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With much of this issue of IAGR E being devotea to thesubject of ergonomics,
it vvaj thought appropriate to invite Professor W. F. Floyd, a leading authority
in this branch of science, to moke this individual contribution.

Professor Floyd has been Headof the Department of Ergonomics and
Cybernetics at Loughborough University of Technology since I960. The
Deportment set up initially as a research Department to undertake research
studies in humanfactor problems, particularly in regard to industry. The
Department now offers two undergraduate courses leading to degrees in
Ergonomics and Human Biology, and threepostgraduate courses, two in
Ergonomics and one in Human Biology.

The Department undertakes a substantial amount of research work under
contract for industry andfor various government departments. It is currently
engaged in studies of the effectsof vibratoryand impulsive forces on man; in
dynamic anthropometry in relation to work space layout, posture and movement
in work situations; in ergonomics problems of operating agricultural machines;
in studies concerned with vision and lighting; in studies oj the work load
imposed by various tasks including piloting aircraftandparcelsorting. In
addition the Department is rapidly expanding its studies in thefieldof
consumer ergonomics including theergonomics of disablement, and is also
conducting studies related to the ergonomics of thefood industry.

Professor Floyd is a member of various committees concerned with human
factorproblems, including the Road Safety Research Committee of the
Ministry of Transport Road Research Laboratory, and the Agricultural
Research Council"s Standing Committee on Agricultural Engineering Research.
Professor Floyd is also chairman of the Advisory Committee on Ergonomics
and Anthropometry of the British Standards Institution.
Professor Floydis interested infarming, particularly livestock rearing. He
breeds pedigree Weish Black cattle and Welsh Mountain sheep andponies.

ERGONOMICS IN

AGRICULTURE

by PROFESSOR W. F. FLOYD

What is ergonomics?
Ergonomics can be described as the science of human
performance. It deals with the capabilities and limitations
of human endeavour at all kinds of work tasks carried out
in all manner of environments. In his studies of the
man/machine problem the ergonomist uses knowledge
about human behaviour derived from the human biological
sciences, and especially anatomy, physiology and
psychology, linked with engineering technology. This gives
an approach to machine design through conventional
engineering and technology aided by the application of
human biology. It takes account of the shape and size of
the body and of factors concerned with movement, posture,
hearing and seeing, with due regard to accuracy, speed and
safety of operation.

When applied to the study of human activities, ergonomics
leads to the increase of human efficiency at work and to the
improvement of well-being through better design of equipment
and more adequate control of environment. The ideal
machine designed through team work by engineer, designer
and ergonomist, can properly be described as "fit for human
use". It will be matched to operators so that they use their
abilities to the best advantage consistent with such
performance criteria as safety, fatigue, stress, speed and
accuracy.

Ergonomics has been successfully applied to many industrial
and military problems including, for example, the design of
control cabins for cranes and rolling mills and for the
detailed design of the many components used in the control
situation, such as the meters and other instruments which
display information, and the knobs, control levers and
keyboards by which the operator carries out his control
function. Ergonomics has also been applied to the design of
buildings for a multitudeof purposesand to the design of
furniture and equipment of all sorts used in schools, offices,
hospitals and factories, as well as in the home.
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Can ergonomics help agriculture?
There Is a large and important part for ergonomics to play in
agriculture through the improvement of conditions of work
and through the design of agricultural machinery. A modest
acquaintance with agricultural machines shows them to
have been ruggedly and solidly built, intended for heavy
duty and built to last a very long time. Machinery of
newer design has more recently shown a breakaway from
this older tradition, and recent advertisements in farming
journals wish us to believe that the new equipment is
designed with the needs of the farmer foremost in mind.
What are the facts about ergonomics in application to
agricultural machinery and equipment?

It might be thought that a major area of application could
be in regard to problems of heavy work, whether manual
or with machines, since heavy work has always seemed
inseparable from the agricultural task. It is true that much
manual work will continue for a long time, especially on
smaller farms, because of the considerable existing investment
in unsuitable buildings and equipment and because of the
high cost of replacement machinery. This is an interesting
and important area to develop but is neither the most
important area of application of ergonomics in agriculture,
nor is it the area of particular interest to agricultural
engineering.

There is a diminishing labour force in agriculture and a
continued need for increased productivity, which means
intensification of stocking and cropping. In order to make
farming pay, agricultural machinery must be economically
viable for the enterprises within which it is to be used.
This means that the human factor in the operation and
control of the machine must be used at the optimum in all
the various operations involved.

There has been growing recognition of the importance of
human factor problems in agricultural machinery desi^
during the past few years but insufficient work has yet been
done in applying ergonomics In the design of new machinery
and equipment. There is an increasing number of papers
reporting studies of particular areas which are a direct
carry over from industrial and military applications of
ergonomics, such as in tractor seating, control layout and



posture, but there has been very little attention paid to the
systems approach.

A lot of attention has been paid to ride comfort of
agricultural tractors, but planters, trailed behind tractors,
still are among the worst offenders in regard to posture and
vibration. In the cowshed radical improvements in design
have greatly reduced the physical load of the daily work
routine, but the flow-rate of information, like that of milk,
has increased enormously, with the result that the cowman
is almost certainly under substantial stress keeping pace
with the demands of modern milking equipment and the
milking parlour.

Agricultural machinery is noisy and exposure to noise
levels found that some of these machines lead to temporary
deafness. Such deafness can last for many hours and, if
exposure is continued long enough, the result may well be
permanent loss of hearing. The removal of this noise
hazard from the agricultural scene will almost certainly be
accompanied by improvements in performance since noise
is well known to interfere with efficient performance of
work tasks.

The designers of agricultural machinery have made little
attempt to supply the operator with adequate information
about the operating state of the machine. This again leads
to inefficiency of operation, and much more consideration
should be given by designers to the flow of information
across the interface between operator and machine.
Successful row-crop cultivation is dependent upon adequate
feedback of information from the work so that the operator
can carry out the control function. Often, the essential
parts of the machinery involved in the operation are not
visible to the operator, or only some part can be seen from
any one driving position. Inefficiency is bound to result
when this obtains.

The systems approach can only be used effectively when
consideration is being given to radical and extensive
re-design. The essential features of this approach are:

to assess and specify the needs of the system;
to allot functions to machines and to men, appropriate
to their abilities and limitations;
to design the machines to match at their interfaces with
their machines and the men in the system.

When the systems analysis and design has been correctly
carried out, the task of the man is not only matched
physically and perceptually to a machine, but the operating
range falls within the proper limits of reasonable demand,
avoiding the stress due to excessive demand and the
boredom due to the other extreme.

It is at this point in the design process that ergonomics has
the most important part to play, influencing the design of
controls and displays employed at the interface and the
quality or nature of the information flow across the
interface. For example, the level of accuracy called for by
the system must fall within the range that could be
achieved by the man using the type and quality of
information flow and the nature of display proposed for the
equipment.

There is very little sign as yet that agricultural engineers are
getting to close grips with these problems. It is not that the
agricultural engineering Is deficient in any engineering sense,
but there Is a failure to acknowledge the importance of the
ergonomic approach. When under pressure to cut his costs,
the agricultural engineer Is still willing to ignore the human
factor or to assume that the man can operate his machine if it
is good enough engineering-wise. The more fruitful approach
would be to retain the human factor study and to cut back
on some of the engineering, thereby ensuring that such
engineering as it is possible to provide within a limited
budget of research is none the less effective operator-wise. •

Materials Handling # Crop Drying # Control of Temperature and Humidity by Ventilation

and Heating # Synthetic Materials in Agricultural Building Construction # Automatic

Control # Computing and Strain Measurement • Materials Engineering # Ergonomics

Tillage # Tractor Performance • Variation in Machine Performance • Soil Mechanics

and Plant Growth ^ Land and Water Management 0 Research on Techniques or Products

Irrigation and Water Control Related to Soils
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INSTITUTION NOTES

The Institution and CEI

According to the Institution's President, Mr H. C.
George Henniker-Wright, the situation of agricultural
engineering in relation to the Council of Engineering
Institutions (CEI) gives rise to 'more rumour,
speculation, gossip, disquiet and general
misunderstanding than anything else in sight at the
present time'. So he has been saying during his spring
visits to some of our Branches and it is easy to
see why.

The problem is a complex one. Since 1965, the only
way of becoming registered as a Chartered Engineer
(C Eng) has been (and still is) to become a
corporate member of one of the chartered institutions
who are constituent members of CEI. There are only
fourteen such institutions and I Agr E is not one of
them. Even if it wanted to, it could not become a
constituent member because the Institution does not
yet have a charter of its own; this is still a primary
requirement.

The rules governing entry to Fellowship of our
Institution are already well up to the standard that CEI
will be requiring its constituent member institutions
to put into effect by 1974. But if our Fellows want
to register as Chartered Engineers they must at
present join one of the fourteen chartered institutions
which most nearly accords with their own career
background.

Let's be fair. There is a good deal of sympathy in
CEI circles for some of the very reputable
non-chartered institutions, including I Agr E, who
are placed in this awkward dilemma. And there is a
growing willingness to bring the problem into the
open and discuss possible solutions. It all takes time.
On the other hand, things are moving fast and in
a very exciting way with regard to the diploma-level
technician engineer. CEI can set out with a clean
slate to tackle the subject of a national qualification
and title for this important section of the engineering
community. It shows every intention of setting up
a composite register with the minimum delay, as
readers of our Newsdesk feature in recent issues of
the Jod/ma/will have discovered. The Institution
is closely linked with this development.

The importance of this to hundreds of agricultural
engineers qualified at the ND Agr E level of attainment
and ability cannot be too strongly stressed. It is all
described in the Presidential Message recently
circulated to all I Agr E members, and which appears
also on pages 10 and 11 of this issue.
The President, in his message, places great emphasis
on the desirability of I Agr E becoming affiliated to
CEI. He believes this would secure the status of
agricultural engineering as a recognised sector of
British twentieth century technology, under the
mandate of the CEI Royal Charter. This, plus the
facility for registering diploma-level agricultural
engineers via I Agr E through the medium of the CEI
Charter, could be an immense stride for the agricultural
engineering community and mean a greatly enhanced
reputation for the Institution.

Annual General Meeting

This is a more than usually important AGM. It is a
mile-stone event, at which members are to be asked
to pass a Special Resolution empowering the Council
to negotiate the Institution's affiliation to CEI.
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Mr. Keith Charles Ward, a former student of
West of Scotland Agricultural College, wins the 1969
Johnson Medal (see "Scottish Hal Trick"' overleaf).

Every member who can come to the AGM ought to
be there. It will be held in the Lecture Hall of
I Mech E, 1 Birdcage Walk, London SW1, on
Tuesday, 12 May 1970 at 10.00 hours.

Annual Conference and Dinner

As an added, if cunning, incentive to come to London
on 12 May, the Institution will hold its Annual
Conference on the same day, at the same place, and
immediately following, the AGM and Presidential
Address.

A highly workman-like programme on 'Cultivations'
has been put together by the convenor, Norman
Brown of Rothamsted Experimental Station. Full
details and ticket order forms were circulated to
members recently; more are available on request, and
details are also given on the inside back cover of
this Journal.

To round off the day in agreeable style, the Annual
Dinner of the Institution will be held at nearby
St Ermin's Hotel. The Guest Speaker will be Mr J. W.
Beith, Managing Director, Massey-Ferguson
(United Kingdom) Limited, and who should, if matters
follow their planned course, be President of the
Agricultural Engineers Association Limited by 12 May.
The Conference and Dinner are open to members
and non-members alike. As in show business, its the
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audience that counts. And taking all things together,
12 May looks like being a big day.

Scottish Hat Trick

The Johnson Medal is awarded to the most
successful student in the examinations for the
National Diploma in Agricultural Engineering. And
the competition gets keener, with the swelling
number of candidates from one year to the next.
In 1969, there was a record total of 91 entries, spread
over the centres in England and Scotland.
Congratulations, then, to Keith Ward who secured
distinctions in all subjects and earned himself the
Institution's Johnson Medal for a performance of
exceptionally outstanding merit. Mr Ward started out
with a couple of years of farming and then studied
at Kesteven Agricultural College. There he gained

the City and Guilds certificates which helped him get
a place on the ND Agr E course at West of Scotland
Agricultural College. He now works for the National
Agricultural Advisory Service. When he gets the
chance, he enjoys a spot of motor rallying and a
game of rugger.
It's a hat trick for Scotland. Congratulations to West
of Scotland Agricultural College on producing three
Johnson Medallists in three successive years.

Putting it Prettily
As promised, the Journal comes clad in new apparel
for the 1970's. The aim is to combine an undiluted
standard of technical excellence with a more
free-wheeling visual appeal. In short, the Journal—
doubtless like the lady on the front cover (and whose
identity, please note, the publishers will not disclose
to students of agricultural engineering)—aims to be
more than just a pretty face. •

FORTHCOMING EVENTS

LECO '70

4-7 May 1970
Royal Festival Hall, London

The London Engineering Congress organised by
The Council of Engineering Institutions
Enquiries to the Congress Office,
10 Chesterfield Street, London WX1 8DE

CEI GRAHAM CLARK LECTURE

6 May 1970 at 18.30
The Institution of Electrical Engineers,
Savoy Place, London WC2

16th Graham Clark Lecture entitled "This Engineering
Age" by Sir Henry Jones, KBE, Chairman of the
Gas Council
The lecture is included in the
LECO '70 Congress programme

IRRIGATION AND SLURRY DISPOSAL
DEMONSTRATION

7 May 1970
Norfolk School of Agriculture, Easton, Norfolk
A full scale farm demonstration
organised by the Norfolk Farm Machinery Club
Enquiries to J. B. Mott, Ml Agr E,
County Organiser, Norfolk Farm Machinery Club,
County Hall, Norwich NOR 49A

CULTIVATIONS

12 May 1970 at 11.00
Institution of Mechanical Engineers,
1 Birdcage Walk, London SW1
The Annual Conference of the Institution of
Agricultural Engineers. For full details and enquiry
procedure, turn to inside back cover.

ELMIA '70

4-9 June 1970
Jonkoping, Sweden
A main theme of this, the 10th ELMIA trade fair, will
be transport on and off the farm
Enquiries to Exhibition Consultants Ltd,
11 Manchester Square, London W1

ROYAL SHOW

7-10 July 1970
National Agricultural Centre, Kenilworth,
Warwicks

The largest agricultural machinery and livestock
exhibition in Europe
Enquiries to Royal Agricultural Society of England,
35 Belgrave Square, London SW1, or to
the National Agricultural Centre

18TH INTERNATIONAL COURSE ON
RURAL EXTENSION

1-25 July 1970
Wageningen, Netherlands

Organised by the International Agricultural Centre
under the patronage of FAO and OECD, the course
aims to pool ideas on extension methods and promote
international understanding of the problems
Enquiries to The Director, International Agricultural
Centre, P.O. Box 88, Wageningen, Netherlands

9TH INTERNATIONAL COURSE ON
LAND DRAINAGE

31 August-11 December 1970
Wageningen, Netherlands
Organised by the International Institute for Land
Reclamation and Development and the International
Agricultural Centre. The course is in English.
It is at post-graduate level and participants should
have a university degree in irrigation and drainage
agronomy, irrigation or drainage engineering
Enquiries to The Director, International Agricultural
Centre, P.O. Box 88, Wageningen, Netherlands •

INSTITUTION OF AGRICULTURAL ENGINEERS



NEWSDESK

1970—European Conservation Year

In the seven years since 1963, when HRH Prince
Philip inaugurated the first conference on The
Countryside in 1970', awareness of the conflicting
claims on the shrinking areas of rural land surrounding
our rapidly-growing towns has become widespread.
1970 is not only to provide the occasion, in
November, for the third British 'Countryside in 1970'
Conference, but has also been designated 'European
Conservation Year'.

The aims of the twenty or more countries working
together in European Conservation Year are two-fold—
to establish policies on and methods of conserving
and improving the quality of the environment in
which we live, work and find our recreation, and to
draw attention to conservation problems so that
the public will understand the need to deal with these
problems, and, it is hoped, be prepared to support
necessary measures.

Conservation in its modern sense does not mean
'preservation' of the countryside in a fossilized state of
development. Instead, its aim is to take a broad
view oif the nation's land area as a national asset,
so that conflicting claims can be evaluated and
resolved, despoliation avoided and adverse pressures
controlled. Planning authorities can then be
encouraged to develop constructive methods of
planning in which the quality of the environment as a
whole is considered, rather than merely the solution
of short-term problems.

Agricultural engineers are involved in conservation
in two ways. First of all, most agricultural engineers
live in the countryside and are likely to be among
those immediately affected by the pressures
European Conservation Year seeks to define and
develop means to control. Secondly, agricultural
engineers are concerned with the design and to some
extent the use, of machines and equipment used in
farming, which may have a direct effect in improving
or detracting from the quality of the environment.
Such quality includes visual amenity and the presence
or absence of noise and smell, while other factors
may include aspects of water and air pollution,
chemical application and waste disposal, as well as
positive measures for improving derelict and
other land.

The Institution of Agricultural Engineers has been
represented in the pre-conference committee work of
both the 1965 and 1970 'Countryside in 1970'
Conferences, in the Study Group on Technology
and the Countryside and the Professional and
Technical Services Liaison Committee respectively.
In the pre-conference discussions and at the 1965
Conference it was clear that the number of
non-agricultural interests and of those who use the
countryside simply for recreation, vastly outnumber
those whose living and work is in farming and
agricultural engineering. The imbalance is confirmed
by the statistics which now show that in England and
Wales only 2-9% of the population is actively
engaged in agriculture. For Great Britain as a whole
the figure is under 4%.

The hundreds of non-agricultural interests range from
the vast nationalized corporations concerned with
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gas, coal and electricity to associations of anglers,
cyclists, campers and dozens of others. In between
these and the agricultural population there are to
be found the land-linked professions, such as
surveyors, landscape architects, town-planners, civil
engineers and agricultural engineers. In the report
of the Liaison Committee mentioned, to be presented
at the Countryside in 1970 Conference in November
1970, the recommendations will emphasize the need
for these professions to work together in the interests
both of their clients and of the needs of conservation
as a whole.

During the next 30 years the projected increase in
the population in Britain is from 55 million to
70 million, while by the year 2000 it is anticipated that
there will be 28 million cars on British roads,
compared with 10 million today. The agricultural
population will be much smaller than now
proportionately and in absolute numbers, while the
area of rural countryside will be reduced. However
pressing the problems of conservation are today, it is
absolutely clear that they must become much
greater, accelerating in difficulty as time goes by.
Agricultural engineers will have new opportunities to
serve the farming community by helping to solve
problems of pollution, in catering for the intensified
systems of farming that the declining land area will
necessitate and no doubt in many other ways. They
will also have new opportunities as the engineering
body particularly dedicated to the needs of the
countryside, for working with professional men of
other disciplines in serving the wider aspects
of conservation.

Further information on European Conservation Year
can be obtained from: The ECY Secretariat,
19 Belgrave Square, London SW1.

British Engineers May Register in Europe

Engineers in Britain may soon be able to apply for
their names to be listed on a European Register of
'higher technical professions', following an agreement
with the Federation of European Engineering
Institutions. This would enable industrial companies
and other employing bodies in Europe to establish the
qualification of British engineers, and it could be
expected to improve the chances for international
exchange of such engineers.

The development is in line with the wishes of the
European Parliament—one of the Common Market
institutions—to see a free exchange of technical
and other skilled personnel between the EEC and other
countries, in support of projects involving joint
collaboration.

A European Register of practising engineers is to
be established, according to a recent edition of
Electrical Review. This will be divided into two main
professional groups and it is understood that
Federation representatives have agreed that the
qualifications laid down by the Council of Engineering
Institutions in the United Kingdom would enable
British chartered engineers to be accepted for
the higher grade on the Register.

Chartered engineers will have to apply for registration
via the British National Committee of the Federation
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and will be issued with a type of European
'engineer's passport'.

It is also hoped that in time British technician
engineers will be able to apply for registration on
another section of the Register. This would be in line
with CEI proposals (described in previous editions
of Newsdesk) for the establishment of a single British
registration authority for chartered engineers,
technician engineers and technicians.

Centre for Agricultural and Food Production
Structures

A new emphasis has been given to research and
teaching on buildings for agricultural production and
food processing by the establishment within the
University of Reading of a Centre for the Study of
Agricultural and Food Production Structures.

The Centre, which will implement a recommendation
made in 1964 by the Bosanquet Committee, will bring
together relevant work in several Departments of
the University, such as Agriculture, Estate
Management, and Building and Quantity Surveying.
It will seek to develop further research in collaboration
with a range of other Departments, including
particularly Agricultural Economics, Applied Physical
Sciences, Civil Engineering, Food Technology and
Horticulture. Existing teaching work, including the
MSc course in Agricultural Building and parts of BSc
courses in Agriculture, Horticulture and Estate
Management will continue in the various Departments
as previously. It is hoped that new courses will
be introduced as the Centre develops.

Research already in progress in the University
includes studies on environmental control for pigs
and poultry, economic aspects of farm building use,
design and layout of farm buildings, etc. It is
intended that the Centre will also initiate studies on
equipment and buildings for the processing of
agricultural products which forms the first link
outside the farm gate in the chain between primary
producer and retail purchaser. In developing this new
field as well as providing a focus for the University's
existing interests in agricultural building, livestock
production, crop storage and food technology, the
work of the Centre will complement other work
already in hand at the Farm Buildings Centre, the
National Institute of Agricultural Engineering and the
Colleges of Agriculture in the North and West
of Scotland.

The centre is established within the Faculty of Urban
and Regional Studies and located initially with the
Department of Agriculture. The acting Director is
Mr J. A. C. Gibb, who is Senior Lecturer in
Agricultural Engineering at the University of Reading,
Earley Gate, Reading RG6 2AT. He is also a leading
figure in The Institution of Agricultural Engineers, of
which he is currently a Vice-President, as well as
being Chairman of the Examination Board in
Agricultural Engineering.

New Qualifications for Talented and
Outstanding Agriculturalists

The Royal Agricultural Society of England, The Royal
Highland and Agricultural Society of Scotland and
The Royal Welsh Agricultural Society have instituted
jointly a distinctive senior award in agriculture. This
takes the form of an Associateship leading to
Fellowship of Royal Agricultural Societies, to be
distinguished shortly by the letters ARAgS and
FRAgS respectively.

The purpose of the award is the creation of a high
calibre qualification, linking practice with science, for
talented and outstanding agriculturalists (men or
women) who, though they may already have a
recognised qualification, wish to have a professional
seal set on their achievement. As well as enhancing
the prestige of the holders, the award must prove to be
of continuing value in the industry during the most
active part of their working lives. The scheme is
designed for those whose work comes within the
technological, managerial, business and commercial
and administrative fields of agriculture interpreted in
the widest sense to include the ancillary industries,
also for those in the advisory and educational services.
Associateship (ARAgS) will be awarded for a
treatise or dissertation on an approved subject, after
a suitable period of study, which reveals a depth
of knowledge and evidence of an understanding of
the broader field of agriculture. The procedure will be
for a candidate after leaving college or university
to engage himself on an approved project for a
minimum of one year in a particular field of
agriculture. Approval to commence a project will not
normally be given until the candidate has gained
two years' experience in the industry after having
left his teaching institution.

Fellowship may be conferred not less than ten years
after qualification for the first award, on evidence
of the attainment of a high level of both service to and
achievement within the agricultural industry. It is
reserved for those who are making a mark in the
profession and will not normally be awarded before a
person has reached 35 years of age.

A Fellowship body is being appointed initially of
eminent people in the agricultural field. The three
Royal Agricultural Societies concerned have instituted
a Council of Fellows to be responsible for the
selection of candidates for Associateship and
Fellowship and conferment of awards. Except insofar
as Fellowship may be conferred at the discretion of
the Council of Fellows during the initial ten year
period, progression to Fellowship will normally be
through Associateship. While the initial appointment
of Fellows is being made by the parent Societies, in
whom is vested ultimate authority, the Council oif
Fellows will have wide freedom of action in making
awards of Associateship and Fellowship.

The scheme was launched on 1 April 1970 and
copies of the Conditions of Award and of the Form of
Application for admission to the Associateship
scheme may be obtained from the Secretary, Council
of Fellows of Royal Agricultural Societies,
35 Belgrave Square, London SW1. •

AUTOMATION

IN

FARMING

This will be the main theme in the next issue of the
"Journal". There will be full coverage of the Conference
held in London on 25 February, 1970 under the joint auspices
of the Electricity Council and The Institution of Agricultural
Engineers. Watch out for this and all our regular features in:

I AGR E/SUMMER 1970/VOLUME 25/NUMBER 2.
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Two Farm Electrification handbooks

"hese new Electricity Council handbool<swill bring
you right up to date on the latest developments
in electric power on the farm.They are obtainable
ree from your Electricity Boarc.

hanoboo*.

.uscsoCa^ctnccoversthe

ofcontrols
andautomau ^ct.advantages to tn

FARM ELECTRIFICATION HANDBOOK

AUTOMATION
(INCLUDENC l^LECTRONICS)

This book deals with all forms
of clccirical controls—by timing,
sequence, and temperature, etc.
It alsogives detailsof electronic
controls in relation to dairy herds,
pigand poultrykeeping, poultry
rearingand the conservation of
crops. There is alsoa special
section on the increasing import
ance of warehousing in modern
fanning.

TheElectricity Council, England& Wales



A message from the President of the
Institution of Agricultural Engineers
to all members.

