pipe length (for 2 kPa) and one-third of the pipe length (for 3 kPa).
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Table B.4 — Recommended minimum air line diameters for a design limit of 1 kPa vacuum drop due to
airflow in straight looped galvanised pipelines

Values in millimetres

Airflow Minimum internal diameter for a pipe length of

Umin | 40m | 60m | 80m |100m | 120m | 140 m | 160 m | 180 m | 200 m 220/&07m om
100 16 | 17 | 18 | 19 | 20 | 21 21 22 | 2 | py | 23 /] fea
150 19 | 20 | 21 22 | 23 | 24 | 25 | 25 | 2 |[2f 27/ 2d |
200 | 21 2 | 24 | 25 | 26 | 27 | 28 | 28 | 29 o\| 30 $/
250 | 23 | 24 | 26 | 27 | 28 | 20 | 30 | 30 | 31 N Se3 A
300 | 24 | 26 | 28 | 20 | 30 | 3 32 | 33 f~3a | 34 | s 36
30 | 26 | 28 | 30 | 31 32 | 33 | 34 | a5 \[Nee—l 36—z | 38
400 27 | 30 | 31 33 | 34 | 35 | 3 | 37 [\3% | A3/ 3 | 40
450 29 | 31 33 | 34 | 38 | 37 | 38 | 30 | 3\ A 41 42
500 30 | 32 | 34 | 3 | 37 | 38 | 30 | 40 | a1\[\42 43 44
550 31 34 | 36 | 37 | 30 | a0 | 41 a2 | 43 N\ & 44 46
600 32 | 35 [ 37 | 38 | a0 | a1 Kan] 43 | 4 s 46 47
650 33 | 36 | 38 | 40 | 41 a2 | aiN]ag | 4/ Y 47 47 49

700 | 34 | 37 | 30 | a1 | 42 | 42|/ a5 | we NAY/| a8 49 50
800 36 39 41 43 45 ﬁe 47-T49 NG£0 51 51 53
(48 )

50

N

900 38 41 43 45 47 ( 4 507 \51\ 52 53 54 56
1000 | 39 43 45 47 49 \| L 52 /53/ 54 55 56 58
1200 | 42 46 49 51 | 53 | 54 56

/ /5/7 58 59 60 62

Y
N 4

1400 | 45 | 49 | 52 | 54 L —sa |\ 58 |[/59 {61 | 62 | 63 | 64 66

1600 | 47 51 54 /é?/ 59) ) 61 63 64 65 67 68 70

1800 | 50 54 57 &0 | e | 64 | B6 | o7 | 6o 70 71 73

2000 | 52 56 60 62 /67 | o7 68 70 72 73 74 77

Equivalent lengths for inlets and outlets to%éﬂsqu and T-pieces should be added to the length. See Table B.5.

B.3 Frictional equivalents of bends and fittings

Frictional losses in bends and fittings such as elbows, T-fittings, inlets and outlets to tanks can be regarded as
being the same as in\a p i
pipe length when, calctating the pressure/drop in an air line. Table B.5 gives equivalent lengths for various
fittings.
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Table B.5 — Equivalent length of pipe for various fittings

Values in metres

Number of Approximate equivalent length of pipe for

Type of fitting pipe a nominal inter pipe/diameter of
diameters | 35 0 | 50 mm W 75/|4N 100 mm
Elbows / // W
o8

45° sharp 8to 10 0,3 0,5 0,6 0,9

90° short radius (R/D = 0,75) @ 351040 1,4 1,8 \ 3,0 3,6
90° medium radius (R/D =1,8) 2 15to 20 0,7 0,9 ) / 1,8

T-pieces /\

Through flow 15to0 20 0,7 0,9 7 1,1 7 1,2 1,8
Side flow 40 to 45 1,6 2, 2,4 2,7 4,2
Swept side flow 20to 25 0,9 1 1,2 1,5 2,2

Tanks and traps \ \
Sudden contraction 20 to é 0.9 1,1 Q 1,2 15 2.2
4

Sudden expansion 40 to 1,6 2,1 2,4 2,7 4.2
Sanitary trap, distribution tank, receiver P 60 to 70 2, 3 3,5 4,2 6,4

@  R/Dis the internal outer radius of the elbow divided b nternal diame of\the/pi e.
b One expansion point and one contraction poiny/ /_\

B.4 Examples

B.4.1 Main air line

Determine the dimensions of the
in A.6.

alr line between receiver and vacuum pump for the plant described

Refer back to~able B.1 for a length of 23,6 m/2, that is 11,8 m. The table gives a diameter of about 48 mm.
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B.4.2 Pulsator air line

NOTE These calculations are only a crude approximation of the actual situation arising in pulsator air lines. See 6.2.
Determine the dimensions of the looped galvanized pipeline for the plant described in A.6.

Number of pulsators: 12.

Airflow use for each pulsator: 25 I/min.

Length of the pulsator air line: 40 m.

Total airflow use for individual pulsators is: 12 x 25 I/min = 300 I/min.

Where pulsation is so controlled that groups of teatcups pulsate together(t irflow during_phase a should be

considered as the airflow use for the pulsators.

Cluster removers are connected to the same air line.

Two cluster removers consume: 100 I/min.

Total airflow use in the pulsator air line: 300 I/min + 100 I/mif™< 400 I/min.

Table B.4 gives a pipe diameter of 27 mm.

