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STELLINGEN

I
Het verdient aanbeveling om hetindit proefschrift ontwikkelde modelvan
het systeem mens-taak tegebruiken voor hetoptimaliseren vanandere menstaaksystemen.
II
De belasting endeprestatie vandemens worden primair bepaald doorde
inrichting vandewerkplek, waarvan derelevante gegevens zijn te verkrijgen
doormiddelvandeinditproefschrift beschrevenprocedure vanlay-out studie.
Ill
Het ontwerpen van machines dient plaatstemaken voor hetontwerpenvan
mens-taaksystemen.
IV
De huidige procedure voor hetvergelijkend onderzoek vanland- en tuinbouwwerktuigenin Nederlanddienttewordenvervangendooreen vergelijkend
onderzoek, zoalsditwordt uitgevoerd engepubliceerd door deConsumentenbond.

InNederland isdeinstellingvaneenstudierichting Ergonomie noodzakelijk.
Gezien de reeds beschikbare onderwijs- en onderzoekfaciliteiten is aande
Landbouwhogeschool voor deze opleiding een adequaat studieprogrammaop
eenvdudigewijzerealiseerbaar.
VI
Bijdevaststelling van dehuidige normen voor een optimale taakuitvoering
wordt- in vergelijking methet verleden- terechtmeerhet accent gelegdopde
arbeidsbelasting dan opde arbeidsprestatie.
VII
Deautomatiseringindeland-entuinbouwzalinbelangrijke mate bijdragen
toteenverbeteringvandeimagevandelandarbeid.
VIII
Het istebetreuren, datdeactieve sportbeoefening niet als verplicht vak is
opgenomenindestudieprogramma's van de Landbouwhogeschool.
Proefschrift van J. ZANDER

"Wageningen,24maart 1972.
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AanAnnetteen Arjan

VOORWOORD

'Demachine,alsresultaat van menselijk denken enkunnen, moet
worden gezien als dehelper van de mens en niet als zijn vijand'.
VAN DE PLASSCHE, 1953.

Bijhetvoltooienvanditproefschrift stelikhetopprijsmijnhartelijke dankte
betuigen aan hen die bijdroegen tot mijn wetenschappelijke vorming, en aan
hen, die medewerkten bij het tot stand komen van deze dissertatie. Dat mijn
Oudershetverschijnen vanditproefschrift niet hebben mogenbeleven,betreur
ik tenzeerste.
Hooggeleerde MOENS,hooggeachte promotor, Ubenikzeererkentelijk voor
deleiding,dieU aan dit onderzoek hebt gegeven.Voor degrotevrijheid die U
mijhebt gelaten bijdeuitvoeringvan het onderzoek, envoor dewijze, waarop
U door Uwbelangstellingmijn aandachtin dejuistebanenleidde,alsmedeUw
kritischezinbijhetredigerenvandetekst,benikUzeer dankbaar.
Hooggeleerde QUAST,in Udank ik allemedewerkers van deAfdeling Landbouwtechniek voor de hulp en voor de kundige wijze waarop de benodigde
proefopstellingen zijn geconstrueerd en medewerking is verleend bij de uitvoeringenverwerking van de metingen.
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1. SCOPE OF THE STUDY

1.1. SCOPE OF THESTUDY

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
processisthedesireto makethejobeasierand shorten theworkinghours.
Mechanization not only changes the character and structure of labour in
agriculture,butalsoinfluencesthenatureoftheworkload.Insteadofdelivering
energy, the main issue now istheperception and processing of information, as
wellascontrolling and regulating theworkbeingdonebymachines. More and
more the accent is shifting to tasks which appeal to the capacity of man to
process information.
There isa 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 beingswillbeabletocontinueadapting themselvesto themachine
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)
c. The prediction ofcapacity and work load by usinga man-task system.
Theoperation oftheself-propelled combineharvesterhasbeenselectedasthe
object ofthisstudy.Theoperator ofthismachineregulatesthemovement- direction and speed -, the mowing and threshing, the separation of kernel and
straw, as well as the delivery of the product. Based upon the information obtained from crop, terrain and machine the operator has to decide on such an
adjustment ofthemachine,whichresultsinaprocess witha highcapacity and
a high quality of work.
Increaseofthecapacitycanberealizedbyincreasingthegroundspeedand/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 ofcapacity islimited bythework load oftheoperator, ofwhomgreat
accuracy is expected.
The area of the main crops suitable for combine harvesting, as well as the
production andnumberofcombinesintheworld,havebeenlistedintable 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
Meded. Landbouwhogeschool Wageningen 72-6(1972)
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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
- in 1000 ha

Europe
N.-America
Latin America
Asia
Africa
Oceania
World

rice

(Combines
-

cereals

maize

soya
beans

total

annual in use
production

169.830
58.148
14.000
167.500
42.800
11.531

642
865 185.734
14.397
22.664
941 16.382 98.135
24.500
5.500
600 44.600
25.000 115.000 15.000 322.500
40 62.140
16.000
3.300
83
30
— 11.644

ha/
machine

1.258.556
147
94
1.042.565
36.300 1.228
37.000 8.716
24.000 2.589
73.500
158

463.809 102.644 125.413 32.887 724.753 250.000 2.471.921

293

(Source:Claas-Marktforschung; 1969)

soya beansarecombineharvested;elsewheremost of the work isstill doneby
hand. The area of cereals and the total of combines in the Netherlands have
been listed in table2.
Suppose an average of 100 hectares per machine then almost 30% of the
worldareaofthecropssuitablefor combineharvestingiscombinedatpresent;
with an averagecapacity of 1hectareper hour 250million hours are annually
spent on combineharvesting.
Thestudy consistsofthefollowing 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 bodymovementsand their frequencies (lay-outstudies);
2a. Collectingdata aboutthecharacterand the extent of the loading components, as well as the influence they have on the work load of the man
operating the machine(fieldexperiments);
2b. Studying and analysing theloadingcomponents,aswellas their influences
ontheperformance andtheworkloadoftheman,bymeansofasimulator
(indoorexperiments);
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

1950
1960
1965
1970

Combines

- in ha -

in use

ha/machine

495.107
511.694
485.215
363.828

1204
3025
6105
7439

411
169
79
49
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1.2. OBJECTIVES 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 (1856-1915),for motion study to F. B. GILBRETH
(1868-1924),anengineer,and hiswife Mrs.L.M. GILBRETH,apsychologist, who
studied the effective pattern of movements on selected foremen (BARNES; 1958).
TAYLOR'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 wholejob into small elements, which were separated by
measurable points; by means of this division the process could be better analysed. GILBRETH thought the division made by TAYLOR 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 particular 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; BOER, 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 TAYLOR, GILBRETH, et.
al., as well as the results of research on work physiology and experimental
psychology. However, major emphasis wasplaced 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 sophisticated 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 techniMeded.Landbouwhogeschool Wageningen 72-6 (1972)
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cians and other peoplein studying human factors. An immediate need was to
find anameforthisfield.InEnglanditwasfinallydecidedtocointhenewword
'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
otherlanguages(German:Anthropotechnik;French:l'Ergonomie)(MURRELL;
1965).Although inWestern Europethefieldisreferred to as 'ergonomics',the
title 'human factors engineering' ispreferred in the U.S.A.
At the IVth International Congress on Ergonomics (Strasburg, 1970)
CHAPANIS discussed some qualitative differences between 'ergonomics' and
'human factors engineering'. Hestated:
'There is a genuine difference in flavour between ergonomics and human factors engineering:ergonomics seems to bemore 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
clearlytheobjectives can bederived. In the General Rulesof theBritishErgonomics Research Society, founded in 1949, the objective of this Society is
described as follows:
'Theobject of thisSocietyistopromote thestudyoftherelationsbetween man and the
environment in which heworks,particularly theapplication of anatomical, physiological
and psychological knowledge, to the problems arising therefrom*.

In thisconceptweshouldinterpret theword 'environment' in a broad way;
it includes the direct work environment, aswellasthe organization of human
labour (BOER;1967).
TheInternational LabourOfficeinhisdefinition ofergonomicsisrecommendingabalancebetweenhumaninterestsandefficiency (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
whichweseethescopeand objectofergonomics(BURGERand DE JONG; 1962):
The application of biological knowledge in the field of anatomy, physiology, experimental 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 seeing 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 productivity'.

Sinceergonomists handle the knowledge of various disciplines in a specific
way,everydiscipline,studyingthe relation between the man and histask,can
contribute. This approach, as well as the duality in the other wordings - the
welfareoftheworker(a)andanefficient production(b)- underliesthefollowing
definition of ergonomics (ZANDER;1965):
'Ergonomics is engaged with the work situation (man - task - environment) with the
objectivetocometoarational useofthehuman capabilities and toan optimum adaptation of the work situation to these capabilities'.
4
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Ergonomics isamulti-disciplinary activity,itcrossestheboundaries between
many scientific and professional disciplines and draws upon the data, findings
andprinciplesofallofthem.In analysingaman-task system there isprimarily
the contribution of many sciences like anatomy, physiology, psychology,
engineering and management.