THE INSTITUTION AND CEI

by H. C. GEORGE HENNIKER-WRIGHT.
MEMASAE, F1 AGR E

Dear Member,

The Council of Engineering Institutions (CEI) announced
recently that it proposes the establishment of a composite
register to cover the main sections of the engineering
community— currently, chartered engineers, technician
engineers and engineering technicians. The Institution of
Agricultural Engineers has long been engaged in
consultations with CEI, I Mech E and SCNQT (the latter
being The Standing Conference concerned with helping to
establish national qualifications and titles for technician
engineers and engineering technicians).

The I Agr E Council has repeatedly pledged that the status
of the agricultural engineer at all levels, ranging from degree
to diploma standards of attainment and ability, must be
safe-guarded. We believe this can best be achieved by your
Institution becoming formally affiliated to CEI. A resolution
to this effect is to be laid before you at our Annual General
Meeting in London on 12 May 1970. F want you to be fully
informed as to what this is all about and why I hope you
will feel able to approve the resolution.

Your Council has for many years been convinced of the
need to be associated with CEI so that agricultural engineering
can acquire its proper status and play its full role in human
society. Many engineers already benefit from the privileged
status which stems from belonging to one of the current
constituent member institutions of CEI.

This naturally leads one to ask the question, 'Why then has
T Agr E not applied for constituent membership of CEI?
The blunt truth is that we cannot even begin to think of
applying for constituent membership until the Institution
is granted its own Royal Charter. This remains one of our
aspirations, but at the present stage of our development,
there is no prospect of a Charter being attained in time to
be of practical value to the situation that confronts us today.
In any case, your Council has grave doubts as to whether

constituent membership, even if it were readily attainable,
is the right answer for the agricultural engineering
community. In the first place it would mean that admission
to corporate membership, whether as Fellows or Members,
would thereafter be closed to all except degree-level
agricultural engineers. It would mean that future diploma-level
engineers—the ND Agr E holder and his like—would
henceforth not be able to gain admission other than as
Associates. This latter grade, being non-corporate, was never
designed as a career yardstick for the qualified and
experienced agricultural engineer. The Council cannot
believe that our young Graduate members of today who
have secured their ND Agr E or its equivalent and have
been pledged a protected carcer-linked avenue to I Agr E
corporate membership, would willingly see this avenue
destroyed. Constituent membership of CE! would also
require the Institution to withdraw the designatory initials
of 'AI Agr E' from all present and future Associates.
This in itself would reduce the attractiveness of that grade
to the hundreds of loyal and enthusiastic members who
currently pride their status as Associates of our Institution.
In all these circumstances, it is doubtful whether the
Institution could remain a viable entity al all, let alone be
in the position to apply independently for constituent
membership of CEI.

Despite these formidable deterrents, your Council decided
that it must leave no avenue unexplored by which agricultural
engineering could acquire CEI recognition. The possibility
of merging the Institution with an existing constituent
member of CEI was seriously studied. A Joint Working
Party was set up in 1968 with the Institution of Mechanical
Engineers, a body with which our Institution has long
enjoyed close ties of kinship. I Mech E was quite willing to
investigate this possibility, in the same way that it had done
with other non-chartered institutions. Here again however
I cannot conceal from you that we ran into difficulty. It
came to be acknowledged that elements of incompatibility
were inherent in the I Mech E/l Agr E situation, primarily
because of the complex inter-disciplinary structure of our
industry. It has to be clearly understood that there is not the
remotest possibility of a guaranteed grade-by-grade merger,
resulting in all corporate members of our Institution being
granted chartered engineer status. Only those members
holding acceptable qualifications would be so admitted.

The two Institutions therefore wisely decided to learn the
lesson of history and avoid a breakdown of negotiations.
I Mech E and I Agr E issued a joint public statement in
1968 saying that amalgamation was not envisaged but that
co-operation between them, directed at enhancing the
status of agricultural engineering would continue. At the
same time, I Mech E acknowledged the contribution of
I Agr E in the field of agricultural engineering and
mechanisation and gave undertakings of friendly support.
A good example of this is the joint 1 Mech E/I Agr E
Symposium on "Agricultural and Allied Industrial Tractors"
to be held in London in October 1970.

Against the background of everything I have so far
described to you, the Council came overwhelmingly to the
conclusion that some form of association with CEI, short
of actual constituent membership, was the correct objective.
To assist its attainment, the I Agr E membership structure
was reframed to allow the 'degree-level' and 'diploma-level'
streams to be more readily identified. One purpose of this
was to build the I Agr E end of a bridge and stimulate the
motivation for the other end to be built by CEI itself.

I am delighted to be able to tell you that the prospect of
building this bridge is likely to become a reality in the near
future, by means of our Institution becoming an Affiliate
Member of CEI. The Board of CEI has let it be known that

applications for such affiliate membership by suitable
institutions will be actively considered and T Agr E has been
specifically notified of this fact.

INSTITUTION OF AGRICULTURAL ENGINEERS



Although the full details of affiliate membership
have still to be worked out, it will certainly have the
advantage that the Institution would not be inhibited by
the formidable regulations governing constituentmembership.
Our own membership structure will be able to continue
on its present basis, both at corporate and non-corporate
levels. Affiliate membership on the other hand would not
forever close the door to eventual constituent membership
if, in changedcircumstances, the Institution decided to
pursue it.

There is already a broad accept^ce that our Membership
(MI Agr E) grade falls within the outline standards that are
confidently expected to form the basis for a new national
title for technician engineersunder the proposedcomposite
register. It has been established beyond all reasonable doubt
that our Institution will be the recognised body for sponsoring
diploma-level agricultural engineers via our Membership
grade for such registration.

Another level of national qualification and title is to be
established for engineering technicians. Broadly speaking,
this is likely to be centred around the level of attainment
and ability represented by an Ordinary National Certificate
or an intermediate City and Guilds qualification. Many of
our Associates fall into this category and it is virtually
certain that those Associates who can meet the
requirements, when theyare eventually established, will
be able to register.

There is also a broad acceptance of the fact that our
Fellowship (FI Agr E) grade falls within the outline
standards of degree-level ability that are pre-eminently
necessary for registering individualsas chartered engineers.
I wish I could sayto you that I AgrEaffiliate membership of
CEI would immediately enable our Fellows to register for
the title C Eng. CEI acknowledges this to be a problem
in certain non-chartered institutions, of which I Agr E is
one, and has agreed that this problem must be discussed
and, in due time, solved. In this respect, our negotiations
with I Mech E are being conducted upon an optimistic
note, and these will continue.Our affiliation to CEI would
undoubtedly add strength and weight in our joint
endeavours to find a solution.

Let me now summarise the position. I have tried to indicate
to you why I feel that the Institution, based as it is upon a
network of inter-acting engineering and science disciplines,
is not well-placed to take advantage of constituent

membership of CEI, eitheras an individual bodyor by
merging with an existing constituent member. To force the
Institution into such a mould would, in the opinion of your
Council, restrict and over-simplify the role of agricultural
engineering to the point where it might entirely lose its
separate identity.

Affiliate membership of CEI would, on the other hand,
conserve the Institution's separate identity and would
complete the bridge to CEI that I Agr E, in common with
several other reputable non-chartered institutions, has long
awaited. In my view, direct affiliation to CEI will stabilise
the role of agricultural engineering in our society.

I have spoken of this link with CEI as a bridge, across
which we shall hope to usher our suitably qualified
members to their rightful place in the sun. But I like to
think that this bridge will also carry a two-way traffic of
ideas, in a steady flow of friendship and co-operation from
core to perimeter of the engineering profession. The world
needs such bridges. I ask you now to help CEI and I Agr E
in this exciting undertaking by making a special effort to
attend our Annual General Meeting to be held at I Mech E,
London on 12 May 1970 at 1000 am and givingyour
support to the following resolution:—

That the Council of the Institution forthwith enter into
direct negotiatimis with the Council of Ekigineering
Institutions (CEI) with a view to affiliating the
Institution to CEI on such terms and conditions as shall
be mutually acceptable to the InstitutionCouncil and the
CEI B<^d of Management, to the end that such national
qualifications and titles as are or shallhereafter be
required and bestowed byauthority of the Charter of
CEI shall extend to include members of the Institution
who are suitably qualified.

We are inviting a senior representativeof CEI to be present
at the AGM when this is discussed, to answer questions
about affiliation with CEI and generally to help us gain a
clear picture of the situation. Also available are someNotes
prepared somewhile ago by Mr. J. H. W. Wilder, a Past
President of the Institution, which set out very clearly and
precisely the philosophy which has guided yourCouncil
over recentyears to the presentsituation. Copies of these
notes can be obtained on application to the Institution
Secretary, Jon Bennett, or to your local Branch Honorary
Secretary.

Do come to the AGM and give us your support.

Yours very truly.

President

March 1970

6-7 October, 1970

A Date for your Diary
THE INSTITUTION OF MECHANICAL ENGINEERS

(Autonnobile Division)
and

THE INSTITUTION OF AGRICULTURAL ENGINEERS
will hold a Joint Symposium on

AGRICULTURAL & ALLIED INDUSTRIAL TRACTORS

At 1 Mech E, 1 Birdcage Walk, London S.W.I.

APRIL 1970

c

Full details to be announced soon.
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PUBLICATIONS

The following books, papers and data have been
received or noted by the Institution.

CIGR Congress 1969

The Reports and General Subjects of the 7th Congress
of Commission Internationale du Genie Rural held
in Baden-Baden from 2-6 October'1969 have been
reported in eight volumes obtainable from the
publishers. Commission Internationale du Genie Rural,
19 Avenue du iVIaine, Paris 15e, France.

Each volume is printed in French, German and
English.

Fuels and Lubricants In Agriculture—by J. D.
Savage and P. B. Bostock, The British Petroleum
Company Ltd.

The paper deals with two principal topics, of which
the first is the rationalization of lubricants. The
authors claim that the use of different oils in different
parts of modern tractors and mechanical farm
equipment in general has complicated servicing and
maintenance procedures and has led to poor storage
conditions due to the problem of housing several
cans and drums of oil for a small range of equipment.
The confusion that arises from a multiplicityof grades
can lead to serious damage from the use of the
wrong oil. In Europe, this disadvantage has been
overcome by the use of multi-purpose oils suitable
for use in engines, transmissions and hydraulics of
tractors and in most other farm machinery. The paper
shows the extent to which oils of the 'universal'
type can be used in agricultural equipment and points
out the particular applications in which specialized
oils really must be used.

The correct handling and storage of tractor fuel is
the second topic. During the past few years the
authors have had the opportunity to study the effect of
proper fuel storage facilities in the operation of a
mixed and dispersed fleet of tractors in Scotland.
The primitive conditions that existed initially had
led to frequent breakdown, considerable loss of
working time and expensive repairs. By providing
simple, but technically sound, storage and handling
facilities, time lost due to dirty fuel has been
completely eliminated. The lessons learned from this
exercise are directly applicable to any agricultural area,
but apply particularly in developing countries where
the value of adequate fuel storage and handling
facilities is frequently under-estimated.

The Main Library of Today and its Brief
History—by the Cracow College of Agriculture,
Poland.

A 22-page booklet gives the history of the extensive
library facilities at The College of Agriculture in
Cracow (printed in English). Copies of Scientific
Papers (Numbers 4,10 and 15) have also been
received (printed in Polish).

Parliamentary Reports and Abstracts—by the
Industrial Advisory Bureau.
The Bureau announces details of its fortnightly
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Parliamentary Reports which are issued under the
following headings:

Housing and Building.
Agriculture and Food Production.
Economics and Industry.
Export Policy.
(The Report covering Transport and Shipping is
temporarily suspended).

The Reports are issued on the 1st and 15th of each
month while Parliament is in session. They are
intended for the busy executive who wishes to be
kept informed of the significant Questions and
Answers and relevant debates in the House of
Commons. Subscription rates: £4 4 0 per subject per
annum. Specimen copies: 2/-.
Available from IDB at 10 Upper Berkeley Street,
London W1.

Using a Fluorocarbon-Resin Film as a Coating
for Seed-Roll Boxes—Its Effects on Gin-Stand
Capacity, Seed-Roll Density and Rotational
Velocity—by the Agricultural Research Service,
US Department of Agriculture.

The objective of this research study was twofold:

1. To determine, by measuring the seed-roll's density
and tangential to velocity, if coating the seed-roll
box of a gin-stand with Teflon would produce
a measurable effect of gin-stand capacity and
operation, and on lint quality.

2. If the first experiment produced a significant effect,
to conduct a second experiment to obtain a
quantitative measure of the increase in gin-stand
capacity.

BOOK REVIEW

Workshop Theory by Vincent Austin
(iVIacmillan 25/-).
The above book sets out to cover Engineering
Workshop Theory and Metalwork for CSE '0' and 'A'
level GCE examinations. Although this is an extremely
competitive field and there are a large number of
books on this topic, this particular publication does
make a useful contribution and it provides an
interesting approach particularly in some of the line
diagrams indicating workshop processes. Those
dealing with forge work and sheet metal work are
particularly useful. On the other hand, some of the
illustrations showing items of equipment, e.g. the
blacksmith's forge, a pillar drill and the hand drill,
contribute little. Inevitably, due to the wide range of
subjects included in the book, treatment of some
subjects such as welding and metallurgy are
superficial. However, the inclusion of typical
examination questions, at the end of the book, should
prove extremely useful for examination candidates.

To sum up, it is doubtful whether the book could be
used exclusively by candidates for GCE and CSE
examinations but It should make a useful contribution
and provide a valuable source of reference with
respect to the subjects which It covers in detail.

J.C.T. •
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THE RECORD

Few tractor manufacturers anywhere
in the world can match the David Brown
record of pioneering achievement in
tractor manufacture and development.
Here are some of the more
significant examples:

★ World's first farm tractor with
hydraulic lift and converging 3-point
linkage—1937.

★ Two-speed power take-off—1948.

ic High-speed direct injection diesel
engine for farm tractors—1949.

ir Traction control (implement weight
transfer)—1953.

6-speed (1948) and 12-speed (1966)
gearboxes.

APRIL 1970

★ All-purpose tractor hydraulic
system with single lever control—
1959.

Dial-selection tractor hydraulic
system—1969.

When it comes to pace-setting, every
body watches David Brown, the
all-British company with the flair for
leadership.

DAVID BROWN
TRACTORS P. P. rm
(Sales) Limited, nra
Meliham, Huddersfield, England.

A SUBSIDIARY OF THE DAVID BROWN CORPOHATION LIMITED



thewhole
w^rld is
BOMFORD
territory

Superflow
Britain's No. 1 chisel

plough. Weight
transfer designed in,
utilises full engine
power. Exceptional
penetration. Built to
last. Attachments
include subsoil tines

and ridgers.

Turbotiller
Fast action rotary
harrow which 'kicks'
clods into fine tilth.
4-axle or 6 - axle
models.Workingwidth
8' 4". Penetration
up to 6". Ideal for
seedbed cultivation,

rake attachment

available.

Powerdozer
For levelling, trench
fillingetc. Bladecon-

t trolled hydraulically,
I tilts or angles either
I side.
' Tofit David Brown,

County, Fordson,
International,
Massey-Ferguson,
Nuffield, Roadless.

Stargrader
Blade angle adjust
able through 360^
Twenty settings -
altered from seat.

Offset, tilt and angle
easily altered.
Optional Grader
Wheel, Scarifier etc.

Sales success — fair
inlernationally
Send for full information

BOMFORD & EVERSHED LIMITED
EVESHAM • WORCESTERSHIRE • ENGLAND
Cables: 'Sapper' Salford Priors.
Tel: Bidford on Avon 3383

Reprint Service
It is possible to obtain copies of

lectures and articles appearing in the Institution Journal,

Yearbook or other publications.

Any private individual or organization may avail themselves of this service and
there is no limit to the quantity of reprints of any one article to any enquirer.
However, copies are supplied on the understanding that they will be used for
private study only, artd are not negotiable.

Reprinted matter supplied under this service remains strictly Institution
copyright and further copying, translation or processing of any kind is
forbidden.

Copies cannot be supplied from publications where the copyright is
vested other than in the Institution or where the material is unsuitable for
copying. The Council of the Institution reserves the right to decline a
request for copies, for whatever reason.

The Institution does not accept any responsibilityfor the quality of repro
duction or stability of the copy or any other matter arising from the use
of photography, cyclo-styling or other processes.

Printed or cyclo-styled copies, when available, will be charged at a flat rate
of 7s. Od. per copy, plus postage.

In the case of items not available by these means, photographic copies can be
supplied at a charge per page, calculated according to page size and the
degree of difficulty, if any, of photographic reproduction. Members and
Affiliated Organizationsof the Institutionare eligibleto be supplied with up to six
items per annum free of charge and post free. All enquiries concerning the
Reprint Service should be addressed to:

THE INSTITUTION OF AGRICULTURAL ENGINEERS

EDITORIAL UNIT, PENN PLACE,

RICKMANSWORTH, HERTS.

The best book on farm machinery
. . . and it has stood up to the
test of time. This brand new
8th edition of Culpin's Farm
Machinery is revised and en
larged and contains 792 pages
and 504 illustrations It is a

comprehensive reference book
that, once in your office, will be
consulted again and again by
you and your staff, seeking
information or the answer to an
agricultural machinery problem.
By special arrangement with
your Institution you can obtain a
copy at the reduced price of
59/6—a saving of 8/-.
Why not take advantage now of
this concession to members of
/ Agr f—just fill in the coupon
and post it right away.

SPECIAL OFFER

to members of / Agr E
SAVE 8/-

g To: / Agr E, Penn Place,
• Rickmansworth, Herts.

Please supply copies of special edition

Culpin's Farm Machinery at 59/6.

I I enclose cheque/P.O. £

NAME ,,,

ADDRESS

s. d.

INSTITUTION OF AGRICULTURAL ENGINEERS



NEWS FROM BRANCHES

East Anglian Branch

The Branch held its Annual Dinner at Ipswich on
20 February. A warm welcome was extended by the
Branch Chairman, Mr T. J. Rivers, who proposed
the toast of the Institution.

The response was made by the President of the
Institution, Mr H. C. G. Henniker-Wright. In his
speech, he described the progress that had been made
in negotiations directed at drawing the Institution
into a closer association with the Council of
Engineering Institutions. He applauded the efforts of
CEI to improve the status of the engineer in society
and said that, in his view, Britain would be better
placed to compete in the world if more engineers
of top quality were in positions of authority. CEI was
probably the only body which could bring this
about. At the same time, it was essential to define
the future role of agricultural engineers In the
situation created by the existence of CEI. The industry
would be well served by I Agr E, an integrated,
industry-based Institution, in which chartered
engineers, technician engineers and associated
non-engineers, could play their part.

CEI was now formulating its Rules for Affiliate
Membership by suitably qualified institutions. Every
member of the Institution would shortly be receiving
a Presidential Letter explaining what affiliation was
about, why it was believed that it could be the
answer for this Institution and stabilize agricultural
engineering in society for a long time to come. The
President hoped as many members as possible
would come to the AGM in London on 12 May 1970
because on that date a Special Resolution was
being put, to give Council a mandate to negotiate
directly with CEI so as to affiliate the Institution
to them.

It was a matter of building a bridge between
industry-based institutions and CEI and it was
something that a number of reputable industry-based
institutions, including I Agr E, had long awaited.
It should be a bridge carrying a two-way traffic of
ideas, of friendship and of co-operation from one end
of the engineering profession to the other.
The world needed such bridges.

The President said it had taken a long time and a lot
of patient negotiation to arrive at the point where
these matters could now be openly discussed. He
hoped members would see In this exciting situation
the possibility of agricultural engineering being
stabilized in society as an established and recognized
sector of twentieth-century technology.

West Midlands Branch

'We have moved into the same sphere as the combine
harvester where we need no more than a team of
tractor drivers to harvest and haul to the store', said
Mr W. J. Whitsed of Root Harvesters Ltd, at a meeting
of the West Midlands Branch held at Halesowen,
Worcestershire, on 2 February.

The heart of the machine was an electronic separator
which accepted potatoes and rejected stones and
clods. This was mounted in a Whitsed Super Duplex
Harvester which dealt with lifting, soil separation and
trash separation in the normal way.

APRIL 1970

•-r.r.---.:
.-M

'i/i

The Whilsed Electronic Potato Harvester in action.

The electronic separator had distinct advantage where
there was a large proportion of stone and clod in
the soil but, Mr Whitsed emphasized, any potential
customer for a potato harvester would gain great
benefit from careful consideration of all the factors
which relate to his own particular requirements by
making sure that the machine he bought would do
what was claimed for it and gave him something
approaching the results he was looking for on
his land.

A pendulum-controlled cradle carried the presentation
or delivery belt and the three prime units of the
electronic separator; an X-ray source, a transistorized
detector unit and a pneumatically operated nylon
finger bank. Discrimination between potatoes on
the one hand and stones and clods on the other was
achieved by dropping these materials through a
horizontal plane of sixteen X-ray beams. Interruption
of any one of these beams by stones or to a lesser
extent by clods would be sensed by one of the
sixteen 'eyes' of the detector unit. This in turn would
then trigger the pneumatic mechanism to open two
of the seventeen separating fingers situated
immediately below and permit stones and clods to be
returned to the ground at the front of the machine.

Commenting on some aspects of operation, Mr
Whitsed said that his Company had offered training
facilities to drivers because of the complexity of the
machine. Whereas the self-levelling feature of the
electronic separator was automatic, permitting work
on gradients up to 1 in 6 and sideling ground of
up to 1 in 9, the driver's task is to control the volume
and trajectory of material passing through the
separator in addition to the normal tasks of operating
the harvester. D



BSI NEWS

The following information has been made available by
the British Standards Institution.

Metric Rod Links for Root Crop Harvesters

The British Standards Institution has published
metric versions of two Standards specifying rod links
for use in root crop harvesting machinery. The rod
links interconnect so as to form an endless elevator
which runs on sprockets and is used to convey
the harvested crops within the machines.
The new Standards are BS 4026: Rod links for root
machinery: Part 3: Potato elevator diggers and main
elevators on complete potato harvesters, and Part 4:
Carrot and sugar beet harvesters. They cover the
same types of rod links as Parts 1 and 2, respectively,
which are in inch units and will co-exist for as
long as required.

Parts 3 and 4 have been prepared principally for the
benefit of designers who are now contemplating
the production of machines to metric dimensions.
A complementary aim of the comittee responsible for
this work was to standardize main dimensions and the
quality of material used for rod links. The adoption
of this Standard will afford some degree of
interchangeabllity and help to reduce the range of
rod links required to be held by dealers.
Copies of BS 4026: Parts 3 and 4 are available from
the BSI Sales Branch at 101/113 Pentonville Road,
London N1. Price of each part is 6s (7s including
postage to non-subscribers).

Changes in International Standards Organization

Changes in the internal structure of the International
Organization for Standardization (ISO) to provide
a more efficient framework for handling the increasing
load in international standards harmonization have
been announced in Geneva. The statement coincided
with a change in the Council which concerns the
UK member body, the British Standards Institution.

The ISO Council has recommended for ratification
by member bodies the formation of four technical
divisions for a trial period of two years. The
divisions proposed are:

Division 1 : Mechanical Engineering.
Division 2: Agriculture.
Division 3: Building and Building Materials.
Division 4: Transportation and Distribution.

It is anticipated that the composition of the divisions
will be fairly flexible so that the technical committees
coming within a particular division can be changed
as the situation may require. It is proposed that each
technical division shall have a Divisional Consultative
Council, consisting of international experts in various
fields, which would act as the advisory bodies to
the Council in planning, organization and co-ordination.

Accompanying these structural proposals are revised
directives for the technical work of ISO, designed
to assist the speed and scope of standardization.

After his second successive term as vice-president
of ISO, Mr Roy Binney, director-general of the British
Standards Institution, steps down in favour of
Dr Reza Shayegan, director-general of the Iranian
standards body. This does not affect Mr Binney's
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position on ISO's Council and its Executive Committee,
where policydecisions are taken. Mr Binney is the
longest-serving member of the Council and extremely
active in international affairs in this field: Dr
Shayegan, the new vice-president, was formerly
Dean of the Institute of Technology of Tehran and
has lectured in chemical engineering in the
United States.

Standards Course at Bath

A three-day Standards Course sponsored by BSI
and the Bath Universityof Technology Centre for
Adult Studies, was held in Bath from 18-20 March
1970. It was designed for Standards engineers or
those responsible for Standards work in their
companies or organizations, to bring them up to date
on standardization matters, to review the general
principles of their work, discuss their problems,
and exchange ideas.
The course consisted of lectures and discussions on
product variety control; quality control; the computer
as a tool for the Standards engineer; coding;
information retrieval; the role of BSI and international
standardization; the management of a standardization
policy, and standardization and costing.
Students were invited to contribute short case
studies on the change to metric.

British Standard for Agricultural-Type
Respirators Withdrawn

The British Standards Institution has announced
the withdrawal of BS 2617, the British Standard
which specifies respirators for agricultural workers
using toxic chemicals.

The reason for this withdrawal is that the Ministry of
Agriculture, Fisheries and Food considers that the
1969 revision of BS 2091 ; Respirators for protection
against harmful dust and gases fully meets the
requirements previously fulfilled by BS 2617. An
amendment to BS 2091 will make clear this increase
in its scope.

The Ministry of Agriculture, Fisheries and Food was
directly represented on the committee which
prepared BS 2091.

Copies of BS 2091 can be obtained from the BSI
Sales Branch at 101/113 Pentonville Road, London
N1. Price 12s each (14s including postage to
non-subscribers).

Portable Screw Conveyors

Guarding and safety requirements are given special
attention in BS 4409 Screw conveyors Part 2:1970,
Portable and mobile tubular type {Augers) for
agricultural and light industrial use, which is now
published. This part of the standard specifies
dimensions for portable and mobile screw conveyors
constructed of mild steel in sizes from 100 mm to
250 mm nominal diameter.