The new pipe length (43 m) is not significantly Sed previously, so the diameter for the

40 m length in Table B.4 is used (see Table B.4)

restrict the pipe, the pulsator air line

After increasing the diameter by 5 % to allow for™d
i o’ have oversized pulsator air lines. It will

diameter should be at least 29 mm but it is ally an advantage
lead to a more constant pulsation vacu
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Annex C
(informative)

Determination of the minimum internal diameter
for cows and water buffaloes

C.1 General

C.3. The design conditions should be summarised and specified &
calculations are given in C.4.

Factors influencing the effective milk-carrying capac

a) Diameter

milkline is proportional to about 4.

b) Slope

design faetor for specifying milkline diameter.
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f)  Milk inlet

The guidelines in this annex are based on experimental studies using perpendicular inlets connected at
intervals varying from 500 mm to 2 000 mm and fitted to the upper half of the milkline. Spacing of milk
inlets appeared to have only a minor influence on the effective milk-carrying capacity over this range.
Effective capacity of a milkline might be increased marginally by use of oblique, or tapgentigl oblique, milk

g) Other components

when designing a milkline system to meet the 2 kPa performance limi
maximum milk flow (see C.2) is near the upper limit for any chosen set o
(see C.3and C.4).

C.2 Predicted maximum milk flow in milklines

Maximum milk flow can be predicted from typical flow together with the expected
average flows of attachment of milking units. Table predicted maximum milk flow
for a group of cows with an average peak milk f6 4 kg/min and 5 kg/min per cow
and units attached at different intervals. The n and for 3 kg/min is based on Brazilian

The 4 kg/min model assumes a delay of 30-s p to the start of the period of peak flow, a
peak flow period of 4 kg/min during 120 i imé& of 5,5 min per cow which corresponds to

the 95 % confidence interval for th ~ ilking group of cows was 5,5 kg/min in the US herds. Although
f h _higher herd production, the correlation is weak. The French

(C.1)
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b) Average peak milk flow, g,y , in kg/min, is highly correlated (r = 0,92) with the average yield, Q_2 in
kilograms, obtained from a representative group of cows in the first two minutes of milking in accordance
with the regression:

q_ =05x(1+0))

ma

(C.2)

c) Average peak milk flow, in kilograms per minute, is numerically equal Qf milk, in
kilograms, obtained from a representative group of cows in their second i
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C.3 Recommended minimum diameters for milklines

The calculations in this section take account of pipeline slope and configuration (looped or dead-ended). The
designed airflow conditions are based on steady air admission of 4 I/min up to 12 I/min through air vents and
constant leaks, plus the intermittent airflows associated with teatcup attachment, liner slips and teatcup
removal. Milk flow in the milkline is due to gravity and the friction between air angd’mi

The recommended minimum diameter of the milkline can be derived from Tabl wijth Table C.1
depending on the expected average peak milking flows of a particular herd and t d time to attach
units

¢ used to derlve the following
equation for predicting the maximum milk flow to ensure that stratified fow/s the normal flow condition during

milking (R2 = 0,97).

5
6 sxd
X

q. =8,9x10 y

at

where

dm is the milk flow per slope, in litreg
s is the slope, in percent;

d is the internal diameter of pipeline, in millimetres;

gat is the total airflow per/si ent air admission), in litres per minute.

e Pased on 7 in steady airflow per 4,5 kg/min milk flow per unit, i.e. a
the steady/air'milk flow ratio between 1,5:1 and 3:1 affected the prediction of the

The experimental data w
ratio of 2,2:1. Changes i

-6 5
~8,9x10  xsxd =0 (C.6)

-6 5
+qt)—8,9><10 xsxd =0 (C.7)

dm is then derived by solving Equations (C.6) and (C.7).
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Table C.2 — Maximum milk flow and transient airflow per slope to ensure that stratified flow is the

(air to milk ratio 3,3:1)

normal flow condition during milking of cows with low peak milk flow ~2,8 kg/min

Values in kilograms per minute

Nominal Maximum milk flow per slope for a transient airflow per slopg’of
int |
diarmotor 25 limin 50 limin 100 /min 200 |/
f
milﬁline Slope, % Slope, % Slope, %
mm 0,5 1 1,5 2 0,5 1 1,5 2 0,5 1 1,5 2 0, 1 1,5
38 7 151759 [12]1a]3 |68 |10] n]3=5 )6
48,5 16 23 29 34 12 20 26 31 9 16 \& 5 10 14 18
60 29 42 52 61 25 39 49 58 21 33 4?\54\514 25— 33 41
73 49 71 88 | 102 | 45 68 84 98 40 61 K \92 /3/{ 5 66 80
98 107 | 152 | 187 | 217 | 102 | 149 | 184 | 213 | 96 | 142 | 176 2\06 84 | 129 | 163 | 192

Table C.3 — Maximum milk flow and transient airflow,
normal flow condition during milking of cow
(air to milk ratio 2

r slope to ensure th

ratified flow is the

~4,5 kg/min

Values in kilograms per minute

Nominal Maximum milk flow per, Iopefor i ntMperslope of

internal

diameoter 25 l/min soimip |~ 00\min 200 l/min
of '

milkline Slope, % Slope, o Igpe, % Slope, %
mm 05| 1 [15] 2 [os 15| 2 [os]A [15] 2 [os5| 1 [15] 2
38 8 | 13| 17 | 20 /é /% }‘3 16 4 6 | 9o |11 ]| 23] 5|7
48,5 18 | 28 | 35 | 41 /1{3 24 Jd1 {37 [ 10|17 | 24| 20| 6 | 11 | 16 | 20
60 34 | 51 | 63 74\ QQ zy/ 56——69— 23 | 38 | 50 | 60 | 15 | 27 | 37 | 46
73 59 | 86 | 106 | 124 |54 \/8{ 101 [ 118 | 46 | 72 | 92 | 109 | 34 | 57 | 76 | 92
8 130 | 185 | 228 264 124 N80 [\223 | 259 | 114 | 170 | 212 | 248 | 97 | 151 | 193 | 228

The design condition
the milkline for at le

example for a 12-unit partour for an average herd, with milking units attached at intervals of 10 s per slope.

