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1. SCOPE OF THE STUDY

1.1. SCOPE OF THE STUDY

In the framework of modern economics agriculture cannot possibly work
without rationalization and mechanization, which replace human work with
machines and contribute to raising productivity. An important part of this
process is the desire to make the job easier and shorten the working hours.

Mechanization not only changes the character and structure of labour in
agriculture, but also influences the nature of the work load. Instead of delivering
energy, the main issue now is the perception and processing of information, as
well as controlling and regulating the work being done by machines. More and
more the accent is shifting to tasks which appeal to the capacity of man to
process information,

There is a need for increased capacity that will lead to higher speeds in the
future, whilst bigger and heavier machines will be used. It cannot be assumed
that human beings will be able to continue adapting themselves to the machine
and ~ as a consequence of too high a load — will hazard occupational diseases
and reduced performance.

By means of principles, parameters, procedures and criteria from various
disciplines, ergonomics can contribute to:

a. The design of an optimum man-task system;

(Primary or preventive ergonomics)

b. The testing of a man-task system;

(Secondary or curative ergonomics)

¢. The prediction of capacity and work load by using a man-task system.

The operation of the self-propelled combine harvester has been selected as the
object of this study. The operator of this machine regulates the movement — di-
rection and speed —, the mowing and threshing, the separation of kernel and
straw, as well as the delivery of the product. Based upon the information ob-
tained from crop, terrain and machine the operator has to decide on such an
adjustment of the machine, which results in a process with a high capacity and
a high quality of work.

Increase of the capacity can be realized by increasing the ground speed and/or
the working width, which, however, involves higher information speed, more
actions for operation per time unit and a higher operator’s work load. This
increase of capacity is limited by the work load of the operator, of whom great
accuracy is expected.

The area of the main crops suitable for combine harvesting, as well as the
production and number of combines in the world, have been listed in table 1. To
indicate to what extent the crops are combine harvested: in Europe, North
America and Oceania eighty percent and more of the cereals, maize, rice and
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TaBLE 1, Area of main crops suitable for combine harvesting, the annual production and the
total of combines in use.

Crops Combines
~ in 1000 ha —

cereals  maize rice soya total  annual in use ha/
beans production machine

Europe 169.830 14.397 642 865 185.734 1.258.556 147
N.-America 58.148 22664 941 16382 98.135 1.042.565 94
Latin America 14.000 24.500 5.500 600 44.600 36.300 1.228
Asia 167.500  25.000 115.000 15,000 322,500 37.000 8.716
Africa 42,800 16.000 3,300 40 62.140 24.000 2.589
Oceania 11,531 83 30 —  11.644 73.500 158
World 463.809 102.644 125413 32.887 724.753 250.000 2.471.921 293

(Source: Claas-Marktforschung; 1969)

sova beans are combine harvested; elsewhere most of the work is still done by
hand. The area of cereals and the total of combines in the Netherlands have
been listed in table 2.

Suppose an average of 100 hectares per machine then almost 309, of the
world area of the crops suitable for combine harvesting is combined at present;
with an average capacily of 1 hectare per hour 250 million hours are annually
spent on combine harvesting.

The study consists of the following parts (ZANDER ; 1967):

1. Collecting data about the location and displacement of the controls for
operating the machine, as well as the forces to be exerted, the body move-
ments and their frequencies (lay-out studies);

22, Collecting data about the character and the extent of the loading compo-
nents, as well as the influence they have on the work load of the man
operating the machine (field experiments);

2b, Studying and analysing the loading components, as well as their influences
on the performance and the work load of the man, by means of a simulator
(indoor experiments);

3. Formulation of ergonomic parameters and criteria to design an optimum
man-task system.

TaBLE 2. Area of cereals and total of combines in the Netherlands.

Cereals Combines
—in ha - in yse ha/machine
1950 495107 1204 411
1960 511.694 3025 169
1965 485.215 6105 79
1970 363.828 7439 49
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1.2. OBIECTIVES OF ERGONOMICS

One of the processes which led to the development of ergonomics was time
and motion study. Credit for the development of time and method study is
usually given to F. W. TayLor (18561913}, for motion study to F. B. GILBRETH
{1868-1924), an engincer, and his wife Mrs. L. M. GILBRETH, a psychologist, who
studied the effective pattern of movements on selected foremen (BARNES; 1958).
TavLoR’s approach implied the elimination of all unuseful work elements, so
the remaining elements could be carried out in a more efficient way; his accent
has principally been on the increase of productivity. The crux of these studies
was the division of the whole job into small elements, which were separated by
measurable points; by means of this division the process could be better ana-
lysed. GiLBRETH thought the division made by TavLor still too rough and
developed a system of elements (therbligs), which enabled him to analyse and to
record each work element exactly. TAYLOR and GILBRETH may be looked upon
as the precursors in the development of more modern analysing techniques,
which are known as Predetermined Motion and Time Systems (MAYNARD;
1948).