1.3. AN ERGONOMICMODEL

Themulti-disciplinarycharacteristicofaman-tasksystemisshowninfigure1.
Acontinualstreamofinformation isreceivedfrom themachineandtheenvironment bytheworkingmanusinghissenses:perception (1),leadingtoperceptual
load. The perception is followed by testing on the memory, and then to make
decisionsbetweenalternativestoguideaspecific operation:selection(2),leading
tomentalload.Theoutput ofmanismuscleactivity:action(3),leadingtophysical load. Through the action changes take place:performance. During this
closed-loopprocess the man willcontinuouslyobservetheeffects ofhisactions,
hewilltakenewdecisionsand newactionstobringthesystemclosertoitsgoal;
this process is calledfeedback.Human beings must fit spatially in a man-task
system;anthropometry isthedisciplinewhichisconcerned withtheseaspectsof
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 Dutch
Health Organization of T.N.O. proposed a concept of the physical load
(CARGO; 1965); from this KALSBEEK(1967)cameto a universal concept.
The following concepts are distinguished:
a. External load
Theexternalloadwillbeascertainedbythecombinationofthefactors,which
are inherent to the work situation and whichcause reactions of man.
ENVIRONMENT
I jANTHROPOMETRvl

^4 INFORMATION

[PERFORMANCE | -

1
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FIG. 1. Man - task system.
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b. Functional load
Byfunctional load is meant the combination of the phenomena caused by
the external load.
c. Working capacity
By working capacity is meant the highest possible energy, that a human
beingissupposedtocarryoutinagivenwayofworkingduringacertainperiod
oftime.
d. Degree of loading
The degree of loading is the relation between the functional load and the
workingcapacity.

1.4. FEATURES OF A COMBINE HARVESTER

A brief description isgiven of the operations and product flow of a modern
self-propelled combine harvester (figure 2):
a. Mowing
Thecropisseparatedfrom theremainingcropbydividers(I)andguidedtoa
cutterbar(3)bymeansofareel(2).Topickupapreviouslycutswaththerecan

FIG. 2. Self-propelled combine harvester.
11- collecting pan
1 - divider
12- dressing fan
2- reel
13- t o p sieve
3- cutterbar
4 - feed table auger
14- bottom sieve
15- return auger
5- conveyor chain
6- drum
16- elevator
7 - concave
17- grain tank
8 - preparing floor
18- engine
9 - beater
19- operator's platform
10- shaker
Meded. Landbouwhogeschool Wageningen 72-6(1972)

beinstalled on theplatform a pick-up attachment; besides thecutting unitcan
beexchangedbyaunit for pickingmaize.Anauger (4)transports thecroptoa
conveyor chain (5);this willtransport the crop to a threshing mechanism.
The reel is adjustable in horizontal and vertical directions and in speed; the
cutterbar isadjustable ina vertical direction to realizeacertain stubble-height.
b. Threshing
The threshing mechanism consists of a drum (6) and a concave (7).Most of
thekernelsfall withchaff andshortstrawthrough theconcaveonthepreparing
floor(8). Straw and some kernels come via the beater (9)on shakers (10), that
freethekernels;throughreturn guttersthesekernelslandonanextensionofthe
preparingfloor.
Thenumberofrevolutionsofthedrumisadjustable duringwork;thedistance
between drum and concave issometimes adjustable during work.
c. Cleaning
Thekernelsfalling through theconcaveorshakerscomeonthegrain collecting 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 unthreshedearsfall onthebottom sieve(14);thelastmentioned moveon thesieve
to theback and fall inanelevator(15),whichbringsthismaterial oncemoreto
thedrum. The kernelsfall through the bottom sieve;by a second elevator(16)
they arecollectedinagraintank (17). Bymeansofanaugertheproduct canbe
delivered into a wagon.
An engine(18)not onlytakescareofthepropulsion ofthevariouselements,
butalsoofthemovementofthemachine.Thecontrolsforoperatingthevarious
components of the machine are located on theoperator's platform (19).

1.5. SURVEY OF THESTUDY

The study has been developed as follows:
1. Theanthropometric characteristics ofthehuman body,aswellasthe nature
andfrequency ofthemotions,aredealt withinChapter 2(Anthropometry);
the data from the lay-out studies are discussed.
2. Theactivities in aman-task system aredealt withinChapter 3(Perception),
Chapter 4(Selection) and Chapter 5(Action).
It will beindicatedwhichparametersfrom various disciplineshavetobeused,
aswellasthemeasuringprocedures and criteria belongingthereto; the data
from indoor andfieldexperiments 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 theresultsfrom lay-out studies,indoor andfieldexperiments isdiscussed.

Meded. Landbouwhogeschool Wageningen 72-6 (1972)

2. ANTHROPOMETRY

2.1. INTRODUCTION

Human beingsmustnotonlyfitspatiallyinaman-task system,theymustalso
be able to move in the work-space. The data about the location and displacementoftheoperatingcontrols,aswellastheforces tobeexerted,thenatureand
frequency of the movements - of primary importance for the work-space layout ofasystem- aredetermined bythecharacteristics ofthehuman body.
Anthropometry deals with the measurements of the human body,including
body dimensions, and the mechanical aspects of human motions, including
consideration ofrange and frequency. With theaid of anthropometric datawe
can- byproviding anoptimumwork-spacelay-out,includingagood posture contribute to a considerable decrease ofthework load and an improvement in
performance aswell.

2.2. BODYMEASUREMENTS

Bystatistical research carried out for the clothing industry and the military
forces, theknowledgeofbodydimensions oflargepopulation groups hasbeen
considerably extended for several years. Various publication mention the
dimensionsofthehuman body,specified bysex,ageand race (DREYFUSS,1960;
WOODSON, 1960; CHAPANIS, 1963; LUND, 1963; MORGAN, 1963; MCCORMICK,
1964; KELLERMANN, 1965;MURRELL, 1965;DAMON, 1966; LAZET, 1967). When

usingthesedata wemustnot look onlyatthemythicalaverage,but atthe 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 thedesign ofwork-spaceorother facilities,variousconsiderations needto
be taken into account, in particular: the type of data (1.)thatwould be most
appropriate and the types ofpeople (2.)who aretousethefacility asrelated to
the types of peoples for whom appropriate data are available (MCCORMICK;
1964).

TABLE 3. Body heights (in cm) for the Dutch population in age of 18-64 years.

8

Ranges

Males

Females

5 th percentile
50"1percentile
95'h percentile

161,5
175,0
186,0

151,5
162,5
172,0

Meded. Landbouwhogeschool Wagen'mgen 72-6(1972)

1. The type of data
Forthedesigner'spurpose,itisnotreallynecessarytoworkwith data on all
100percentiles. Normally, collections of human engineering data skip thefirst
and lastfivepercentiles.
Wherea facility can beadjusted (such astheposition of a seat),it should be
designed to accomodate a reasonable range of individuals, usually from the
5lh to 95lh percentiles;for deviating sizesthere hasto besufficient space for an
adaptation (DREYFUSS, 1960; MCCORMICK, 1964).
2. The type of people
Therelevantbodymeasurementsfor Dutchadults(50,hpercentile),necessary
to define the dimensions of the work-space, are listed in table4(LAZET;1967);
the codesare shown infig.3.
Baseduponthedataintables3 and4therelevantbodymeasurementsfor 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 WELYand WILLEMS; 1966).

FIG. 3. Codes for body measurements (see Table 4).
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TABLE 4. Relevant body measurements (in cm) for Dutch adults (50th percentile).
Code
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Measurements
Height
Eye height
Eye height
Sitting height
Shoulder breadth
Chest depth
Hip breath
Hip breath
Shoulder height
Shoulder - elbow
Forearm - hand
Arm reach
Elbow height
Buttock - knee
Seat length
Knee height
Seat height
Foot length
Foot breath

: standing
: sitting
: erect
: standing
: sitting
: sitting

: sitting
: sitting

Males

Females

175,0
163,5
124,5
93,0
45,5
24,0
33,5
35,5
62,0
41,0
46,0
72,0
21,0
60,0
48,5
55,5
45,0
28,0
10,0

162,5
152,5
113,5
82,5
40,0
26,0
36,0
38,5
55,5
36,5
36,5
68,0
19,0
56,5
46,5
51,5
42,5
24,5
9,0

Whenoperatingamachineinasittingpositionthewayofworkingisstrongly
governed by the work-space.Theseat must beadjustable - in a fast, easyand
safe way- in horizontal and vertical directions to realizean adaptation to the
measurements ofvariouspopulation groups (DUPUIS; 1955).
The anthropometric data for a seat are listed in table 5 (DREYFUSS, 1960;
DUPUISand HARTUNG, 1966; DUPUIS,1967).

2.3. BODYMOTIONS

Inordertorealizeagoodperformance itisnecessary,thatthe movementsof
the body members are such that a favourable load originates. By moving
symmetricbody membersin synchrony, simpleand logical motions aremade,
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
numberofmotionsperunitoftimemustbereduced;thisisgivenbythefollowingresearchresults (STIER; 1959):
- Finger : 6motions
- Hand : 3motions
- Forearm: 1 motion
Theseresultsare accordingto theprinciplesof motion economy,which say
that motions should be confined to the lowest classification with which it is
possible to perform thejob satisfactorily.
10
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TABLE 5. Anthropometric data for a seat for vehicles.
Code
5.01
5.02
5.03
5.04
5.05
5.06
5.07
5.08
5.09
5.10
5.11

5.12

Features
Shape
Dimensions(mm)
• length
• width
Force(N)
Displacement (mm)
Location
Motion
Inclination
• direction
• angle
Material
Surface
Adjustment (mm)
• horizontal
• vertical
Support
• sidewards
• backwards
Miscellaneous
• seat height (mm)

Criteria
rectangular, rounded
380
450

+50 and —50(minimum)
seefig.4" and 4b
only vertical
backwards
3-5°
warmth-isolating, ventilating
waterproof cover, profiled
+75 and - 7 5
+50 and - 5 0
150mm above seat (maximum)
240mm above seat (minimum)
400mm above seat (maximum)
400

TABLE 6. Maximum movements of relevant body members.
Body member and movement
1. Head
rotation
flexion
flexion
2. Arm at shoulder
flexion
extension
3. Forearm at elbow
flexion
pronation
supination
4. Hand at wrist
flexion
extension
5. Legat kneejoint
flexion
rotation
rotation
6. Foot at ankle joint
flexion
flexion

Degrees

(right + left)
(dorsal)
(ventral)

158
61
60

(forward)
(backward)

138
44

(bend)
(turn in)
(turn out)

143

113
77

(benddown)
(bendback)

85
45

(backward)
(inside)
(outside)

160
31
30

(bend down)
(bend up)

38
35

Meded. Landbouwhogeschool Wageningen 72-6(1972)
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Sincethework-spacelay-outshouldbedetermined alsobythepossibilitiesof
movingthevarious body members,themaximum movements ofrelevant body
members- malesbetween 20and40yearsof age - arelisted intable 6 (LAZET;
1967);data for other population groups are not available.

