
SOME ERGONOMIC ASPECTS OF
PARLOUR MILKING

INTRODUCTION

The possibilities for mechanization and
automation of work during the milking
process increase as an enterprise expands.
The farmer has to adapt the size of his
enterprise so that the new systems
function profitably. Questions arise re
garding the effects of the work and
environment on the milker, and the
acceptable comfort and safety in the
different systems when considering the
higher throughput rates and the greater
size of the herds being milked.

Ergonomics is the interdisciplinary
science which investigates the different
factors influencing the work assessment
of man. This paper considers the physical
and mental strains on the milker as well
as body posture in milking parlours with
high throughput rates.
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shows that a tenfold increase in perfor
mance has occurred during the change
from handwork to the rotary parlour.
This increase was coupled with a decrease
of less than 50% in the energy used per
minute. Milking is not a heavy job
physically, except for local arm muscles
used during handmilking, and its energy
value will not decrease in the future
below that needed for normal walking or
standing. (4,7,8).

The physical load is influenced by
performance, the intensity of the opera
tions, and the working height.

The optimum physical load has been
more or less reached in modern milking
and any improvement to the work
situation will influence mainly the work
posture, local muscle strains, and perfor
mance. Chores done before and after
milking, such as collecting the cows,
making the milking machine operational,
and cleaning the installation, parlour and
waiting-yard will put a greater physical
strain on the milker than the milking
itself.
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MENTAL ASSESSMENT

The following aspects of the mental
load can be considered.

The Digestion of Information

In the milking process this occurs at:
recognition of the cow in relation to her
concentrate feeding requirements, wash
ing udder for hygiene and health control,
attaching clusters at milk ejection, strip
ping and removal of clusters in relation to
the milk flow.

The Anticipation Stress

This aspect of the mental load is
connected to uncertainty factors in the
behaviour of the cow and possible
consequential disturbances. A milker
working under stress has quick reactions.

Frustrations

Frustrations occur when the system
gives results other than expected (e.g.,
when a cow does not enter parlour stall
or the installation fails).
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PHYSICAL LOAD

In general, mechanization tends to
decrease the physical load of the worker,
even though mechanization of the milk
ing process still leaves many hand
operations to the milker. The elimination
of hand milking and hand stripping, the
use of a milk pipeline that eliminates
carrying heavy buckets, the introduction
of milking parlours that eliminate walking
and squatting, the use of a milk tank, and
the automation of cluster removal and
the opening and closing of gates, have all
contributed to mechanization of milking
system and to the decrease in physical
load of the milker.

The decrease in the energy load
together with the performance increase at
different mechanization levels is given in
Figure 1. These graphs were composed by
the author from different investigations:
a continuous range within which the
observed data were found is given, rather
than the original observations, in order to
make the tendencies more obvious. It
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Energy consumption in relation to performance at different levels ofmechanization
in machine milking.
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Memory

The time needed for memory recall
and for decision making increases with
the complexity of the task.

An absolute value for the mental load
experienced under working conditions
cannot be given. However, the mental
work load of various tasks can be
compared qualitatively or ranked by
measuring errors or reaction times in a
subsidiary task. Using the subsidiary-task
method in a mock-up milking system, it
was found that milking in a parlour with
one unit to each stall was easier than
milking with a unit at two opposite stalls
where the unit is transferred from cow to
cow (9).

Doubling the number of milking units,
which decreases the useful effectiveness
of each unit, makes the activities at each
successive cow independent of the
milking process of opposite cows. This
separation of operations means that less
information directly related to the cow is
needed. As the milking unit is ready for
use in a one-unit per stall system, milking
operations can be organized in such a way
that washing and attaching units to small
groups of cows (four to six) can be
carried out in succession. By so doing,
information is needed once only for the
whole set of operations - when to start
the washing of the first cow of the batch.
Subjects found batch milking simpler to
carry out than the more conventional
milking system although this was not
significantly proven by measurements
with the subsidiary task (9).

Tomlinson (6) used a subsidiary task
to examine the course of the milker's
attention during the different operations.
More errors in the subsidiary task,
representing higher attention paid to the
milking process, were noted during
entering, feeding of concentrates, and the
recording of milk yields.

The removal of the unit from the
udder at the correct time is a qualitative
demand. The milker receives information
about the right moment to remove the
unit.