In the beginning of this century work physiology was developed intensely in
Europe as a reaction to the disadvantages of time and motion study, in particu-
lar the high work load and the high working rate. The work physiologists were
less interested in an increase in productivity and concentrated their studies on a
reduction of the work load. The research results were published in periodicals
on physiology; they hardly influenced work-space lay-out in practice. Instead a
divergence could be noticed between the theoretical people on one side and the
practical people on the other side (LEHMANN, 1962; BoOEr, 1967).

Since 1920 in the United States of America modern scientific management
techniques entered industry by the integration of man into complex man-task
systems. This development was based upon the work of Tay1L.oR, GILRRETH, et.
al., as well as the results of research on work physiology and experimental
psychology. However, major emphasis was placed upon efficiency, as measured
by speed and accuracy of human performance. At first this concept — ‘human
engineering’ or ‘human factors engineering’ — had a disagreable sound, because
people thought it inferred manipulating the workers (vAN WELY and WILLEMS;
1966).

During the Second World War human engineering had grown so much as a
result of the need to extract maximum operational efficiency from the sophisti-
cated equipment being developed and used in the very stringent environmental
and psychological conditions dictated by the hostilities. The war brought closer
together psychologists, physiologists, mechanical engineers and industrial
engineers; this intensive approach in the military sector led to methods and
results of research, which are useful in other sectors as well (LEHMANN; 1962).
Another approach of human factors came more and more in the foreground;
this approach implied that task and environment should be adapted to the man
and led to a multi-disciplinary approach and systematic cooperation of techni-
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cians and other people in studying human factors. An immediate need was to
find a name for this field. In England it was finalty decided to coin the new word
‘ergonomics’ (ergos: work; nomos: laws in Greek). From this simple word
other parts of speech could be derived and it was capable of translation into
other languages (German: Anthropotechnik ; French: I’Ergonomie) (MURRELL ;
1965). Although in Western Europe the field is referred to as ‘ergonomics’, the
title ‘human factors engineering’ is preferred in the U.S.A.

At the IV'™ International Congress on Ergonomics (Strasburg, 1970)
CHaPaNIS discussed some qualitative differences between ‘ergonomics’ and
‘human factors engineering’. He stated: :

‘There is a genuine difference in flavour between ergonomics and human factors engi-
neering: ergonomics seems to be more physiologically-oriented than does human factors
engineering.

Perhaps another way of saying it is that in America we have been somewhat more
concerned with the integration of man into large machine systems; in Europe you have
been more concerned with the welfare of the individual worker’,

Many definitions have been given of ergonomics from which more or less
clearly the objectives can be derived. In the General Rules of the British Ergo-
nomics Research Society, founded in 1949, the objective of this Society is
described as follows:

‘The obiect of this Society is to promote the study of the relations between man and the
environment in which he works, particularly the application of anatomical, physiological
and psychological knowledge, to the problems arising therefrom’.

In this concept we should interpret the word ‘environment’ in a broad way;
it includes the direct work environment, as well as the organization of human
labour (BOER; 1967).

The International Labour Office in his definition of ergonomics is recommen-
ding a balance between human interests and efficiency (I.L.O.; 1960):

“The application of the human biological sciences in conjunction with the engineering
sciences to achieve the optimum mutual adjustment of man and work, the benefits being
measured in terms of human efficiency and well-being’.

Starting from the technical and human possibilities, but leaning strongly
towards the objective of occupational medicine, is the following wording, in
which we see the scope and object of ergonomics (BURGER and DE JoNG; 1962):

“The application of biological knowledge in the ficld of anatomy, physiology, experi-
mental psychology and occupational medicine to the purpose of achieving an optimum
man-machine system, in which a proper balance is maintained between work load and
work capacity by sceing to it that the possible use is made of the worker’s power and
capabilities, in the interests of his own health (and dignity) and in the interests of pro-
ductivity’.