2.4. LAY-OUTSTUDIES

2.4.1. 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 insertedindrawings,transparanciesandpatterns;theuseofmanikinsand
body-form models can be of practical use in designing work-space by trying
them out on tentative designs.
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FIG. 4*. Optimum work-space lay-out for a self-propelled combine harvester (horizontal
plane); 18cm above seat-reference point (SRP).
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Thedata for an optimumwork-spacelay-outhavebeen showninfig. 4aand
4 ;usingthisfigurethefollowingpointsmustbekeptinmind(DREYFUSS,1960;
MCCORMICK, 1964; LAZET,1967):
b

a. Maximum area
Themaximumareaistheareathatcanbereachedbyextendingthearmsfrom
theshouldersandwithoutmovingthem.Thisareaismaximumonlyintermsof

to
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FIG. 4". Optimum work-space lay-out for a self-propelled combineharvester (vertical plane).
SRP - seat-reference point
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maintaining bodyposture;byleaningforward or sidewaysagreater reachcan
bemade.
For adults (50,h percentile) the maximum areas for hand-operated controls
are:
- Males : 60-70cm
- Females: 55-65cm
Locating hand-operated and foot-operated controls in the maximum areais
unfavourable, sincethemotionsintheseareasaremoredifficult tocontroland
requiremoreenergy.Thisareaissuitable,however,for hand-operatedcontrols,
whichrequiremuch force. No operatingcontrolsshould beplaced outsidethe
maximum area, unless the operation frequency isvery low(see2.6).
b. Normal area
Thenormalareaistheareathatcanbereachedconvenientlywithasweep of
the forearm, theupper arm hangingin anatural position at theside.
Foradults (50,hpercentile)thenormal areasfor hand-operated controlsare:
- Males : 40-50cm
- Females: 35-45cm
Within the normal area the motions ofhand and feet are themost comfortable;frequently used controls have to beplaced within this area.
2.4.2. Measuringprocedure
Indeterminingthedimensions whichareappropriate,itisnecessarytohave
detailsonlocation and displacementofthecontrolsfor operatingthemachine,
aswellas the forced to beexerted.
a. Equipment and method
Tofixthelocationanddisplacementwithrespecttoareferencepoint,special
measuringequipment and methods have been developed (ZANDER;1965).
The instrument consists of an underframe (fig.5: A), which is placed on the object to
bemeasured and set horizontally with adjusting screws (B),sothat a column ( Q will be
placed vertically.
At the bottom of the column, which can berotated over the underframe, a needle (D)
isfixed,which isplaced over a graduated scale;at the upper sideof thecolumn a pipe(E)
isfixed.In thispipeanother pipe(F)isslidinghorizontally; at theend of the pipe,equippedwith amillimetercalibration,thereisaspringrule(G),equipped witha 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.Byrotating the vertical column, moving the horizontal pipe
and extending the spring rule, the plummet can be moved to all positions desired and
theco-ordinatescan beascertained withrespect tothereference point.At lastthe location
and the dimensions of foot-board and cutterbar arefixed.
Data concerning the dimensions, shape and material of the operating controls, aswell
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 beexerted are measured. To measurethe 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).
14
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FIG. 5. Measuring equipment for lay-out studies.
A - underframe
E and F - pipes
B - adjusting screws
G - spring rule
C - column
H - plummet
D - needle
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0—0

o-—o
99 9

»9

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 wellasthe 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 isshown infigure6.
To interpret the drawings usehas been made of transparent paper on which the areas
for an optimum work-space lay-out (fig. 4*and 4b) are given.
Suchamanikin makesitpossibleto getreliabledata ontheanthropometric qualitiesof
a work-space lay-out in a relatively short time.

Thisprocedure oflay-out studiesisnot only suitablefor testingwork-spaces
already made, but must beused in equipment design.
2.4.3. Combine harvesters
In 1966and 1968data werecollectedabout thelocation anddisplacement of
the seat and steering wheel, as well as the controls of a number of combine
harvesters;thescaledrawings ofthework-space lay-outs havebeeninserted in
Appendix B.

FIG. 7. Codes for the lay-out studies (see Table 7).
16
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The results of the studies have been listed in table 7,thecodes are shown in
fig. 7.
Thedimensions(shapeandsize),theseatmaterialandsurfaceoftheseatmeet
therequirements set.Theseat height (Zh = 566mm)istoo high (requirement:
400mm).To adjust the seat to the dimensions of different population groups,
often an adjustment in horizontal and/or vertical direction isavailable, which,
however, is insufficient. Besides, the horizontal and vertical adjustments are
coupled to each other.
Thediameter(D = 443mm)ofthesteeringwheelmeetstherequirementsset
(requirement: 400-500 mm); in almost all cases the steering wheel is placed
within the normal area. The inclination (* = 79°) is less favourable (requirement.^ 0 ).Itisnoticeable, that thereisgreat variation ofheight of thesteering
wheelabovethefoot-board (Sv = 781mm),aswellasof thehorizontaldistance
(Sh = 657mm).
Thecontrols that arefrequently used- particularly: header height, reelpositionand groundspeedcontrol- have been located within or at the end of the
normal area. The other controls are often found far beyond the normal area.
Theclutch and brake-pedal havebeen located at theend orbeyond thenormal
area.
Based upon the lay-out studies of a number of self-propelled combine harvesters,wecan conclude that thefiguresconcerningthelocation ofthesteering
•wheeland the controls differ considerably.

FIG. 8. Work-space lay-out of an old type of combine.
18
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FIG. 9. Work-space lay-out of a modern type of combine.

Itisrecommended that thefrequently used hand-operated controls are located
close to each other and within the optimum area. With the aid of these and
otherrecommendations somemanufacturers ofcombineharvestershave 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.Theforces, whichcan beexerted,depend onthegroup 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 pushingpower, whichcan beexerted by the arms, depends on
the angle between the upperarm and the fore-arm (MORGAN, a.o.; 1963); the
maximumpowertobeexerted by the arm - in a sitting position and in various
Meded. Landbouwhogeschool Wageningen 72-6(1972)
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positions of the elbow - is laid down in tables (LUND; 1963). Controls, demandingmaximumforce, haveto belocatedat adistanceofanarmlength;pull
is greater than push (WOODSON;1960).
The anthropometric data for hand-operated controls are listed in table 8
(DUPUIS, 1955; DREYFUSS,1960; LUND, 1963;MCCORMICK, 1964).

TABLE 8. Anthropometric data for hand-operated controls.
Code

Features

Criteria

8.01

Shape

8.02

8.04

Dimensions (mm)
• diameter
• length
Force(N)
• hand
• finger
Displacement (mm)

8.05

Location

8.06

Motion

8.07

Inclination

8.08
8.09
8.10
8.11
8.12

Material
Surface
Adjustment
Support
Miscellaneous

8.03

Levers

Knobs

round,rounded

bulb-shaped,
round, rounded

25 - 45
> 75
<100
< 20
<200

25 - 45
< 100
< 20
< 200

dependent on the frequency, moreorlessin the
optimum area (seefig.4)
• rearward or toward the operator for stopping
• forward or downward to lower
preferably vertical to the forearm
(not applicable with knobs)
warmth-isolating
smooth

accurate setting,
stepless or in small steps

2.5.2. Steering wheel
Theforces that need to beexerted on the steering wheel depend on the diameterofthesteeringwheel,thetransmission ofthesteelingmechanismandthe
friction ofthebearings;at ahighgearingratiothespeedofsteeringisreduced.
Theminimumdiameterofasteeringwheelshouldbe400mm;atoobigsteering
wheel makes the entrance to the work-space too difficult. The inclination between the steering column and the horizontal determines the maximum force
that can beexerted (DUPUIS;1961).
Theanthropometric data for a steering wheel are listedin table 10 (DUPUIS,
1955; DREYFUSS, 1960; DUPUIS, 1961; MCCORMICK,1964).
20
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2.5.3. Foot-operatedcontrols
The force to beexerted by the legin a sitting position, isdetermined by the
angle between the upper legand the lower leg,aswellas by the angle between
thelegandthesymmetricalplaneofthebody.Iftheanglebetweenthelowerleg
andtheupperlegis155°,onapedal-just infront ofthebody- maximum force
can beexerted. It isundesirable to design foot-operated controls too far from
thecenterline;adistance ofzeroto 80-120mmto theleft orto therightof the
symmetrical plane is optimal (DUPUIS; 1955). The height of the pedal with
regard to the seat determines also themaximumexertable force; a location off
to thesideismore unfavourable than anelevation of the seat.
In table 11 the anthropometric data for foot-operated controls are listed
a
b
(DUPUIS, 1955;DREYFUSS,1960);theoptimum areasareshowninfig.4 and4 .
2.5.4. Combine harvesters
In 1966and 1968data werecollected regarding thesteeringforces, aswellas
the forces for operating the clutch and the brake-pedal, of a number of combines. 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( = 1J; Tr = II) meetwell the
requirements, those of thefirstseries(Ti = 2J; Tr = 2-i) not. Except machine
Nr. 1 - further on not taken into account - all combines were equipped with
power steering. Theforces for steeringare consequently (F, ==17N)low.
The forces for operating the clutch of the second series (Fc = 230 N) meet
nearly the requirements;the forces needed in thefirstseries(Fc = 370N) not,
they are far too high.
The forces for operating the brake-pedal of the second series (Fb = 180N)
meet welltherequirements, whilst these forces are also too high (Fb = 350N)
for thefirstseries;allcombinesareequipped with mechanical brakingsystems.
TABLE 9. Turns of the steering wheel and the forces for operating the controls of combines
(1966: 1to 6; 1968:7to 9).
Steering wheel
Machine
-Nr.1
2
3'
4
5
6
7
8
9
Requirement

turns

Clutch

Brake

force (F.)
(N)

force (Fc)
(N)

force (F„)
(N)