Table C.1 indicates a maximum predicted milk flow of 24 kg/min per slope with 6 units on each slope for a
herd with a mean peak flow of 4 kg/min per cow.

34
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From Table C.3, one of the following options would meet the minimum design criteria given in C.3 for
operators who planned to take reasonable care when attaching teatcups:

a) a looped 48,5 mm milkline with minimum slope of 1 % (i.e. a designed transient airflow of 100 I/min,
which is equal to 50 I/min per slope);

b) two dead-ended 48,5 mm milklines with minimum slope of 1,5 % (i.e. 8/deSigned trgnsteqt airflow of
100 I/min).

Table C.4 — Maximum number of units per slope for parlours with 10's (5 s) attachment yate

Peak milk Nominal 50 I/min transient airflow | 100 I/min transient aiﬁlo\\wm airflow

flow per internal per slope per slope perslope

cow diameter Slope, % S)ope, % Slope, %
kg/min mm 0,5 1 1,5 2 0,5 1 4,5 ¥7 \0\571 1,5 2

38 1 3 4 5 1 2 1& /3/ 0 1 1 2

485 4 | 8 10| 12]3 |6 | &]A | 1 3 | 5 | 7

2,5 60 10 | 16 [ 22 |28 | 8 | 13| 19\ | 5 |10] 13] 17
73 20 [ 34 | o | a7 |30 | = [\)| 12| 22]3]-

98 a a a a a a a a a a a

a
38 1 2 | 3 |4 |1 \1\ / 3 0 1 1 1
485 3 6 | 9 8

3 60 8 | 13 |/18] 22 e I\t [Y15 [ 19 | 4 [ 8 | 11| 14
73 16 | 30 A 15 )26 | a a | 11 | 20| 31 | a
o | o | [N LA Sk
48,5 3 N7 | 9l 2 Va6 | 7| 1 > | 4 | s

. 60 7 Y1V | 19945 | o | 12|16 ] 3| 6 [ 9|
73 14/ | 26 Jasi|a@n]| 11 | 21 [a@s)|aan| 8 | 15 | 25 [a(25)

98 {=13)| =3/ |tor=]230) [260) | 2(e) | 2@ |2 2a)[245)| 2 () | 2 (o)
485 | s M4/ e | 7 | 2 ]3] 4a]5s 1 > | 3 | 4
. 60—6 N Rt |15 4 |7 [wo]2]3][s|7]o
/7 0\ 19 JR@d)|a@)| 9 | 16 | 25 |a@n| 6 | 11 | 17 | 25
/98 3(25% af@8) | a(@) | () |2(22)|a(43)| a(d) | a(3) | 30 [2a(34)|2a(58)| 2(3)

a An unlimited humber of milking uni{s gnd the figures given in parentheses indicate the maximum number of units at a mean
attachment rate ©f 5 per slope.

N—
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Table C.5 — Maximum number of units per slope in stanchion barns with 50 s attachment rate

. Nominal 50 I/min transient airflow | 100 I/min transient airflow | 200 I/min transient airflow
Peak milk internal per slope per slope per slope

flow per cow di t
lameter Slope, % Slope, % Slo

%
kg/min mm 05 1 05 1 0 /N
38 2 4 1 2 [ [o /™ |
2,5 485 6 a(14) 3 w9 || \2 3/ )
60 a(e) a(e) a(e) ) | \ B A /
38 1 3 1 2 Mo g4
3

48,5 4 a(8) 3 a( 1

60 a(12) a(a) a (6) ey, 6 1 *(12)

S J—
73 2(2) 2(2) a(3) R\ |/ /) 2(2)
38 1 2 0 1\ [/ o 0
\

48,5 4 a(6) 2 5 1 2
4
60 2(10) a(e) 2(6) @) |\ ) 4 a(7)
73 a(a) a(a) ) a@) /1) 2@ a(a)
38 0 2 | o0 1/ / 0 0
485 3 a(5)/ //4 2 \\! / 1 2
)

5
60 2(6) e/ | @ N 3 2(5)
73 a(e) ek 6 ) e 2(8) a(e)
@  An unlimited number of milking units and the figuresWenthesey(ryéte the maximum number of units at a mean

attachment rate of 30 s per slope.
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Annex D
(informative)

Small ruminants

D.1 Effective reserve

The minimum effective reserve for milking small ruminants to fulfil the requi
Table D.1 and in Tables D.2.1to D.2.4

Table D.1 — Minimum effective reserve for different typ ust

Minimum effect e\\t;s/e e?