Since ergonomists handle the knowledge of various disciplines in a specific
way, every discipline, studying the relation between the man and his task, can
contribute. This approach, as well as the duality in the other wordings — the
welfare of the worker (a) and an efficient production (b) — underlies the following
definition of ergonomics (ZANDER; 1965):

‘Ergonomics is engaged with the work situation (man - task — environment) with the
objective to come to a rational use of the human capabilities and to an optimum adapta-
tion of the work situation to these capabilities’.

4 Meded. Landbouwhogeschool Wageningen 72-6 (1972)



Ergonomics is a multi-disciplinary activity, it crosses the boundaries between
many scientific and professional disciplines and draws upon the data, findings
and principles of all of them. In analysing a man-task system there is primarily
the contribution of many sciences like anatomy, physiology, psychology,
engineering and management.

1.3. AN ERGONOMIC MODEL

The multi-disciplinary characteristic of a man-task system is shown in figure L.
A continual stream of information is received from the machine and the environ-
ment by the working man using his senses: perception (1), leading to perceptual
lead. The perception is followed by testing on the memory, and then to make
decisions between alternatives to guide a specific operation: selection (2), leading
to mental load. The output of man is muscle activity: action (3), leading to phy-
sical load. Through the action changes take place: performance. During this
closed-loop process the man will continuously observe the effects of his actions,
he will take new decisions and new actions to bring the system closer to its goal;
this process is called feedback. Human beings must fit spatially in a man-task
system; guthropometry is the discipline which is concerned with these aspects of
the human body.

In the ergonomic model the term ‘load’ has been introduced. A working
committee of the Commission for Labour Medicine Research of the Duich
Health Organization of T.N.O. proposed a concept of the physical load
{CarGoO; 1965); from this KALSBEEK (1967) came to a universal concept.

The following concepis are distinguished ;

a. External load

The external load will be ascertained by the combination of the factors, which

are inherent to the work situation and which cause reactions of man.

ENVIRCNMENT

ANTHROPOMETR

INFORMATION . PERCEPTION

IPEHFOHMANCE H MACHINE

ACTION
PERFORMANCE

e |

F1G. 1. Man - task system,
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b. Funciional load

By functional load is meant the combination of the phenomena caused by
the external load.
¢. Working capacity

By working capacity is meant the highest possible energy, that a human
being is supposed to carry out in a given way of working during a certain period
of time.
d. Degree of loading

The degree of loading is the relation between the functional load and the
working capacity.

1.4. FEATURES OF A COMBINE HARVESTER

A brief description is given of the operations and product flow of a modern
self-propelled combine harvester (figure 2):
a. Mowing

The crop is separated from the remaining crop by dividers (1) and guided to a
cutterbar (3) by means of a reel (2). To pick up a previously cut swath there can

17 16 18

10

13

K

4

Fi1G. 2. Self-propelled combine harvester.

1 - divider Il — collecting pan

2 - reel 12 — dressing fan

3 - cutterbar 13 - top sieve

4 — feed table auger 14 — bottom sieve

5 — conveyor chain 15 — return auger

6 — drum 16 - elevator

7 - concave 17 — grain tank

8 — preparing floor 18 - engine

9 - beater 19 - gperator’s platform
10 - shaker
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be installed on the platform a pick-up attachment; besides the cutting unit can
be exchanged by a unit for picking maize. An auger (4) transports the crop to a
conveyor chain (5); this will transport the crop to a threshing mechanism.

The reel is adjustable in horizontal and vertical directions and in speed; the
cutterbar is adjustable in a vertical direction to realize a certain stubble-height.
b. Threshing

The threshing mechanism consists of a drum (6) and a concave (7). Most of
the kernels fall with chaff and short straw through the concave on the preparing
floor (8). Straw and some kernels come via the beater (9} on shakers (10), that
free the kernels; through return gutters these kernels land on an extension of the
preparing floor. '

The number of revolutions of the drum is adjustable during work ; the distance
between drum and concave is sometimes adjustable during work.
¢. Cleaning

The kernels falling through the concave or shakers come on the grain collect-
ing pan (11). In front of the sieves is a dressing fan (12), which causes an air
stream to blow all light material like chaff out of the machine; over the top
sieve (13) the coarser dirt and short straw are removed. The kernels and un-
threshed ears fall on the bottom sieve (14); the lastmentioned move on the sieve
to the back and fall in an elevator (15), which brings this material once more to
the drum. The kernels fall through the bottom sieve; by a second elevator (16)
they are collected in a grain tank (17). By means of an auger the product can be
delivered into a wagon.