400
380
400
400
280
380
300
200
200

380
280
300
450
300
400
200
180
150

100-200

100-200

left

right

3
li
3
3
2
11
li

2
li
3

n
H

li

li

130
20
15
16
13
15
16
16
23

H

li

10-50

2i
2
li

H
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TABLE 10. Anthropometric data for a steering wheel.
Code
9.01
9.02

Features

9.05
9.06
9.07

Shape
Dimensions (mm)
• steering wheel
• rim
Force (N)
Displacement
(maximum)
Location
Motion
Inclination (a)

9.08
9.09

Material
Surface

9.10
9.11
9.12

Adjustment
Support
Miscellaneous

9.03
9.04

Criteria
round
400-500
20- 50
10- 50
to the right : 11turn
to the left : l i t u r n
in the optimum area
clockwise = right
sitting :45°
standing :90°
warmth-isolating
profiled and shaped to the hand, space
for thefingersin the lower side
telescopic
not wanted
none

TABLE 11. Anthropometric data for foot-operated controls.
Code

Features

Criteria
clutch

10.01
10.02
10.03
10.04
10.05

Shape
Dimensions (mm)
• length
• width
Force (N)
• optimum
Displacement (mm)
Location
• seefigure4

22

10.06

Motion

10.07
10.08
10.09
10.10
10.11

Inclination
Material
Surface
Adjustment
Support

10.12

Miscellaneous

brake

accelerator

rectangular

rectangular

rectangular

50- 75
100-120

50- 75
100-120

175-200
75-100

100-200
80-100
left-foot
operated,
in the optimum area
forward and/or
downward for
disengagement
70°
solid
non-slipping

100-200
80-100
right-foot
operated,
in the optimum area
forward and/or
downward for
stopping
70°
solid
non-slipping

30- 50
<40
right-foot
operated,
in the optimum area
forwardand/or
downward to
increasespeed
70°
solid
non-slipping

-

-

Bent-up at
the side

Bent-up at
the side

-

—

-

_

-
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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 operationsand movementshaveto becarried out.Thedata,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
(DUPUIS, 1955; DREYFUSS, 1960; MCCORMICK, 1964).
2.6.1.Controls
In operating a combine harvester a combination of factors - in particular:
crop,terrain,plotandmachine- determinestheoperationfrequency andcauses
the reactionsof man. In literature only onereference concerningtheoperation
frequency ofacombineharvesterwas available (GLASOW and DUPUIS; 1960);
the results are listed in table 12.

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

n/min

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

3,88

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

2,06

The operation frequency ofthe header height control appearsto bestrongly
dependent upon the existing circumstances, in particular the condition of the
crop(standingorlaying).Thefrequency ofthe reelpositioncontrolisconsiderably less, namely 6 to 34 per hour. The operation frequencies of the header
height control,the reelcontrol and the ground speedcontrol are agoodparameterfor studyingthequalitiesofthe lay-outofacertaintypeofmachine.
2.6.11. Frequency-analysis
In 1964 an investigation was carried out to study the frequency of control
operations of self-propelled combineharvestersin different crops.
The measurements were 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 (Mh), the reel position control (Mr) and the ground
speed control (Ms).
The results of the studies are listed in table 13.
Meded. Landbouwhogeschool Wageningen 72-6 (1972)
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TABLE 13. Operation frequency of combine harvesters.
Crop

Barley
80%*
Wheat
85%
Rye
90%
Barley
100%
Wheat
100%

Machine
-Nr.-

Measuredtime
- min -

2

58,58

2

71,49

3"

123,34

3"

176,45

6

123,44

Total
n/min

553,30

Operations
Mh

Mr

M,

Total
-n-

117
(51,6)
188
(79,7)
155
(63,5)
148
(60,7)
65
(47,4)

72
(31,7)
21
( 8,9)
39
(16,0)
86
(35,2)
42
(30,7)

38
(16,7)
27
(11,4)
50
(20,5)
10
(4,1)
30
(21,9)

227
(100,0)
236
(100,0)
244
(100,0)
244
(100,0)
137
(100,0)

673

260

155

(61,7)

(24,0)

1,21

0,47

Frequency
- n/min -

3,87
(100)
3,30
( 85)
1,98
(51)
1,38
( 36)
1,11
( 30)

1088

(14,3) (100,0)
0,28

1,97

* - Condition of the crop (% standing) was estimated.

Of all controls the header height, the reel position and the ground speed
control are most important; the location and displacement of these controls
deserve priority in the design of the work-space lay-out.
The distribution of operation of these controls is:
- header height : 61,7%
- reelposition : 24,0%
- ground speed : 14,3%
Withanincreaseofthepercentagestandingtheoperationfrequencydecreases.
In 1965an investigation was carried out to study the time-interval between
twocontrol operations and the operation frequency of theheader height (Mh),
the reel position (Mr) and the ground speed control (Ms).
The results of these studies are listed in tables 14and 15.
The results in table 14show clearly, that time-intervals of 0-15 cmin (59%)
are predominant.
Based upon the results in table 15 it is possible to calculate the following
distribution:
- header height : 74,1%
- reelposition : 13,2%
- ground speed : 12,7%
Inviewoftheoperationfrequency found (table 13:1,97perminute;table15:
2,83per minute),theuseofan automatic header heightcontrol seemsto givea
decrease of the work load (seechapter 5).
24
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TABLE 14. Time-interval between two control operations (in cmin).
Time-interval

Field A 1
-in%-

0- 5
6-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45
>45

10
20
27
15
12
6
6
3
1

Field B 2
-in%10
20
32
20
12
6

2

10
20
29
18
11
6
4
1
1

-

1

Total
-in%-

-

- Machine: Nr. 2; crop: wheat (100%standing).
- Machine: Nr. 6; crop: wheat (100%standing).

TABLE 15. Operation frequency (Field A, seeTable 14).
Machine
-Nr. -

Measured time
- min -

2

132,50

n/min

Operations

Crop

Wheat,
100%
standing

Mh

Mr

M,

Total
-n -

278
(74,1)

50
(13,2)

47
(12,7)

375
(100,0)

2,11

0,38

0,36

Frequency
- n/min -

2,83

2,83

2.6.12. M.T.M.-analysis
Ifweknowthetimeneededfor themotionsandcombinethosewithacertain
operationfrequency, it ispossibleto relate them to the motionsmade,specific
foracertainwork-spacelay-out,ontheonehandandtheoperatingelementtime
ontheother.WithasystemofPredetermined-Motion-Time-Systems,i.e.M.T.M.
(Method-Time-Measurement),human activities are split up in basic workelements- fortheeyes,hands,fingers,legsandarms- anddescribedbymeansofa
classified code. The work elements are provided with timevalues (in timemeasurement-unit or TMU), specific to a number of influencing factors (distance,weight,skill,object,etc.).Thecalculatedtimevaluescanbeusedtoobtain
reliable data of the ergonomic quality of the lay-out of a certain machine
(MAYNARD; 1948).
From the results of the lay-out studies a detailed drawing was made of the switching
pattern. Then a motion-analysis was made of this task; difference was made to the kind
of motion and the appearing influencing factors. At last a timevalue (unit: 1TMU =
1 x 10"5h) was attached by means of a MTM-table.

From the results of the lay-out studies (2.4.3) and the frequency-analysis,
M.T.M.-analyses were used to establish the elemental time for each control.
Furtherthetimevaluesperminutewerecalculatedtakingintoaccountaratioof
75.0-12.5-12.5 for the header height, the reel position and the ground speed
Meded. Landbouwhogeschool Wageningen 72-6 (1972)
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control. Moreover, the time was calculated for machines equipped with an
automatic header height control (ratio:0.0-12.5-12.5).
The resultsare listed in table 16.
TABLE 16. M.T.M.-values, corrected with the operation frequency, for some controls of
combines (in TMU).
Machine

Time per element

Time per 100elements

-Nr.-

Mh

M,

M.

Total

1
2
3'
3"
4
5
6
7
8
9

14.1
18.0
20.2
12.3
10.2
15.9
8.2
10.2
12.3
12.3

33.1
36.8
49.6
33.1
29.2
31.1
28.4
31.0
29.2
32.5

56.8
43.4
45.8
31.3
52.8
50.3
29.2
48.9
40.0
29.3

104.0
98.2
115.6
76.7
92.2
97.3
65.8
90.1
81.5
74.1

2181.25
2352.50
2707.50
1727.50
1790.00
2210.00
1335.00
1763.75
1787.50
1695.00

590.00
657.50
775.00
520.00
492.50
827.50
457.50
515.00
518.75
520.00

Average

13.4

33.4

89.5

1995.00

587.37

42.8

(75.0-12.5-12.5) (0.0-12.5-12.5)

Based upon the ratio used, the operatingelement time for the headerheight
control becomesrelativelymoreimportant.Theimportanceofagoodlocation
for this control is already distinguished, as demonstrated in the small amount
of time (Th = 13.4TMU) withregard to the reel position control (Tr = 33.4
TMU)andthe ground speedcontrol (Ts = 42.8TMU).Usinga foot-operated
control (see: Nr. 5; location: at the end of the normal area of man) is less
suitable here. A small modification (Nr. 3 a : 2707.50 TMU; Nr. 3": 1727.50
TMU) leadsto a favourable change(36%) in the operatingelement time;this
modification consists of grouping together header height, reel position and
groundspeedcontrol withinthenormalarea.Ifthemachinesareequippedwith
an automatic header height control (ratio:0.0-12.5-12.5), lesstime isneeded
(without:1995.00TMU;with:587.37TMU).Thereductioninoperatingelement
timeis70%;the differences between the machinesbecomeless.
Fingertip control - header height, reel position and ground speed control
grouped together- opensfavourable possibilities(see:Nr.6,Nr.9andNr.3b).
Anthropometricdataforfingertipcontrolarelistedintable 17 (DREYFUSS,1960;
LAZET, 1967).
The M.T.M.-values for a combine harvesterequipped withfingertipcontrol
arelistedintable18.
Fingertip control leads to a decrease of the operatingelement time of 53%,
resp. 61 %.If themachinesare alsoequipped withan automaticheaderheight
control, the element timeis reduced by 75%.
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TABLE 17. Anthropometric data for fingertip control.
Code