I/min of free\air

4 is given in

Number of units

n

Pipelines Buckets

Non-conventional cluster with automat@%p valve and autyn}ﬁ/c cluster removal

n<10 200 + 20n

>10 400/1//0_(J10) \

Non-conventiyﬁy/cluster Watic tcup valves

n< 10 (2@+20}/y/\\ 100 + 201 + nE

>10 400\ 10(n =10 + nE) // 300 + 10(n — 10) + nE
Coyent-io\nal cluster prétic shut-off valve

n<10 //\%5§+20n+zfam/ 100 + 20n + 100M

>10 ) / 40(y+j0n—10 +200M 300 + 10(n — 10) + 100M
< %venti;/r?fclustemm{out automatic shut-off valve

n<10 \//200+20n+400M 100 + 20x + 200M

>10 \@0 10(n — 10) + 400M 300 + 10(n — 10) + 200M

2 Add the airflo i } uipmentig’accordance with A.3.

M = number of
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38

Table D.2.1 — Minimum effective reserve —
Conventional clusters without automatic shut-off valves

Values in litres per minute of free air

Minimum effective reserve
NuTnt;tesrof Pipeline milking machines Bucket milking maghines
M=1 M=2 M=1 M=2 /\
2 640 1040 340 | \ 540 )
3 660 1060 360 A\ 560 )
4 680 1080 380 \%\_//
5 700 1100 400 600—
6 720 1120 A N—| 620
7 740 1140 440\ \| 640/
8 760 1160 460 \ \|// 660
9 780 1180 a0\ |/ 680
10 800 1200 500 N\ 700
11 810 1210 N 510 \ ) 710
12 820 1220  \] 520 /> 720
13 830 1230 30 / 730
14 840 12497/ g4~/ / 720
15 850 1750" 550N/ 750
16 860 {260 ] _— %60 760
17 870 (2ra_" IEL 770
18 880 1280—" / f80 780
19 890 290 1/ 590 790
20 900 /130 L]~ 600 800
2 TR S ET
22 92 / ( /1320
23 930 / /1330
24 940 {1340
25 RN 1350
26 /60 N\ esd
27 / [/ 910 N\ \ 1370
28 [ | 980 ) | 1380
29 \ \ 990 /] 1390
30 Nt A/ 1400
o/ a0 A 1410
/37 /1020 1420
/ 43 / / 1030 1430
N3N/ 1040 1440
35 A 1050 1450
36 "\\1 060 1460

M = number of milkersy
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Table D.2.2 — Minimum effective reserve —
Conventional clusters with automatic shut-off valves

Values in litres per minute of free air

Minimum effective reserve

NulTnbig of Pipeline milking machines Bucket milkjiig machin
M=1 M=2 M=1 =/\|

2 440 640 240 | \ EZN
3 460 660 260  \ A 360 / /
4 480 680 280 N ~~—=a80
5 500 700 ~—300 —400

6 520 720 \ X820 420

7 540 740 \ %0 / [—/440

8 560 760 a0, / / 460

9 580 780 30 ( 480

10 600 800 400\ \ 500

11 610 810~ 410\ ) 510

12 620 820N 420/’ 520

13 630 830 430 / 530

14 640 84 /446 540

15 650 / /850 "\ A50 550

16 660 [ [ 89~ \ 460 560

17 670 \ \_470" | 470 570

18 680 680 /l/ 480 580

19 600 —N_ 890, " / 490 590

20 700 N\ 90— 500 600

21 Ty ) ] 910

22 / 70 ) 920 /

23 30N/ 930

24 740N 940

25 950

M= nume milkers.
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Table D.2.3 — Minimum effective reserve —
Non-conventional cluster with automatic teatcup valves

Values in litres per minute of free air

Minimum effective reserve

NulTnbig of Pipeline milking machines Bucket milking machines
E =20 I/min E =40 l/min E =20 I/min =40 l/min
2 280 320 180 | \ 220 Y
3 320 380 220 A\ \280
4 360 440 260 \Qm—/
5 400 500 300, ~—_| 40
6 440 560 346\ R \460\
7 480 620 380 \ \ | / /52—
8 520 680 420 \ \|// 580
9 560 740 a0  \| ( 640
10 600 800 500 \ 700
11 630 850 N 530 \ ) 750
12 660 900 N 560 /> 800
13 690 950 o / 850
14 720 1000”7/ Se20N/ / 900
15 750 1050" 650\ 950
16 780 {10 _— 680 1000
17 810 \15a_" ) 710 1050
18 840 1200—" / 740 1100
19 870 250 A /7110 1150
20 900 A N1 300 L]~ 800 1200
21 930 } 3}50

N

[(e]

3
™
AN

/1400

/ /1450

{1500
1550

N
w
©
©
o

N
=
—
o
¥}
o

N
o
[
o

26 /080 N\ Teod
27 / / 1110 \ 1650
28 |[ [ 1140 ) | 1700
29 \ \ 1170 /] 1750

3y | \u™=00 [/ 1800
d 1850

/ 2 /) 1260 1900
{33 /1290 1950
./ 1320 2 000
3B L. 1350 2 050

36 "\1380 2100

E = Extra airflow nMd for clusters equipped with automatic teatcup valves.
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Table D.2.4 — Minimum effective reserve — Non-conventional clusters
with automatic teatcup valves and automatic cluster removal (pipeline milking machines)

Values in litres per minute of free air

NulTnbig of Minimum effective reserve
2 240
3 260
4 280
5 300
6 320 )~
7 340 \N
8 360 \\ %
9 380 \ \V4
10 400 \
" L 40 \ >
12 QN\420 N
E N4

N
N | N
o
i
| —
o | O,
gl e
o| o

23 530
8 )1\\/ , 540
L\ 25 550

\ s 560
] Jor 570

/ 28 580

’ 29 590
30 600
31 610
32 620
33 630
34 640
35 650
36 660
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D.2 Predicted maximum milk flow in milklines

Maximum milk flow in milklines can be predicted from typical flow curves for individual animals together with
the expected average interval of attachment of milking units. It is not possible to make special calculations for

each breed, thus two kinds of milking times (less than 120 s and more than 120 s) with 3 of milk flow
curve, corresponding to typical breeds of sheep and goats, have been chosen for calcul able D.3 is a
non-exhaustive list of different breeds of sheep and goats classified according to typijcal/maximum mMmilkflow

and milking time.