An engine (18) not only takes care of the propulsion of the various elements,
but also of the movement of the machine. The controls for operating the various
components of the machine are located on the operator’s platform (19).

1.5. SURVEY OF THE STUDY

The study has been developed as follows:

1. The anthropometric characteristics of the human body, as well as the nature
and frequency of the motions, are dealt with in Chapter 2 (Anthropometry);
the data from the lay-out studies are discussed.

2. The activities in a man-task system are dealt with in Chapter 3 (Perception),
Chapter 4 (Selection) and Chapter 5 (Action).
1t will beindicated which parameters from various disciplines have to be used,
as well as the measuring procedures and criteria belonging thereto; the data
from indoor and field experiments are discussed.

3. The results of the ergonomic system-analysis are dealt with in Chapter 6
(Ideal concept) and Chapter 7 (Summary and conclusions); the integration
of the results from lay-out studies, indoor and field experiments is discussed.
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2. ANTHROPOMETRY

2.1. INTRODUCTION

Human beings must not only fit spatially in a man-task system, they must also
be able to move in the work-space. The data about the location and displace-
ment of the operating controls, as well as the forces to be exerted, the nature and
frequency of the movements -- of primary importance for the work-space lay-
out of a system - are determined by the characteristics of the human body.

Anthropometry deals with the measurements of the human body, including
body dimensions, and the mechanical aspects of human motions, including
consideration of range and frequency. With the aid of anthropometric data we
can — by providing an optimum work-space lay-out, including a good posture —
contribute to a considerable decrease of the work load and an improvement in
performance as well.

2.2. BoDY MEASUREMENTS

By statistical research carried out for the clothing industry and the military
forces, the knowledge of body dimensions of large population groups has been
considerably extended for several years. Various publication mention the
dimensions of the human body, specified by sex, age and race (DREYFUSS, [960;
WOODSON, 1960; CHAPANIS, 1963; LUND, 1963; MoRrGAaN, 1963; McCoORMICK,
1964; KELLERMANN, 1965; MURRELL, 1965; DAMON, 1966; LAaZET, 1967). When
using these data we must not look only at the mythical average, but at the large
and small brothers (DreYFUss; 1960). The ranges of body heights for different
percentiles of the Dutch population are shown in table 3 (LAZET; 1967); these
data are suitable for Europe and America (DREYFUSS; 1960).

In the design of work-space or other facilities, various considerations need to
be taken into account, in particular: the type of data (I.) that would be most
appropriate and the types of people (2.) who are to use the facility as related to
the types of peoples for whom appropriate data are available (MCCORMICK ;
1964).

TaBLE 3. Body heights (in cm) for the Putch population in age of 18-64 vears.

Ranges Males Females
5'h percentile 161,5 151,53
50" percentile 175,0 162,5
95 percentile 186,0 172,0

8 Meded. Landbouwhogeschool Wageningen 72-6 (1972)



1. The type of data

For the designer’s purpose, it is not really necessary to work with data on all
100 percentiles. Normally, collections of human engineering data skip the first
and last five percentiles.

Where a facility can be adjusted (such as the position of a seat), it should be
designed to accomodate a reasonable range of individuals, usually from the
5™ to 95" percentiles; for deviating sizes there has to be sufficient space for an
adaptation (DreYFUSS, 1960; McCorMICK, 1964),

2. The type of people

The relevant body measurements for Dutch adults (50" percentile), necessary
to define the dimensions of the work-space, are listed in table 4 (LAZET; 1967);
the codes are shown in fig. 3.

Based upon the data in tables 3 and 4 the relevant body measurements for the
other percentiles and other population groups can be obtained. When some
dimensions of a population group are available (such as the body height), the
relevant data for work-space lay-out can be calculated by a proportional
enlargement or reduction (VAN WELY and WILLEMS; 1966).

ok

Fi1G. 3. Codes for body measurcments (see Table 4).

Meded., Landbouwhogeschool Wageningen 72-6 (1972) 9



TaeLE 4. Relevant body measurements (in cm) for Dutch adults (50*" percentile).