In the interests of safety the parts of the machinery
which require guarding are listed and the form of
guard specified. Stopping and starting devices are
included. An appendix provides a list of statutory
provisions affecting conveyors to be used In the
United Kingdom.
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BSI News—continued

Other factors dealt with are stability, intake and flow
control, prime movers, suspension and positioning.

Copies of BS 4409, Part 2, may be obtained from the
BSI Sales Branch at 101/113 Pentonville Road,
London N1. Price 8s (10s to non-subscribers
including postage).

BSI Forges Ahead With Modular
Machine Tool Units

The British Standards Institution is pushing ahead
as fast as possible with vital national and international
work on the standardization of unit construction
machine tools in metric dimensions—work which will
eventually lead to economies in design and
production of equipment used throughout
manufacturing industry.

Current work on unit construction machines will have
particular significance for the motor vehicle
manufacturing industry, one of the main users of
this type of equipment. In the not-too-distant future,
the industry will be assured of complete
interchangeability in respect of interface characteristics
between machine tool units manufactured in this
country and abroad.

At present, work being carried out under the auspices
of the International Organization for
Standardization is focused on the preparation of
recommendations for standard dimensions of units
heads used in drilling, reaming, milling and other
operations together with related slide units, wing
bases, and columns and a Working Group on
this subject consisting of 20 delegates from France,
Germany and Britain met for the second time at
the end of January at the BSI headquarters in
London.

At the meeting, it was decided to seek authority to
enlarge the scope of the Working Group's programme
to include multi-spindle heads and also to extend the
previouslyagreed range of slide units to include the
smaller nominal sizes of 125,160 and 200 mm.

This particular meeting principally concerned slide
units and agreement was reached on certain principal
dimensions, namely, the width over the bolting down
flange; the distance between the rows of holding-down
bolts together with the related thread diameters and
clearance holes; a system of pitching individual bolt
holes in each row; the lengths of the saddle expressed
as a ratio to the nominal width of the unit; and the
length of the slide base.

A specific range of saddle strokes was adopted
despite strong representations by the UK members of
the Working Group on behalf of British industry, who
wanted certain minimum strokes only to be defined.
The UK is at present considering its position on
this matter.

The Working Group was unable to agree on the
choice of a range of heights for slide units due to the
German Member Body maintaining its position with
regard to the use of the Renard series of preferred
numbers and also the practice of having a different
height for each given width of slide unit. The UK is
also considering its position on this matter.

If the UK finds it is unable to accept the position in
respect of the heights of slide units, the matter will be
referred to the main ISO machine tool committee
for its decision.

It is intended that the Recommendations of the ISO
Working Group will eventually be adopted as the
basis for national standards by the member bodies
including BSI.

APRIL 1970

Tests for Diesel Engine Fuel Filters

The British Standards Institution has published the
first part of a new British Standard which specifies
tests for the performance of fuel filters for
compression-ignition (diesel) engines—BS 4552:
Fuel filters for compression-ignition engines: Part 1;
Determination of pressure differential/flow
characteristics and initial particle retention.

The Standard applies to engines which use diesel fuel
(gas-oil) complying with BS 2869 classes A1 and A2
but, if agreed between manufacturer and purchaser,
it may be applied to filters used with other fuels.

The first test specified in Part 1 is for measurement
of the pressure differential across the filter at the filter
manufacturer's rated flow, or at a rate of flow agreed
between the purchaser and the manufacturer. The
purpose of the second test is to measure the percentage
retention of a specified test dust through a filter
under a set of controlled conditions. This test is used
to determine the characteristics of the filter element
both under normal conditions and when contaminated
with water.

Parts 2 and 3 of this Standard, which are in course
of preparation, will deal respectively with
'Determination of life and variation in particle
retention' and 'Tests for water separation'.

Copies of BS 4552: Part 1 may be obtained from the
BSI Sales Branch, 101/113 Pentonville Road,
London N1. Price 10s (12s to non-subscribers
including postage).

Testing of Engines Used in Agriculture
and Forestry

Engines used in agricultural and horticultural work
have to be capable of operating under a variety of
adverse conditions. A standard testing schedule is
given in the new BS 4539: Methods of testing small
spark ignition engines for agricultural use, which is
now published. This is one of a series of British
Standards on the performance of internal combustion
engines.

The new standard provides methods for testing
engines used in agriculture, horticulture and forestry,
but excludes engines which are not functionally
self-sufficient. Opening clauses deal with selection
and preparation for testing, running-in procedure and
maintenance, accuracy of measuring equipnient, the
test fuel, standard operating reference conditions, and
numerous power output tests. The clause on starting
tests specifies a start under hot, cold and damp
conditions. A three stage endurance test is specified
which includes a test with the engine tilted, and a test
in moderate density dust conditions to establish the
effectiveness of the air cleaner and the resistance of
the engine as a whole to ingress of dust.

Optional tests for high density dust conditions, high
and low temperature conditions and subsidiary power
take-off are given.

The clause describing the submission of test results
refers to a complete specimen report laid out in an
appendix. It requires that curves of torque, power
output, fuel consumption and specific fuel consumption
be represented for the different engine speeds.
Another appendix shows typical test curves for the
endurance test.

Copies of BS 4539 may be obtained from the BSI
Sales Branch at 101/113 Pentonville Road,
London N1. Price 14s (17s including postage to
non-subscribers). •
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Ergonomics in agriculture

THE ASSESSMENT OF

WORK LOAD IN

AGRICULTURAL TASKS
by R. W. TOMLINSON, BSc, MSc, PhD*

Presented at the Autumn National Meeting of the Institution
at Loughborough University of Technology on 4 September 1969

1. Introduction

An idea of the importance of physical work load assessment
can be gauged from work done by Lehmann.^ He found
that workers took camouflaged rest pauses, i.e. pauses with
light accessory work so that they appeared occupied.
Output rose when more frequent rest pauses were introduced,
since the camouflaged rest pauses and accessory work were
reduced. In the physiological sense also the camouflaged
rest pauses were less efficient because they allowed much
less physiological recovery than a true rest pause.

Christensen® proposes the classification of physical work
levels given in Table 1.

TABLE 1

Scaling of physical work

Heart rateK cal/min

12-5 Unduly heavy 175
100 Very heavy 150
7-5 Heavy 125
50 Moderately heavy 100
2-5 Light 75

Very light

The heart rate criteria may be very misleading since wide
variations exist between subjects and also with degree of
fltness. Passmore and Durnin' consider that these levels are
only appropriate for work of a few minutes duration;
longer schedules are a different matter. Lehmann^ considers
that 5 K cal/min (including a basal metabolic rate of about
1 K cal/min) is the maximum consistent level that a worker
should be expected to expend, i.e. more rest pauses should
be included if the average level exceeds this value. For
severe physical work, frequent, short rest pauses are better
for physiological recovery than infrequent, but longer, rest
pauses. At the individual level, Christensen® considers that a
task should not require more than half the maximum
energy expenditure of which a worker is capable.
Presumably he refers to the maximum consistent energy
expenditure since short term values can be very high. These
maximum levels can be predicted without the need for
maximum exertion.^
As pointed out by Christensen,®severe physical stress may
be encountered at much lower levels of physical effort than
those cited above if:

(i) It is predominantly static in nature;
(ii) The environmental temperature is high;

(iii) The posture is awkward and unnatural;
(iv) The muscular groups involved are relatively weak.

The economic effects of mental stress may be even more
serious than those of physical stress. It is estimated that one
third of sick leave in many countries is due to mental
conflicts,® many of which may be due to some element of
job dissatisfaction. Apart from sick leave, similar
considerations are believed to be significant causes of high
labour turnover.® An excessive level of mental work load
may also be a contributory factor of accidents and loss of
production through inefficient use of time as well as
wastage in material.

♦Tractor and Ergonomics Dept., National Institute of
Agricultural Engineering.
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2. Review of Methodology

2.1 Physical Work Load

2.1.1 Respirometry

The conversion of carbohydrate, fat and protein into
energy is an oxidation process so that from oxygen
consumption (i.e. differences between inspired and expired
air samples) the caloric equivalent can be calculated.^*®
Although this equivalent is dependent upon the proportions
of carbohydrate, fat and protein oxidized,an average value
has been shown to give accurate results. About 20% of the
caloric equivalent appears as mechanicalenergy, the larger
part being dissipated as heat. From this information,
physiologists have deducedequations from whichenergy
expenditure can be calculated from the oxygen consumed
and the volume of air expired.

Generally, therefore, the most accurate assessment of
physical effort is the measurement of oxygen consumption
and this is afforded by a respirometer such as the
Kofranyi-Michaelis respirometer." This consists of a face
mask from which the expired air is fed to a flow meter
carried on the back of the subject. Limits on its accuracy
exist for high rates of expiration (50 litres/min), in the case
of static work, and also since energy may be supplied by the
formation of lactic acid.® Its main disadvantagesare its
size, which can prohibit easy movement and also contribute
significantly to the level of work load, and the resistance to
breathing, whichsome subjects find unpleasant.
A further disadvantage of respirometry is that, for accurate
analysis of the expired air, a sample must be collected over
several minutes. Experience of work study practitioners,
however, has shown that work methods, operation times,
weights of materials employedand other factors may vary so
that the sampling period subsumes a number of task
variations. In certain cases these may be of primary
interest, and the only alternative to a simulated task with a
prohibitively extensive experimental design is to accompany
the respirometric measurements with some method of task
description. Zenz and Berg»® have described modifications
to the respirometer that would accomplish this. A small
oxygen sensor is inserted into the stream of expired air.
This permits instant read-out of oxygen content and,
coupled with a telemetry system (e.g. Krobath and Reid"),
would allow observation of this without interference with the
operator. The volume of expired air recorded on the
mechanical counter is photographed by a portable camera
fixed to the respirometer. The obvious disadvantage is the
increased size of the apparatus. Aberg et al" have
developed a model for the prediction of energyexpenditure
from basal metabolism and physical measurements,
e.g. movement type and extent, posture, and the forces
involved. Surprisingly high accuracy was obtained with
some tasks but accuracy deteriorated for other tasks.

Despite its limitations, respirometry is the standard
technique of physical work load assessment in that other
methods of measurement depend upon it as a reference with
which to convert values into meaningful units of energy
expenditure.

2.1.2 Heart rate

Sincethe body fuels are carried to the muscles by the
bloodstream, an increase in energy expenditure is
accompanied by an increase in heart rate. The stroke
volume of the heart may also increase, but this effect is
secondary" so that a clear relationship between heart rate
and energyexpenditureusuallyexists,®'although Booyens
and Hervey'^ concluded that for very light work the
variability of heart rate is too great for it to be a satisfactory
measure of energy expenditure. The relationship between
heart rate and energy expenditure is disturbed if the
environmental temperature is high, if humidity is high or if
excessive clothing is worn. Although the effect of heat load
on heart rate is well established, studies of its influence on
energy expenditure have produced contradictory results.
Le Blanc*® found no effect of environmental temperature
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on energy expenditure having studied temperatures
appropriate to temperate, arctic and sub-arctic regions.
Passmore and Durnin® reviewed the work of several authors
and came to the same conclusion. However, although the
total range covered by these authors was —16°C-49°C, each
study considered only small ranges of 20°C or less so that
it is difficult to draw an absolute conclusion. Later, Durnin
and Haisman" studied hot (39°C-44°C) and temperate
(22°C) conditions and found a 10% increase in energy
expenditure for hot conditions with little difference between
hot conditions with low or high relative humidity. Despite
this, it is known that in hot environments the heart rate
calibration procedure considerably over estimates actual
energy expenditure. Edholm et consider that once the
worker is acclimatized to the heat, then heart rate may be
used to estimate energy expenditure if corrections are made
for the rise in body temperature. Conversely, heart rate is
the most useful measure for the assessment of heat stress,
particularly if radiant in nature.^'"

The relationship between heart rate and energy expenditure
also breaks down for very high work levels," heart rate
levelling off at a rate of oxygen uptake dependent upon the
subject's fitness. With training, the stroke volume of the
heart increases and given blood flow can be attained with
less increase in pulse rate. Unsatisfactory working postures
and static work also lead to disproportionate increases in
heart rate relative to oxygen consumption®"'®* and, likewise
to heat stress, heart rate is a better metric in these cases.
A high pulse rate associated with relatively low oxygen
consumption is especially indicative of muscle fatigue,
particularly due to static work.*

Finally, emotional stress will also interfere with the use of
heart rate as a measure of oxygen consumption.

2.1.3 Ventilation rate andfrequency

Many physiologists have found the gas analyses associated
with oxygen consumption measurements to be
disadvantageous because of the time taken. Since this
reduces the number of measurements that can be taken,
experimental error is likely to increase. A number of
workers have therefore dispensed with gas analyses and
measured ventilation rate (volume/min). Ford and
Hellerstein®® used ventilation rate on groups of subjects
whose ages ranged from 18 to 66 years. Regression or
calibration lines were calculated for the groups and not for
individuals so that a relatively high percentage error was
obtained. Sartorelli®' and Dumin and Edwards®* used
individual regression lines and obtained higher accuracy, the
accuracy depending upon the number of observations made
during the calibration procedure.

Errors arise in the use of ventilation rate for predicting
energy expenditure if the work is very light or very heavy.
For light work, as with heart rate, measurements are much
less stable while for heavy work the ventilation rate tends
to level off although oxygen consumption continues to
increase. Dumin and Edwards®* suggest that rates between
15 and 45 litres/min are satisfactory. The regression line
does not pass through the origin®®-®* and, if it is so drawn,
error will arise. A further differential error between studies
arises when the dead space volumes of the face mask and
ancillary apparatus vary.®® The disadvantage of the face
mask both in terms of error and discomfort to the operator
can be eliminated if ventilation frequency is measured using
a bead thermistor attached to a spectacle frame.®® Ventilation
frequency, however, is likely to be less accurate since
variations in the volume of inspired air per cycle are
excluded.®®

A more satisfactory alternative to the face mask technique
is the use of strain gauge measures on the chest wall.®'
Variations in the size of the chest wall are sufficiently large
for accurate measurements to be obtained, the peak-to-peak
amplitude of the signals being a measure of the depth of
respiration which is related to the volume of air breathed.
The validation of this technique might be extremely useful.

Suggs and Splinter®' found that ventilation rate responded
to thermal radiation in much the same way as heart rate.
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Investigations of heart rate or ventilation rate for the
estimation of energy expenditure have usually considered
only one or the other and it is difficult to compare the
techniques without introducing the bias of personal
preference. However, Sharkey et al^° have made a statistical
comparison. The results were not clear cut in that the
percentage errors in the estimates for the heart rate method
were not statistically significant from chance, while those
for ventilation were, although smaller percentage errors were
evident for the latter technique. This statistical anomaly
arose because there were much larger individual variations
in the heart rate method and, on this basis, Sharkey et al^"
conclude that ventilation rates were the more accurate
predictors. A limitation of this study is that only the
laboratory tasks of cycling, static contraction and
hand-cranking were considered. Comparative studies
including field work are desirable.

2.1.4 Calibration procedures for indirect calorimetry

Screening of subjects should be carried out to exclude
coronary cases and victims of pathological disease that
could prejudice their safety.

Subjects should be in the post-absorptive state and the
influence of stimulating beverages, cigarettes, recent exercise,
and sleep should be controlled where possible. These
considerations apply equally to field measurements. The
author has found no reference to the influence of clothing
on the accuracy of calibration. Excessiveclothing when
field measurements are carried out would presumably have
the same effect on accuracy as excessive heat stress.
Calibration is necessary for each individual although
Andrews®® believes that for large samples of workers an
overall regression equation is sufficientlyaccurate. Three
calibration tests have been commonly used, namely, the
bicycle ergometer, repetitive steppingand treadmill walking.
Differences in fitness between muscle groups may interfere
with the accuracy of calibration®" and since most practical
tasks involve a significant, if not predominant, amount of
movement of the upper limbs then such movements should
be included in the calibrating activities. A bicycle ergometer
with facilities for simultaneous hand and foot cranking
appears, therefore, to be the most useful test.

The work of Booyens and Hervey" and Durnin and
Edwards®* indicates that measures of heart rate and
ventilation rate for lying, sitting and standing are too
variable for them to be satisfactory as calibration tasks.

Five or six levels of work load are usually determined by
preliminaryexperimentation. A steady resting level for the
measure in question must first be achieved. A subject then
carries out the work task, a rest period being interspersed
between each condition so that the original resting level is
recaptured. After the onset of the work cyclethere is a
period of adaptation before a steady state response is
achieved. For heart rate, investigators appear to differ on
the adaptation time. According to Davies,®* for moderate
to heavy exercise, the abrupt rise in cardiac frequency is
followed by a slower secondary rise to the steadystate level.
Similarly, the steady state for oxygen consumption requires
roughly the same adaptation." Billings et aP^ considered
that heart rate adapted to the work level within one
minute even for heavy work. In studies of heart rate
calibration. Alien®' has used adaptation times of three to
four minutes, Booyens and Hervey" five minutes, and
Malhotra et al^^ eight to nine minutes. A value of three
minutes appears reasonable.

After the steadystate has been reached, measurement of the
oxygen consumption and the ventilation rate or heart rate
should be carried out while the subject is in the steady
state, sinceBurger®* notes that within fifteen seconds after
the cessation of work, heart rate drops by 7-10 beats
per minute.

2.1.5 Other physiological measures

Christensen® considers body temperature to be a reliable
indication of the heaviness of work, adaptation normally
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occurring after about one hour's workat a level dependent
upon the work load. At high environmental temperatures,
bodytemperature increases disproportionately to oxygen
consumption, and, like heart rate, becomes a specific
indication of heat stress. Aural and oral temperatures
respond more quicklythan rectal temperature to changes in
deep body temperature.®® Fluid loss, exclusive of urine,
is likewise a good indication of thermalstress. Onlya
limited amount of heat can be producedby the body
without the appearance of visible perspiration;heat
production above this increases deep body temperature
and sweating."

Cold environments are a special problem with blood
pressure the most suitable physiological measure. Heart rate
shows little change for cold versus temperate environments
whereas blood pressurewill increase with falling
temperature.®*

An interesting concept has beenproposed by Burger.®* He
argues that the physiological measures used in the past are
dependent upon certain functional demands but not all.
Thus, for example, oxygen consumption is not a reliable
indicant of physical stress where thermal stress is a
significant element. In many tasks such difficulties may not
arise, but, wherethey do. Burger suggests the integrated
measure of circulatory load. This is the product of heart
rate, blood pressure and stroke volume changes expressed
as ratios. The underlying logic is that changes in
environment or nature of work will produce concomitant
changes in one or more of the three elements of the
integrated function, e.g. stroke volume increases for dynamic
muscularwork up to a certain level, when a steady state is
reached, although heart rate continues to rise. Cold
exposure will influence blood pressure but not heart rate
or stroke volume. The concept of circulatory load is a
recent one and requires validation; there may be a danger
that measurements over a variety of conditions are not
comparable without weighting factors, i.e. what change in
blood pressure is indicative of equivalent strain to a 50%
increase in heart rate. Subjective assessments may be the
only means of deducing weighting factors. Another
limitation is that only heart rate can be easily measured in
field situations. Stroke volumeis particularlydifficult and
it seems necessary to use pulse pressure as an index of
stroke volume so that in fact only two elements are involved
in the circulatory load metric. In field situations,
measurement of blood pressure at present requires short
rest pauses of about 15 seconds during which time blood
pressure will drop slightly.

2.2 Mental Work Load

The assessment of mental work load presents a great
challenge to the psychologist and psychophysiologist and,
despitea plethora of techniques, few are of general
applicability and those that are have question marks
regarding their validity.

The following categoriesmay be distinguished:
(i) Physiological responses;

(ii) Secondary task measures;
(iii) Measures associated with basic task performance.

2.2.1 Physiological responses

Michon®' briefly reviews some physiological studies.
Elwtro-encephalograms (brainwaves) have not produced
satisfactory results. Electrical skin resistance is a difficult
measure to control but Lehmann'® has reported a successful
study of emotional stress of vibration experienced on
various tractor seats. Its use as a measureof mental stress,
however, has not been validated. A promising method is
the study of muscle potentials, for example of the neck
muscles, since perceptual processing is believed to be
associated with an increase in nervous tension with
consequent increase in muscletone. Validating studies are
still awaited for this technique. However, the increasein
muscle tone cannot be a general bodily effect since this
would increase static work and likewise heart rate. In
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contrast, mental load has virtually no effect on overall heart
rate.®* Effects on energy expenditure have been reviewed
by Passmore and Durnin® but consistent trends were not
apparent and overall the effect was not significant.
Perceptual load has producedchanges in blood pressure®*
but, as mentioned earlier, blood pressure as yet cannot be
measured while the subject is working unless the task
allows the subject to be stationary. Pupillary dilation
accompanies mental stress and Kahneman et believe
this techniqueto be a sensitive indicator. Its applicability,
however, is somewhat restricted, although fibre optics
connectinga spectaclelens and a camera on the subjects'
back have been used.'*

For a restingsubject the beat-to-beat intervalsof the pulse
rate are relatively irregular, a phenomenon known as sinus
arrhythmia. If additional information processing
requirements are placed on the nervous system, the
irregularity decreases. For laboratory studies, Kalsbeek and
Sykes*" have demonstrated sinus arrhythmia as a measure
of perceptualload. The disadvantage of this technique is
the effect of physical effort on heart rate, the technique
possibly being inapplicable where physical work is
appreciable.

Plethysmography (involving measurement of the blood
volume passing through the blood vessels at a given station)
awaits evaluation. Sincethe nervoussystemresponds to
stressby shuttingoff peripheral blood flow, plethysmography
should detect changesdue to emotional stress and possibly
due to perceptual stress. The standard technique for this
involves a hollow, water filled cylinder, placed around the
subject's arm but this impractical apparatus could be
replaced with a compact device on a rigid base such as the
forehead. Alternatively, a measure of amplitude could be
obtained from the photocell method of monitoring heart
rate, amplitude being related to blood volume.*^ A question
mark against this method concerns the effectsof physical
work load on blood vessel dilation.

Analysis of urinary products has been used as a measure of
emotional stress but only in the long term sense. Examples,
such as studies of adrenaline secretion, have been the subject
of discussion in a recent book.*® Possibly mental stress
may lead to similar secretory coroUates.

A major problem with physiological responses is their
validation when physical effort is appreciable. For this and
other reasons, Lazarus*® expresses qualms about the use
of physiological measures for psychological processes. A
further problem is the influence of response specificity.
Lacey et al** applied various stresses, including mental
arithmetic, to subjects, and measured skin resistance, heart
rate and variability of heart rate. They found that a given
subject's major autonomic (nervous system) response
occurred via the same physiological function for all stresses.
Since different subjects have different physiological functions
producing the strongest response, it may be that a
satisfactory physiological response to mental stress, if
validated, would not be universally applicable with equal
success.

2.2.2 Secondary task measures

The addition of a second task to the basic task leads to a
series of measures.

(a) Subsidiary task measures

The basic premises on which these measures are based are
that the perceptual capacity is limited and the addition of
a second task may cause this capacity to be exceeded, this
being more probable the greater the capacity demanded by
the basic task. A characteristic of subsidiary task measures
is that the basic task has priority, i.e. when the perceptual
capacity is exceeded 'errors' must appear in the subsidiary
task. The errors that arise give rise to the measure of
mental work load for the basic task.

The theoretical premises upon which subsidiary task
measures are based are open to debate.*' Tlie perceptual
capacity may be fluctuating even when the basic task is
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performed alone; the addition of the secondary task may
add to the fluctuations and raise or lower the overall level
of capacity. Further, separate perceptual loads are probably
not strictly additive. The basic premise underlying
subsidiary task measures may be restated as the concept of
a limiting, single channel processor in the higher nervous
centres. Adams and Creamer" consider this to be
applicable only to information associated with uncertain
events, i.e. where anticipation is not possible.

Individual differences in ability to carry out the secondary
task introduce variability into the results so that the
performance of each subject on the secondary task when it is
in combination with the basic task should be corrected in
relation to his performance on the secondary task alone.
A further disadvantage is that the error measure for the
secondary task is an arbitrary unit of perceptual load so
that comparisons between studies using diflFerent secondary
tasks cannot be made. Ideally, conversion into a recognized
measure of information processing is required but generally
this cannot be realized at present.

Some measure of performance on the basic task is required
to check that the subject is not sacrificing performance on
the basic task in achieving effective performance on the
secondary task. In the studies of Brown of car driving*^
average speeds as well as movement reversals of the controls
were measured.

The interference of the secondary task with the basic task
should be in the higher centres of the brain rather than at
the receptors or effectors, for example, tasks relying largely
on the visual sense should not be studied via secondary
tasks based on the visual sense. Further, Michon®^ points
out that the secondary task should not interfere functionally
with the basic task, for example, a secondary task involving
mental arithmetic should not be combined with a basic
task involving numerical assimilation.

Introspectively, one feels that a secondary task will be more
effective the less the artificiality that it introduces, i.e. it
should be 'built into' the basic task. This, however, seems
a false hope. Assuming that a secondary element could be
built into all parts of the basic task, convincing the subject
of its importance and at the same time emphasizing that
error should be biased towards the secondary element
would appear to be mutually exclusive.

Two categories of subsidiary task may be differentiated:
(i) Motor tasks, as in Michon's®' study of variability in

rate of key-tapping, or the study of Brown et al" using
a similar technique based on verbal responses;

(ii) Responses to programmed tasks, usually presented by
tape recorders. Brown's" use of 8-digit groups is one
example, Kalsbeek's*' tones another. Programmed
secondary tasks may be attention tasks or short term
memory tasks.®" Memory tasks should be very short
term since otherwise an error made within the short
term memory time span could be due to one or more of
many factors. Another version of a programmed task
is a vigilance task. Vigilance tasks are usually visual
but this technique is not applicable to all work
situations and is generally very time consuming.