Features

17.01
17.02

17.04
17.05

Shape
Dimensions (mm)
• length
• width
Force (N)
• optimum
Displacement (mm)
Location

17.06
17.07

Motion
Inclination

17.08
17.09
17.10
17.11
17.12

Material
Surface
Adjustment
Support
Miscellaneous

17.03

Criteria
square, rounded
12
12
5-8
10
in the optimum area
(seefig.4)
only vertical
not required,
pressing surface horizontal
warmth-isolating
smooth.bent

-

TABLE 18. M.T.M.-values for a combine harvester equipped withfingertipcontrol (in TMU).
Time per element
M„

Mr

M,

9.2

9.2

9.2

Total

Time per 100elements
(75.0.-12.5-12.5)

27.6

920.00

(0.0-12.5-12.5)
230.00

2.6.13. Design of controls
By means of differences in colour, dimensions or shape, controls can be
distinguished onefrom the other; related functions must begrouped together.
Universalsymbolsforoperatorcontrolsarerecommendabletoavoid confusion
and to achievefaster perception and safety (CHAPANIS;1963).
Universal symbols for operator controls of combine harvesters are recommended in the U.S.A. (ANON; 1967");they are showninfigure10.Thisrecommendation is based upon the principle that a given location and direction of
movement of a control produces a consistent and expected effect; it is also
recommended that the effect of control movements must be clearly and permanentlylabeled,sotheoperatorcan determinetheproper movementwithout
trial and error or reference to a manual ('foolproof').
2.6.2. Steering wheel
When steering a machine the movements of the steeringwheel- next to the
force to be exerted- are loadingcomponents.
In 1966and 1967investigationswerecarried out to study the movementsof
the steeringwheel of combineharvestersin different crops.
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SLOW

GROUND SPEED

3a
HEADER

s
C1LINDER SPEED

SPEED RANGE

-&
REEL SPEED

*2b
REEL HEIGHT

^2
CONCAVE
ADJUSTMENT

PLATFORM HEIGHT

JAJ
UNLOADING
AUGER

FIG. 10. Recommended universal symbols for some controls of the combine.

a. Equipment and method
The measurements werecarried out during combining on straight, homogenous parts,
byconnecting thesteeringwheelwith aprecisionpotentiometer(make:ELLETRONICA;
type: 510),which is connected to a recorder (make: SANBORN; type: 321) in thefield
laboratory driving next to the machine.
In calibrating the steering angle, recorded by means of an oscillogram, is registered
by turningthesteeringwheelto the left and to the right in units of 1/6 of a turn. For an
accurate analyses it is necessary, that the deflection of the potentiometer is relatively
large.

b. Treatment
A numberofparallellines,corresponding witheachunitwasdrawn ontheoscillograms
obtained, based upon the calibrating. By recording in what division the top of a certain
deflection ofthesteeringwheel lies,itispossibleto makea distribution ofthe frequencies
of the turns.

c. Results
The results of the measurements in 1966(crop:oats (100%standing);machine:Nr. 2)
and 1967(crop: wheat (100% standing); machines: Nr. 2 and Nr. 3")are listed in table
19.During the measurements wehavetried to work with the same ground speed and the
same stubble-height.
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TABLE 19. Movements of the steering wheel of combine harvesters (in % of total operating
time).
1966

1967

Tuirns

Left

Right

Total

Left

Right

Total

0 - 1/6
1/6- •2/6
2/6-•3/6
>3/6

40.0
34.6
17.5
7.9

39.4
30.9
23.9
5.8

39.7
32.8
20.7
6.8

36.5
32.3
20.0
11.2

37.4
37.0
18.7
6.9

37.0
34.7
19.3
9.0

Themovements ofthesteeringwheel ofcombineharvesters do not differ for
different crops. The movements have only a correcting character = ± (0-3/6
turn): 91.0-93.2%; accent: ± (0-2/6 turn): 71.7-72.5% = , at least in the
straight parts of theplots.

2.7. SUMMARY

The characteristics of the human body determine the location and displacement of the operating controls, as well as the forces to be exerted, the nature
and frequency of movements. Based upon the relevant measurements and
motions of the human body, the anthropometric data are given for designing
an optimum work-space lay-out of a combine harvester.
1. Lay-out studies
To determine the location and displacement of the controls, as well as the
forces to be exerted, special measuring equipment and methods have been
developed.
The lay-out of the various machines appeared to differ considerably. With
theavailableanthropometric datacanbecontributed to animprovement ofthe
existingwork-spacelay-outs;itisrecommendable that frequently usedcontrols
are located close to each other and within the normal area.
The forces needed for steering are low, because of the application of power
steering;theforcesfor operatingtheclutchandthebrake-pedal aretoohighfor
the older combines, for the newer combines they meet the requirements.
2. Frequency
The frequency with which different operations and movements have to be
carried out,determinesmainlytheoperator's work load.Ofallcontrolsofselfpropelled combineharvesterstheheaderheight,reelposition and groundspeed
control are most important. The location and displacement of these controls
deservepriorityinthedesignofthework-spacelay-out.Theoperation frequency
is not only important for indicating the priority in lay-out design, it is also a
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goodparameter toexplaintheoperator's workload instudyingtheinfluence of
a lay-out of a certain type of machine.
Based upon the results of thelay-out studies and thefrequency-analysis, the
operating element time has been calculated by means of M.T.M.; fingertip
control is desirable.
Withthedevelopedmeasuringequipment and methodsfor lay-outstudies,as
well as the formulated anthropometric data, it is possible - by providing an
optimum work-space lay-out, including a good posture - to contribute to a
decrease of the work load.
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3. P E R C E P T I O N

3.1. INTRODUCTION

The perception of the continual stream of information, that a worker receives
from work-space and environment, takesplaceviathesenses,whichare sensitive
to specific impulses (MURRELL; 1965). For each of these senses the human body
commands perceptive sensations: sight, hearing, scent, taste and feeling, which
are specific for the physiological activity derived from a certain amount of
physical or chemical energy (HOCHBERG; 1964).
The reaction on the information depends upon the sense organ that is
stimulated, the strength of the stimulus and the place where the stimulus arrives
(WOODWORTH; 1938). The average reaction time (RT) for various sensations is
listed in table 20 (DREYFUSS; 1960).
If adequately offered the RT of auditive signals varies from 140to 160 msec,
for visual signalsfrom 180to200msec;the tactual reaction issomewhat shorter
( < 125msec) ifthe signal is offered at a sensitive place (SANDERS; 1967).
Based upon the knowledge of the nervous system the following model can be
given for perception (WOODWORTH, 1954; BEVAN, 1958; ATTNEAVE, 1959;
GAGNE, 1962; CHAPANIS, 1963; HOCHBERG, 1964; MURRELL, 1965):
The objects present ina work-space,stimulate the human nervous system by reflecting
the energies, that reach the sense organs (distal stimulation). The pattern of energy, that
reaches and stimulates the sense organs (e.g.electromagnetic and sound waves),iscalled
proximal stimulation. The senseorgans (e.g.eyesand ears)transform the energies of the
proximal stimulation into neural impulses, which are transported to the central nervous
system. These neural impulses enter the central nervous system through the sensory
end organs, ultimately resulting in sensations (e.g. sight and hearing).

In order to realize a rapid and adequate perception the presentation of information has to meet the following requirements (WOODSON, 1960; CHAPANIS,
1 9 6 3 ; M C C O R M I C K , 1964):
a. Perceptible by the sense organ;
b. Clearly detectable in the stream of information;
c. Detectable intensity.

TABLE 20. Reaction time for various sensations.
Sensation
visual
auditive
odor
warmth
cold
tactual
Meded. Landbouwhogeschool Wageningen 72-6 (1972)

Reaction time (msec)
190
125-215
290
220
200
170
31

Furtheron a certain relationship has to exist between stimulus and response
(FITTS; 1953),in order to achieve a simplicity of decision and action (ZANDER;

1965);a clockwise rotation of the steering wheel shall effect a right turn, etc.
(Table 10).