Code Measurements Males Females
1. Height 1750 162,5
2, Eye height ; standing 163,5 152,5
3. Eye height : sitting 124,5 113,5
4. Sitting height : erect 93,0 82,5
5. Shoulder breadth 45,5 40,0
6. Chest depth 240 26,0
7. Hip breath : standing 33,5 36,0

Hip breath 1 sitting 35,5 38,5

8. Shoulder height  : sitting 62,0 55,5
9. Shoulder - elbow 41,0 36,5
10. Forearm - hand 46,0 36,5
11. Arm reach 72,0 68,0
12. Elbow height : sitting 210 19,0
13. Buttock - knee 60,0 56,5
14, Seat length 48,5 46,5
15. Knee height : sitting 55,5 51,5
16. Seat height 45,0 42,5
17. Foot length 28,0 24,5
18. Foot breath 10,0 9.0

When operating a machine in a sitting position the way of working is strongly
governed by the work-space. The seat must be adjustable — in a fast, easy and
safe way — in horizontal and vertical directions to realize an adaptation to the
measurements of various population groups (Dupuss; 1955).

The anthropometric data for a seat are listed in table 5 (DrEYFUSS, 1960;
Duputs and HARTUNG, 1966; Dupuls, 1967).

2.3. BoDY MOTIONS

In order to realize a good performance if is necessary, that the movements of
the body members are such that a favourable load originates. By moving
symmetric body members in synchrony, simple and logical motions are made,
which can be performed almost automatically by the central nervous system.
The bigger the mass of a body member, the more energy it takes to start the
motion and keep it moving; motions should flow into one another smoothly.
If the mass of a body member increases — with constant external load — the
number of motions per unit of time must be reduced ; this is given by the follow-
ing research results (STiER; 1959):

— Finger : 6 motions
- Hand : 3 motions
~ Forearm: 1 motion

These results are according to the principles of motion economy, which say
that motions should be confined to the lowest classification with which it is
possible to perform the job satisfactorily.
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TaBLE 5. Anthropometric data for a seat for vehicles,

Code Features Criteria
5.01 Shape rectangular, rounded
5.02 Dimensions (mm)
- length 380
- width 450
5.03 Force (N) -
5.04 Displacement {mm) 4-50 and — S0 (minimum)
5.05 Location see fig. 4" and 4°
5.06 Motion only vertical
5.07 Inclination
+ direction backwards
- angle 3-5°
5.08 Material warmth-isolating, ventilating
5.09 Surface waterproof cover, profiled
510 Adjustment (mm)
» horizontal +75 and —75
+ vertical 4-50 and —50
5.11 Support
- sidewards 150 mm above seat (maximum)
- backwards 240 mm above seat {minimum)
400 mm above seat (maximum}
512 Miscellaneous
- seat height (mm) 400

TaBLE 6. Maximum movements of relevant body members.

Body member and movement Degrees

I. Head

rotation (right - left) 158

flexion {dorsal) 61

flexion (ventral) 60
2. Arm at shoulder

flexion (forward) 138

extension (backward) 44
3. Forearm at efbow

flexion (bend) 143

pronation (turn in) 113

supination (turn out) 77
4, Hand at wrist

flexion {bend down) 85

extension {bend back) 45
5. Leg at knee joint

flexion {backward) 160

rotation {inside) 31

rotation (outside) 30
6. Foot at ankle joint

flexion (bend down) 38

flexion {bend up) 35
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Since the work-space lay-out should be determined also by the possibilities of
moving the various body members, the maximum movements of relevant body
members — males between 20 and 40 years of age — are lisled in table 6 (LAZET;
1967); data for other population groups are not available.

2.4, LAY-0UT STUDIES

24.1. Optimum work-space

Anthropometry can be of major value in designing and testing equipment;
various sets of reference data have been developed. In practice these data are
often inserted in drawings, transparancies and patterns; the use of manikins and
body-form models can be of practical use in designing work-space by trying
them out on tentative designs.
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I i

WISTANCE FROM SEAT REFERENCE POINT (3AF, )N Cm,

Fia, 4°. Optimum work-space lay-out for a self-propelled combine harvester (horizontal
plane); 18 cm above seat-reference point (SRP),
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The data for an optimum work-space lay-out have been shown in fig. 4* and
4°; using this figure the following points must be kept in mind (DREYFUSS, 1960;
McCorMick, 1964; Lazer, 1967):

a. Maximum area
The maximum area is the area that can be reached by extending the arms from
the shoulders and without moving them. This area is maximum only in terms of
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Fic. 4°. Optimum work-space lay-out for a self-propelled combine harvester (vertical plane).
SRP - seat-reference point
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maintaining body posture; by leaning forward or sideways a greater reach can
be made.
For adults (50" percentile) the maximum areas for hand-operated controls
are:
— Males : 60-70 cm
— Females: 55-65cm
Locating hand-operated and foot-operated controls in the maximum area is
unfavourable, since the motions in these areas are more difficult to conirol and
require more energy. This area is suitable, however, for hand-operated controls,
which require much force. No operating controls should be placed outside the
maximum area, unless the operation frequency is very low (see 2.6).

b. Normal area
The normal area is the area that can be reached conveniently with a sweep of
the forearm, the upper arm hanging in a natural position at the side.
For adults (50" percentile) the normal areas for hand-operated controls are:
— Males : 40-50 cm
— Females: 35-45cm
Within the normal area the motions of hand and feet are the most comfor-
table; frequently used controls have to be placed within this area.