The measure with subsidiary tasks may be either omissions
of responses or reaction times. However, where reaction
times are used few omissions should be allowed since one
cannot relate the two. For programmed tasks requiring
verbal responses, reaction times have the disadvantage of
laborious analysis.

(b) Loading tasks

When used as a loading task, the secondary task is not
subsidiary. A level of required performance on the
secondary task is set so that if errors or delays must be
committ^ they appear in thebasic task. Brown states
that 'in general, loading tasks will be used where criteria of
perceptual load are to be based upon the effectiveness with
which the man handles information in the system and
subsidiary tasks will be used where criteria are to be based
upon the man's effort or efficiency'. Obviously the level of
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perceptual effort required to perform the loading task should
not be so great that the basic task breaks down completely.
Brown*® quotes studies of loading tasks.

(c) Stressing tasks

If the basic and secondary tasks have common input
channels into the organism and common output channels,
the secondary task is known as a stressing task.*®
Presumably, measures may be obtained with the secondary
task acting as a subsidiary task or as a loading task.
Secondary tasks may change the motivation of the subject
but, despite this limitation and those mentioned earlier,
secondary tasks may be the only practical method in many
situations for assessing mental work load. They would
appear to have particular promise as a measure of learning
in predominantly perceptual tasks, i.e. tasks with
information processing requirements.

2.2.3 Measures associated with performance of the basic task
Objective techniques

Eye movements have been studied, particularly with respect
to pilots,"® but the technique is of restricted applicability
whether photographic observation or electro-occulograms
are used.

The critical incidents technique may be applicable in certain
cases. This involves the observation of incidents (errors)
or near-incidents.®® Mental overload may be indicated
where relatively high measures are obtained with this
method. A variation of this technique involves the
measurement of operation times for the various elements
of the work task. A high variation in these elemental times
may be indicative of mental stress. The difficulty here is
the accurate measurement of the elemental times; it is
sometimes difficult to decide exactly where one element ends
and the, next begins. For long term elements, however,
this is not a serious problem but the technique is applicable
only to repetitive routines.

Operator rating

In a study by Bartenwerfer,®® workers were asked to rate
their own job in relation to a series of jobs ranked on a
scale system. Workers in the same category showed
substantial agreement. Bergstrom®* requested his subjects to
rank the 'experienced stress' in a simulated pilot-tracking
task. Both task-induced stress (Morse interpretation as a
secondary task) and distraction stress (light flashes) were
used. The input rate for each was varied and the technique
of magnitude estimation was used, a standard task being
assigned an arbitrary value of 100, so that one requiring
subjectively twice the mental effort would be rated 200.
Errors on the secondary task were approximately linearly
correlated with estimations of experienced stress.

Operator rating may be very useful particularly as a
subsidiary measure to an objective measure.

Subjective measures via task analysis

Siegel et al^^ list ten factors leading to optimum information
transfer in a system, e.g. appropriate redundancy of
information, minimum time stress. The application of the
DEI (display evaluative index) technique involves the
symbolic representation of information transfers within the
system. The links on this transfer chart are then coded
according to the type of transfer. The links of the transfer
chart are the basis for the calculation of the factors
involved in the DEI, complexity, directness, number of
display/control links, coding, time stress, criticality and the
match between information supplied and information
required all receive consideration in the overall formula for
the calculation of DEI. Bainbridge and Beishon®' suggest
that repetitive actions and overall frequency of link
transfers should have been included.

A second subjective technique is due to Kitchin and
Graham.®' They were concerned with devising a workable,
industrial technique for assessing mental work load rather
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than one of great absolute accuracy. Initially, they
considered eight classes of activity with important
contributions to mental work load, e.g. control operations,
memory, vigilance. Instances of these were scored on a
points basis. The conclusion was, however, that as a
practical technique of mental work load assessment, the
procedure was over-complicated and uneconomic.

In the development of a simplified approach, it was realized
that the common factor of most of the classes considered
initially was a decision-making function, i.e. what should be
done, how much of it, and when. Five categories of
decision-making were nominated; number, complexity and
interdependency of factors in the decision-making situation
plus short term memory requirements and load due to
delayed feed-back. Again points were allocated but the
problem of frequency of occurrence noted in their earlier
attempt was more realistically covered they felt by a weighing
factor that increased in unit steps for much larger and
non-linear steps in frequency of occurrence. Frequency was
judged on the basis of action taken simply because it was
the only practical basis of assessment.

They validated the results against the subjective judgments
of the highly experienced workstudy practitioners involved
in the study. Some success was claimed although results
were not presented. An experimental validation of this
technique against a more objective measure, such as
secondary task analysis, would be a useful step forward.

2.2.4 Mental strategies or models

Bainbridge et al^^ have used a computer simulation
technique for the study of operator decision-making and
mental skill in an electric steel-melting shop where the basic
process objective was the control of power to five furnaces.
Inexperienced and experienced subjects were used and
certain objective measures obtained for comparative purposes,
e.g. number of power level changes, amount of power used.
In this sense, the technique is reminiscent of the critical
incidents technique mentioned earlier. For the analysis of
decision-making, however, three conceptual models were
considered;

(i) Action!information model
This assumes that the subjects have a prescribed set of
objectives and sets of possible actions or strategies to
fulfil these. A hierarchical tree is obtained with

theoretically well defined links between each node or
choice point where variable action is possible. Choice
between actions is assumed to be resolved by information
available at or prior to the node. This procedure broke
down because, among other things, the well defined
links were broken in practice, i.e. in fulfilling their
objectives the subjects did not follow continuous paths
down the hierarchy.

(ii) Program models
These involve possible decision routines again being
hierarchical in nature, i.e. selection of a routine is
dependent upon a higher level system or upon
conditional entry requirements. The verbal reports of
the subjects were used to identify routines. This model
failed because of the complexity involved in assessing
different sequences of routines and entry requirements.

(iii) Thought stream analysis
Analysis of verbal reports showed the existence of
separate sequences of thoughts or thought streams. A
stream may be carried through to completion or jumps
may occur to another stream. The authors seem
hopeful that further work will lead to a better
understanding of the mechanism of control and
initiation of thought sequences in specific situations, but
the method seems to suffer from the drawback of the
program model approach in that mechanisms will very
likely be different from one operator to another, each
requiring laborious analysis and making overall
conclusions difficult to define.

The advantage of the mental model approach would be that
it not only indicates where peak loads occur but also the
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underlying causes. The alternative methods really only offer
to do the former, the basic causes being the postulates of
the experimenter.

2.3 Fatigue

The concept of fatigue is one of the least well defined and
most problematical facing the human scientist. Grandjean®®
makes the distinction that physiologists consider fatigue as
a decrease in physical performance while psychologists
consider the deterioration of mental and physical
performance due to such factors as subjective feelings and
loss of motivation as well as partial physical incapacitation.

Fatigue has many aspects and Browne®® points out the
search for a single measure of fatigue is a dream; the many
aspects of fatigue require numerous different measures for
their assessment.

Physiological fatigue may be accompanied by depletion of
the carbo-hydrate reserves, which can be shown by measuring
the blood-sugar concentration. In cases of heavy work, the
recovery period of heart rate may be a suitable measure.
Davies®^ points out, however, that accurate assessment of
oxygen debt is difficult since a reproducible steady, basal
level is difficult to obtain and lengthy rest periods are
required before oxygen uptake returns to the control level,
subjects becoming restless leading to fluctuations in oxygen
consumption so that deciding when the control level is
reached is difficult.

For muscular fatigue certain criteria are fairly well
established. As mentioned earlier, a high heart rate
associated with relatively low oxygen uptake is considered
indicative of muscular fatigue particularly for static work.
Lactic acid content of the blood has also been used as a
measure.®'®^ If a consistent level of work is accompanied
by an increase in heart rate Burger'* considers that the
increase is an index of muscular fatigue. Muscle fatigue can
be assessed by observation of the size of the muscle action
potentials (small electrical changes arising during the activity
of muscles). As muscle fibres become fatigued, more motor
units are recruited increasing the size of the action potential.®^
Further, it has been suggested by Knowlton et al'̂ ^ that the
motor units recruited at the later stage of work have higher
potentials than the motor units that have become fatigued.
Posture and muscle fatigue are related and action potentials
are useful in the study of posture.

Greater problems arise when mental components contribute
to fatigue. Grandjean®® and his co-workers have shown the
variation in flicker fusion threshold throughout the work
shift for air-traffic controllers. He notes, however, that
flicker fusion measurements are open to many objections,
for example, that application of the test may alter threshold
levels; also the interruption of the work task may be a
welcome break to the subject and thus have motivating
effects.

Subjective self-rating of the feeling of fatigue may be a useful
test particularly as a subsidiary to more objective measures.
Grandjean®® has also used this method in his study of air
traffic controllers.

Subsidiary task studies may be useful, but their application
requires care. There is a danger that the subsidiary task
may contribute more to mental fatigue than the basic task
itself. Thus, the subsidiary task should be used for one
experimental period of the work shift and at no other time
in that shift. The application of vigilance tests, in which
omitted responses or response times are the measures, allows
the task to be performed without interruption. The
possibility always exists, however, that addition of the
vigilance task or subsidiary task will change the motivation
of the subject. This is an advantage for a method related
to performance of the task itself, for example, Lehmann^
considered that an increased time per work piece was an
indication of fatigue. Care has to be taken with this sort of
measure to avoid interference due to *warm-up' and
•end-spurt' with respect to both the working day and
intervening rest breaks. Murrell,® however, has shown that
the irregularity of elemental times is a more sensitive
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measure than the mean. These techniques, however, will not
differentiate between physical and mental fatigue.

3. Experimental Studies

3.1 Summary of Previous Research Work in Agriculture

The Purdue Farm Cardiac Project®* covered physical work
load in a variety of agricultural and horticultural activities
including tractor driving, manure loading, milking, planting
and harvesting. Dupuis®® used respirometry and heart rate
as measures in his study of tractor driving and work with
implements. He also demonstrated substantial savings in
energy expenditure for an 'optimized' seat and control
arrangement. Lehmann®® also considered tractor seat and
control layout. Esmay and McGinty®® studied silo tasks and
pit-type milking using heart rate. Milking was also the
subject of a study by Vos.®' Respirometry was used by
Hodges and Esmay®® for the task of handling of hay and
straw bales. They found marked differences in energy
expenditure for different work methods. Troup®® and
van Loon'® have studied forestry work. Combine harvesting
has received some attention in a study by Zander."
Passmore and Durnin® quote some agricultural activities in
their paper on energy expenditure.

The author knows of no published work on mental work
load assessment in agriculture although he is conscious of
Dutch interest in this field, particularly with respect to
milking. In fact, there is a dearth of mental work load
studies in the analysis of field situations in general.

3.2 Workload in Herringbone Milking

The National Agricultural Advisory Service had expressed
concern about the mental strain placed upon milkers in
herringbone parlours. It was suggested that this was a
prime reason for some milkers leaving herringbone milking.
At the same time as studying mental work load, it was
considered worthwhile to have an assessment of physical
work load. To date results on two milkers have been

obtained, although for physical work load heart rate
calibrations have not yet been carried out so that results are
not known in terms of energy expenditure. Each subject
has been studied for three morning and three afternoon
milkings. The subjects have been working in ten-stall,
five-unit parlours, about seventy cows being milked each
session, this taking approximately one hour thirty minutes.

3.2.1 Mental work load

A subsidiary task method of assessment was used. A
number of mental load programs, recorded on magnetic
tape, were used in preliminary studies in bail-type milking
parlours. These tasks were based on the detection of:

(i) High tones in a series of low tones;
(ii) Certain tonal sequences among a series of such

sequences;

(iii) Certain numerical sequences;
(iv) Changes in numerical sequences;
(v) Sequences of pairs of tones, one tone in a pair changing

from the previous pair.

Methods (iii) and (iv) were in the manner of Brown.
Method (v) was eventually selected, the others being rejected
on the grounds of extreme ease, or difficulty, or yielding
too little data. Ideally, a secondary task should yield a
response per item presentation. An explanation of method
(v) will indicate that this was achieved. Suppose the
sequence of tonal pairs given in Fig. 1 was presented to
the subject:

Positions
1 2

Successive pairs of tones H — L
H —H

L — H

L —L

L — H

Response required

Fig. 1. Representation of the mental load program and
responses
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The positions in each pair are labelled 1 and 2. In the
following pair the tone in one position, but only one, has
changed. The response required is the number of the
position that has changed. This is not so easy that it can
be done almost semi-consciously, but it has not proved too
difficult for the subjects who have used it in field situations.
Its difficulty is reduced by the use of a strategy which is
explained to all subjects to reduce individual variations.
By considering only one position in each pair, if that
position changes then its number is the response; if it does
not change, then it must be the other position.

For some subjects, performance changes with familiarization
so that learning time must be allowed for. Guesswork
could be a problem, but it is emphasized to the subjects
that the basic task is more important, errors being allowed
on the mental load task. The use of guesswork would be
easily observed in the data.

To facilitate data analysis, the program sequence was
printed on sheets, with adjacent columns for the subject's
response and task activity. The mental load program lasted
eight minutes and this was presented three times during
each session. Three afternoon and three morning sessions
were studied for each subject.

Results

The coding of responses according to task activity suffers
from the usual problem of activity sampling, namely
deciding upon the activity at a given time. Despite this,
analysis of the task was required at the elemental level. The
elements involved are the entry and exit of the cows, for
milking, feeding, washing and drying the udders, recording
the milk yield, removing and attaching the cluster, machine
stripping with the operator's help, and dipping the teats.

The average cycle times (not including exit and entry of the
cows) for the basic task with and without the subsidiary
task were 9-6 and 10-0 minutes. These indicate that the

addition of the subsidiary task did not slow down basic task
performance. The slight decrease found when the subsidiary
task was added is slightly disturbing; it may not be
significant or it may indicate a change in the level of
arousal or motivation of the subjects.

The results for the two subjects are presented in Figs. 2 and 3.

The overall means are drawn as a line graph to facilitate
observation of the results; it does not, of course, imply a
relationship between the task elements. Peaks in the error
distribution curve are apparent for the tasks of entry and
exit of the cows, feeding and the recording of yields.
Stripping by the operator did not always occur regularly
and the peak for subject FL may be spurious due to
relatively few observations. The peak levels associated with
entry and exit of the cows may also require careful
interpretation. Cows do not usually file in or out of the
parlour in regimental fashion. The operator often has to
prod or shout at them to achieve this. Shouting obviously
means that he cannot respond to the subsidiary task and the
overall load might be better termed as 'irritation' or
'annoyance' rather than mental load.

The peaks of primary interest, however, are those for
feeding and recording. Recording involves looking at the
milk level which is clearly indicated by a scale on the
storage jar. The milker must keep this level (a 2-digit
number) in short-term memory for a second or so, while he
looks for the number of the cow and also its colour
grouping (not related to the colour code for feeding), and
then note the yield in that part of the recording chart defined
by the colour grouping and the cow's number. Feeding
involves looking at a colour tag on the cow's tail and
setting a lever to a point coded by this colour. Decoding
of colour into weight of feed is not required. Up to ten
colour tags may be in use, though this varies from week to
week. The cows enter in batches of five and allocation of
feed is carried out for all at or just after entry.

We do not know whether the observed peaks are within
the operator's capacity or exceeding it. At the moment, we
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only have the subjective comments of the two subjects
studied; they did not feel mentally overburdened by the
milking routine or any part of it. The author, however,
knows of another herringbone parlour where 230 cows are
milked over a five-hour period. Different operators carry
out the morning and afternoon session possibly because
they will not put up with the strain involved, although
another reason is that the working day then becomes
excessively long. Possibly, stress and its effect increase
disproportionately with herd size and length of the milking
session.

Although mental load peaks have been identified, definitive
evidence of their severity is lacking. It is the author's view,
at present, that the peak stresses observed do not warrant
task redesign at least for smaller herd management.
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Thomas" notes that the removal of decision making from
the task may be detrimental in that it may lead to loss of
motivation and to lowered morale. However, some
psychologists reason that peak loads should be reduced by
redistribution of the offending elements among the work
cycle. The logic of this is that an operator may tend to
smooth the peaks by extending the time for the activities
involved, or by carrying information in short-term memory
until a suitable point arises in the cycle (i.e. a trough of
mental load) when it can be processed and action taken.
Both of these effects may lower efficiency. However, for
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before the end of the milking cycle. Similarly, recording of
yields can only be done when the cow has been milked, and
when this happens the milking cluster and the milk storage
jar are required for milking a cow on the opposite side of
the parlour. Thus, the smoothing of peaks would appear
to require the reduction of the load for the task element
in question. The task element of feeding and recording do
not appear to have intrinsic or unnecessary difficuUies.
For feeding, the stimulus (looking at the colour tag) and the
response (setting the lever to a point defined by the colour
code) are as compatible as could be. Recording involves
rather more short term memory capability and, since the
subsidiary task was a short term memory task, this may be
one reason for the pronounced peak for this element.

Reductions in mental work load may be achieved by simple
ergonomics improvements, e.g. for feeding could the colour
tags be placed more optimally or made larger? For
recording, could the scale design be improved or the
identification of the cow? The subjects were questioned
on these points, but their comments did not appear to
indicate major limitations. An initial consideration of these
aspects indicated that there were not inherent limitations
that could be easily improved.

Substantial reduction of the peak loads may require partial
automation. Before this step can be justified, however,
much more substantial evidence is required particularly for
larger herd management.

3.2.2 Physical work load

The respirometer could not be used in herringbone parlours
without the risk of breakage of the storage jars or,
alternatively, requiring the operator to moveso warily that
the nature of the task would be changed. Heart rate
measurements were therefore taken. The technique involves
a biologicalamplifierand a telemetry transmitter, both of
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which were carried by the subject, and a telemetry receiver
and tape-recorder in a convenient alcove in the milking
parlour. The recordings were analysed manually with a
hand-counter and stop-watch, sampling intervals of 30
seconds being used.

The breakdown of the task into elements, as used in the
assessment of mental work load, could not be used in the
case of physical work load because the elements are too
short in length. Valid heart rate measures would not be
obtained because of lags in heart rate response. Three
conditions were therefore studied; the milking routine itself,
the entry and exit of the cows, and the washing down and
cleaning of the parlour. The last element could be measured
only once per milking session, but the other two were
studied on three separate occasions for each session.

Results

The changes in heart rate for the different elements are
shown in Fig. 4,

It can be seen that slight increases occur for the exit and
entry element relative to the milking routine. How much
of this is due to an increase in physical work or to the
'annoyance' component mentioned earlier, cannot be stated.
In any case the peaks are not marked enough to be
considered as a temporary overload. Washing down, a
process taking approximately fifteen to thirty minutes, is
also associated with a higher level of work than the milking
routine, but again this does not appear excessive.

Although results for more subjects are necessary before
absolute conclusions can be made, the results for the two
subjects studied suggest that physical work load is not a
problem in herringbone milking, i.e. other tasks of the
milker are likely to be physically more demanding and more
worthy of attention. One subject commented that more
strenuous effort was involved in fetching the cows from the

Exit »

Entry
Milking

Resting levels

Afternoon

Morning »

Exit t

Entry

Resting level)

Woshing
Down

Frg.4Heort rote responses for tubjects l) PS > Ip FL

APRIL 1970 25



manger to the parlour than in milking itself. Using
Christensen's® classification, given in the introduction to
this paper, the heart rate results suggest that the overall
milking task is a moderately heavy level of work. Vos,®' in
his study of milking, came to a similar conclusion. Likewise,
Roberts" concluded that, 'In terms of energy expenditure,
milking cannot be classed as heavy work'.

Comparisons of workloadfor different types of loader

The physical and mental components involved in the
operation of seven tractor-loader combinations were studied.
Three slew loaders, three fore loaders and one rear loader
were included in the comparison, the aim of the study being
to determine if any one class of loader had consistent
benefits, including ease of operation, in relation to the
others. Loading of both sand and manure on to a trailer
were included using heart rate and respirometry in the
assessment of physical workload and a subsidiary task for
mental workload assessment. The weight of material loaded
per minute was determined at the same time to define rate
of work achieved by the loader system.

Experimental design

Three experienced subjects took part. The twenty-one
combinations of loader and driver were carried out in

randomized order for each type of load, i.e. sand or manure.
The type of load was not included in the randomization
since different experimental sites were involved. At each
point in the randomized order, four experimental runs
lasting 3 to 7 minutes were conducted, separate pairs of
runs being used for physical and mental measurements.

Physical workload

After the subject had rested for several minutes, heart rate
and respirometry measurements were obtained during the
same experimental runs. A large enough sample of expired
air could not be collected in one experimental run so that
a respirometry measurement was taken over each pair of
runs. Heart rate, however, was recorded for separate runs.
The respirometry measurements include the basal metabolic
rate.

Results

Significant differences between loaders for both types of
load were obtained for both measures except in the case of
heart rate for loading manure (Tables 2 to 5). The results
are presented graphically in Figs. 5 and 6. In all cases the
slew loaders required the least physical effort, with little
difference between the fore loaders and the rear loader.
The results are even more marked if the ratios of the energy
expended per minute to the weight loaded per minute are
used (Fig. 7). This measure also shows that, for the loading
of manure at least, rear loading is by far the most inferior
method in terms of energy cost. This is presumably
because the loading of manure requires more skill in its
handling and when operating a rear loader the operator is
not optically placed to view the task so that the work rate
is decreased. Further, it can be seen that the loading of
manure requires more energy per unit loaded than the
loading of sand, although the energy expenditures per
minute (Fig. 6) are roughly the same, since the loading of
manure is a much slower process.

The overall levels of energy expenditure (Fig. 6) are worthy
of note. The effort in operating slew loaders appears
acceptable, but for the other loaders the levels are above or
near to the acceptable level of 5K cal/min proposed by
Lehmann.^ Further, Lehmann's proposed standard applies
to the normal working day of eight hours. In agricultural
work, however, the working day may be well in excess of
this, so that it can be concluded that the fore loaders and
rear loader studied would require a level of effort above the
acceptable standard if work was continuous for such a day.

Mental workload

The subsidiary task was the same as that used in the
milking parlour study. The subjects performed the mental
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TABLE 2

Analysis of variance for energy expenditures in the loading of
S£Uld

Source s.s. d.f. m.s.s. F-ratio

Subjects 0-4 2 0-2 N.S.

Loaders 19-6 6 3-3 5 -45 sign at 0 01
Subjects X loaders 7-2 12 0-6

Total 27-2 20

TABLE 3

Analysis of variance for energy expenditures in the loading of
manure

Source s.s. d.f. m.s.s. F-ratio

Subjects 0-2 2 01 N.S.

Loaders 27-1 6 4-5 24-38 signatO OOl
Subjects X loaders 2-2 12 0-2

Total 29-4 20

TABLE 4

Analysis of variance for heart rates in the loading of sand

Source s.s. d.f. m.s.s. F-ratio

Subjects 11,238 2 5619 28 -50 sign at 0 001
Loaders 4,868 6 8113 4-1 sign at 0-025
Subjects X loaders 2,370 12 198 9-3 signatOOOl
Samples 445 21 21

Total 18,921 41

TABLE 5

Analysis of variance for heart rates in the loading of manure

Source s.s. d.f. m.s.s. F-ratio

Subjects 5597 2 2798 11-6 sign at 0-01
Loaders 3368 6 561 2-3 N.S.

Subjects X loaders 2907 12 242 15 -1 sign atO OOl
Samples 336 21 16

Total 12,208 41

load program several times prior to the experiment to
familiarize them with the procedure and to reduce the effects
of learning. The program was relayed to them via
headphones, the loudness being adjusted to a comfortable
level, and the program and their responses were recorded
simultaneously on a tape recorder for subsequent analysis.

Results

The results are presented in Fig. 8. The differential levels
of error between the loaders were not consistent for sand
and manure loading. This is thought to be due to large
within-individual variations, i.e. additional replications
would be needed to produce meaningful mean levels of
error. Consistent differences between the loading of sand
and the loading of manure were not apparent and since
marked differences in rate of work were found between
loaders and also between loading sand and loading maniu-e,
the percentage errors were recalculated in a form corrected
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for rate of work, i.e. the errors were divided by the unit
loading time. The corrected error levels are shown in Fig. 9.
It can be seen that, relative to the unit load, the loading of
manure demands more mental effort than the loading of
sand. Since the uncorrected errors for the two types of load
did not appear markedly different, it can be concluded that
the slower rate of work for manure loading permits a
greater degree of time-sharing between the loading task and
the subsidiary task so cancelling the greater mental effort
per unit of load.

Meaningfulconclusions probably cannot be drawn for the
typesof loader from the errors corrected for rate of work
because of within-individual variations. The large differences
between rates of work in sand and in manure suggest that
the nature of the task may be very different for the two
cases; hence it wouldprobably be inappropriate to sum the
results for the two tasks for each loader.

To check whether the application of the subsidiary task
reduced the speed of work, the loads per minute during
physical measurements were plotted against the
corresponding loads obtained during mental measurements
(Fig. 10). All subjects and all loaders are represented. A
preponderance of points above the theoretical diagonal
would indicate that the subsidiary task slowed down the rate
of work. This did not occur except where very fast rates
of work were obtained during physical measurements,
i.e. for the slew loaders in sand. If the results discussed
above had permitted comparison between loaders,
conclusions concerning the use of slew loaders in sand
would have been placed in some doubt since the check
graphsuggests that in thesecases the subjects slowed their
rate of work in achieving their level of performance on the
subsidiary task.
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1. Introduction

1.1 General

In the framework of modern economics, agriculture cannot
possibly work without rationalization and mechanization,
wWch replace human labour by machines and contribute to
raiseproductivity. An important part in this process is
the increasing desire for making thejob easier and shortening
the working hours.