Table D.3 — Breeds of sheep and goats classified according to typical peak
milk flow and milking time

Typical Typical milking time

peak flow

kg/min Short (< 120 s) @U“)\
Sheep \ \ /\/
0,8 Lacaune \ \/

1,3 Manchega, Churra, Latxa, East Friesian \ <
2,7 Sardinian \

Goats <\
0,8 Murciano-Granadina Se%sn\ //
13 Canaria (2 milkings/day) ] | AlpinesCanatig/(1 filking/day)

=

Y

BN

d

%
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Table D.4 shows examples of the predicted peak milk flow of a group of sheep and/or goats with mean peak
milking flow of 0,8 kg/min, 1,3 kg/min and 2,7 kg/min, for short and long milking times and for units attached at
intervals of 5s, 10 s, 15 s and 20 s.

Table D.4 —Maximum predicted milk flow in milkline

alues in kil gr S per minute

Attachment| Milk
intervals |flow @

s |kgmin| 2| 3] a|5| 6|8 |10|12]14|16]18]2) 2] 426‘28|30| 34 | 36

Maximum milk flow for a number of units per glope of

Short milking times (< 120 s)

08 (16(24)|32|40|48|62|73]|82]|38,7]90 9?% 9,2 9,2 9,2 8219, 9219292
5 13 [26(39(52|62|71(84|91]96]99 (10,0 16\0 "\0‘9\1&&%‘1‘6@. 10,0/10,0{10,0|10,0{ 10,0
27 [54|77|99|11,7|/13,2(155|16,6 (17,2|17,3|17,3|17,3 17\ 17,3{17.,3 47"3\11,3/ 17,3117,3117,3|17,3
08 (16(24|31|37|41 |45 |46 |46 |46 |46]|4,6 4\§ yé 46|46 |46 | 46 |46 | 46
10 13 [26(36(42|46|49(51|52[52]|52|52|52]|5,2 \’5,2 \5,2 525252525252

27 |50/68|78|83|87|88|88|88|88|88|88]38,8 8\%@ 88|88 |88|88]|88]|388
08 [16(23(28(31]|31]31]31 3/\ 3,1(131]3,1]3,1]|3,1 \5/? 3,1131(31(31|31] 31
15 13 |126(30|34|35|36|36]36] 36136 \§6 36|36 /3,/6/ 36(36(36|36|36]|36|36
2,7 |45|56|59|6,0| 60|60 @,—670 6,0 \Q) \GQ 69/9/6 6,0(6,0(60]|60]|60]|60]6,0
08 [16(21]23(24]|24 2,4//2/1/‘4,4 24 |24 \2{\{4/ 2412412424 |24 |24|24]|24
20 1,3 [23(26 27|27 27 ;ﬁ 2,7 2,7/4,7_}75\ 2,7 5,/7 2,727 (27|27 |27 |27 |27]|27
27 |41]44 |44 |44 |44 | B4 4,41/,{1/A,/4 }‘1 4144144144144 |44 |44 |44 |44 |44
Long milKing times (7/1%6 s)
08 |16]24|32|40]|48 |64 80|96 11%42 14,4116,0(17,6({19,0{20,1|21,0|21,7 | 22,1 | 22,3 | 22,4
5 13 |126(39]52 /%//7—,8\\1N 13,015/ | 18, 40,1 21,3|22,3|23,0|23,6(|24,0(24,2 | 24,2 | 24,2 | 24,2 | 24,2
2,7 |541|8,1|10, 1/3/5 16,2 %1# 25,2 (28,2|30,0(31,1(31,4/31,4|31,4|31,4({31,4{31,4(31,4(31,4|31,4|31,4

08 (16|24 ,2/ 40| 48 /6,4 | 8,0 B,b/ 10,6 11,1111,4{11,4{11,4(11,4|11,4| 11,4 {114 | 11,4 (11,4 | 11,4

10 13 |26 3,9‘\% 7/(/(04 11,5112,1 (12,4 12,4|12,4|12,4({12,4|12,4|12,4|12,4 [ 12,4 | 12,4 (12,4 | 12,4
2,7 (5481108 \T*ZQ 142115,8|16,0|16,0(16,0|16,0|16,0{16,0({16,0(16,0|16,0| 16,0 | 16,0 | 16,0 | 16,0 | 16,0
0,8 1}/2,4 %‘2\\40 b ) 73|76 |76 |76|76|76|76|76|76|76|76|76|76]|706

15 13 [26739 | 56368 e f81 |82 |82 |82|82]82]82]82]82|82|82]|82]82]82

2,/ 64|81 108|129 9.1 [13.1]131 131 [13.1]13.1]131]134]131[13.1]131] 131131131 ]13,1] 131
ofs (16]24]32]40]4p|61|65]65|65]|65|65]65]65/65|65]65]|65[65]|65]65
20 1 ,6 39|52 5, 62| 646464 ]64]64]64|64]64]64]64]64]64]64]064]04

2,7 Q4 3/107 10,7|10,7 (10,7 | 10,7 (10,7|10,7|10,7|10,7|10,7{10,7( 10,7 | 10,7 | 10,7 | 10,7 | 10,7

A\/rage peak f}o\wor different attachment intervals.

ratio between steady airflow

For small ruminants, peak flow and milking time show greater differences between species, and even within
species between breeds, than is the case for dairy cattle. Furthermore, some goat breeds have similar milking
characteristics to dairy sheep breeds (high peak flow rate and short milking time) and vice versa.
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Thus, Equation (C.3) is applied for three different ratios based on 8 I/min steady airflow per unit and three milk
flows: 0,8 kg/min for species and breeds with low peak milk flows, 1,3 kg/min for species and breeds with
medium peak milk flows and 2,7 kg/min for species and breeds with high peak milk flows. This gives three air
to milk flow ratios: 10:1, 6,15:1 and 3:1.