24.2. Measuring procedure

In determining the dimensions which ar¢ appropriate, it is necessary to have
details on location and displacement of the controls for operating the machine,
as well as the forced to be exerted.

a. Equipment and method
To fix the location and displacement with respect to a reference point, special

measuring equipment and methods have been developed (ZANDER; 1965).

The instrument consists of an underframe (fig. 5: A), which is placed on the object to
be measured and set horizonially with adjusting screws (B), so that a column (C) will be
placed vertically.

At the bottom of the column, which can be rotated over the underframe, a necdle (D)
is fixed, which is placed over a graduated scale; at the upper side of the column a pipe (E)
is fixed. In this pipe another pipe (F) is sliding horizontally; at the end of the pipe, equip-
ped with a millimeter calibration, there is a spring rule (G}, equipped with a plummet (H).

When measuring firstly the underframe is set horizontally and fixed, as well as the
reference point of the object to be measured; the depressing caused by the instrument is
taken into account. Then the radial, horizontal and vertical co-ordinates of the reference
point are read on the scales. By rotating the vertical column, moving the horizontal pipe
and extending the spring rule, the plummet can be moved to all positions desired and
the co-ordinates can be ascertained with respect to the reference point. At last the location
and the dimensions of foot-board and cutterbar are fixed.

Data concerning the dimensions, shape and material of the operating controls, as well
as the forces to be exerted, are recorded.

The dimensions of the controls are determined by means of a spring rule, whilst the
forces to be exerted are measured. To measure the dynamic steering forces a strain gauge
meter (make: PEEKEL; type: 101 DN) is used, which can be coupled to a recorder
(make: SANBORN; type: 321).
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Fi6. 5. Measuring equipment for lay-out studies,

A - anderframe E and F - pipes

B - adjusting screws G - spring rule
C - column H - plummet
D - needle

FiG. 6. Work-space lay-out of a self-propelled combine harvester.
O - hand-operated control
& — foot-operated control

= = - — displacement
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b. Treatment

With the data obtained the location and displacement of seat, steering wheel and
controls are drawn, as well as the location of the foot-board and cutterbar. All positions
of the operating controls — in use and not in use - are given. As a result the work-space
lay-out of a combine is shown in figure 6.

To interpret the drawings use has been made of transparent paper on which the areas
for an optimum work-space lay-out (fig. 4° and 4%) are given.

Such a manikin makes it possible to get reliable data on the anthropometric qualities of
a work-space lay-out in a relatively short time.

This procedure of lay-out studies is not only suitable for testing work-spaces

already made, but must be used in equipment design.

2.4.3. Combine harvesters

In 1966 and 1968 data were collected about the location and displacement of
the seat and steering wheel, as well as the controls of a number of combine
harvesters; the scale drawings of the work-space lay-outs have been inserted in
Appendix B.

~4 clutch

A

m L
FiG, 7. Codes for the Iay-out studies (see Table 7).
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The results of the studies have been listed in table 7, the codes are shown in
fig. 7.

The dimensions (shape and size), the seat material and surface of the seat meet
the requirements set. The seat height (Z;, = 566 mm) is too high (requirement:
400 mm). To adjust the seat to the dimensions of different population groups,
often an adjustment in horizontal and/or vertical direction is available, which,
however, is insufficient. Besides, the horizontal and vertical adjustments are
coupled to each. other.

The diameter (D = 443 mm) of the steering wheel meets the requirements set
(requirement: 400—500 mm); in almost all cases the steering wheel is placed
within the normal area. The inclination (& = 79°) is less favourable (require-
ment:43°). It is noticeable, that there is great variation of height of the steering
wheel above the foot-board (§, = 781 mm), as well as of the horizontal distance
(§, = 657 mm)}.

The controls that are frequently used — particularly: header height, reel posi-
tion and ground speed control - have been located within or at the end of the
normal area. The other controls are often found far beyond the normal area.
The clutch and brake-pedal have been located at the end or beyond the normal
area.