The need for higheroutput leads to working at higher
speeds in grain harvesting operations, in which bigger and
heavier combineharvesters are also used. It is not possible
and should not be necessary for man to be able to continue
adapting himself to his task indefinitely. For this reason
'ergonomics' or 'human engineering' should be considered
as a fundamental subject and an essential part in the
engineering design of farm machinery, to fit the agricultural
job to the agricultural worker.

1.2 Description of an Ergonomic Model
The multi-disciplinary approach of ergonomics can be
illustrated by the diflferent processes (see Figure 1),
representing a man-machine system

A continual stream of information is received from the
machine and the environment by the working man using his
senses. This process is called perception-, it constitutes the
perceptual load on the man. Perception is followed by
testing against the memory, and then making decisions
betweenalternatives to selecta specific operation. This
process is called selection-, it leads to the mental load on the
man. The output of the man consists of voluntary muscle
movements, which are necessary for the operation. This
process is called action-, it leads to the physical load of the
man.

Through the action a change takes place in the man-machine
system; it results in a performance.

Finally the man observes the effect of his actions, revises
his decisions and takes new actions to bring the system
closer to its goal; this process is called feedback.

Moreover a man must spatially fit in the system; the
discipline, which takes care of these aspects of the human
body, is called anthropometry.
Many factors can influence the effectiveness with which a
man performs his task and the output of the system. Among
these are the design of the instruments displays, and the
design of the controls, which he operates through his
voluntary muscle system. Another factor is the environment
in which a man works; acoustic and mechanical vibrations,
dust, cramped body positions all act to degrade his
performance.

An ergonomic analysis must lead to the design of a
non-stop man-machine system with a high performance
capacity and a reasonable load for the man.

2. Scope of the Study
Governed by the condition of the crop and the condition
of the terrain, the driver of a self propelled combine

* Department of Agricultural Engineering, Agricultural
University, Wageningen.

30

I ENVIRONMENT

INFORMATION

[PERFORMAMCE>-L MACMtNE

L....

UNTHnOPOMtTBvl

I PERCEPTION

R
I SELECTION I

Fig. 1. A man-machine system.

harvester controls from the operator's platform the forward
movement—in direction and speed, the cutting and the
threshing mechanisms, the separation of grain and straw and
transport of the products.

Based upon the information received, the driver has to
decide on the adjustment of the machine in sucha way
that a continuousprocess with a high capacity will be
the result.

The purpose of the summarized research project was to
study and analyzethe factors which—directly or indirectly—
influence the operating of a self propelled combine
harvester.

The research consists of the following items":
1. Collection of data about the character and the extent of

the workload components in the system (lay-out studies).
2. Studying and analyzing these components and their

influences and effects, by means of indoor and/or outdoor
experiments (field and indoor experiments).

3. Designing and formulating the procedure, with necessary
criteria, for the design of an optimum man-machine
system.

3. Lay-out Studies

Because of the design and evaluation of man-machine
systems we ought to take into account the anthropometric
aspects of the human body, as well as the frequency of
the actions.

Through statistical research carried out on behalf of the
ready-madeclothing industry and of the army, knowledge of
these aspects on large population groups has been
considerably extended during the last several years. In
particular regarding body measurements, body movements
and manual or pedal forces which can be applied have been
reported.®'18

The results of the workplace lay-out studies, for which
special measuring equipment has been developed," lead to
some interesting conclusions.

(а) Controls
Controls, used frequently (particularly: steering wheel,
header height control (Mb), reel lift control (Mh) and ground
speed control (My)), on most combine harvesters have been
placed within or at the limit of the optimum area for the
man;

Other controls are often found far beyond these areas;
The figures about the location of the controls appear to
differ considerably for a number of combine harvesters;
To reduce the possibility of operator confusion the provision
of recommendations for the standardization of location
and direction of controls is necessary (Figure 2).
(б) Forces
The forces needed for operating the footbrake and the
clutch pedal are high (25-28 KG); these forces differ only
slightly or not at all for most combine harvesters;
The forces needed for steering are low ( < 6 KG)—mainly
because of the application of powersteering. •
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The load on a man not only depends on the body
measurements, the movements and the forces, but also on
the frequency and the sequence in which the various
operations have to be carried out. Controls which are most
frequently operated need to be installed, as far as positions
and displacements are concerned, within the optimal areas,
as already indicated.

The results of the research include the following points:
Of all controls, the header height control (Mb), the reel lift
control (Mh) and the ground speed control (Mv) are the
most important ones (Mb, Mh, Mb—74-8%, 12-8%,
12-4% respectively);

The position and the displacement of these controls—and
the position of the steering wheel—deserve priority when
arranging an operator's platform;

The movements of the steering wheel only have a correcting
character, at least at the straight parts of the plots. The
results are shown in Table 1.

TABLE 1

Steering wheel movements of combine harvesters

Turnings Percentages

0 -1/6 370

1/6-2/6 34-7

2/6-3/6 19-3

>3/6 90

(c) Movements

By means of MTM (Method-Time-Measurement) and in
combination with the frequency of operation of the various
controls, we can obtain an impression of the ergonomic
quality of the layout of a certain machine.

For the time calculation, based on 100 control operations
we use—based upon the results of field surveys of
operations—a ratio for frequenQr between the most
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important controls (Mb, Mh, and Mv) of 75-0%, 12-5%and
12-5% respectively.

The results of these analyses are shown in Table 2.

TABLE 2

Results of MTM-analysis

(Dimensions: Time Measurement Units)

Mb Mh Mv Total 75-0-12-5-12-5

Machine 1 180 36-8 43-4 98-2 2352-50(4)
Machine 2 21-2 41-8 45-8 108-8 2685-00(5)

type:A
Machine 2 12-3 33-1 31-3 76-7 1727-50(2)

type:B
Machine 3 10-2 29-2 52-8 92-2 1790-00(3)
Machine 4 8-2 28-4 29-2 65-8 1335-00(1)

Mb—Header height control;
Mh—Reel lift control;
Mv—Ground speed control.

Even at a superficial observation of these data we already
notice that:

At the accepted division of the operation frequency the
required time for the header height control (Mb) becomes
relatively more important;

A small modification in the lay-out of the operator's
platform (see Machine 2, type A and B) might lead to a
favourable change in the effective operating time;
A development in the direction of the 'fingertip control'
(Machine 4: Massey-Ferguson) might open favourable
perspectives—anyway basedupon the movements to be made
and the forces to be applied.

With the antropometric data we can contribute to a
considerable decrease of the work load; in my opinion this
could lead—in a rapid and simple way—to an improvement
in performance too.

4. Field Experiments

The output of a man-machine system is mainly determined
by a number of factors, which directly (primary) and
indirectly (secondary) are of influence.

For instance the capacity of a combine harvester can be
enlarged by increasing the ground speed and/or the working
width, which, however, involves a higher information
speed, more actions for operating and a higher work load of
the operator. Through estimations in practice the
information speeds have become known.

TABLE 3

Information speeds of combineharvesters (in bits/second)

Primary information:

Terrain 2 bits/second
Crop 9 bits/second
Working width 2 bits/second
Secondary information:
Threshing quality 4 bits/second
Noise 2 bits/second

From qualitative published information we might conclude
that the operator's control task on a combine harvester
probably is the most taxing of all in work with agricultural
machinery; although the physical load of the operator
might be described as from light to medium-heavy.

4.1 Direct Influences

Although the combine harvester is a very old machine, in
the literature very little has been reported about the
ergonomic aspects; it is possible to indicate a number of
factors, which influence the output of the machine and the
load on the operator.
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In recent years we have investigated the factors, which
directly influence the work load of the operator:
Operator's platform (M)
Stubble-height (S)
Ground speed (V)
Working width (W)
Header height control (H)

In studying the above mentioned effects the following
phenomena have been used:

(a) Operation frequency.
(b) Heart rate.

During the experiments the stubble-height, the ground speed
and the effectiveworking width were checked regularly,
in order to establish whether the quality of the work met
with the requirements.
Some results were:

4.1.1 Operator''s platform (M)
The lay-out of an operator's platform is specific for a
certain make and/or type of combine harvester;
Each operator's platform produces its own level of load,
which is measurable;
The differences between machines become greater when
working at higher ground speeds.

4.1.2 Stubble-height {S)
There app^rs to be a significant difference between various
stubble-heights;
Increased stubble-height decreases the load of the operator.

4.1.3. Ground speed {V)
The effect of ground speed clearly exists;
This effect increases as speed increases;
This effect is different for each machine.

4.1.4 Working width {W)
Both in summer barley and winter wheat we found a
significant effect of the working width;
Operators mostly prefer a particular working width.

4.1.5 Header height control (H)
It is shown already from the layout studies, that the header
height control is the most frequently operated control;
I have already reported that using an automatic header
height control gives a decrease in load;"
The effect of the automatic header height control increases
with higher ground speeds;
The operator has to be automation-minded too.

4.1.6 General

The interaction between speed and width, affecting output,
clearly exists;
To obtain a certain capacity there is an advantage in
adopting greater working width and lower ground speed.

4.2 Indirect Influences

In the preceding paragraphs it has already been stated that
many factors can affect the effectiveness with which a man
performs his task. In this particular group of exogenous
factors the issue at stake is the loads and stresses which are
necessary for the output; the human body can resist certain
factors—^like climate—but not factors like noise, mechanical
vibrations, dust, chemicals, etc.

4.2.1 Acoustic vibrations

Much is known about the impairment of hearing created by
noise, but there is no direct information on the effect of
noise on operator's efficiency. In general noise has been
shown to affect the efficiency of the worker on a job
demanding careful attention. Investigations indicated that
sound levels above Noise Rating Number 85—depending on
the duration of the exposure—^were considered to be
excessive.

Some results:

The noise produced by self-propelled combine harvesters—
measured at ear height—is too much (measured levels:
90 ± 3 dB);

The existence of a cab on the machine does not lead to a
decrease of the sound pressure level.
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4.2.2 Mechanical vibrations
Operators of farm machinery as well as of various other
types of off-the-road vehicles are subjected to mechanical
vibrations which adversely affect their health and
performance. Most of these vibrations arise either from
imbalances or uncompensated accelerations in the machine
itself or from irregularities in the field.

In recent years we have given attention to the intensity of
the apparent mechanical vibrations experienced—in the
horizontal and vertical directions—and their frequency
distribution, on a number of combine harvesters.

Some results:
The intensity of the measured vibration is small;
With increasing ground speeds there appears—at least when
harvesting—to be no difference in intensity;
The frequency distribution indicates the existence of specific
frequency components (4-6 cycles/sec), which are
characteristic of the machine;
It is not essential, in the author's view, to provide the grain
combine with a suspension seat.

4.2.3 Dust

Although little work appears to have been reported on the
composition of dust and its possible effect on health,
measurements have been made of dust concentrations on
combines, with levels in the range of 0*2-0 *6 mg per
cubic foot of air.

Results of our dust measurements include:
On a combine harvester without a cab the dust concentration
of the air around the operator is considerably higher than
on a combine harvester with a cab:

(without cab: 4-2 mg per cubic foot of air)
(with cab: 0-3 mg per cubic foot of air);
There is a remarkable difference in percentage of quartz in
measuring the kinds of dust obtained:
(combine harvester without cab: 2-37%)
(combine harvester with cab: 9-67%);
Examined in the same crops we determined differences of
30-40% in dust concentrations between the various machines.

5. Indoor Experiments

5.1 Litroduction

For studying and analyzing the loading components of a
man-machine system under controlled conditions, a
simulator has been built. This makes it possible to obtain
information regarding the ergonomic qualities of an
operator's platform of a particular combine harvester, as
well as of the consequences of modifications, if any, in the
layout of the platform, within a relatively short time.
Naturally a simulator offers possibilities for further
experiments, such as the training effect or habituation to
a particular machine.

5.2 Parameters

Even more than with the field experiments, the emphasis of
the indoor experiments is placed upon the mental load of
the working man. In addition, we tried to develop adequate
parameters, which also have to be applicable to
investigations outside the laboratory.

To assess the mental load of a working man we can use
the following methods:

5.2.1 Measurement ofperformance of the task
In view of the performance of the task—qualitatively:
number of misses, mistakes and errors; quantitatively: time
per unit of task, task per unit of time—the load might be
assessed.

5.2.2 Psychological measurements
The method of the 'subsidiary task' or 'performance under
experimental distraction' has been adapted in the research on
the metal load; during the performance of the task is added
a second task, which is variable both qualitatively and
quantitatively. A number of exceriments has been reported
in literature on this method, in which the mutual effect
of the main task and the suljsidiary task is being
traced.
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Fig. 3. The simulator for man-machine systems.
(A: Platform; B: Instruction; C: Scoring).

The main task is a simple, repetitive one, which must be
looked upon as the principal task under all circumstances.

Against this, the subsidiary task must be performed as
well as possible.

5.2.3 Physiological measurements
Physiological parameters are applicable to describing the
mental load of a task.'-^-' Summarizing, we can say that
the mental load can be associated with:

1. An increase of the heart rate;
2. A decrease of the sinus-a-rhythmia of the heart rate;
3. An increase of the blood pressure;
4. An increase of the respiration rate;
5. An increase of the oxygen consumption.

For the assessment of the mental load the 'subsidiary task'
(5.2.2) and the heart rate (5.2.3.1 and 5.2.3.2) have been
selected as most suitable.

5.3 Simulator

The simulator consists (Figure 3) of:

5.3.1 Plaiform (A)
On the platform—the upper side of a vibration table—the
operator's platform of a combine harvester can be installed;
the relative positions can be varied, whilst different types of
controls can be attached.

5.3.2 Instruction {B)
The experiments are carried out with a simple repetitive
main task, which has to be carried out without faults.

For that purpose the testee has to react to light signals,
corresponding with the position which can be taken by
header height control (Mb), the reel height control (Mn) and
the ground speed control (Mv).

The sequence and the frequency of the signals have been
sent from a punched tape, of which the speed is adjustable;
the distribution for the different controls is according
to the MTM-analysis.

For the 'subsidiary task' use is made of the compensatory
tracking ability.

5.3.3 Scoring (C)
As well as the subjective responses of the people under test
the heart rate and the steering accuracy are recorded.

It appears that—under the influence of the experimental
distraction—the performance declines, whilst the load of the
working man increases, as shown in Figures 4 and 5.
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SIGNALS/MINUTE

Fig. 4. The steering accuracy (in %)—performance under
experimental distraction—in simulated operating of combine
harvesters.

SIGNALS/MINUTE

Fig. 5. The work load (W/R)—performance under experimental
distraction—in simulated operating of combine harvesters.
(W: Heart rate during testing; R: Heart rate during resting).

5.4 Experiments

In recent years the ergonomic qualities of different combine
harvesters have been assessed; the lest subjects, after a
period of rest, were offered test conditions with 30, 40, 50
and 60 signals per minute (= 1-58, 2-00, 2-30 and 2-58
bits/second respectively), in sequence.



Some results:

Increasing the number of signals per minute, the steering
accuracy decreases and the load increases;
There appears to be a significant difference between the
various machines, which becomes more significant as the
external load increases (Figure 6);
(This effect conforms to the ground speed effect of the
field experiments);
Habituation differs with the various machines.

It is known that—when repeating a task—a. change occurs
in the time needed per cycle and in the load; when increasing
the number of cycles the time needed decreases—at first
fairly quickly—to become almost constant subsequently.

With the load on the man an analogous situation develops;
when repeated many times, the load increases.

We also investigated on two machines whether the
presentation of different series of signals (30-50-0-30-40-50
per minute and 50-30-50-40-30-0 per minute) influenced
the learning process.

As could be expected in view of the information found in
literature,*'" variations in tasks do influence the effect
of learning.

Furthermore, we checked whether the length of a test run,
in particular the repetition of the task, influenced the effect
of learning on two different machines.

Some results:

When presenting identical series of signals (40 signals per
minute), interrupted by short periods of rest, we clearly find
learning, based on the steering accuracy as well as on the
heart rate;

Between two different machines a difference in familiarization
does exist.

6. Summary

The need for higher performances leads to working with
higher speeds and bigger combine harvesters. It is neither
likely nor necessary that man can adapt himself to his
task indefinitely.

In spite of the technical possibilities of automation of a
combine harvester, it has become evident that 'ergonomics'
must play an important role in the improvement of the
conditions of work, to optimize the efficiency of the
operator's task.

The co-operation of man and machine in a system can be
illustrated by a model, in which all processes—in particular
perception, selection and action—and their feedbacks,
determine the output or performance of the system.

Moreover, the environmental and the anthropometric
factors can affect the effectiveness of the system and degrade
the performance.

The purpose of this study of combine harvester operation
was to study and analyze the loading components in this
man-machine system, aiming at providing information based
upon the results obtained, to improve the operator's
platform. The research consisted of the following items:

6.1 Layout Studies

The workplace layouts appear to differ considerably for a
number of combine harvesters.

Assuming that the layout of an operator's platform is
specific for a certain make and/or type of combine harvester,
already we can with the available anthropometric data—in
a rapid and simple way—contribute to important
improvements and, indirectly, to a decrease of the
work load.

6.2 Field Experiments

The output of a combine harvester is determined by a
number of factors, which directly and indirectly are of
influence in the rate of work.

Using the operation frequency and the heart rate as
parameters, the character and the extent of the loading
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Fig. 6. The work load (in W/R) in simulated operating of
dilTerent combine harvesters.

components in the system—particularly: the operator's
platform (M), the ground speed (V), the working width (W),
the stubble-height (S) and the automatic header height
control (H)—have been investigated. Among others there
clearly appears to exist the interaction between speed and
working width (V X W), representing output, whilst—to
obtain a certain capacity—there is a definite tendency to
operate with greater working width and lower ground speed.
Attention was also given to the character and the extent of
the indirect factors, in particular noise, mechanical
vibrations and dust.

6.3 Indoor Experiments

For studying and analyzing the loading components under
controlled conditions a simulator was built; this makes
it possible to gain, in a relatively short time, an impression
regarding the ergonomic qualities of a certain operator's
platform, as well as of the consequences of modifications in
the layout.

Thus we found for instance that whilst performing the
simulated operating task—influenced by experimental
distraction—the performance of a task clearly decreases,
whilst the load of the working man increases. This effect is
different for each machine and correlates with the effect
of the ground speed, which we established in the field
experiments.

A difference in training time requirement also exists,
between the machines which is of importance when
judging the ergonomic qualities of a certain operator's
platform.

The human factors—especially the application of
ergonomics in agricultural engineering—not only deserve
full attention, but are decisive in the question of whether or
not the farmer will have a reasonable living in the future,
comparable with other professions.

In my opinion this is reason enough for working at full
speed to obtain the necessary data for the design of farm
machinery, in order to obtain man-machine systems with a
high capacity and a favourable load for the worker in
agriculture in the near future.
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MR D. EVANS (Agricultural, Horticultural and Forestry
Industry Training Board) asked if herringbone milking
parlour operators who had been studied had been initially
confronted with the full working situation or whether any
attempt had been made to draft them gradually into the
working system. The stress encountered from sudden
confrontation might indicate the need for stamina build-up
so that people were drafted gradually into the working
system. Thus, parts of the job would be tackled almost
automatically before operators went on to study the next
part. Mr Evans also enquired whether there was any
indication that stress fell off after a month or two of working
with the system; it could be that having got used to the
working of the system the stress factor diminished.

DR R. W. TOMLINSON (NIAE) replied that the two
parlour operators studied had both been experienced milkers;
inexperienced subjects had not been used. Consequently,
the effect of stress could be assumed to have settled down
to a fairly constant level by the time they were studied.
Familiarity with the subsidiary task was in this case of
greater importance as there was obviously a lot of learning
attached to it and there had then to be repeated exposure to
the task before actual measurements were taken.

Measurements had not been carried out to establish

whether the stress on a milker was reduced with familiarity
with the milking task itself. This was one aspect that the
secondary task could be used for, as it could in a study of
'fatigue'. The subsidiary task was in general useful for
studying learning habituation to a work situation.

MISS S. H. READ (Dairy Husbandry Specialist, NAAS)
enquired if there was any optimum number of tasks which
might be brought into one job, below which the operator
might experience such a degree of tedium that any kind
of interruption could upset the routine; equally, whether
there might be so many distractions above the optimum task
that continuation of the routine would be upset.
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Dr Tomlinson thought that one could not describe or define
an optimum number of basic elements within a task. It
would depend on each specific situation. One ought really
to talk of the amount of information processing required by
a particular task. The amount of mental work in a task
could probably be reduced and it was his own view that one
could reduce this to the level where it became so boring
that performance deteriorated. This was a controversial
point because there were those who believed that peak-loads
should be reduced, whatever the circumstances.

Mr Evans said that if one could define an optimum level
for mental work it would be interesting to know if there was
not also a low limiting level. In terms of a vibrating tractor
seat, he did not visualize the day when a tractor driver
would go home feeling the need to take further exercise, but
there might be a lower level which was desirable. Mr
Evans further enquired if the tractors in the loading
experiment, particularly the front-loaders, had been fitted
with power steering.

Replying to the question about the lower level of physical
work-load, Dr Tomlinson said that there was obviously a
circular pattern in that the less work one did the less work
one was capable of, but he thought the levels being
considered here were above any minimum level one might
care to consider. In practice, the question might not arise
because it was to be assumed that farmers were aware of
the faster rate of working of which slew loaders were capable.
If a farmer had a good deal of loading to do, he might
well consider it worthwhile to go to the greater expense of
buying a slew loader. On the other hand, if he had less
loading to do, he might go for a front loader on grounds of
cost. In these cases, although one referred to a maximum
level of 5 k/cal per minute, strictly speaking this was only
advocated as an average measured over several weeks at
least. If one was really thinking in terms of several days
rather than weeks or months, and if the worker had only
a small amount of loading to do, then peaks greater than
5 k/cal per minute could not be objected to.

In reply to the point about power steering, Dr Tomlinson
said that this had not been incorporated in the fore-loaders
and he agreed that this had been the main reason for the
increase in effort. Not only did the loader have to be moved
but the tractor as well and the steering force was therefore
probably the main reason for the much higher level in
those cases.

MR. J. MATTHEWS (NIAE) touched on a problem
mentioned by Dr Tomlinson of the effect of the increasing
herd sizes on the manning of milking parlours. Could
Dr Tomlinson say why he had started with small numbers
of cows, when really the problem was with large herds and
could he perhaps explain where this might cause the
ergonomics investigation to be directed?
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Dr Tomlinson said that small numbers had been decided
upon in the first instance in the context of a study at NIRD
at Reading, having regard to the early stage of technical
development at that juncture. Obviously there was more
interest in larger herd management and they had wanted
to get any 'teething problems' out of the way before going
on to that stage. They had been interested in the whole
scheme of milking, not just herringbone, and not just one
sort of herd size, because larger sizes would become the main
consideration. Experiments with larger herds would go
into different sorts of manning. One could have double or
single manning within a given parlour and there could be
different numbers of units for these men to use.
Experimentation beyond that stage would depend upon
available resources and the results of earlier work.

MR. P. HEBBLETHWAITE (Massey-Ferguson (Export)
Ltd) said that many people would be interested to learn
from Dr Tomlinson what particular class of farm machinery
he intended to tackle next, having already demonstrated
today his interest in the herringbone parlour and front loader.

Dr Tomlinson said that the next area he would like to study
would be that of mental work-load on combine-harvesters,
following in Mr Zander's footsteps and also from
information he had obtained from the United States. In

America, work on combining had demonstrated that whilst
the rate of working of the cutter bar had been increased by
factors of two or three, the total work-rate had not risen
by the same amount. This was because the amount of
information the operator had to process also increased
beyond the acceptable maximum of his capacity and one
might therefore be needlessly spending money on machinery
that the operator was not capable of using. The alternative
was to design a machine that would reduce the mental
work-load of the operator and if he could find a more
suitable task of measuring the work load for the
combine-harvester operator he would like to study this task.
This was an area that had a great future but the problem
was in defining the limits. One could measure percentage
errors but it was not yet known how these related to the
operator's capacity. There was a direct measure of work
processing that Mr Zander had mentioned at a rate per
second, but there was no standard of information processing
analogous to the standard of energy expenditure in
physical work-load.

DR C. K. ELLIOTT (GP) said that as a practitioner of
clinical medicine his interests differed slightly from those of
the speakers but they were nevertheless complementary.
Specifically he was interested to see the mechanics of the
assessment of physical and mental stress but he wondered if
it was fair to ask when either of these stress factors became

symptomatic, causing the operator to become a patient.
Was there some means of assessing when in fact these
physical or psychological subjective feelings became
potentially disease entities?

Dr Tomlinson said he did not believe there was any way of
knowing when they were likely to become disease-producing
Work in the United States had considered the proportions
of people in various occupations and the proportions of
incidence of coronary disease, for instance, but he believed
this was as far as it had gone. No work had been done on
trying to assess the effects of the human being in terms
of preventive measures.

MR J. ZANDER (Agricultural University, Wageningen)
said he agreed with what had been said and described the
case of a farmer in Holland whose experience had been that
mechanisation was beneficial but mental work-loads were

high. Asked why this was, a farmer replied: 'When I milked
my cows by hand I had a lot of time to think about
management. Nowadays, I have machine-milking and I
have no time for managing'. When it was suggested to the
farmer that he could think about his managing in the
afternoon he had replied; 'No, in the afternoon I have to
repair my machines'. Mr Zander believed that in agricultural
tasks it was often the case that heavy physical work-loads
were combined with medium-level mental loads and
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vice-versa. It was becoming increasingly necessary in the
future to give attention to the relationship between physical
and mental work-loads and to determining the loads in
different agricultural tasks.