A milk flow indicator can be observed
from a distance and also more accurately
interpreted than a procedure based on
feeling the udder. The flow indicator is
probably more consistent than man, and
the author's time studies at successive
milkings in a herringbone parlour show
that its use saves time (Table 1). On this
particular farm most cows were normally
not stripped if the flow indicator was in
use. The flow indicator was not used
during the experiment, so the milker
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TABLE] AVERAGE TIME OF MILKING OPERATIONS AS INFLUENCED BY THE USE
OF A MILK FLOW INDICATOR

Milk flow indicator Tactile senses

Avg. Frequency Avg Frequency
time Range of operation time Range of operation

Operation (cmin/cow)1" (cmin/cow) (%) (cmin/cow) (cmin/cow) (%)

Inspection
during milking 1.8 0.4-4.1 10 6.9 4.4-11.7 50

Inspection
before removal

clusters 5.9 5.1-6.4 90 6.3 5.5-7.1 75

Stripping 5.9 4.6-7.8 10 12.8 10.7-14.4 25

Walking 10.5 9.2-11.2 120 13.2 10.8-14.0 150

* cmin = 0.01 min = 0.6 sec.

Mean idle milking time

n/occurrence

Relative frequency of idle milking

CBUDS

-100
•V.

1.0 0.2

/%OCCUPATION RATE OF MILKER

Figure 2. Idle milking time (t\) as a function of the occupation rate ($ of the milker in four
simulated milking systems. (CIUS =individual change of cows, rate of units to stalls =
1/1; CBUS =change cows in batches, rate of units to stalls =1/1; CBUDS =change
cows in batches, rate of units to stalls =1/2; MBUDS =milking cows in batches,rate
of units to stalls = 1/2.) *Asterisked numbers give succeeding numbers of milking
units in computer simulation.

needed more time for inspection, walking
to and from cows, and for stripping.
Stripping time increased through succes
sive milkings during the experiment.

A balance must be achieved between
the time needed for hand operations, the
number of milking units, and the machine
milking time so as to avoid idle milking
and to give the milker an optimum work
load.

Machine milking times vary due to
difference in the ease with which
individual cows are milked and difference
in milk yields. This variation means that
over-occupation and under-occupation of
the milker alternate.
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Four systems of parlour milking, with
standard times for operations and variable
machine milking times, were simulated in
a computer. A fixed milking routine was
used. The herd consisted of 100 cows.
The systems compared were: an open
double parlour (coded CIUS in Figure 2;
and chute type double parlour (CBUS),
both with one unit per stall; a herring
bone parlour with one unit per two stalls
(CBUDS), and a herringbone parlour with
the so-called batch milking (MBUDS).
Figure 2 shows the relation between
idle-milking time when it happens to
occur (left), the percentage of cows that
have some idle-milking time (middle), and
the average idle-milking time (t\) per
milked cow (right) in relation to the
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occupation rate of the milker (/3). When
an average occupation rate of about 80%
for the milker was maintained, 50% of
the cows had idle-milking times. The
batch-milking system has an advantage
over other systems in that the milker can
strip cows in groups, which means that
the cows wait less on the milker.

In conclusion, the milking system
should be planned to provide the milker
with about 15% waiting time. Bottlenecks
can be prevented during the greatest part
of the milking time, even when variable
machine times are in use. A herringbone
parlour with 2X6 stalls and 6-12 units
under batch milking satisfied that require
ment.

WORK POSTURE

During milking, operations are carried
out in a sitting or squatting posture, or in
a standing position if the cows are on a
higher level. The process of sitting,
squatting and rising involves burdensome
movements, which become difficult to
endure if they occur very frequently as
happens in high throughput milking.

Systems which entail squatting twice
per cow, once for washing and attaching
the unit, and once for stripping and
removing the cluster, are preferable to
those requiring three to four squattings
per cow. The quick-milking method in
cowsheds with three units (i.e., stimula
tion by concentrate feeding, attaching
clusters immediately after washing, and
use of a flow indicator) does not tax the
milker more heavily, even though perfor
mance is higher than the more usual one
to two-unit system (2).

Most milkers experience milking in a
standing position in a parlour as relatively
easy. However, questions do arise about
the optimum pit depth; the accessibility
of the udder; the location of handles,
buttons, pedals, and levers; visibility and
illumination. This paper is limited to
considerations arising in herringbone and
rotary-parlour systems.

The height of the stall platform above
the floor of the milker's pit is of great
importance for maintaining an upright
position during activities at the udder. It
depends on the height of the milker and
the height of the udder base above the
platform. Standardization of the maxi
mum and minimum pit depth in each
country will depend on variations in cow
size and the height of milkers.

The optimum working area for the
hands lies between elbow and shoulder
height, a distance of about 30 cm. The
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elbows of the milker should not come in
contact with the edge of the stall floor.
Therefore, the level of the stall floor must
be lower than the elbows.