Based upon the lay-out studies of a number of seif-propelled combine har-
vesters, we can conclude that the figures concerning the location of the steering
wheel and the controls differ considerably.

Fic. 8. Work-space lay-out of an old type of combine.
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Fic. 9. Work-space lay-out of a modern type of combine.

It is recommended that the frequently used hand-operated controls are located
close to each other and within the optimum area. With the aid of these and
other recommendations some manufacturers of combine harvesters have already
modified the lay-out of the operator’s platform. In fig. 8 the lay-out of an old
type of machine is shown; the lay-out of a modern combine harvester is shown
in fig. 9.

2.5. FORCES

A human being is able to exert varying forces upon the objects surrounding
him. The forces, which can be exerted, depend on the group of muscles, the body
posture, the direction and size of the forces, as well as the duration. A human
being is capable of maintaining 10-15% of the maximum force of a muscle
during a long period of time (LEHMANN, 1962; GRANDJEAN, 1963).

2.5.1. Hand-operated controls

The horizontal pushing power, which can be exerted by the arms, depends on
the angle between the upperarm and the fore-arm (MORGAN, a.0.; 1963); the
maximum power to be exerted by the arm - in a sitting position and in various
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positions of the elbow — is laid down in tables (LUunND; 1963). Controls, de-
manding maximum force, have to be located at a distance of an armlength; pull
is greater than push (Woobson; 1960).

The anthropometric data for hand-operated controls are listed in table 8
(Duruts, 1955; DrEYFUSS, 1960; Lunp, 1963; MCCoORMICK, 1964).

TaBLE 8. Anthropometric data for hand-operated controls.

Code Features Criteria
Levers Knobs
8.01 Shape round, rounded bulb-shaped,
round, rounded
8.02 Dimensions (mm)
- diameter 25— 45 25 - 45
- length = 75
8.03 Force (N)
- hand << 100 < 100
- finger < 20 < 20
8.04 Displacement {mm) < 200 < 200
8.05 Location dependent on the frequency, more or less in the
optimum area (see fig. 4)
8.06 Motion - rearward or toward the operator for stopping
- forward or downward to Iower
8.07 Inclination preferably vertical to the forearm
(not applicable with knobs)
8.08 Material warmth-isolating
8.09 Surface smoath
8.10 Adjustment -
8.11 Support -
8.12 Miscellaneous accurate setting,

stepless or in small steps

2.5.2. Steering wheel

The forces that need to be exerted on the steering wheel depend on the dia-
meter of the steering wheel, the transmission of the steering mechanism and the
friction of the bearings; at a high gearing ratio the speed of steering is reduced.
The minimum diameter of a steering wheel should be 400 mm ; a too big steering
wheel makes the entrance to the work-space too difficult. The inclination be-
tween the steering column and the horizontal determines the maximum force
that can be exerted (Dupuis; 1961).

The anthropometric data for a steering wheel are listed in table 10 (DuPUIS,
1955; DrEYFUss, 1960; Dupuis, 1961; McCorMICK, 1964),
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2.5.3. Foot-operated controls

The force to be exerted by the leg in a sitting position, is determined by the
angle between the upper leg and the lower leg, as well as by the angle between
the leg and the symmetrical plane of the body. If the angle between the lower leg
and the upperlegis 155°, on a pedal —just in front of the body - maximum force
can be exerted. It is undesirable to design foot-operated controls too far from
the centerline; a distance of zero to 80-120 mm to the ieft or to the right of the
symmetrical plane is optimal (Dupuis; 1955). The height of the pedal with
regard to the seat determines also the maximum exertable force; a location off
to the side is more unfavourable than an elevation of the seal.

In table 11 the anthropometric data for foot-operated controls are listed
(Durus, 1955; DREYFUSS, 1960); the optimum areas are shown in fig. 4* and 4°.

2.5.4. Combine harvesters

In 1966 and 1968 data were collected regarding the steering forces, as well as
the forces for operating the clutch and the brake-pedal, of a number of com-
bines. The force needed for operating the brake-pedal was determined at the
same speed deceleration.

The results of the studies are listed in table 9.

The steering wheels of the second series (T, = 1%; T, = 14) meet well the
requirements, those of the first series (T; = 2}; T, = 2%) not. Except machine
Nr. 1 — further on not taken into account — all combines were equipped with
power steering. The forces for steering are consequently (F, = 17 N) low.