DR J. D. G. TROUP (Royal Free Hospital School of
Medicine) wanted to know to what extent these difficulties
led to men going into other types of employment or, if they
stayed, whether the work was re-organized so that it was
no longer as the machinery manufacturer had intended.
What actually happened ?

MR J. C. WEEKS (MAFF) said he had no evidence at the
moment, but found it interesting that an increase in
mechanisation was becoming an important factor in the
doctor's waiting-room. He would like to know whether
there was already evidence to show that mechanization as it
existed today was producing a type of fatigue which was
coming to the doctor under some other guise, and whether
the doctor realized that this was a problem to which an
answer had to be found. Although there was no statistical
evidence which pointed to a clear 'cause and effect' situation
at the moment, this was certainly something for the future
and one that he was obviously interested in.

Dr Elliott said that his question had not been directed
against the manufacturer; he had really been concerned
with the situation in which experimental medicine could
assess when certain physical or psychic loads were beginning
to produce disease entities. He went on to say that he
himself came from the Fens, an area where, apart from
good economic development produced during the two
world wars, the situation had been difficult and the pattern
was one of very hard work. He had found that a man of
around 45 would often present symptoms of psycho-neurotic
disease which might become psychotic. It appeared that
such men reached the physiological age when they began
to run down but could not in fact slow down. This was the

one specific thing that he had noticed, although he was not
sure that it was relevant to the discussion.

Dr Troup said that with reference to milking parlours, one
could predict that the mental and psychological load might
produce a certain pattern of clinical pictures and he
wondered if there was a recognized pattern.

The Session Chairman, MR C. CULPIN (NAAS), said he
believed there were people who were just not able to stand
up to the intensification of work in milking parlours, and he
invited Miss Read to comment.

Miss Read said that one reason why she was so interested
in Dr Tomlinson's work was that the very few cases which
had been reported had received rather wide publicity and
these had been used as an argument against the modern
herringbone milking parlour and against the increase in herd
sizes. One suspected that these cases were very few and
that there might be other reasons for these occurrences.
Dr Tomlinson, for example, had done this preliminary work
on an extremely efficiently designed, controlled and well-run
parlour with good labour. Unfortunately there were many
who did not have that advantage. There had indeed
been cases of severe stress and of people going out of
farming to less demanding jobs. Miss Read said she was
concerned that the facts should be established and that
one should know the magnitude of the problem, which she
suspected was not very great but was very real in a minor
way. If there was a loss in efficiency of the herd, which
was reflected in economic terms, it was possibly due to
another kind of inefficiency which could hardly be measured.
An operator might not be aware of any distress; he simply
slowed down and became inefficient. It produced a very
real economic repercussion and was something that one
would like to stop.

Dr Tomlinson commented on symptomatic origins, that he
believed the only thing one could apply was possibly
personality testing. The question of people giving up
milking probably sprang basically from personality.
Personality assessment was not a very clear science at the

Please turn to page 45
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1. Introduction

In preparing a contribution for this meeting it was felt that
in view of the differing interests represented among
delegates, it would be necessary to establish a platform of
common ground on the subject of skill development per se,
before ergonomic implications pertaining to this process
could usefully be considered.

Any cursory treatment of a subject so involved as this,
inevitably carries the risk of over-simplification. This is a
risk taken in the paper.

We should, perhaps, first indicate the standpoint from which
we put our views. Our experience has been in the fields of
Agricultural Engineering, Agricultural Education and in
the training of agricultural lecturers and instructors.

A logical starting point would seem to be the definition of
skill itself. For while dictionary definitions specify it to be a
personal attribute, the word is also commonly used to
denote a unit of activity or an element of a task.

This dichotomy of interpretation sometimes causes
confusion. In the person-orientated context, the word skill
embraces the human processes involved in carrying out a
unit of activity. In the second context a skill is taken to be
the unit of activity itself—a derivative of a progressive
breakdown of an occupation into its constituent parts,
e.g. an occupation is broken down into its constituent jobs,
jobs into tasks and tasks into skills. It is in the former
context—that of human involvement that we propose to treat
the subject today.

Practical skill as an attribute is often interpreted as mere
physical dexterity when in fact it is a synthesis of three
distinct elements. One dictionary defines skill as 'knowledge
and perception united with dexterity', and there we have it—
three co-ordinated functions, implicit in any practical skill
from the tying of a shoe lace to the operation of a
bulldozer. We might look at these three components in
more detail.

2. Analysis and Development of Skill

2.1 The Knowledge Component

Skilled performance requires a worker to know the
objectives of the job in hand and the principles involved in
the techniques he employs. It is sometimes said that
decision-making is the prerogative of managers and
supervisors and not of operatives or craftsmen, when in fact
even the humblest of workers have to make judgements on
their respective planes, especially in agriculture where they
are left for long periods without supervision and where
varying operational conditions call for the adaptation of
procedures and techniques. Knowledge, therefore, is an
essential component of skill and it is vital to resourcefulness
and problem-solving ability.

2.2 The Perceptual Component

The use of the senses is also vital to skilled performance.
The senses must be able to identify conditions and transmit
meaningful information on which judgements can be made.

*Agricultural, Horticultural and Forestry Industry Training
Board.
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The quality of an operator's performance is largely
dependent upon his sensitivity to the cues each operational
condition presents. Even when an operator possesses all his
sensory faculties he needs to develop alertness and anticipation,
e.g. the smell of an overheated engine, or a slipping belt,
the vibration resulting from the loss of a flail rotor, the
sound of straw wrapping around a combine cylinder, the
appearance of faulty knots produced by a baler, etc.

Thus the sensing organs become a vital part of a cybernetic
system—communicating information upon which the
operator (a) makes his adjustments, and (b) assesses the
subsequent results of those adjustments.

Clearly then, one important aspect of skill development is
'sensitivity' training (a term more usually associated with
managerial functions but nevertheless apposite in this
context). The trainee must be alerted as to what he should
look for, feel for, listen for, etc. To leave an operator to
develop these senses without guidance can be protracted,
costly and sometimes dangerous.

2.3 The Physical Component

Some jobs entail movements that are simple and easy to
master, but there are many more complex muscular actions
which can be simplified or improved to the benefit of
quality, output and economy of effort. In manual
operations body posture, balance, and points of articulation
are important considerations. On this subject of muscular
finesse, industry could learn a great deal from the
sporting world.

Stamina building in relation to particular jobs is a
commonly neglected factor, and even where it is taken into
account it is often done without prior consideration having
been given to determining the most physically economic
method of performing a particular task. The importance of
rhythm, follow-through or check actions are generally left
for the worker to discover by chance.

In some mechanized operations delicate and accurate
muscular control is necessary with the minimum of
concentration. It is in this connection that the development
of the kinaesthetic sense (i.e. sensitivity of physical control
transmitted through the muscular system) is important.

This can only be developed by supervized practice—the
objectives of which we will deal with later.

Clearly, the relative significance of the three foregoing
components will vary from skill to skill—some skills being
predominantly physical in character, others demanding
keen perception, and others requiring intricate knowledge.
Recognition of, and concentration on, the key element of a
skill accelerates the attainment of competence.

Having briefly outlined the constituent parts of skill we
would like now to describe the basic procedures of
systematic training as applied to its development.

3. Principles of Systematic Training
Systematic training is based on a sequence of initial
instruction, supervised practice and planned experience. Such
a procedure assumes that one is concerned with training
persons to perform a completely new task (i.e. 're-training')
as distinct from training for the improvement of
performance in a familiar task (i.e. 'refresher training').
In the latter case, the initial instruction phase may often be
by-passed.

3.1 Initial Instruction

The first stage in providing initial instruction is that of
identifying by depth analysis the precise mental, sensory
and physical activities which the skills of a particular
task demand.

Initial instruction in aimed at equipping an operator to
achieve a given operational objective to a given standard,
with confidence and safety, in preparation for a period of
supervised practice.

Care is necessary in this phase to graduate the training by
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avoiding presenting the learner with too many activities
and decisions at once. Too often one sees a learner driver in

a state of confusion trying to cope with traffic, road signs,
signals, pedestrian crossings and so forth, before he or she
has mastered the mechanics of the clutch, accelerator and
gear lever. Nothing could be more destructive to a
learner's confidence.

One of the arts of training is the gradual withdrawal of
external assistance to trainees, and in this connection there
is considerable scope for the development and application
of simulating devices.

3.2 Supervised Practice

The objective of supervised practice is that of developing
further, the trainee's co-ordination of mental, sensory and
physical processes. In this phase of training the key feature
is 'reinforcement', i.e. the trainee should be kept constantly
informed of his progress in precise terms so that he can
modify his judgements and activities accordingly. The more
immediately this knowledge of results is supplied to him,
after an action or decision, the more rapidly his
performance improves.

3.3 Planned Experience

The aim in this phase is the refinement of the trainee's
performance, i.e. the development of fluency, economy of
action, discrimination, the necessary stamina, and the
build-up of confidence. In short, planned experience
accelerates the attainment of Experienced Worker Standard.

The itemization of these phases of learning is not intended
to imply a segregation of the processes, but rather to
identify progressive objectives in the whole process of skill
development.

Having outlined some of the basic factors involved in the
development of skill we would now like to turn to
ergonomic considerations, which it is convenient to treat
in relation to each of the skill components described.

4. Ergonomics and Knowledge

Leaving aside the provisions made in the form of further
education courses, industrial training, manufacturers'
demonstrations etc. we might consider other sources of
information and channels of communication.

4.1 Instruction Books

On the premise that ergonomics embraces the adaptation of
men to machines, as well as machines to men, the instruction
book can play an important part in this adaptive process.

We have no knowledge of any study carried out by
equipment manufacturers, as to the effectiveness of their
instruction books as a means of communicating critical
information to equipment owners and operators. One
thing is clear, however, there is great variation in the
content, format and durability of the books produced by
different manufacturers. We might usefully consider these
three facets as follows:

4.1.1 Content. The content of some instruction books
could well be the subject of a special study with a view to
determining what information is appropriate to owners
and users respectively.

It is inevitable that on occasion modifications to machines
will overtake the printing of instruction books and as a
result the latter are sometimes out-dated before issue. It
would therefore appear that better monitoring of
developments is required by the technical publications
departments of manufacturers in order that up-dating of
literature is maintained if only by the insertion of addenda.

The information given in instruction books would in many
cases have a more compelling impact on operators if
critical points related to settings, performance checks and
fault analyses, were tabulated, and couched in imperative
terms instead of in the more common indicative terms from
which operators have to deduce what action they should
take in any given situation.
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While technical terms must be used for accuracy, some of
these would be better understood if they were followed
by brief definitions. Having regard to the target readership
there is also a case for more attention to the simplification
of the general vocabulary used in the text.

Credit is due to some manufacturers who make copious use
of clear line drawings uncluttered by irrelevant features—
this could well be adopted by many other companies.
So far as the type-set and general layout are concerned, too
often one finds small type and cramped presentation both of
which tend to militate against readability, especially after
a day's work when some of the more enthusiastic operators
like to browse over such literature.

4.1.2 Format and Durability. Most instruction books
contain information related to both the operation of the
machine in the field and its servicing in the farm workshop.
There might be merit in considering a division here; one
book on field adjustments and fault analysis procedures—
perhaps a pocket-sized version, and the other concerned
with the operator's responsibilities in terms of preventive
maintenance.

It would appear that due consideration is not always given
to the circumstances in which instruction books have to be
used—sometimes with greasy fingers, often in wet or windy
weather. When carried on machines they often reside in
an oil-soaked tool-box. It is not surprising therefore that
instruction books seldom last the life of the machines to
which they relate. Such an important document justifies a
more durable presentation than it generally gets, and perhaps
the provision of a special container on the machine so that
it can be kept on hand without suffering deterioration.

4.2 Other Methods of Communicating Operational
Information

These might include wider use of coding methods for the
identification of components and adjustments, and as
indicators to servicing frequencies, e.g. colours, numbers,
symbols. More durable legend labels and plaques could
also be employed.

In a broader context, one often wonders how much
consideration manufacturers have given to the potential of
modern media such as concept film loops, programmed
learning, algoriths, tape or even disc recordings as means
of transmitting product knowledge to owners and users.

5. Ergonomics and the Senses

We are all well aware that failure to detect faults in the

performance of high capacity machines can be extremely
costly in terms of commodity damage and wastage, and
machine stress. The significance of sensory communication
in operational skills has ah-eady been stressed, but however
efficient and alert an operator may be, there are many
feedback communication gaps on machines between their
functions and their controls yet to be bridged, and in view
of the many variables encountered in field operations such
as soil and crop inconsistencies, temperature and humidity
changes throughout the day, the effects of land undulations,
etc., there is a need for more continuous feed-back of
information from machine to operator.

In most mechanized operations, the assessment of a
machine's performance is limited to the range of visibility
afforded by the operator's position, and the frequency of
periodic checks, for which the operator has to stop work
and dismount from his machine. If things go radically
wrong he may, at best, be informed by an audio warning or
by the sound of an overload slip-clutch coming into action,
or at worst, by the slowing down or stopping of the
machine's mechanism—sometimes resulting in serious
blockages and strain on the components.

Moreover, performance of a machine is not judged solely
on its end product. Many tractor drivers make a first class
job of ploughing, without the ability to take full advantage
of their hydraulic controls. Thus the cost-effectiveness of the
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operation in terms of man-hours, fuel consumption and
tyre wear can be of a low order. Feed-back to the operator
should not be limited to visible evidence. It should also

supply information to guide operation input—e.g. the
ploughman should be able to 'home' on the optimum
degree of weight transference.

There would therefore appear to be scope for concerted
cybernetic studies in respect of both field and fixed
equipment—in particular on the more complex items, with
a view to the introduction of more sensing devices at key
locations not merely to warn against impending blockages,
etc., but also to supply the operator with qualitative
information on his machine's performance.

The ever-increasing use of closed circuit T.V. for
monitoring purposes in other industrial processes would
suggest that the potential of this medium might be explored
in relation to agricultural equipment.

On a less sophisticated plane, one ubiquitous 'sore thumb'
indicator during the spring of this year was, in our opinion,
the meandering tractor wheel marks resulting from field
crop spraying operations. This suggests an urgent need for
some kind of lateral range-finding attachment for tractors.
It would have many applications to field operations
requiring driving accuracy.

6. Ergonomics and Physical Dexterity
In considering ergonomics in relation to the physical aspects
of operating tractors and machines, it is convenient to
segregate operational controls from other adjustments
which are static in character.

6.1 Operational Controls

The location and grouping of controls are on some
machines well planned. On others their positioning appears
to have been arrived at fortuitously—almost as an
appendage to the total design of the machine. This
invariably resuhs in a less than ideal positioning of the
operator, placing him in anything but a vantage point in
respect of visibility and often imposing undesirable posture
strains upon him.

Standardization of controls could do much to simplify the
changeover from one machine to another, though clearly,
complete standardization would be extremely problematical
for manufacturers to implement.

The clearer identification of controls by more durable
symbols would be helpful in overcoming problems arising
out of the lack of standardization.

The sensitivity of controls is an important factor in the
speed of developing competence and finesse of operation.
Such things as steering gear ratio, the speed of response of
servo mechanisms and the movement: response ratio of
direct controls have a significant efl^ect on both the
development and transfer of skill.

6.2 'Static* Adjustments

Again, clear identification symbols could be more widely
used, and the accessibility of adjustments is sometimes
poor—often resulting in key settings being ill-adjusted or
totally neglected.

Even when adjustments are readily accessible, busy operators
often lack the patience to set them accurately, if the
procedure is difficult or time-consuming. There would seem
to be scope on some machines in current production for
the simplification of adjustment procedures—in some cases
by the elimination of the need for the use of spanners.

It is true that in the last ten years or so machines have
come a long way in respect of the ease and flexibility of
operational controls and adjustments, yet for one reason or
another considerable wastage and damage still occur
through faulty settings.

In a broader context, the question of operator comfort
plays an important part in efficiency, in particular in training
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situations. People learn best when they are comfortable.
When in a restricted position, especially for long periods,
one is constantly fighting, consciously or unconsciously, to
escape from its cramping effects. This constitutes a
distraction from the critical aspects of one's work and
encourages undesirable positional habits which can prove
injurious, if not positively dangerous.

7. Training Techniques

One statutory obligation of Industrial Training Boards is
the formulation of training recommendations in respect of
all the occupations within their respective scopes. The
formulation of training recommendations involves:

(i) The analysis of all activities performed in the industry
in respect of both production and supporting functions.

(ii) The synthesis of the resultant elements into training
syllabuses and programmes.

(iii) The establishment of target standards.
(iv) The devising of training techniques and media.

It is in the latter context that scope exists for innovation in
in the fields of method study, ergonomics and cybernetics.

By examining those skills which are difficult to impart, or
present a high risk factor to men, animals or machines, it
should be possible to design training aids to simplify
learning and compress experience into shorter time scales.
This would appear to be a field of development which calls
for a combined approach involving equipment manufacturers,
designers, and education and training specialists.

8. Wider Implications of Training

In this brief consideration of the principles of training and
of certain related ergonomic factors, the many inherent and
important psychological, sociological and economic
implications have been ignored. While these factors have
been the subject of study for some years there is an urgent
need for the intensification of this work.

The introduction of the Industrial Training Act and its
resultant stimulation of training consciousness within
industry, places new emphasis on the need for such studies.
Accordingly there is concern within industry about the lack
of reliable evidence on the cost/benefit evaluation of training.

While most employers intuitively accept the desirability of
maximum performance from their work-force, the
development of personnel—a vital factor in the profitability
of a business—seldom receives the same degree of scrutiny
as other cost centres.

The Central Training Council is very conscious of this
situation and seeks to secure the kind of evidence that is
needed. While the costing of training within one particular
business is reasonably straight-forward the measurement of
the benefits derived exclusively from that training is much
more complex. The problem is even greater when one
attempts to compare business with business in terms of the
effectiveness of training.

The Agricultural Training Board is currently exercising
itself in this field by initiating studies on the economic
implications as well as on the psychological and sociological
factors of its work.
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1. Current Practice

1.1 General

For many years various items of produce, both fruit and
vegetables, have been graded before sale, and with most this
has involved grading for size or weight and also for quality.

In the case of apples, pears and tomatoes, and a number
of vegetables (e.g. carrots and celery) grading is carried
out in a packhouse immediately prior to packing, but certain
other vegetables (e.g. cauliflowers, lettuce, cabbage) are
graded and packed in the field as they are harvested. With
some of the items, mainly apples, pears, tomatoes and
carrots, the size or weight grading is carried out
mechanically, but the quality inspection of all produce, and
some sizing is done by human operators. Female labour
is normally employed, and, particularly in the fruit
packhouses, the same teams of women are engaged from
year to year, so far as is possible. Although the task of
classifying apples and pears is probably more complex than
with any other produce, very few pack-houses have training
schemes for their operators, and none make any attempt
to select the most suitable operators.

1.2 Grading Standards

Voluntary Schcmes designed to ensure that the quality of
produce does not fall below certain standards have existed
for some time, in the case of fruit for approximately 30
years, but only recently have such schemes become
obligatory with the introduction of the 1964 Agriculture and
Horticulture Act which makes provision for the introduction
of grading standards for horticultural products. So far,
five items out of a total of some 25-30 have had standards

laid down; they are apples, pears, tomatoes, cucumbers
and cauliflowers. In each case four classes are specified in
detail (i.e. Extra, Class I, 2 and 3). Factors taken into
account in the assessment of class or grade include, for
apples, for example: development and maturity, colour,
shape, cleanliness, russeting, progressive defects, and
non-progressive damage and blemish.

The appendix is an extract from the MAFF booklet 'Guide
to the Grades, No. 2—Apples' showing the requirements for
Class 2 fruit. Not all the statutory grades are always used,
however, since the Extra Class is rarely seen, and Classes 1
and 2 are frequently combined, produce being all classified
as Class 2.

1.3 Methods

Each individual item of produce must be inspected, and the
methods for doing this includes (I) the inspection of items,
such as cauliflowers, as they are harvested, with the operator
who cuts the produce also inspecting it and packing it
(Fig. 1); (2) the inspection of batches of produce in a
packhouse (e.g. some vegetables and some fruit). In some
instances, one operator may carry out inspection, sizing and
packing, for instance, with finger carrots (Fig. 2) and (3) the

*Overseas Liaison Dept./formerly Materials Handling Dept.,
National Institute of Agricultural Engineering.

Fig. 1. Typical field grading and packing conditions.

Fig. 2. Inspeciion, size grading and packing of carrots.

Fig. 3. Conveyor inspection of apples.

inspection of items on a moving conveyor, as with apples
(Fig. 3).

Whereas the move towards mechanized vegetable
packhouses is fairly recent, mechanization of fruit
packhouses has continued steadily over the years, but there
are still only two basic methods of fruit inspection in current
use. The first, now being largely superseded, except for
pears, involves the handling of all fruit by the operator,
items being taken out of a box, or tray, inspected, and
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placed in the appropriate lane or conveyor according to
grades, a system commonly known as addition grading.
The more popular method, since it reduces the amount of
handling of the produce and increases throughput, involves
conveying the produce past the operator on a roller conveyor,
which rotates the fruit as it is conveyed. The operator
removes specific grades only, and a proportion of fruit is
left untouched (Subtraction grading). In general fruit is
fed on to the conveyor in a random manner and no attempt
is made to channel it into separate lanes or maintain an
even distribution. Since sizing is carried out after
inspection, the operator is frequently faced with a
considerable range of sizes. Inspection tables of this type
can vary in size from those employing only one operator,
to those employing up to eight or more.

A variety of systems incorporating the roller-type table
are in use, perhaps the most common being that where all
the operators on the table inspect all the fruit and classify
it into all the required grades. Alternatively, in some
packhouses, the table is divided into lanes and one operator
is responsible for one lane, in order to avoid the items
being inspected more than once. A third system requires
the operators to inspect all the fruit, but select items of
one grade only.

1.4 Operating Conditions

The range of operating conditions is considerable, and
includes on the one hand all the weather conditions likely
to be met in the field in winter, and on the other, the
comparative comfort of a modern, well-designed packhouse.
Whereas little can be done to alter the conditions in the
field, apart from bringing produce into a packhouse, there is
considerable room for improvement in many existing
packhouses, where frequently conditions are well below the
minimum required for optimum operator performance.
Much of the work in both fruit and vegetable packhouses
is carried out during the winter months, and ambient
temperatures in fruit packhouses as low as 40-45 °F have
been recorded. In at least one packhouse it is the policy
to keep the temperature to 50-55 °F to avoid spoiling the
fruit, but elsewhere temperatures of 65 °F are maintained.
Whereas some packhouses use ducted hot air systems, others
use only radiant heaters giving very localized heating; some
use heated platforms for the operators to stand on.
Conditions in vegetable packhouses can be additionally
unpleasant since many of the vegetables are washed, and
operators frequently have to handle wet produce. With
many packhouses the layout is such that produce is brought
into the packhouse proper for unloading, and the continual
movement of forklift trucks in and out can result in
unpleasantly draughty conditions.

Lighting arrangements vary considerably, from natural light
only to artificial light only. Where artificial light is used
it normally consists of fluorescent tubes, but no attempt is
made, in general, to use the most appropriate colour;
tungsten lighting is sometimes used. The most modern
inspection tables incorporate built-in strip lighting some
18 in. above the conveyor, but in some packhouses more
general lighting is used and light intensity can vary from
600 Lux at the surface of the grading table in the best cases
to 50 Lux in the worst.

Most packhouses use equipment which requires the operators
to stand while working, although with some subtraction
grading systems seating is provided. In general, however,
neither the inspection tables nor the seating arrangements
have been designed with ergonomic principles adequately
in mind.

1.5 Operator Efficiency, Training and Selection

Little is known about the performance of individual
operators under normal working conditions, either in terms
of throughput or inspection efficiency, and the amount of
experimental work to date is limited. However, a recent
brief study of some twenty experienced apple packhouse
operators indicated that consistency of classification was at

APRIL 1970

60i-

40

o

UJ

20

0 12 3

Class of apple

Fig. 4. Mistakes made in grading each class by hand.

Error, Vo —
60 40

L I_

Down graded

20
_L_

By one class

By two

By three

Fig. 5. Extent of errors in grading.

Up graded

20
_1_

40

Cull

60

best poor, and was quite likely to be very poor. Under
ideal conditions, that is with unlimited time and the
opportunity to handle and inspect all the fruit closely, an
average of between 20% and 40% of the apples were
incorrectly classified (Fig. 4). The differences between
individual operators were most marked, in that at the same
packhouse, one operator classified less than 20% of the
fruit incorrectly, whereas another was wrong approximately
35% of the time in most grades, but in one grade was
nearly 90% wrong. Most of the mistakes were only one
Class in error, but some were two and a few were three
Classes in error: a majority of all errors resulted in
downgrading (Fig. 5).

At least some of this poor level of performances can be
attributed to the almost complete lack of training given to
operators. In most cases new operators are merely put to
work alongside experienced workers, although one instance
is known where the first day is spent learning the grades before
going on to the production line. Many packhouses display
either the Ministry charts showing the main characteristics
of the classes, or their own comparable charts, but little
is done to ensure consistent standards of grading by regular
refresher courses.

The wide differences in performance between operators
would seem to indicate the benefit of selecting the best
operators for the inspection task. At the moment, however,
no selection is carried out by the employer, although where
the women work in teams there is a natural tendency for
the worst operators not to remain in the team for very
long. Very few packhouses even check their operators for
colour vision or general visual acuity.