Visibility of the udder becomes more
important as manual operations are
eliminated. The deeper the pit, the better
the visibility of the base of the udder.
Working from this reasoning, it has been
calculated that an optimum pit depth for
Dutch cows is L -0.80 to 0.90 m, where
L is the height of the milker in m. The
average Dutchman wearing shoes is 1.78
m tall. Therefore, the pit depth should be
between 0.88 and 0.98 m (35-39 inches).

The relative distribution of different
activities of the milkers according to the
posture can be summarized as follows: (a)
walking; (b) activities at the udder which
includes part of the washing, the
connection of the clusters and stripping;
(c) activities with the cluster, hanging up
and disconnecting from the hook; (d)
activities to the parlour, which include
servicing gates and manipulating feeding
handles; (e) waiting and (f) miscellaneous.

A distribution of these activities as a
percentage of time for four herringbone
and four rotary parlours is given in Figure
3. Though the distribution of milking
time over the considered activities varies
largely between the different farms, two
conclusions may be drawn from this
investigation:

1. Walking is noticeably less in a rotary
parlour than in a herringbone parlour.
From an ergonomical point of view
walking has few drawbacks as an
alternative to standing.

2. Activities at the udder and in the area
under it at the cluster occupy between
29-50% of the milker's time. This
demonstrates the importance of a well
designed stall and platform height.

miscellaneous

C Servicing
\levers and buttons
[ handLinn
\miLk clusters
(working at

udder and area under //

Walking

3 H 5 6 7 8 farms

Figure 3. Relative distribution of time for different activities during milking in herringbone and
rotary parlours.

Getting the clusters, servicing handles,
buttons and pedals takes more time in the
rotary parlour, therefore more attention
has to be paid to the correct positioning
of them.

The optimum working area is between
0.25 and 0.50 m (0.82 and 1.64 ft) in
front of the milker. With wavy-edged
sides and barrier rails specially moulded
to increase access to the cows, the milkers
can come about 0.03 m (0.10 ft) closer to
the cow without bending. This is not
however, a sufficient reason to construct
this more expensive platform, because the
maximum reach of the hands does not go
beyond the maximum reach distance.

The barrier rails should be positioned
directly over the edge of the platform so
that cows stand as near as possible to the
milker. One barrier rail 1.70-1.80 m
(5.58-5.90 ft) above the pit floor has two
ergonomical advantages: (a) free move
ment of the arms and access to the udder;
and (b) an unobstructued view of the cow
and cluster. A barrier rail of adjustable
height is desirable for adapting to the
variations in the height of milkers.

In practice, deviations from the
optimum measurements often occur. An
optimum ergonomical plan is given in
Figure 4 and 5. The pit depth is 0.90 m
(2.95 ft), designed for an average man
wearing shoes. One wavy-edged barrier
rail is located above eye-level to provide
good visibility, proper placement of cows,
and more room for the milkjar. Fifty
percent of the movements are in the
optimum area; the rest are within 0.10 m
below and 0.15 m (0.33 and 0.49 ft)
above this area. The buttons, levers, and
the hook for the cluster are not less than
1.10 m (3.60 ft) above the pit floor. The
control light is situated higher, and the
middle of the measuring jar is at eye level.
Pedals are eliminated in this standing
position because the flamingo-posture
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Figure 4. Optimum work area, pit depth, location of barrier rail, controls and display for a
milker with an average height (1.78 m, including shoes).
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Figure5. Economically designed control
herringbone parlour.

required to operate them is not a
desirable one for man.

panel for feeders and gates in a rotary and

nation levels are recommended. In con
sidering the necessary hygiene and the
low colour contrast, we recommend a
level of 250-500 lx for rough work when
details need not be observed: fluorescent
lamps with a direct illumination are
adequate. They must be placed such that
the udder and the area under the udder is
well illuminated. Two rows of lamps

ILLUMINATION

The level, kind, and position of the
illumination need to be considered. For
different kinds of work, different illumi-
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parallel to the length of the stalls above
the working pit and a row behind the
cows will suffice. Glare and direct sight
into the lamps must be avoided.

SUMMARY

Physical and mental workload as well
as body posture during milking in
different types of parlours were exa
mined. The energy consumption of the
milker has gradually decreased under the
influence of mechanization. Advanced
milking methods may require only a
light-to-moderate physical effort that has
reached an optimum level.

The mental workload will be decreased
by the organizational methods and special
aids that give the necessary information
more easily. Batch milking, flow indica
tors, and the occupation rates of the
milker ate discussed.

Work posture depends on the lay-out
of the milking parlour. Special attention
is drawn to the pit depth, placement of
barrier rail(s), controls, and displays.
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