Table D.5 gives the maximum milk flow per slope to ensure that stratified flow is the nogrfial cohdition during
milking for the three ratios, in relationship with transient airflow and slope of the milkling,

Table D.5 — Maximum milk flow and transient airflow per slope to ensure that stratified fjJow is
the normal flow condition during milking

Valusg inkilograms permjnute
Milkline Maximum milk flow for a transient?%\/
nominal . . . p .
internal 25 l/min 50 l/min 100 I/min %801/min 400 I/min
diameter Slope, % Slope, % Slope, % Iope, %7 \SZ)pe, %
mm 051 (15| 2 |05 1|15 2 (05| 1 (15| 2 |05 , 051 (15| 2
Airflow/milk flow ratio = 10:1 \
38 5179|114 |6 |8]|]10|3 | 5|6 |[8]2]|3 \ 6 | 1 2|2 3
48,5 10 (14 (18|21 | 9 |13 |17 (19| 7 11/\1Q 171 5 | 8 11,\\/1)4 3|5 ]| 8|10
60 17 25 |31 | 36 | 16 | 24 | 30 | 35 | 14 | 22 |\28 \BQ 11 [ 18 /{4 29| 7 [ 13]18 ] 22
73 29 | 42 15160 |28 |41 |50 |58 | 26|38 |48 N6 \2% 3‘V }l{l 52 | 16 | 27 | 36 | 44

Airflow/milk flow-ratio = 6,15:1\_ " /

38 6 o1 |n[a|l7]w0|1]A]s5| 212N [s5]6|1][2]3]3
48,5 12 [17 |22|26 |10 [16 |20 |24 | 8 [ 1312 T24|\s | 9 13|16 3 [ 5|8 |10
60 2131|3845 20|29 |37 | 48 [W#{26133 [39)[ 2|21 [27|33] 8 [14|20] 25
73 36 | 52|64 |74 | 34506272 s 25 (40 [ 52 [ 62|18 [ 31 [ 41| 51

38 712|158 5 A 123 |eTe 11|2]|3]s5][6][1]2]3]3s
48,5 16 |24 |31 |36 |13/ A |27 f o [16]22|27]6 [10]|15[19]3]|6 |8 |11
60 30 [ 44 [ 55 [ 64 | 27 Ka1 |51 Jopf 21 34 faa |53 |14 |25 [ 34 [42] 8 [15]22] 28
73 51 | 74 [ 92 [107] 4870 8¢ [f03| 41 |63 [ 81 | 95 [ 31 |52 |68 [ 82 20| 36 | 50 | 63

Tables D.6 to D.11 give 4
stratified flow is the nory

nits per slope for milking installations that ensures that

The calculations take
type of cluster.

The designed Ai [ ged/on a steady air admission of 8 I/min through air vents and constant
leaks, plus i i irfie ociatgd with cluster attachment, liner slips and cluster removal. To simplify
calculationg’ fg sters with automatic teatcup valves, only the case when all units are
working her may Pe £onsidered. This is the condition with the maximum milk flow, but only with steady air
coming/frof nd leaks. Extra air used by units not on duty is not taken into account. However,

The proposed guidelings for transient air are consistent with calculation of the effective reserve and are as

follows:

— for conventional clusters without an automatic shut-off valve: 400 I/min for intermittent airflow into a
dead-ended line or 200 I/min per slope for a looped milkline;
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— for conventional clusters with automatic shut-off valve: 200 I/min for intermittent airflow into a dead-ended
line or 100 I/min per slope for a looped milkline;

— for non-conventional clusters (with automatic teatcup valves): 50 I/min for intermittent airflow into a
dead-ended line or 25 I/min per slope for a looped milkline.

The recommended minimum diameter of the milkline can be derived from Tabl withhnJ able D.4.

Calculations are made for an attachment interval of 5 s and 10 s.

Table D.6 — Maximum number of units per slope for three pea
Conventional cluster without automatic shut-off va

Attachment interval of 5 s (10 s within parentheses) — Anirfals wi rt (< 120 s) milking times
N

Nominal Maximum number of \units for a slo
Milkline internal
type diameter 0,5 % 1% 1% 29%

mm

Peak flow per animal = 0,8 kg/min \ \

38 2(2) /\30) 5(65\/ 7 (a)
48,5 6 (2) 11Q) sy a (a)

looped 50 = _ \&)\ /a = @)
73 a(a /_./ a (a) /a a a (

38 101y o~ [ 2) 3

dead- 48,5 1@ L e ) 11 (2) a
(

(

ended 60 é\(a) / a (a)} / a (a) a

73 a (a) a(/{/ a (a) a
/ }‘\k flow per/m'rrrn//a/1 3 kg/min

%/ Nh  [—7e 3

looped }é§/ ;é (i)—_' 96) i

(& | [re—— =0

. N /2 a (a) a(a

38 ) 1(1) 2(2) 2

dead. 48, 22, 3(7) 7

€ d/d/ 60 \\ 7M a (a) a (a) a
73 \ 130) a (a) a (a) a

} Peak flow per animal = 2,7 kg/min

\ 8 /|/ 1) 1(1) 1(1) 2(2)
485" f  1(1) 4 (a) 7() a(a

[V
—_

[
~ |~ |~
[V
[
~

)

loop
60~ 6 (2) a (a) a (a) a (a)
/7 73 a(a) a(a) a(a) a(a)
38 1(1) 1(1) 1(1) 1(1)
dead- 48,5 1(1) 2(2) 3 (4) 4(2)
ended 60 3 (4) 7 (3) a (a) a (a)
73 7 (3) a (a) a(a) a(2)