2. Future Requirements

2.1 General

An increasing demand is likely in the future for both fruit
and vegetables, and the emphasis on high quality produce
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will continue and extend, both as a result of the statutory
schemes and the high standards set by the large retailers.
Coupled with the introduction of improved methods of
packing, particularly of vegetables, and a need for greater
productivity generally, this will result in an expansion of
packhouse capacity and a demand for greater efficiency.
The complete automation of sizing or weighing, and packing
is no doubt quite feasible for most produce, but quality
inspection already creates a bottleneck in many fruit
packhouses, and improvements elsewhere in the system
could merely make matters worse unless there are
comparable improvements in inspection and grading
methods. Unfortunately it is unlikely in the foreseeable
future that the human operator can be replaced for quality
inspection. Methods of inspecting automatically have been
developed for specific characteristics such as colour,
maturity^ and internal condition,'' but there are certain types
of blemish, such as gleosporium in apples, which only the
human operator can distinguish.

The main requirement would therefore appear to be for
improvements both in the rate of working and accuracy of
grading by the individual operators. These can be brought
about in three ways;

(i) By improving the general working conditions.
(ii) By improving the design of the equipment and

introducing improved techniques.
(iii) By introducing training and selection of operators.

2.2 Improvements in Working Conditions

There are many obvious ways in which working conditions
can be improved, and a considerable amount of information
exists, for instance, on optimum values for illumination and
ambient temperature. Intensities of illumination above
500 Lux generally result in little improvement in visual
acuity, and a value of 300 Lux is the recommended value®
for the inspection of medium sized objects. The colour of
the light used is important and some work has been carried
out with coloured light as a means of improving the
detection of blemishes on red cherries.*

Prior to the main inspection studies at the NIAE, brief tests
were carried out at the British Lighting Council's premises
using artificial apples with simulated bruises to be used
during grading experiments, and also real apples having
bruises of varying intensity. It was concluded that
fluorescent tubes of 'white' or 'warm-white' colour were

most suitable, and although colour lighting could be
advantageous with a limited number of blemishes, in general
white light is most effective. Brightness contrast between
the objects under inspection and the surroundings is also
very important and a dark background, say medium to
dark grey, would be suitable. If possible it should be matt
to avoid glare, which can also be a significant problem.

With the provision of local lighting immediately over the
inspection table, precautions must be taken to avoid source
glare and some diffusion of the light may also be necessary
to decrease glare from the fruit itself, particularly if it is
washed and polished. Glare from external lighting, for
example sunlight, can be extremely distracting if a grading
table is placed immediately opposite a south facing window.

Ambient temperatures within the working area should be
60-63 °F ideally® although lower general temperatures are
acceptable if radiant heating is used to give local radiant
temperatures within the optimum range.

The noise level in most packhouses is not high, and is
probably not sufficient to affect inspection efficiency.

Unfortunately with current machinery and packhouse
layouts it is not easy to isolate the inspection task in a
separate room, an arrangement which would make the
provision of suitable conditions much simpler. With the
complete automation of all processes other than quality
inspection, such an arrangement might be feasible in the
future. It would have the additional advantage of removing
the distractions which exist in many present day packhouses,
notably the movement of traffic (e.g. forklift trucks) and
people within the building.
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2.3 Improvements in Machine Design

Current types of inspection table could be improved in a
number of ways, making use of existing ergonomic data.
A first step would be the provision of suitable seating® where
this is not already provided, and the redesign of much of
what is now in use. A complementary design feature is
the layout of the machine and its associated conveyors so
that all relevant components are within easy reach of the
operator.^ The provision of adequate knee-room whether
the operator is standing or sitting at the inspection table
is frequently overlooked.

An area where there is far less data, however, is the effect
of the various machine parameters on operator performance.
Some work has been carried out by Malcolm and
de Garmo* on the inspection of citrus fruit using an
inspection table where the fruit is rotated as it is conveyed,
and the importance has been established of the number of
revolutions of the objects per foot of travel. A value of
1-6 rev/ft for each lane under inspection was found to be
the optimum for spheroidal objects, and this compares with
a value between 1 -5 and 1 -75 rev/ft per lane found during
recent experiments at NIAE using artificial apples (Fig. 6).
Optimum rates of throughput per operator will vary
considerably with the proportion of blemished items in the
sample and the complexity of the task. For citrus fruit it
was found that rates between 4-2 and 5*5 items/sec were
possible with 30% defectives. An approximate limit of
2 items/sec was found by ourselves with artificial apples with
50 % defectives, and this is considerably higher than rates
achieved in practice with real fruit. Malcolm and
de Garmo also found that increasing the number of
blemishes per item from one to two resulted in a reduced
inspection efficiency, and the effect of multiple blemishes, as
found in practice on apples must be appreciable, although
no specific data is available. It has also been established
that inspection efficiency is improved when the items under
inspection are conveyed towards the operator from the
front, rather than from the side®: the incorporation of such
a design feature would mean a radical change in machine
layout.

So far consideration has only been given to the improvement
of existing types of machine. Work is being carried out
at the NIAE, however, to investigate the feasibility of
making quality inspection semi-automatic, by removing the
need for the operator to handle the produce. Preliminary
work has been done using a conventional roller-type
inspection table, to which has been fitted a keyboard on
which the operator registers her assessment of the grade of
each apple as it passes (Fig. 7). In practice the keyboard
would be used to instruct a memory system of the grade of
each item, so that each could be discharged at the
appropriate chute at some convenient point along the
convejringsystem. Results so far indicate that no more than
two lanes of fruit should be inspected (Fig. 8). There was
little difference between 1 or 2 lanes, but the number of
mistakes made in grading increased by up to 50% when
the number of lanes was increased from 2 to 4. Preliminary
experiments with artificial apples to compare rates of
working and inspection efficiency when carrying out manual
sorting and keyboard operation indicate that inspection
efficiency falls off more rapidly with manual sorting, and
that it should therefore be possible to achieve appreciably
higher rates of throughput using semi-automatic systems.
The main problem with any system, whether manual or
semi-automatic, is the presentation of the produce to the
operator in the most suitable way, so that maximum
opportunity is given to see all the surface area of the
produce. The inspection of moving objects is not ideal,®
however, and systems are being considered whereby the
objects would move intermittently, being stationary for a
brief period during inspection. Individual items could be
inspected in this way, or it might be more suitable to
inspect blocks of, say 4 X 4 or 5 X 5 items.
The application of semi-automatic systems to the inspection
of a wide range of produce other than fruit would appear
to be feasible.
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Fig. 9. Learning time (typical of performance of experienced
packhouse operators, using keyboard and simulated fruit).

2.4 Introduction of Training and Selection of Operators

The human operator when carrying out inspection tasks is
not noted for reliability and consistency.'"-" Considerable
variations occur between operators, and also with given
operators over a period of time; in addition the length of
time taken for an operator to reach peak efficiency in
carrying out a complex task can be appreciable.

While there is no data on learning times for apple
packhouse operators to become proficient, as long ago as
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1929 Harding and Manning'- commented on the loss of
production in the manual sorting of strawberries due to the
slowness of new operators in learning the task. Preliminary
runs with artificial apples using the keyboard system
indicated that inexperienced operators required up to
4-5 hours actual working time to become reasonably
proficient (Fig. 9) that is, two full days allowing for rest
periods and breaks. Further experiments with one operator
only confirmed that proficiency increases steadily over much
longer periods, reaching several apparent plateaux of
performance of increasing cfTicicncy. The much more
complex task of grading real fruit will obviously take still
longer to learn, but it might be feasible to use a grading rig
with artificial fruit to enable most of the learning to be
carried out before operators are introduced to the actual
production line. This would be an attractive proposition
should semi-automatic systems be introduced into
packhouses.

The attainment and maintenance of standards of grading
would be helped by the introduction of suitable training
schemes, and the following proposals havebeen put forward.'̂

2.4.1 The initial attoinmenl of common sumdonis

It is proposed that the packhouse operators, and those
responsible for the supervision of quality inspection within
the packhouse (i.e. either the packhouse inspectors in the
case of a large packhouse, or the packhouse manager in
smaller units) should be brought together as a group.
A typical sample of apples should be supplied to the group,
and individual apples be assessed by the group as a whole.
If there is disagreement on the grade, this is resolved by
discussion of the various features used in determining the
grade, with the inspector or manager being the final arbiter.
It is suggested that this type of training could take place
for \ to 1 hour every other day for a few weeks. If common
standards of assessment are to be achieved, such schemes
of communal judgement and discussion are essential, but
the success of the scheme will depend on the good
judgement and knowledge of Ministry standards possessed
by the inspectors or managers. To ensure this the separate
instruction of the inspectors might be necessary.

2.4.2 Ttie maintenance of stamhnls

In order to maintain the standard of grading, the following
steps are proposed:

1. A scheme similar to that described above should be
operated regularly on, say, one day a month for ^ to
1 hour.

2. In addition, prior to each day's work the inspectors or
manager should select a batch of fruit, with, say,
10 apples in each grade, showing a variety of defects and
combinations of defects. A brief discussion with the
operators to justify the classifications of each apple
should help to resolve day-to-day variations in the
standards. The selected sample should then be placed on
display for the operators to use as a reference in case
of doubt.

3. If possible, the performance of each operatorshould be
checked at least once daily by the inspector or manager,
and the operator should be informed at once of any
disagreement between her assessment and that ot the
inspector.

The possibility of carrying out this check without the
operator's knowledge is remote, and the most practical
alternative would be to ask the operator to grade for five
minutes into separate containers.

It is essential for the success of such schemes that the
packhouse staff are fully informed of their purposes from
the outset.

2.4.3 Selection of operators

Apart from the use of tests for colour vision and visual
acuity, it is not easy to check operators' suitability for the
task before employing them. Colourcharts are readily



available and visual acuity can be tested using a system such Characteristic
as that provided by the Orthorator, although less expensive Variety
methods are possible. In practice a process of natural
selection will no doubt operate, particularly where the
operators work in teams, and it should be possible to pick
out particularly bad operators. With the introduction of
semi-automatic quality inspection it might be possible to
eliminate the least efficient operators during the initial
training period on a grading rig with artificial fruit. The
incidence of colour-blindness among women is only of the
order of 0-4%, but among males is approximately 4%."
Of the 12 women used during grading experiments one had
slightly defective colour vision. On this evidence, the
elimination of potential inspection employees with an
indication of colour vision deficiencyshould not be
unduly restricting.

3. Conclusions

Since the human operator will be used for quality
inspection and grading for some time to come, and the
emphasis on high quality produce, both fruit and vegetable,
will no doubt increase, as will the demand for greater
productivity, there is a need to improve operator efficiency.
This can be achieved in three ways:
1. By improving working conditions.
2. By improving the design of existing types of machine,

and introducing improved techniques, making use of
automation wherever possible.

3. By introducing methods of training and selection of
operators.
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Appendix

Class No. 2 is designed for apples of reasonably good quality
which, because of defects of colour, shape or blemish,
cannot meet the requirements of the higher classes.
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Development
and Maturity

Colour

Shape

Cleanliness

Progressive
Defects

Non-Progressive
Damage
and Blemish

Requirement
All apples within a container must be of
one variety.

Must be sound both internally and
externally. Must be reasonably firm,
no more than very slight shrivelling
being visible. Dessert varieties must be
sufficiently mature to ensure subsequent
ripening and the state of ripeness of
all apples must be such as to allow
them to remain in reasonably good
condition during the normal period of
distribution.

Red dessert varieties must not be
completely devoid of characteristic
colour.

Defects allowed provided the general
shape characteristic of the variety is
retained. Very pronounced 'King'
fruit must be excluded.

Must be reasonably clean.

Must be free from any blemish or injury
which might seriously aflfect keeping
quality.

Damage and blemish not affecting
keeping quality must not exceed
240 mm^(f in.®) on dessert varieties or
320 mm® (| in.®) onculinary varieties.
The stalk may be broken or missing but
there must be no visible evidence of
decay or mould.
Additionally, bruises not more than
slightly discoloured may be present;
their total area must not exceed
320 mm® (^ in.-) on dessert varieties or
640 mm® (1 in.®) on culinary varieties.
If there is no other damage or blemish
then the total area of bruising with
slight discolouration may be 480 mm®
(I in.®) on dessert varieties and 960 mm®
(1^ in.®) on culinary varieties. The
amount of damage present must not
seriously detract from the overall
appearance of the contents of a
container.

Russeting with small dry cracks is
allowed provided it does not seriously
detract from the appearance of the
apples. Any cracking present must be
shallow. Up to three cracks will be
allowed provided that no one crack
exceeds 15 mm (f in.) in length and
that total cracking does not exceed
25 mm (1 in.) in length.

Dessert varieties. Not less than 50 mm

(1H in.) maximum transverse diameter.
Culinary varieties. Not less than 60 mm
(2f in.) maximum transverse diameter.
The difference in diameter between
apples within a container if packed in
rows or layers, must not exceed 10 mm
(f in.) for dessert varieties or 20 mm
(I in.) for culinary varieties. The
minimum size packed must be stated on
the container. Apples packed loose in
a container may be of mixed sizes. Q
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DISCUSSION (First Session)
—from page 36

moment but he believed this was the only sort of help that
could be offered.

MR T. C. D. MANBY (NIAE) congratulated Mr Zander
on his use of simulators and the development of them. It
appeared that Mr Zander was using signals to replace the
crop and indicate the movementsrequired for the header
and the reel. Mr Manby said that in his own limited
experience of driving combines, he had always found that
the most difficult task was the control of the reel in a
laid crop. He was not convinced that the simplesignal
that was displayed required the same judgment as was
required to operate a reel efficiently when driving a
combine in difficult conditions. He wondered whether
the technique of using film as practised for car driving
simulation when devising controls on cars, had been tried
out for combine harvesters. If he were tackling
simulators, he would want to go about it this way from the
beginning. He would be interested in Mr Zander's views.

Mr Zander said he had considered the possibility of using
films; although Mr Manby had said this was simple, he
believed they had found a more simple way. For indoor
experiments, students had mostly been used who were not
acquainted with combine harvesters. On the other hand, in
the fields experienced men had been used and thus the
difference between inside and outside experience was
emphasized. It had been decided to start indoors with
peoplewho wereacquainted with combine harvesters but
were not skilled drivers. Next, one went into the field with
very experienced drivers. Subsequently, the outdoor men
were asked to come to the laboratory and do the same
task. It was particularly noted that the level of
familiarization was very high; these men were quick to
becomeacquainted with their machine and, even with the
more practical type of man who worked in the fields, one
achieved the same results. Experiments were developed
based upon eight outdoor men and then indoor experience
based upon twelve students. For the 'practical' men
variances of correlation were plotted. Very good
correlations resulted from these experiments. Consequently,
in discussing the use of films, it had been felt that as those
working on the simulator could arrive at much the same
figures as those who were experienced with combine
harvesters in the field, familiarization in practice was to be
preferred to the use of film.

Mr Hebblethwaite felt that Mr Zander's paper had
dealt too summarily with combine harvester cabs. It might
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Chairman: J. C. MATTHEWS, BSc, Fi AGR E*
Presented at the Autumn National Meeting of the Institution
at Loughborough University ofTechnology on 4 September 1969

MR G. N. STEVENS (NIAE) said that as standards among
pack-house operators appeared to be so low because of
their having not been properly trained, he wondered just
how much training the Ministry Inspectors themselves had
been given and whether one could expect the same
inconsistencies.

MR LOVEGROVE (AHFITB) replied that what
particularly interested him about this problem was where
people in the pack-house, who were perhaps inexperienced,

♦Programme Convener, I Agr E Autumn National Meeting
1969.
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be that in the cabs that Mr Zander had tested, no significant
effect on noise level had been established but potentially
sound insulation could effect substantial reductions in the
noise level to which the operator was exposed. On the
matter of selecting future tasks, including work on
combines, Mr Hebblethwaite suggested it should be on the
basis of the economic background and utilization factors
of the various machine classes. In many parts of Europe
the average annual useof a combine wasless than 100 hours.
The symptoms in any one year hardly had a chance to
show themselves. The effect of dust on combine drivers
wasa casein point. In general, onlyasthmatics and people
who were naturally 'chesty' were troubled to the extent
that they had to see a doctor. Work should bedone in
this area to establish the economic influence, or workdays
lost perannum. However, in agriculture the statistic would
not provide the total picture.

Dr Tomlinson argued that the fact that men did not go to
the doctor was not a sufficient cause for complacency. He
believed there was in fact good reason for work being
carried out on dust measurement. Effects went on from
year to year and although the man was only exposed for a
very limited time, he might go to the doctor after ten years
and then find that he had a chest disease.

Mr Hebblethwaite said he had wanted to distinguish between
industry and agriculture. In industry it waseasier to
establish whether a problem existed because exposure was
for twelve months in the year.

Mr Zander agreed that 100 hours per annum was about the
maximum amount of usage for a combine harvester. In
terms of ergonomics, his research projectshad approached it
from the point of view of the entiresystem of man and
machine within 100 hours per annum. It was therefore
necessary within this framework to have a very high
capacity, free from trouble and with a favourable load.

Thus, when referring to the cost of the suspended seat, it
was desirable to draw attention to the whole layout,
including the consideration that the man must be trained
and instructed verywell. He had to reach a high level of
efficiency at this stage and this was the reason that he had
placed such emphasis on learning activity or the learning
characteristics. It was as important from the engineering as
from the medical point of view, looking both at the output
and the performance, that thejob should beaccomplished
non-stop andat a high level with a favourable load, especially
with such expensive machinery as combine harvesters,
milking machines and the like. •

were suddenly confronted by a variety of decisions. They
had to make a decision on grading by shape, grading by
colourand grading by blemishes, all at the sametime. The
operative on the production line would find himself faced
withgreen ones, red ones, big onesand smallones,some
with bruises, others with cuts, coming at him in a steadyflow
and he would be baffled. This was known in a training
situation as 'dazzle', with everything coming at him at
once. The way to overcome this would be to train the man
bystages. Firstof all he might begiven thesituation where
he was grading only byshape, until he arrived at a standard
whichwas considered acceptable. Then one could let him
grade by colouraloneuntil he reached an acceptable
standard and finally combine the two, colour and shape,
possibly bringing in blemishes as well, so that one gradually
builtup his stamina and ability to do the job. Knowing
the standards was one thing but being able to make quick
decisions based on those standards with material being
fed through at a rapid rate, was a different matterand this
was where trainingwas important. The gradesthat the
Inspectors dealt with was a matter of knowledge; they knew
the grades and they could assess them in theirowntime.
It was in the production line sequence that the problem
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arose because of the need to make these decisions at a
certain speed.

MR J. MATTHEWS(NIAE) said that the lack of uniformity
to which Mr Stevens referred was one of two main
influences in the actual performance of the conveyor belt.
He believed the other one was the limitation of the
machinery itself which probably resulted in the situation
where the operator, sitting in one position, could not
always see the whole of the apple. He wondered if Mr
Stevens had any information on the existence of this
problem and any other machine limitations as distinct from
problems of training.

Mr Stevens replied that it was a fact that the operator
could not see the whole surface area of all the apples. In a
pack-house the operators tended in practice to ruffle the
fruit to give themselves the maximum opportunity to see
all the surface area but there must be many blemishes that
got by. A very brief assessment on an experimental
machine, to measure how many blemishes were escaping
unseen, had produced a measurable number and a way in
which this problem could be overcome was only by
developing improved methods of presenting the produce
to the operator and making sure that he had a chance to see
the whole surface area. Mr Stevens said he must confess
to a feeling that grading was too complicated. Although
there were four basic grades, in practice, one of these was
rarely used except in special categories, and quite frequently
classes I and II were combined. But the number of
different classes still raised problems and he believed there
were too many at present.

The Open Forum Chairman, Mr J. Matthews, commented
that the day's programme had been deliberately restricted to
those aspects of ergonomics that dealt with the scientific
analysis of work in machine operation and the development
of skills. It was probably true to say that the other large
aspects ofergonomics such as the occupational hygiene aspects,
noise and vibration, dust and fumes, has been covered fairly
fully in recent Institution Conferences, particularly the
Agricultural Engineering Symposium at Silsoe in 1967 and
the earlier Annual Conference of the Institution in London.
This did not mean, however, that the problems in those
areas had been solved, and obviously future conferences
would come back to noise and vibration again. Mr
Matthews hoped that in this forum one might accept
discussion on the occupational hygiene aspects and at the
same time also discuss the aspects covered by the papers
today. His own proposal was that one should take separate
themes in order to give some sort of structure to the
discussions. He proposed that the first theme should be
'Environment', followed by 'Ergonomics in Machine Design',
then 'Working Methods' and finally, 'Training'. In all four
of these topics points had already been made which had
either not been developed fully or one had sensed that
there was something more to be extracted from them.

With regard to environmental and occupational hygiene
aspects of the subject, Mr Matthews pointed to noise and
vibration as being the two principal problems which had
been encountered, identified and worked on. They had
certainly predominated in the early application of ergonomics
to agriculture. He believed the present situation was that
one could now suggest some of the palliatives to these
problems, but the stage had not yet been reached where
these palliatives had been generally accepted and put into
normal use; in that sense, the proWem still existed, and of
course there were other areas where the palliative had not
yet been completely discovered and outlined. Thinking of
noise, it was clear that tractor noise-levels were still
unsatisfactory. Mr Matthews also suggested that a situation
existed in many farm buildings housing processing plant or
even, in some cases, animals, where there were unsatisfactory
noise-levels for the occupants of the buildings. This noise
level even led to complaints from the local communities.
This might become a worsening situation.
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With regard to tractor vibration, it was frequently this
factor, rather than the power availability or implement
capability, that limited the output at which the tractor was
driven. Oneprobably also had a situation where damage
was being caused to spines and stomachs by vibration or
other aspects of tractors, although in the UK this judgment
was based on little other than subjective evidence of
knowing people who had these complaints.

Mr Matthews hoped the discussion would establish whether
there were in fact other problems he had not mentioned
at this stage and which had not yet been identified and
investigated. He would also like to hear opinions as to
whether those things he had particularly mentioned could
be left for solution by manufacturers and others responsible
for equipment or whether Government should come in and
legislate for acceptable conditions. Mr Matthews alsohoped
one might discuss how it could be ensured that in an
industry so diverse as agriculture, there would be some
means of detecting this type of problem in future so that
something was done about it at the right time.

Mr Weekssaid one frequently found when dealing with
problems of safety that cost came into it. While everybody
felt that safety was a very good thing and the manufacturer
would be quite prepared to apply it to his particular piece
of equipment, he would price his product out of the market
if hiscompetitors did not take the same steps. Everybody
was aware of the problem of noise, but one wondered
whether the manufacturers would be prepared to do
anything until required to do so by legislation. Mr Weeks
said he would be very interested to hear what the
manufacturers had to say about this.

PROFESSOR W. F. FLOYD (University of Loughborough)
said he did not really agree that it necessarily cost money
to put safety into design. It was expensive to add safety to
an existingdesign, but it did not necessarily cost money
to put safety into a basically new design. Indeed, with
proper thought it was sometimes possibleto achievesafety
and save money. Professor Floyd said he disliked
legislation on safety other than in the broadest possible
terms, but he agreed that for existing machinery it would
cost money and probably would require some legislation.

MR P. F. C. SCOTT (Massey-Ferguson (UK) Limited)
said he agreed with Mr Weeks that a manufacturer could
supply what a customer wanted. It was the manufacturer's
job to do this and was in the long-term interest of the
manufacturer to do so. It was true that if one started with a
blank sheetof paper it did not necessarily cost money to
incorporate a lot of the things that one knew needed to be
done. But one did not usually start with a blank sheet
of paper, as machines wereusually evolved from existing
designs. This beingso, it wasgoing to cost money. If he
could be convinced that the customer, without legislation,
was quite prepared to pay this, the manufacturer would
do it like a shot. Mr Scott said he was sure all the main
manufacturers were working towards all of these things, but
it could not be rushed because in that event it would cost
a lot of money all at once. These things had to evolve
fairly slowly in the first instance. In his organisation,
legislation was not necessarily looked upon as a bad thing.
Government had to give guidance as to what future
legislation would be because manufacturers, particularly
international ones, were looking some five or ten years
ahead in the design of their machines. It was not just the
UK that one had to think about, but perhaps noise-levels in
Sweden and safety regulations in Germanyor in France,and
at what the attitude was in North America. All these had
to be considered and put into designs. Where one was
able to achieve a unified approach to legislation in a lot of
countries, it helped the world-wide manufacturer enormously.

MR HILLIER (Ford Motor Company) said that an
underlying factor in all of this day's discussions, and one
which Mr Zander had particularly highlighted, was that if
the improvements and information discussed by the speakers
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were to be really useful, they must have this economic
accent. There must be information as to the sort of saving
which could result. It would be helpful if one could say
that in improving the performance of the operator, output
could be increased by a given amount. It would then be
possible to work out the cost in terms of the improvements
that would be gained. In other words, ergonomic
information should be supported by economic information.

Mr Lovegrove said there were many interested parties
involved in the subject of ergonomics. On whom did the
onus really rest? If the respective interests of all parties
were defined, the next step would be to collect and study all
tangible evidence in existence of the need for action to be
taken. Then, looking at the magnitude of each problem
one could consider both its human and its economic
significance.

Mr Matthews said he believed that many working on these
problems in the field were conscious of the shortage of
quantitative information on the extent of the problems. It
was known, for example, that dust was a problem in many
plant situations. What was not known was how many men
were involved, what the effect would be in terms of their
inconvenience, their dissatisfaction with the job and their
health record. To some extent this led on to a point he
had made earlier as to how one could ensure that there was

the means in the future to identify these problems and
present them to those engineers or ergonomists who were
able to put their efforts into this field.