3.2. SIGHT

Sight plays an important role in man-task systems, since most information
enters the central nervous system via the eyes; moreover, most actions are
executed under optical control. With his eyes a human being cannot only observe colours and light, but also estimate the location, direction and speed of
moving objects (HOCHBERG;1964).
3.2.1. General
Theconversion of electromagnetic wavesinto neural impulses resulting in a
sight sensation, takes place on the retina, consisting of photosensitive coating
- rods and cones- andconnectingcells.Atype of light ischaracterised by the
spectral division of the occuring wavelengths. Within the visible spectrum
(range: 380-740 nm) each wavelength contributes to the sensation of colours
(MVJRRELL; 1965).Theperception ofvisual information depends also upon the
object (speed and size), the environment (brightness and contrast) and the
distancebetweeneyeandobject. Thesensation ofsightisprimarilyrestrictedby
thevisualacuity,that canbecorrected, andthevisualfield(LAZET;1967).
3.2.2. Visual field
Thecharacteristics ofthevisualfieldareimportant to realizea rapidperception. The body posture whencontrolling a machine in a sitting position isalso
determined by the visibility of the work, in which nofixedvision has to exist
(DREYFUSS; 1960). The visual field can be enlarged by body motions, which,
however, lead to loss in quality of the body posture (LAZET; 1967).They also
cause an increased work load and a decreased performance (SANDERS, 1963;
MCCORMICK, 1964).
Infigure11 thevisualfieldisgivenfor thehorizontalplane (DREYFUSS,1960;
SANDERS, 1963; MCCORMICK, 1964; LAZET, 1967; SANDERS,1967).Three fields
are distinguished:
a. Stationary field (A)
Thisfield,whichiscoveredeffectively withpheripheralvision,canbejudged
ataglance;thevisualacuityisquicklyreduced intheperiphery,butthesystem
is sensitive enough to detect moving objects. RT is relatively short at a visual
angleof0° (SANDERS; 1967);anincreasing anglecausesanincrease ofRT.
b. Eyefield (B)
Thefield,whereeyemovements areneeded tocomplementperipheral vision.
In thisfieldduring an eyefixationat a high rate impressions are obtained concerning the nature and location of the objects within the periphery, which is
32
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-85°

FIG. 11. Visual field (horizontal
plane).
A - stationaryfield
B - eyefield
C - headfield

+150

+ 85

verified by eyemovements, continuously testing these impressions and hypotheses formed previously.
c. Headfield (C)
Thefield,whereheadmovementsarerequiredtogetaminimum RTfor these
conditions. In thisfieldno impressions can be obtained and a re-orientation
implies a completely new percept.

FIG. 12. Visualfield(verticalplane).
A - upper limit
B - view angle (standing)
C - view angle (sitting)
D - optimum view angle
E - lower limit
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A transition from one field to another is attended with a considerable change
in RT. An increase in the amount of information and the need for more complexjudgements, reduce the stationary field and the eyefield (LAZET; 1967).
In figure 12 the visual field is given for the vertical plane (DREYFUSS, 1960;
LAZET, 1967). The upper limit of the visual field is 50° (A). For a standing,
respectively a sitting position, the RT is small at visual angles of 10° (B),
respectively 15°(C);the reaction isrelatively optimal at avisual angleof30°(D)
for a distance of 3000mm between eyeand object (DREYFUSS; 1960).An increasing view angle causes a decreasing steering accuracy and an increasing work
load (CHAPANIS, 1963; MCCORMICK, 1964). The lower limit is 70°(E).
3.2.3. Combine harvesters
Based upon visual information obtained from crop (e.g. standing, weed and
obstacles), terrain (e.g. unevennesses and obstacles) and plot (e.g. size and
shape)theoperator ofacombine regulates theground speed to realizea constant
product flow to the conveyor chain. Moreover, the operator regulates the direction of movement of the machine to realize a maximum utilization of the
working width as well as to achieve a certain stubble-height.
It is necessary to obtain information from the feed table augerjust in front of
the conveyor chain and of the separation from the previously cut swath. In the
horizontal visualfieldit isnecessary that the information becomes visible within
the stationary field (fig. 11: A), where even moving objects can be detected by
the peripheral system. It is desirable, because of the relatively short RT at a
visual angle of 0° and the decrease of the stationary field and eyefield in more
complex tasks. In the vertical visual field it is necessary that the information is
visible under optimum conditions namely at a view angle of 30° and a direct
distance of 3000mm (vertically: 1500mm; horizontally: 2600mm) between eye
and object.

TABLE21. Location of thecutterbar oncombines.
Machine
- Nr. -

direct

horizontal

1
2
3"
4
5
6
7
8
9

3735
4000
3520
3525
3320
3290
3670
3710
3545

1810
1920
1340
1290
1520
1455
1570
1710
1895

3265
3520
3255
3280
2945
2940
3315
3285
2990

61,0
62,0
68,0
69,0
63,0
64,0
64,5
62,5
57,5

Average

3590

1612

3199

63,5

Requirement

3000

2600

1500

30,0
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In 1966and 1968(2.4.3)data werecollected about thelocation and visibility
of the cutterbar on a number of combine harvesters.The results are shown in
table 21,fig.13andfig.14.
Basedupon abodyheightof 175,0cm(50thpercentile)andnobodyassistance
applied, the results of the studies lead to the following conclusions:
Inthehorizontalplane(fig. 13)thecentreofthecutterbarislocatedatavisual
angleofnearly 0°,whichisfavourable; agreatpartofthecutterbar canbeseen
from the stationaryfield(A). On two machines (Nr.:6and 8)thecentreof the
cutterbar islocated eccentrically,sotheoperator getsabetterimpression ofthe
separation from the previously cut swath. The horizontal distance (Dh =
1612mm)betweeneyeandcutterbarissmall,whichappearstobeanadvantage.
In the vertical plane (fig. 14) the average view angle (a = 63,5°) differs so
much from the optimum, that the lower limit of the visual field is being approached. The direct distance (Dd = 3590 mm) between eye and cutterbar
clearly is too far, which iscaused mainly by the vertical distance (Dv = 3199
mm), which is toolarge.
Improvement of the visibility ispossible by reduction of the view angle and
thevertical distance.The designer must lower the operator's platform to bring
it closer to thefield.Becauseof thelocation of the operator's platform onpresent machines- abovethe conveyor chain - thisconstruction will give difficulties:themotionsoftheconveyor chainarereduced,sincemoredust iscirculat-

+150*

-ISO*

•W.

/
FIG. 13. Visibility of the cutterbar on combines (horizontal plane).
Meded. Landbouwhogeschool Wageningen 72-6(1972)

35

T f f rrrif

5

+8

-H- 6

^+9 ,7 V

+2

FIG. 14. Visibility of the cutterbar on combines (vertical plane).
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ingaround theoperator.Aneccentriclocation oftheoperator's platform offers
morefavourable possibilities,sincetheplatform can belocated nextto theconveyor chain and closer to the field.
It is necessary that a self-propelled combine harvester is equipped with
windows to make controlling thefillingsof the grain tank more simple.

3.3. HEARING

Communication between man and task, as well as between men mutually,
takesplacethroughhearing,inwhichvariationsofpressureactasamedium.The
physicalpropertiesofsound arefrequency (in Hz),soundpressure level(indB)
and duration of theexposure.
3.3.1. General
Thefunction oftheearistoconvertsoundwavesintoneuralsignals,thatcan
be transmitted to the brain. Sound waves impinge on the outer ear and cause
the ear-drum or tympanic membrane to vibrate. The tympanic membrane
actuatesaleversystem ofverysmallbones,theauditory ossicles,situated inthe
air-filled cavity of the middle ear. The third ossicle sets up vibrations in fluid
andcertainstructurescontainedinacomplexsystemofcoiledcanalsinthebone
oftheskull,knownastheinnerear.Thesecanalsincludethesemicircularcanals,
concernedwithbalance,andthecochlea,inwhichtheorgansaresituatedwhere
mechanical vibrations set up nerve impulses in thefibresof the auditory nerve
(MURRELL; 1965).
The ears are capable of making a frequency analysis (PLOMP; 1965) and of
detecting periodicities (RITSMA; 1965). A man can detect pure tones between
20and20.000Hz,dependentontheage;earsentivity isleastat low frequencies
and increases to reach itsmaximum at above 1.200 Hz (MURRELL; 1965). The
risk ofdeafness and damage of theearistherefore not uniform over the whole
frequency spectrum but appears to reach a maximum with sounds between
3.000and 4.000 Hz.
The range of values of sound pressure is inconveniently large for normal
arithmetical expression.Forthisreasonandtakingintoaccountthestructureof
the hearing mechanism, it has become customary to express the magnitude by
means of a logarithmic scale.
Sound pressure (in decibel or dB),isdefined as follows:
n dB = 20.logPn/P0
(1)
In this equation P„istheeffective value (r.m.s.-value) of the sound pressure
at a point (in N/m2) and P0istheeffective value(r.m.s.-value) of the reference
sound pressure in the air (2X 10"5 N/m2).
3.3.2. Soundmeasurements
Thebasicinstrument for an objective measurement ofsoundisknown asthe
soundlevelmeter.Itconsistsofamicrophone,anamplifier andsomeindicating
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device, normally a meter which gives visible readings (in dB) on a scale. The
sound level meter has to meet international requirements (I.E.C.; 1961); the
measuring procedure has been standardized (I.S.O.; 1964).
Mostly, the sound level meter incorporates electrical circuits known as
weighing networks. These provide for various sensitivity to sounds of different
frequencies, in order to simulate the characteristics of the sensitivity of the ear.
These characteristics known as A-, B- or C-scale operating conditions, can be
selected on the sound level meter; measurements with a weighed response, e.g.
sound level A, are expressed as dB A . Least sensitivity isprovided at frequencies
in the A-scale, highest in the C-scale, in order to simulate the sensitivity of the
human ear for different intensities of sound. For many purposes the statement
of the total, or overall sound pressure or intensity is not enough. Sound has to
be investigated in detail from the point of view of mechanical considerations,
annoyance or potential damage to hearing and in such cases examination of the
distribution of intensity in the frequency spectrum must be undertaken.
A draft set of empirical curves relates octave band sound pressure level to the
centre frequency of the octave bands, each of which is characterised by a 'noise
rating' (in NR), which is numerically equal to the sound pressure level at the
intersection with the ordinate at 1.000 Hz. The 'noise rating' of a given noiseis
found by plotting the octave band spectrum on the same diagram and selecting
the highest noise rating curve to which the spectrum is tangent (I.S.O.; 1961).
3.3.3. Effects of sound
Depending on frequency, sound pressure level and duration of the exposure,
sound has an annoying to damaging effect. Serious hearing losses are mostly of
a permanent nature and irreversible. It has been generally accepted at the
moment that a permanent exposure to sound pressure levels of 85dB and more
necessitates protection of the ears to avoid damage (JANSEN, 1962; LEHMANN,
1962; GRANDJEAN, 1963; BRUNET and LAVIEUVILLE, 1966; LEHMANN, 1967). A
production of sound exceeding the limit of NR 80 and lasting for more than
five hours daily might have damaging effects on the hearing in the long run
(I.S.O.; 1961).
Experimental psychologists have for many years been interested in the effects
of sound on work, and laboratory investigations designed to elucidate these
problems have been pursued for more than forty years. In general, the effect of
noise is not a reduction of the speed at which work iscarried out, but a decrease
of accuracy; in particular tasks, asking a high concentration for a longer period
(BROADBENT; 1958). In general, sound levels with high frequencies are more
affecting than those with low frequencies (BROADBENT; 1954).
Protection is by technical means (machines making less sound, isolation of
the sound source, reduction of sound transmission and application of acoustic
interference) or personal means (larger distances between source and man, ear
protection by wearing someform ofplugs inthe ear canal,or external cups usually known as ear muffs) (ZANDER; 1965).One of the most common methods to
solve the sound problem isthe enclosure of the source,as wellas the application
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of an enclosedcabin, to reducethe sound level to bearable levels(HUANGand
CHEN; 1969);when usinga cabin the soundpressure levelin thework-spaceis
determined by the attachment of the cabin, in particular: the avoidance of
sound transmission,and the quality of the isolation material.
3.3.4. Combine harvesters
Bythefunctioning oftheengineandotherpartsofthemachine,inparticular:
the threshing mechanism, the operators of combines are submitted to sound.
In literature some results are mentioned of research regarding the sound
pressure levelsof combines, measured at earlevel.
It appears from research in the Netherlands (ANON; 1967"),thatforsixmachines - all equipped with water-cooled diesel engines;engine power: 87-110
h.p.- theaveragesound pressurelevel was97,7dB,respectively 89,0dBA; for
the same group of machines the average Noise Rating Number amounted to
85,3(table22).
From research in England (MATTHEWS; 1967)it appeared, that the average
sound pressure level forfifteenmachines was91,8dBA (table23).
From these studies the conclusion can be made, that - measured at the
operator's ear- the sound pressure level of combines istoo high.