The forces for operating the clutch of the second series (F, = 230 N) meet
nearly the requirements; the forces needed in the first series {F, = 370 N) not,
they are far too high.

The forces for operating the brake-pedal of the second series (F, = 180 N)
meet well the requirements, whilst these forces are also too high (F, = 350 N)
for the first series; all combines are equipped with mechanical braking systems.

TaBLE 9. Turns of the steering wheel and the forces for operating the controls of combines
(1966: 1 to 6; 1968: T t0 9).

Steering wheel Clutch Brake

Machine turns force (F:) force (F,) force (Fy)
—Nr. - left right MmN () N)

1 3 2 130 400 380

2 13 12 20 380 280

3 3 3 15 400 300

4 3 2% 16 400 450

5 2 2 13 280 300

[ 13 1% 15 380 400

7 14 13 16 300 200

8 1% 1% 16 200 180

9 11 13 23 200 150

Requirement 1% 13 10-50 100-200 100-200
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TapLE 10. Anthropometric data for a steering wheel,

Code Features Criteria
9.01 Shape round
9.02 Dimensions (mm)
- steering wheel 400-500
+ rim 20- 50
9.03 Force (N) 10- 50
9.04 Displacement to the right : 13 turn
(maximum) to the left ;14 turn
9.05 Location in the optimum area
9.06 Motion clockwise = right
907 Inclination (a) sitting :45°
standing : 90°
9.08 Material warmth-isolating
9.09 Surface profiled and shaped to the hand, space
for the fingers in the lower side
9.10 Adjustment telescopic
911 Support not wanied
9.12 Miscellaneous none

TaBLE 11. Anthropemetric data for foot-operated controls.

22

Code Features Criteria
clutch brake accelerator
10,01 Shape rectangular rectangular rectangular
10.02 Dimensions (mum)
+ length 50— 75 50- 75 175-200
- width 100--120 100-120 75-100
10.03 Force (N)
+ optimum 100-200 100-200 30- 50
10.04 Displacement (mm) 80-100 80-100 < 40
10.05 Location left-foot right-foot right-foot
operated, operated, operated,
- see figure 4 in the opti- in the opti- in the opti-
mum area mum area murm area
10.06 Motion forward andfor forward andjor forwardand/or
downward for downwardfor downward to
disengagement stopping increase speed
10.07 Inclination 70° 70° 70°
10.08 Material solid solid solid
10.09 Surface non-slipping non-slipping non-slipping
10.10 Adjustment - - -
10.11 Support Bent-up at Bent-up at -
the side the side
10,12 Miscellancous - - -
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2.6. FREQUENCY

The work load of a man not only depends on body measurements, body
motions and forces, but also on the frequency and the sequence in which
different operations and movements have to be carried out. The data, collected
in measuring the operation frequency, indicate the priority of the lay-out of
controls; moreover, they are helpful to explain the operator’s work load
(Duputs, 1955; DrEYFUSS, 1960; McCorMicK, 1964).

2.6.1. Conftrols

In operating a combing harvester a combination of factors — in particular:
crop, terrain, plot and machine — determines the operation frequency and causes
the reactions of man. In literature only one reference concerning the operation
frequency of a combine harvester was available (GLAsow and Duruis; 1960);
the results are listed in table 12.

TaBLE 12. Operation frequency (n) during combining of a combine harvester (cutting width:
205 cm).

Crop n/min

Barley 3,88
predominantly laying, moderate weedy, smooth and wet soil, level terrain

Wheat 2,06
standing, not weedy, hard and dry soil, level terrain

The operation frequency of the header height control appears to be strongly
dependent upon the existing circumstances, in particular the condition of the
crop (standing or laying). The frequency of the reel position control is consider-
ably less, namely 6 to 34 per hour. The operation frequencies of the header
height control, the reel control and the ground speed control are a good para-
meter for studying the qualities of the lay-out of a certain type of machine.

2.6.11. Frequency-analysis .
In 1964 an investigation was carried out to study the frequency of control
operations of self-propelled combine harvesters in different crops.

The measurements wer¢ carried out during harvesting on straight, homogenous parts,
by counting the operating elements in coordination with a time study; interruptions
didnot occur.

Since the operation frequency of a number of controls — e.g. the adjustment of the
mowing and threshing mechanism - appears to be extremely low, special attention was
paid to the header height control (M,), the reel position control {M;} and the ground
speed control (M,).

The results of the studies are listed in table 13,
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