~
NOTE The figures given in parentheses indicate the maximum number of units per slope at a mean
attachment interval of 10 s per slope.

a An unlimited number of milking units is possible.
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Table D.7 — Maximum number of units per slope for three peak milking flows —
Conventional cluster with automatic shut-off valve

Attachment interval of 5 s (10 s within parentheses) — Animals with short (< 120 s) milking times

Nominal Maximum number of units for a slope of
Milkline internal
type | dlameter | 450, 1% 1,5 % %
mm 4
Peak flow per animal = 0,8 kg/min \ \
38 3(3) 6 (%) 7(2) \Qk?\
oopeg |48 9 (3) a (2) a@__ a (3)
60 a (9) 2 (q) o] @
73 2 (3) 2 (3) 2@\ | /yer—
38 2(2) 3(3) 55 \ \/ /76
dead- | 485 6 (2) 11 (2) a (@) ( a@
ended | 6o a (q) 2 (q) a (q) \° )
73 a (q) a@ N] a0 Va )
Peak flow per animal = 1, g7hw{ /
38 2(2) 31 4 7(3)
looped 48,5 7 (a) / a (a) — a a (a)
60 a@ [ 2@ A~} 2 (q)
3 1))
38 1(1) 2(2) / /3 4 (@)
dead- | 485 A N e~ =0 a(a)
ended | 60 | /A |] =0 a (q) 2 (q)
3V /a0 )| a (q) 2 (q)
\\Qk}léyper animal =12,7 kg/min
38 (1) 1(1) 2(2) 3(4)
coped 5[ TN2ONUN, 40 7() 2 (a)
/A) \6}&{ \/ a (a) a (a) a (a)
/ / 73 A‘a)\ a (a) a (a) a (a)
\ 38 1) 1(1) 1(1) 2(2)
MR NTE A 4() 76) 2 (@)
epded | g0 16 2 (q) a (q) 2 (q)
/73 2 () 2 () 2 () 2 ()
NOTE Thé figures given in parentheses indicate the maximum number of units per slope at a mean
}@h%%t{rval of 10 s per slope.
\Zn @mited number of milking units is possible.

N
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Table D.8 — Maximum number of units per slope for three peak milking flows —
Non-conventional cluster with automatic teatcup valve

Attachment interval of 5 s (10 s within parentheses) — Animals with short (< 120 s) milking times

Nominal Maximum number of units for a slo }_/
Milkline internal
type | diameter 0,5 % 1% 1,5 % 29
mm )
Peak flow per animal = 0,8 kg/min \ \
38 6(3) 93 16 (3) a(®)
485 (@) 2 (3) 2@ [~a@m
looped —
60 2 (3) a@) I x—20) a (@

)
73 2 (3) 2 (3) \e@ /b

38 5(5) @ [\ /| e
dead- 485 16 (a) a (a) @ a(a)
ended 60 a (a) a (a) a (\a\ \ a (a)
73 a (a) /\(a) a (7)\\/ a ()

Peak flow per a}lm\\\l,g kg/min //
T T e BN V4R
looped 485 a/é)/ /a_(g)\ \/ °® °
60 /a a) //a'(&)\\ a(a) a

@)
@)
@)
73 ee—"1" 2@ ) a (2) a (2)
@)
@)
@)
@)

38 3( 5 / a () a
dead- 48,5 \\(a) /\_/a/("{ a(2) a
ended /66/ \a Oa) a (a) a (a) a
/}({ / a{-a)—7 a (a) a (a) a

\ /Béak flow per lanimal = 2,7 kg/min
s\ | L 20 5 3) 7@ @)
M a (a) a (a) a (a)
)
)

lgdpe _N
// ERERY = = e
73 \ \ a (a) a (a) a (a) a (a
8 J|] 1@ 3(9) 5 (2) 7()
ea 48,5/ 5 () a (a) a (a) a(a
endled 60 a (3) a (3) a (3) a (

/> 73 a (a) a (a) a (a) a(a

/;?'(E The figures given in parentheses indicate the maximum number of units per slope at a mean
a

chment interval of 10 s per slope.