TABLE 22. Sound pressure levels of combines (ANON; 1967")
Noise Rating Number

Sound pressure level
Machine

- in dB -

BM-Volvo*
2
Claas
2
Clayson
John-Deere2
Laverda 2
3
M.F.

- in dBA 87,0
88,0
87,0
93,0
89,0
90,0

96,5
96,0
99,5
97,5
97,0
99,5
1
2
3

- in NR 85,0
84,0
83,0
85,5
85,5
86,5

Engine located under the grain tank, behind the front axle.
Engine located behind the grain tank.
Engine located in front of the grain tank and next to the operator.

TABLE 23. Sound pressure levels of combines (MATTHEWS; 1967).
Working width
- in feet Group A
Group B
Group C

6-10
10
12

Engine power
- in b.h.p. 24-45
65-80
85-94
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Sound pressure level
- in dBA 92
91
90
39

(i) Effect of cabin
In 1967sound measurements were carried out to study the effect of a cabin
(attachment: screwed on the operator's platform, without absorbing material;
isolation material: none) on a self-propelled combineharvester. Bymeans of a
sound pressure levelanalyser (make: PEEKEL;type:GRA) thesound wasmeasured, at the operator's ear, on a machine (Nr.: 3 a ; working width: 18feet),
equipped withawater-cooled dieselengine(location:behind thegraintank).In
fig.15the machine isshown with a cabin.
The results of these measurements (fig. 16)show,that a cabin on a combine
(Noise Rating Number: 80)did not lead to an important decline of the sound
pressurelevel,compared withacombinewithoutcabin(Noise Rating Number:
83).
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FIG. 15. Self-propelled combine harvester with a cabin.
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FIG. 16. Sound pressure level of combines.

(ii) Effect of ground speed
In 1968sound measurements werecarried out to study the effect of ground
speed during combining and during unloading.
The results are listed in table24.
From thisstudywemayconclude,that- measuredat theoperator's ear- the
sound pressure level of these machines istoo high. Moreover, it appeared that
the ground speed during combining did not influence the sound pressure level.
TABLE 24. Sound pressure levels of combines.
Sound pressure level(in dB)

Ground speed (km/h)
2,5
3,5
4,5
5,5

105
105
105
105

103
103
103
103

Unloading

99

101
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3.4. SCENT ANDTASTE

From anergonomicpoint ofview scent andtaste areless important, because
only a small number of actions appeals specifically to these senses. Physical
variables of the operator's environment maybe broken down into the major
areas ofcarbon monoxide - ifequipped with petrol engines - anddust.
3.4.1. Carbon monoxide
Carbon monixide- asaresultofan incomplete combustion - willbe absorbed
rapidly bythe hemoglobin inthebloodstream, resulting inanoxygen deficiency
which may at firstbeunnoticed bytheindividual. Theinitial symptoms ofcarbon monoxide poisoning are headache, dizziness or nausea, accompanied by
reduced attention, difficulty with concentration andretention, slight muscular
incoordination anda mental andphysical lethargy; further exposure maylead
to collapse or even death. Exposure for several hours toa small concentration
of0,01percent (100ppm),has noperceptible effects. However, itshould notbe
continued over long periods of time. It is recommended that 0,003% CO
(30 ppm) is used asthe standard limit for a long term exposure. For shorter
exposure terms higher concentrations arepermitted (MCFARLAND; 1953).
The need for a routine inspection of work-spaces andpersonnel, as well as
instruction ofpersonnel, inprecautions inthe presence ofcarbon monixidecan
never be overemphasized, butenvironmental control anddesign for adequate
protection areindispensable. Agents that cannot beeliminated atthe sourcecan
be reduced in intensity by ventilation and personal protective equipment. An
effective procedure isto uselocal exhaust ventilation systems, e.g.the exhaust
outlet (MORGAN, et. al.; 1963).Work remains tobe done oninvestigating alternativepositionsforthe exhaust outlet and theeffect onoperator's environment;
a poor outlet - in construction and direction - can create serious dangers
(ZANDER; 1965). The ideal isthecomplete enclosure of the process generating
the contaminant.
3.4.2. Dust
During combine harvesting dust iscreated, that whirls around the machine
and may be inhaled by the operator. Next to the danger for the operator's
health, dust isvery annoying andit influences theoperator's performance. In
the Netherlands* a dust concentration of 15mg/m 3 ofairisthought tobe the
maximum permissible.
In England measurements were made ofdust concentrations oncombinesof
7,2 to 21,6 mg/m 3 ofair (MATTHEWS; 1967). FIER and MCCONVILLE measured
the average dust concentration on combines in Minnesota and found 18,0
mg/m 3 ofair. They recommended theuse ofa cabin andthe use offiltersin the
cab ventilation system (FIER and MCCONVILLE; 1966).

* personal communication
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In 1967theauthor measured thedustconcentrations onacombine(Nr.:3a);
for apart of the tests themachine wasequipped with a cabin.
a. Equipment and method
The dust concentration of the air around the operator wasmeasured by means of two
aluminium filterholders - on the left and right sides of the operator's chest -, in which
paperholders werefixed.Before samplingthefilterswereweighed inthe laboratory under
known conditions of temperature and humidity of the air; during sampling a registered
quantity of air was sucked through the filters. After sampling thefilterswere weighed in
the laboratory under the same conditions as before; the difference in weight isthe dust,
remaining behind on thefilters.
From the weight of the dust and the quantity of air sucked through thefiltersthe dust
concentration - in mg/m3 of air - wascalculated. After weighing the dust of the left and
right side was put together for determining the percentage of quartz.

b. Test conditions
The measurements were made during harvesting winterwheat (condition: 100%
standing; humidity: 19,0%) at a ground speed of 4,5km/h. During sampling 4 x 200m
on theleft sideand theright sideoftheplotwereharvested. Duringallteststhewindblew
inthe longitudinal direction ofthe plot,sothat harvesting took placeoncewith and once
against the direction of the wind (air velocity: 3m/sec).
The results of the study are listed in table25.

TABLE 25. Dust in the air around an operator of combines (with and without cabin).

Without cabin
With cabin

Concentration
- in mg/m3 of air -

Quartz percentage
of dust sample

149
10

2,37 (100)
9,67 (408)

Theresultsshowthat theuseofacabin reduced thedust concentration considerably. The difference in quartz percentage in these samples is remarkable;
this can be explained by the difference in specific gravity and the size of the
particles. The smaller particles can penetrate better into the cabin and remain
present.
In 1968 the author measured the dust concentrations of two combines
(Nr.: 3a and 3b)in different crops.
a. Test conditions
With both machines the measurements were made during harvesting springbarley
(condition:40%standing;humidity:18,6%)andwinterwheat(condition:100%standing;
humidity: 21,0%) at a ground speed of4,5km/h.During sampling4 x 200mon the left
side and the right side of the plot were harvested. During all tests the wind blew in the
longitudinal direction of the plots, so that harvesting took place once with and once
against the direction of the wind; the wind velocity was 5 m/sec, respectively 4 m/sec in
springbarley, respectively winterwheat.
The results are listed in table 26.
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TABLE 26. Dust in the air around an operator of combines (harvesting barley and wheat).
Machine
-Nr.•

3"
3"

Concentration
- in mg/m3 of air barley
122
40

wheat
304
118

Quartz percentage
barley

wheat

4,93
7,56

4,00
1,74

Based upon the results of this experiment we can conclude, that during
harvesting springbarley less dust (40-122 mg/m 3 of air) is circulating around
the operator than during harvesting winterwheat (118-304 mg/m 3 of air).
Examined inthesamecrops wecan determine differences of 30to40%in dust
concentrations between the machines investigated, in favour of machine Nr. 3 b .
This can be explained by the technical set-up of this machine, where the operator's head isfar above the grain tank and more in the fresh air. In consequence,
the filterintakes on this machine have a higher and better position.
Summarizing the results of these experiments we can conclude, that the dust
concentration in the air around operators of self-propelled combine harvesters
isexceeding the permissiblelimit of 15mg/m 3 of air. It isevident that the figures
mentioned are only related to the quantities of air to be inhaled; with respect
to the duration of the harvesting period the possibility of developing silicosis
must be considered to be low.
Protection of the operator of a combine is possible by ventilation (blowing
away or sucking off the particles) and personal protective equipment. The ideal
concept is the enclosure of the operator in a cabin with a small over-pressure,
so that particles cannot penetrate into the work-space.