Dr Elliott said he thought that part of the answer to what
had been said lay in the evolution of the health situation
in this country. He did not wish to make a direct criticism
of the National Health Service but the country did lack
an occupational health service at State level. In industry
such a service often existed, and the feedback in industry
came from industrial medical officers employed by firms,
who were there to see the problem and report on it.
In the agricultural field no such service was in existence at
all and he felt this was partly responsible for information
being so limited. Dr Elliott went on to say that as farmers
were obviously the people that used machinery and employed
the services of men, he would be interested to know how
information was got over to them. At one meeting where
he had dealt with rehabilitation in agricultural areas,
only one farmer had been present and he had been disguised
as a peer and a member of the Regional Hospital Board.

Dr Tomlinson referred to the tractor operation survey
which had been designed to try to isolate some of the
problems that were occurring amongst tractor drivers. They
had discovered that not only with noise and vibration but
with other factors such as glare and dust, there was a
lack of quantitative evidence. Dr Tomlinson said he would
not like to attempt to put any economic value on the
results obtained; many of the factors interacted upon each
other. Age for instance, could interact with an operator's
opinion of ride comfort and although there had been a
closer definition of the field that should be studied, it did
not give the complete answers to the problems. He referred
to another survey that was being carried out with regard
to noise in buildings and he would like to see other areas
investigated where the main problems had been inferred
and what types of machinery were the main culprits.

Mr Matthews agreed that there ought to be a multi-stage
approach. One began with heresay and opinions and then
one tried to go into the quantitative survey to get some
better idea of the problems. This had possibly to be
followed by a quantitative survey whereby one used
instruments on the selected sample of people to determine
the problem conditions and the numbers of workers involved
in precise terms.

MR J. M. CHAMBERS (Retired) said he believed that in
some overseas countries the workers' unions had insisted on
certain things in farm mechanization for safety and comfort;
they had got on with the job and done it. In Sweden they
had insisted on safety cabs. The rest of the world was
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still discussing this ten years later when probably in this
country if the same steps had been taken as in Sweden,a
lot of people would be alive today that were now under
the sod. Was it not the case that a lot of the problems
could be approached directly in this way? The men knew
what they wanted so why did they not put their foot down
and then all the manufacturers would have to provide what
everybody knew was necessary. Instead of that, it had
been necessary to convince a lot of people outside the
industry altogether; the necessity was to achieve common
action at the same time.

MR A. E. CALVER (National Union of Agricultural and
Allied Workers) said it was pleasing to hear that other
people were interested in safety, especially in the safety cab.
Members of the NUAAW had for a great number of years
been putting their foot down firmly from one end of the
country to the other regarding safety and they were
determined to get the safety cab in the future. This would
be by legislation and it was his own view that any safety
measure should be by legislation. Of course, the
manufacturer, by putting certain safety measures into his
machine, would have to put up his price and the other
manufacturer who did not put it on would be able to keep
his price down, but it was not only the question of
economics. There was also the fact that once the machine
got on to the farm, if there was no legislation, safety
equipment would be taken off. There would be no liability
to use it. Mr Calver said that in all of our safety regulations,
the liability had been both on the person that owned the
machine and the person who used it and he believed this
had been a very good thing in the past. He knew of one
or two members in his Branch that had almost been
summonsed for using machinery that had not had adequate
safety measures on them. He was certain that we could
see that safety measures were necessary and that they must
be legalized to bring them into operation and run them
efficiently. When one looked at past legislation and
discovered that even the much-used farm ladder had had
to be brought within safety regulations, one realized how
necessary legislation was.

Mr Matthews commented that it was true that Sweden was
taking the lead in many of these things. Some might
perhaps say that they were going too fast in some areas and
that it was clearly possible that one could legislate before
the required conditions could be practically achieved. It
would remain to be seen during the coming years when a
whole new series of additional regulations would be coming
in, whether in fact they had been too rapid or whether they
had done it at the right time and would achieve the measure
of control that they desired through their legislation.

Mr Matthews said he would now like to move the
discussion to the theme of machine design. This had been
featured in the paper by Mr Zander who had described how
ergonomicscould help to optimize the designof the machine.
Mr Matthews said he still found himself with the problem
of knowing just how one sealed the gap between the
researcherworking in the university or the research institute
and the manufacturer, who had the same enthusiasm for
making the best machine, and who perhaps could not at
this stage use all the techniques that had been described but
would like to play his part and use some information
gleaned from research in designing the machine. It would
be interesting to hear from any manufacturers represented at
this meeting about particular problems of using what
already existed or what was coming forth now among
ergonomic data, to indicate whether or not the experiments
being conducted were providing the data in the right way.
How far should researchers go and how far should people
working in ergonomics go in considering machine design,
to arrive at defined standards for control layout, control
markings, seat design and so forth? To what extent should
these things be left to the inventiveness of the individual
manufacturers? A particularly interesting point on this had
come from Mr Zander's paper, concerning the use of
simulators of various types. Perhaps Mr Zander would like
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to say whether he could see the simulator being applied
to tractor design, for example.

Mr Zander said it was easier in his country in the sense that
they did not manufacture combine harvesters in Holland,
so it was necessary only to look at what people had bought.
He believed that proper attention should be paid to
education and training, so that the young engineer who
joined in their research projects would have the ability to
work with available and applicable ergonomic data. In the
matter of simulation in a particular field for the purpose
of obtaining data about modifications or alterations that it
might be necessary to make, the training and selection of
operators was important. In answer to a question, Mr
Zander said that investigations in the field had supplied
evidence of strong correlation between the ability of a person
to learn the task quickly and their subsequent performance
efficiency.

MR R. M. CHAMBERS (Massey-Ferguson (UK) Limited)
said, in connection with learning, that he had some farmer
friends who insisted that two or three weeks before the

harvest was due, their drivers went out with their combine
harvesters into a grass field, where they were able to get
used to handling the controls. This type of learning gave
them an advantage when they did eventually start harvesting.
It was something quite worthwhile for farmers and it took
no more than one hour per day for two weeks before
the harvest.

Mr Evans said that this was again a matter of phased
learning by means of the step-by-step procedure. One
became familiar again with the controls of the machine
before actually going into the crop and doing the harvesting.
It certainly seemed that people came to a stage of
competence in a shorter time. An interesting example was
provided by a simulated training unit used by the
Construction Industry Training Board in Norfolk. They
had an indoor sand-pit with four digger units, working in
the sand face. The engines were outside the building so
there was a hydraulic drive from the engine to the digger.
The instructor could therefore stand beside the operator in a
quiet situation and speak to him in a normal voice while
the operator carried out his various tasks. What was so
valuable was the fact that one could talk reasonably quietly
and carry out the job without the normal noise and
vibration that one had from the actual working machine.
There did not seem as yet to be any reliable information
to tell how much quicker this learning process was but the
feeling was that it was extremely valuable to provide this
simulator for initial training. Having thus familiarized him
with the basic handling of the controls, he could then be
taken to a working situation and put on the digger itself.

Mr Matthews said he was sure this was a good point but
unfortunately many of the situations requiring training in
agriculture involved the use of the combine harvester or the
tractor, which were moving all the time; the visual input of
the operator was very difficult to simulate. The example
with sand inside a building was relatively easy to simulate
fairly realistically. Mr Zander had indicated that in the case
of the combine harvester one could simulate the visual

input fairly crudely by having lights to which the man had
to respond. Mr Matthews doubted whether enough had
been done at the moment to indicate how far one could

take this approach in training. Although it might well work
for combine harvesters, simulation of visual inputs in
tractor operation would be much more difficult to simulate.
Some thought had been given over the last few months as
to whether a tractor simulator facility should be established.
One could certainly think of several experiments to do on
it which could be valuable. However, one realized how
complicated aircraft simulators were, where the pilots only
looked through a small window. Motor car simulators
became more difficult because the field of vision was a wider

view to the front and a mirror to the rear. On the tractor,
the man looked all around at various depths of view and
this made it a very expensive simulator to develop. It
would be interesting to hear views on the practicability of
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this and ways around the problem, from the manufacturers'
point of view. He wondered whether they felt that such an
approach was likely to be justified, bearing in mind that
the development of the facility could cost tens of
thousands of pounds.

Professor Floyd said the fact that the motor car had
not been successfully simulated gave an indication of the
difficulties of designing accurate simulators. Even if it
would pay to have a good motor car simulator as Mr
Zander had said earlier, one could effectively design a
simulator only when one knew what it was that one wanted
to simulate; in other words, when one knew a lot about the
task. At the moment it was not really known what the
man on the combine harvester was trying to do. People
had different ideas about what were the really significant
cues. When this problem had been solved, then any
engineer could go away and design a simulator because he
would have been given a specification. To illustrate the
point, a very good simulator had been devised for testing
respirators. The type of respirator used in aircraft, and for
military applications of one sort or another, was designed as
the result of a great deal of work having been done on the
physiology of respiration and this work was brought
together and put into the design of a good simulator. This
now existed so that engineers could use a simulator on the
production line for testing respirators. This illustrated
the point that when one really knew what the task of
combining amounted to or what the task of driving a tractor
was about, then simulators could be built which could be
used for testing or carrying out further studies without
going into the field. Professor Floyd said that in the long
run he still felt that one had to go in the field; what
simulation really saved was a lot of preliminary field-work,
so that ultimately carefully planned field-work could be
based on earlier simulator studies.

Mr Matthews said he would now like to move the discussion

towards the concluding two themes that he had mentioned
in the introduction. One of the points that had not been
developed was the further application of instrument
monitoring machines, Mr Matthews said that his own
personal opinion was that we should see more of this in the
future. It would be interesting to hear any opinions on
the desirability of further operation monitors of an
instrument nature, or of some other nature, to help the man
to obtain better information of how the machine is
performing.

MR H. F. HOWELL (Massey-Ferguson Limited) said he
had been interested in what had been said during the
morning session about stress levels to operators. One could
understand about an 'average man' in regard to dimensions,
and loadings for hand and foot controls, but it would be
useful to know a little more about mental stresses operators
were being subjected to. This was a difficult subject because
everyone was different, some people being able to go
through life in a very happy-go-lucky manner and nothing
seemed to bother them, whilst others worried about the
slightest thing. As mental stress altered the effectiveness of
the operator, was there any common denominator for an
average man's mental'stress levels?

Dr Tomlinson said that as far as mental stress went there
was no absolute rule by which one could abide, even for a
specific individual. This was the great problem in milking
studies where peak-loads had been identified but it was not
possible to say where they were in relation to that person's
capacity. So far as could be seen at the moment, the only
way to do this was by getting some objective assessments
of a large number of tasks and one could probably measure
the information processing capacity required by some of
these tasks and put it into an absolute unit as Mr Zander had
described. Dr Tomlinson said that he knew of no absolute
unit that would be really satisfactory for this and he could
not see one in prospect for the next few years.

Dr Troup said that very little was known about the way
people actually used their bodies to exert forces upon an
external object, and there was a great deal of research work
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to be done, not only on defining physiological and
psychological variables but on selecting the right one to
use as a parameter for research in a particular design project.

Dr Tomlinson said that when dealing with the particular
problems under discussion, one was not only interested in
getting measurements at peak-loads; somebody had to get
down to the more fundamental problems, even though
the useful results may be many years away.

Dr Troup said he thought one of the difficulties was that
more stimulus was needed to do these things. He had been
profoundly depressed by an earlier contributor to the
discussion who had said, in effect, that it was not
commercially expedient to start with a blank sheet of paper
and this meant that ergonomics could only be applied on
a rather 'ad hoc' basis. It appeared that one could try and
improve the situation only in a given framework for a
given system, but what made ergonomics come really alive
was when it was taking part in a new design process.

Mr Matthews said that in his opinion one thing they would
never encounter was workers who recognized that they
had a high mental work-load, saying that they did not want
the job for this reason. Symptoms of an unsatisfactory
situation were much more diverse. There were escape
routes which were normally taken, probably quite
sub-consciously, by the individual who did not want to
admit that he was not up to the job in hand.

MR. O. J. H. STATHAM (Potato Marketing Board) said
he was interested in quality versus quantity in a worker's
output. It was obvious from some of the facts in Mr
Stevens' paper that workers' performance in assessing grades
of potatoes or apples was fairly appalling and one wondered
whether it was worth doing the task at all if this was the
sort of level which was achieved. The speakers this
morning had said that where an excessive number of
judgments had to be made, the worker in fact reduced his
work output in order to cope with this. Mr Statham asked
whether, in the specific case of a grading table, Mr Stevens
thought it should be within the worker's power to be able
to control the rate of flow of produce towards him in order
to improve the quality of his work rather than the quantity
of the throughput. As far as most vegetables were
concerned, control of speed of operation appeared not to be
within the operator's hand and there seemed little point
in continuing with this grading process if one was not going
to achieve the sort of standards which one had laid
down on paper.

Mr Stevens agreed that this problem had crossed their minds
when they had begun work on quality inspectiongrading.
After having talked with the Applied Psychology Unit at
Cambridge they had learned that performance was in fact
likelyto go down if the operator was able to pace himself.
This was for the simple reason that the operator did not
take the opportunity to slow down if he could pace himself,
but instead he speeded up and as a consequence his
efficiency dropped rather than the reverse. It was far better
for an operator to be paced and have no control over
throughput. It was disturbing to find how pooriy these
operators were performing in practice in the apple
pack-housesand yet nobody, so far as was known, had
complained about the quality of the produce coming out of
the pack-houses, which again made one wonder whether
it was all worthwhile. An important point that had been
mentioned earlier on was that there may well be far too
many grades. It could be better to reduce the number of
grades and simplifythe system of grading. If one was after
absolute consistency of grading then this would be essential.
Mr Stevens said he thought it was essential that there should
be some control over the throughput on the machine.
The quality of the sample coming into the pack-house or
potato packingshed varied enormously and the pack-house
manager must be able to regulate the throughput to match
the quality of the produce. If there was only a small
proportion of blemished produce then a much higher rate
could be used and conversely if the proportion of damaged
produce was high then the rate would have to be cut down.
Not all pack-houses had this facility; some of them operated
their machines at a fixed throughput.

Dr Tomlinson said he thought this question of slowing the
production line down was merely attempting to gloss over
what was basically an inefficientmethod. The basic
problem was one of training. Professor Floyd had
mentioned this and it was generally true with all inspection
tasks, but there had been some successful attempts in
industry to adopt proper training procedures. It was just
as difficult to maintain the standards achieved. What was
often forgotten was that it was not just a matter of simply
developinga skill but of maintaining it; this was vitally
important. With a machine tool, for example, one was
always getting feed-back on how one was doing. If it was a
reject, one knew it, and if it was good one could see that
it was good. In grading produce one did not get this
feed-back; one graded something and it went away. It was
vitally important that having trained people to do these
inspection tasks correctly they then be given knowledge of
the results of the grading. •
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National College of Agricultural Engineering
Silsoe, Bedford

Telephone: Silsoe 428

The College offers full-time residential degree courses for men and women, three years for the ordinary
degree and four years for the honours degree. The syllabus covers the application of engineering to all
phases of agricultural production at home and overseas, such as design of farm machinery, irrigation and
soil conservation, design of farm buildings, etc.

ENTRY QUALIFICATIONS
(1) Passes in at least five subjects of the General Certificate of Education, of which two must normally

be at Advanced Level. The subjects studied to Advanced Levelshould normally include Mathematics
and Physics.
or

(2) A good Ordinary National Certificate or Diploma in Engineering.
(3) Or the equivalent.
POSTGRADUATE COURSES
Nine month certificate courses in Soil Conservation, Irrigation, Land Resource Planning, Farm Machine
Design, Farmstead Engineering, Tropical Mechanisation, Glasshouse Technology, Crop Storage and
Processing.
One-year M.Sc. courses in Soil and Water Engineering, Farm Machine Design, and Tropical Agricultural
Mechanisation.
Facilities for M.Phil, and Ph.D. by research.

APPLICATIONS
Prospectus and application forms may be obtained from the Academic Secretary.

THE WEST OF SCOTLAND AGRICULTURAL COLLEGE,

GLASGOW, AND AUCHINCRUIVE, BY AYR

COLLEGE DIPLOMA IN AGRICULTURAL ENGINEERING

A one year course leading to the above Diploma is offered by the College to
students already suitably qualified in Agriculture or in Engineering. This course, in
addition to qualifying for the College Diploma, is approved as a suitable course for

THE NATIONAL DIPLOMA IN AGRICULTURAL ENGINEERING

Students may also take their preliminary qualification in Agriculture or in
Horticulture at the College which offers Diploma Courses in Agriculture, Horticulture,
Dairy Technology and Poultry Husbandry, in addition to Agricultural Engineering.

All enquiries should be addressed to the Adviser of Studies of the College at
6 BIythswood Square, Glasgow, C.2
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SCHOLARSHIP AWARDS
IN AGRICULTURAL
ENGINEERING

The following awards have been made in the gift of
the Institution to the following full-time students of
agricultural engineering, during the academic year
1969-70.

THE DUNLOP
SCHOLARSHIP

Mr P. C. Bennett

A Dunlop Scholarship was awarded to 21-year-old
Mr Peter Charles BENNETT. Following a grammar
school education, Mr Bennett underwent a Student
Apprenticeship at Ford Motor Company and acquired
an HNC in Mechanical and Production Engineering at
Barking Regional College of Technology. After that he
spent some time with ICI Plant Protection Limited
which took him to September 1969 when he began
his present post-graduate course in farm machinery
design at the National College of Agricultural En
gineering.

Mr Bennett's hobbies are very varied; in his own
words, they range "from music to motorcycles".
Possibly the latter have trumpet exhausts. He also
likes fishing, painting and rock climbing, the latter no
doubt figuring in an Outward Bound course in which
he took part In 1966.

SHELL MEX AND BP
BURSARIES
One of the three recipients to receive a Bursary was
Mr David John Michael JONES, aged 28, who
comes from Cambridge. For three years after leaving
school he worked for Chivers Farms Limited and then
studied full-time at Riseholme College of Agriculture.
Following this he gained some useful experience with
Achurch & Son (Horncastle) Limited and later with
J. J. Ralnthorpe Limited. Then he took up his studies
again, this time at Lackham School of Agriculture where
he secured his City and Guilds 260 and 261 Certificates.

APRIL 1970

Mr D. M. Jones Mr 8. A. Moseley

From there he entered the ND Agr E Course at West
of Scotland Agricultural College, where he is now.

Hobbies include cars, hunting and shooting, provided
these have not all been put paid to by his getting
married last July I

22-year-old Mr Brian Alfred MOSELEY also
received a bursary to help him along with his studies
for the ND Agr E. He is doing the course at Essex
Institute of Agriculture where he fits in the time some
how to be Secretary of the Agricultural Engineers
Society. He started life in Lancashire and secured an
NCA and NDA from Lancashire College of Agriculture,
having already built up some practical experience of
mixed farming in Cheshire, Yorkshire and Devon.

Mr Moseley is fond of music and abstract art and
describes one of his hobbies, rather mysteriously, as
"practical inventiveness". This conjures up visions of
magnificent men in their farming machines, trundling
the by-ways of Writtle!

Mr K. P. Woods

The third Bursary winner is Mr Kevin Patrick
WOODS who originates from Northern Ireland.
Following a three-year course in Mechanical Engineer
ing and Machineshop Technology at Macclesfield
College of Further Education, he became an instructor
for the Irish Department of Agriculture, working at
Salesian Agricultural College, County Limerick, for
several years. Thereafter, he completed the two and a
half year Diploma course in agricultural engineering
at Chelsea College and then went on to West of
Scotland Agricultural College where he is on the
ND Agr E course.

Mr Woods, who is 34, is keen on steam model
engineering and he likes music, including singing—
whether his own or other people's is not clear. His
list of interests also included "flying football" but a
missing ampersand is suspected. Also Yoga. Which
might account for the missing ampersand, who knows ?

•



admissions and transfers

At a meeting of the Council of the Institution on 27 January 1970 the following candidates were admitted tothe
Institution or transferred from one grade to another, as stated below.

ADMISSIONS

Fellow

Dimmick, R. G. A Warwicks
Matthews, J Beds
Murray, P. A. M Glos
Roy, S. E Peru

Member

Barnett, I. R Stirlings
Burley, S. D Warwicks
Chowdhry, B. A West Pakistan
Stokes, D. J Staffs

Associate

Arnold, O. T. ..
Bates, A. J. ..
Black, G. F. ..

Buckley, M. W.
Jeffery, H. J. A.
Owen, J. E. ..
Ramsbottom, M.
Todd, F. S. ..

Weeresinghe, P. A.

Graduate

Constantinesco, J. A. G.
Hancox, W. H.
Jones, T. C. ..
Junker, H. B.
Moore, A. E. ..
Morgan, J. B.
Pringle, R. T. ..
Wain, R. H. ..
White, R. G. ..

Student

Blackbrough, C. M.
Braithwaite, P. G.
Brewer, A. J. ..
Gregory, P. J.
Hitchcock, D. F. J.
Miller, G. R. A.
Pullen, D. W. M.

Scaramanga, D. G. A
Squires, J. W.
Taylor, M. J. ..
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Northants

Salop
Lanes

Warwicks

Devon

Cambs

Lanes

West Germany
Ceylon

Westmorland

Notts

N Wales

Somerset

Worcs

Brecon

Aberdeens

Oxon

Yorks

Warwicks

Beds

Beds

Beds

Suffolk

Beds

Beds

Hants

Beds

Beds

ADMISSIONS (Continued)

Student

Thomas, P. B.
Tomlinson, J. R
Williams, J. E. M

TRANSFERS

Fellow

Hodgkinson, B.
Gedye, I. D. .
Gould, C.W. .

Member

Akester, D.
Hobbs, G. R. ..
Oliver, G. J. ..
Pape, K. W. ..
Patterson, D. E.
Rattray, R. R. ..
Rodger-Brown, D.
Sims, D. A.

Walters, A. J. ..
Webster, E.

Graduate

Griffin, A. C. ..
Holme, H. J. ..
Podmore, T. H.
Shearing, J. D.
Spyvee, P. W.
Stead, P. F. ..
Lima, I. 0.
Vaudin, M. B. A. J.
Walker, C. C. B.

Wheelock, R. A.

Devon

Beds

Carms

Worcs

Salop
Ches

Somerset

Lanes

Rhodesia

Notts

Beds

Warwicks

Suffolk

Somerset

Bucks

Cumberland

Ghs

Cumberland

Ches

Hants

Lines

Yorks

.. USA

London

London

Mon

OBITUARY

The Council announces with deep regret the
death of the following members of the
Institution:

Daniels, F. W Fellow

Joyce, R. H. Associate

Wallace, N. M Fellow
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THE INSTITUTION OF AGRICULTURAL ENGINEERS

ANNUAL
CONFERENCE 1970

CULTIVATIONS

To be held at

The Institution of Mechanical Engineers
1 BIRDCAGE WALK, LONDON SW1
TUESDAY, 12 MAY 1970

Current economic trends demand continual intensification of every aspect of
crop production, not least among these being cultivations. Many radical
techniques arising from the availability of greater tractor power and the
development in chemical weed control make it difficult for the farmer to
choose the best method for his particular situation.
The programme covers both the current research approach as well as a more
applied look at some of the modern trends that are now under development.

Conference Convener: N. J. BROWN, Rothamsted Experimental Station

09.30 Assemble for Coffee

10.00 Annual General Meeting of the Institution

11.00 Presidential Address by H. C. G. HENNIKER-WRIGHT, President of the Institution

11.30 Conference opens—Chairman of First Session: H. C. G. HENNIKER-WRIGHT

11.35 The Influences of Cultivations on Soil Properties by N. J. BROWN, Rothamsted Experimental Station

12.00 The Effects of Traffic and Implements on Soil Compaction by B. D. SOANE, Scottish Station,
National Institute of Agricultural Engineering

12.30 Discussion of First Session Papers

13.00 Lunch Interval

14.15 Conference resumes—Chairman of Second Session : J. G. JENKINS, Childerley Estates Ltd

14.20 The Long Term Effects of Cultivations by J. R. MOFFATT, Rothamsted Experimental Station

14.45 Current Cultivation Techniques by J. K. GRUNDY, National Agricultural Advisory Service

15.15 Discussion of First and Second Session Papers

16.30 Tea and Dispersal

ANNUAL
DINNER 1970

To be held at

St Ermin's Hotel

CAXTON STREET, LONDON SW1
TUESDAY, 12 MAY 1970

18.15 Reception

19.00 Dinner

Guest Speaker: J. W. BEITH, Managing Director, Massey-Ferguson (United Kingdom) Ltd

TICKETS

NON-
MEMBERS

MEMBERS (other
than Students)

STUDENT
MEMBERS

Conference (including lunch and refreshments)
Dinner (including table wines and gratuities)

£8 0 0
£5 10 0

£5 0 0
£3 10 0

£2 0 0
£2 0 0

Early Application for Tickets is advisable
Applications should be accompanied by remittance
payable to 'I Agr E', and addressed to the Institution
at Penn Place, Rickmansworth, Hertfordshire, WD3 IRE

Printed by the White Rose Press, Mexborough and London.



Pour more working hours
Nnto your tractor.

A modern tractor is an expensive investment. Every
breakdown is an expensive waste of time. One way to
keep your tractor hard at work: choose an oil with the
right blend of base oils and chemical additives to match
your tractor's complex needs.

Choose BP or Shell oils. You'll get quicker starting,
cooler running and less wear - with an engine that's
cleaner and less prone to rust and corrosion.

In short you'll get more of those precious hours of
full-time performance from all your machinery.

Tractor Oils Universal • Series 3M Tractor Oils