2 An unlimited number of milking units is possible.
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Table D.9 — Maximum number of units per slope for three peak milking flows —
Conventional cluster without automatic shut-off valves

Attachment interval of 5 s (10 s within parentheses) — Animals with long (> 120 s) milking times

Nominal Maximum number of units for a slope of
Milkline | internal
type | diameter 0,5 % 1% 1,5 % 2%
mm /
Peak flow per animal = 0,8 kg/min \ \ Y
38 2(2) 3(3) 5 (5) \ Q)
ooped 48,5 6 (6) 10 (10) 13 (15) Ra)
60 13 (15) 22 (a) 2 (@) a (a)
73 2 (2 () RN O
38 1(1) 2(2) 2\ V /36
dead- 48,5 3 (3) 6 (6) 10 (10\ |/ 12(13)
ended 60 8 (8) 16 (a) 22(3) \ 31 (a)
73 20 (a) 3 (9N a (a) \> a (a)
Peak flow per animalgx‘]*:i\kg@in />v
38 1(1) _2(2) 3@/ /| 4@
ooped 48,5 3(3) /6 8\9) 10 (2)
60 8(9) /o13E, T N a (2)
73 e (L 2607 ) e )
38 1(1) R 9 R 2(2)
dead- | 485 20— 30 A/ 66 7(7)
ended 60 S5~ ) 10é A 130 19 ()
B | /e )| =@ a (2) a (2)
(Peak flcy:(!)emj kg/min
38 ~y/ /) 1(1) 1(1) 2(2)
ooped 48,5 2 S 3(3) 5(7) 7(2)
80| a6 N, 90) a (2) a (2)
/13 Nl Y e a (2) a (2)
[ 38 1) 1(1) 1(1) 1(1)
dead- | \485 101 ) 2(2) 2(2) 4 (4)
75’ NN 2o 5(7) 8 (2) 11 (q)
T 70 a (2) a (2) a (2)
/Kl E The Aliggres given in parentheses indicate the maximum number of units per slope at a mean
achment interval of 10 s per slope.
a\Q] uyﬂlm)'réd number of milking units is possible.
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Table D.10 — Maximum number of units per slope for three peak milking flows —
Conventional cluster with automatic shut-off valve

Attachment interval of 5 s (10 s within parentheses) — Animals with long (> 120 s) milking times

Nominal Maximum number of units for a slopeof
Milkline internal
type | diameter 0,5 % 1% 1,5 % 2% ™
mm
Peak flow per animal = 0,8 kg/min \ \ ) /
38 3(3) 6 (6) 7(7) \[N\_10(10 /
48,5 8 (8) 13 (15) 18 () \21@/
looped
60 17 (3) 310 (~rcO—19_ =0

73 2 (3) 2@ N \2e 7 f— o
38 2(2) 3(3) \ 5/ 7(7)
dead- 48,5 6 (6) 10 (10) 1 (‘1({ 17 (a)
ended 60 13 (15) 22 (a) a?xQ \ a(a)
73 RN N\ (2
Peak flow pera}u{ 1,3 kg/min //
38 22) 17 3G~ /506 6 (6)
ooped 2 6@l | 106 /13() 17 (2)
o i a1 e |

73 A\(a\/ a(a) ) ) a (a) a (a)
38 1(1 2 (;/ / 3(3) 4(4)
dead- | 485 4 3Q) —s17 8 (9) 10 ()
ended / 4 } (9» R @) a (a) a (a)
]6/ / a (a) a (a) a (a)
K\ /Pakﬂ“/_Tper—a{mlmal 2,7 kg/min
(1 2(2) 2 (2) 4(4)
ooned ’7"5’5\\ EE N 5 (2) 8 (?) 1@
NN 2 (@) 2 () # ()

X‘@\

SRR 2 (3) 2 (3) a (3)

38 || ] 1) 1(1) 1(1) 2(2)

an | 485 [/ 20 3(3) 5(7) 7 ()

ended g0~ /"  5(5) 9 (2) a (@) 2 ()
/> 73 15 (a) a(2) 2(2) 2 (2)

NOT! The figures given in parentheses indicate the maximum number of units per slope at a mean
hment interval of 10 s per slope.

< An unlimited number of milking units is possible.
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Table D.11 — Maximum number of units per slope for three peak milking flows —
Non-conventional cluster with automatic teatcup valve

Attachment interval of 5 s (10 s within parentheses) — Animals with long (> 120 s) milking times

Nominal Maximum number of units for a slope of
Milkline internal
type | diameter | 550, 1% 1,5% 2%
mm
Peak flow per animal = 0,8 kg/min \ \
38 6 (6) 8 (8) 11 (11) \Q(
ooped 48,5 12 (13) 17 (@) 22(3) 28
60 212 @) (e |2
3 @) @) B\ | 7y~
38 5 (5) 7(7) 10 (10N \|/ A2(13)
dead- | 485 11(11) 16 (2) 210 \|{ 240
ended 60 20 (3) a (a) a (a) \ a (a)
73 @) N\ @ Ve
Peak flow per animal = 1} kgﬁm@ /
38 4 (4) 50 Q) / 10 (a)
ooped 48,5 oy Y ﬁ?(a) Twa\) / a (a)
60 17 () / / a(a /.\\a @) a (a)
73 2@\ [N ) F@ 2 (3)
38 33) | 5) /1) 8 (9)
dead- 48,5 /(/7)\ 12 (a)*-/ f 15 () 26 (2)
ended 0 | /Ao ] = 2 (q) a (q)
73 / a (a) / ;a_(a)7 a (a) a ()
K\I@k f}éW 2,7 kg/min
8 | ~2@){ 44) 5 (7) 6 ()
ooped [T N8O 9 (@) 15 () ")
/60 N Ve 22 * (@)
[I] 73 (@) 2 (3) 2 (3) 2 (3)
| 38 1)) 3(3) 4 (4) 5(7)
o\ 485 A 7() 1) a (q)
ended w .///{(a) a (a) a (a) a (a)
/} 73 a () a() a () a()
< NOTE hg figures given in parentheses indicate the maximum number of units per slope at a mean
‘at@chm%{i/éval of 10 s per slope.
\Rﬁ x@mited number of milking units is possible.

N
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