3.5. FEELING

Though rather little operational information is entering the central nervous
system through feeling, in detecting mechanical vibrations it has much impact
on the operator's health and performance.
3.5.1. General
Feeling is a collective term for the senses of touch, pain, temperature, pressure, position and movement. There are various modalities of feeling
(JONGBLOED; 1954);the sensitivenerveendings are not diffusely spread over the
entire body area, but they are located at certain points of the body (MURRELL;
1965).Aspecific senseorgan for mechanical vibration ismissing (KEIDEL; 1956).
A human being is capable of perceiving vibrations of 0,5 Hz till 100 Hz, and
even 10.000 Hz at high intensities. Low frequencies with large amplitudes are
perceived by means ofdepth sensibility (SOLIMAN; 1968), for this there are sense
organs in the muscles, tendons and joints (HOCHBERG; 1964). Accelerations of
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the whole body are detected by a balancing organ, that islocated in the inner
ear;theneuralimpulsesofthisorgan aretransported tothecentralmechanism.
Semicircular canals in the inner ear are used for the perception of angular
accelerationsofthehead.Higherfrequencies areperceivedbytactual sensations
in the hairless parts of the skin (JONGBLOED;1954).
3.5.2. Mechanical vibrations
Byunevenness of terrain and road surface, the profile of the tyres and functioningoftheengineandotherpartsofthemachine,theoperatorsaresubmitted
tomechanicalvibrations.Vibrationswillbetransmitted toamanthroughthose
parts of his body in contact with the source of vibration, usually the buttocks,
thehands,armsandfeet.Sometimesthehandsorarmsonlyareundervibration,
in other cases the whole body. The impact of mechanical vibrations can differ
from someannoyancetoperformance degradation anddamagetoman'shealth.
3.5.21. Parameters
Vibration ischaracterized byamoreorlessregularswingingaroundacertain
equilibrium. Sixcomponents of vibrations can be distinguished, seefig.17;in
the direction of the coordinate axis (X-axis: back-chest; Y-axis: shouldershoulder; Z-axis:foot-head) are translations, around one of the axis are rotations (I.S.O.; 1967).About the significance of translations much isknown, in
contrast withrotations;themovementsinthedirection oftheZ-axisaremostly
investigated (MATTHEWS, 1964; DUPUIS, 1969).
A simpleharmonic motion isdescribedby theprojection of the motion ofa
pointmovingroundacircleataconstantrate;theequationforthedisplacement
(x)is:

+Y

+X

- Z
FIG. 17. System of coordinates for mechanical vibrations (I.S.O.; 1967).
X-axis: back-chest
Y-axis: shoulder-shoulder
Z-axis: foot-head
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x = A .sin. (co.t + 9)
inwhich:

(2)

x = displacement of the point
A =amplitude or maximum displacement
with respect to the equilibrium
w = angular velocity
t = time
9 = phase-angle

The equation for the velocity (x),thefirstderivative of displacement, is:
x = A .to.cos(co.t + 9)

(3)

Theequation for theacceleration (x),thesecondderivative ofdisplacement, is:
x = —A.co2.sin (co.t + 9)

(4)

2

x m „ = A . a>

(5)

Theequation for the angular velocity (to),expressed in radiants per second, is:
to = _

(6)

Each cycle will occupy a finite interval of time (T); the reciprocal of this
period is called frequency (f), the unit is the hertz (Hz) or cyclesper second
(c.p.s.). The equation for maximum acceleration (5), modified by substituting
the angular velocity (6)and the cycle-time (T),is:
xm„ = A .f2 .(2.u)2
2

xm„ « 40.A .f

(7)
(8)

Each vibration ischaracterized by a frequency (f) and an amplitude (A),in
whichtherelationbetweenthemisexpressedasanacceleration (X). Theaccelerationisdeterminedinm/sec2oring-value,inwhichgisthe gravitational acceleration; the magnitude of the vibration should be expressed as a root-meansquare (r.m.s.) value (I.S.O.; 1968). Since perceptibility, effect and impact of
mechanical vibrations depend on the frequency, when measuring vibrations a
frequency-analysis has to be made (DIECKMANN, 1957; I.S.O., 1968; DUPUIS,
1969). Most vibrations in practice are non-harmonical, but by means of a
Fourrier-analysis every periodical motion can be transformed arithmetically
intoasuperposition ofanumber ofsinusoidal components and aconstant term
(VAN SANTEN, 1950; DEN HARTOG, 1956).
3.5.22. Effects
Thehuman body maybeconsidered asaverycomplicated systemofmasses,
elasticities and viscous dampers, each connected to the other (COERMANN;
1963). The various body parts are elastically coupled by bones, muscles and
ligaments. Resonances occur in the body when it isexposed to a vibration en46

Meded. Landbouwhogeschool Wageningen 72-6(1972)

vironment of critical combinations of frequencies (BERTHOZ, 1966; DUPUIS,
1969).
Although a general model covering thebody's response toa wide rangeof
frequencies is available (COERMANN; 1963), a simplified, lumped-parameter
model has been found satisfactory within the rangeof1Hz to 70Hz.Itisinthis
range that the energies ofvibrations from vehicle sources are likely tobemost
important toman. For the human body a large number ofnatural frequencies
for mechanical vibrations inthe vertical direction (Z-axis) are known (table 27).
For the range of3 Hzto6Hzespecially theperipheral blood circulation is
sensitive (COERMANN,et.al.; 1965),whilstintherangeof13 Hzto 30Hz troubles
in speaking occur (MAGID, et. al.; 1960). For vibrations in the horizontal direction (X-axis) the natural frequency ofthe human body liesinthe range of 1 Hz
to 3Hz (DIECKMANN; 1958);at2Hz the head makes nodding movements and
above 5Hzmost ofthe motion ofthe head isvertical.
About thesignificance ofvibrations inthedirection of the Y-axis itisonly
known, that the head comes into resonance at 1,5Hz (HORNICK, et. al.; 1961).
Summarizing, itisevident that the human body ismost sensitive tomechanical vibrations within therange of2 Hz to6 Hz.
During recent years special attention has been paid tovarious body deficiencies andinfirmities, related to exposure to mechanical vibrations. However,
until nowcriteria have not been available tojudge whether ornot these influences can cause damage to man's health; moreover, thechronic effect of
vibrations can bedetermined only after alongperiod of time.Itappears that the
back (LAVAULT; 1961), the spine (FISHBEIN and SALTER, 1950; ROSEGGER and
ROSEGGER, 1960;ZIMMERMAN, 1966)and thestomach (ROSEGGER and ROSEGGER,
1960; KUBICK, 1966) are sensitive. Danger is present for young people (CHRIST
and DUPUIS," 1963; DUPUIS and CHRIST, 1968; DUPUIS, 1969) and women
(FREUNDORFER; 1964).
Performances areinfluenced bymechanical vibrations; themajor effects of
TABLE 27. Natural frequency ofbodyparts for mechanical vibrationsinthevertical direction.
Body part

Natural frequency
- in Hz -

Head
Body

20-30
4-6

Heart

4-6

Stomach
Spine
Entrails
Hand-arm
system

4-5
3,5-4
3-7
5
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Author
DIECKMANN
(1957)
DIECKMANN
(1957)
SCHMITZ and SIMONS (1959)
GUIGNARD
(1960)
COERMANN
(1965)
DUPUIS and CHRIST (1966)
DUPUIS and CHRIST (1966)
CHRIST and DUPUIS (1966)
COERMANN
(1965)
DIECKMANN
(1963)
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physiologically tolerable accelerative forces are those associated withvisual and
motor performances. The evidence available regarding effects on thought process, decision-making, and the like are so far not sufficient to draw conclusions.
Visual acuity - i.e.: the ability of the eyes to resolve details - is affected by
moderate g-values (MORGAN, et. al.; 1963), in particular at frequencies round
4 Hz (COERMANN and LANGE; 1962)and round 30Hz, as well as in the range of
40 Hz to 70 Hz (DRAZIN, 1960; GUIGNARD, 1960), the visual acuity can be impaired. Because visual acuity decreases with increasing acceleration, it can be
expected that an operator subjected to vibrations may commit errors in instrument reading. In 'scale reading' many errors and mistakes are found in the
range of 3 Hz to 4 Hz (DRAZIN; 1962).
Submitted to mechanical vibrations a human being is loaded by correcting
body posture,pursuit motions and extra concentration inperception, causing an
increasing RT, uncontrolled movements and performance degradation. Notwithstanding the fact that theresults of thevarious investigations differ to some
extent, there is agreement on the point, that compensatory tracking ability in
the range of 1Hz to 30 Hz decreases with an increasing acceleration and duration of the exposure (FRAZER, et. al., 1961; SCHMITZ, et. al., 1961; HORNICK,
1962).
Summarizing, the tests of performance degradation either during or after
periods of mechanical vibration, show a very definite, although not alarming,
loss of capability (MATTHEWS; 1967).
3.5.23. I m p a c t
The range of frequencies, inwhich annoyance by mechanical vibrations takes
place, extends from 0,5 Hz till 100 Hz (TEN CATE, 1966; DUPUIS, 1969). At
lower frequencies air and sea sickness occur; frequencies above 100 Hz usually
not occur in practice.
With respect to the impact of mechanical vibrations on human beings, we
have to distinguish objective, measurable characteristics and subjective sensations.The first category consits ofdirection, frequency, magnitude and duration
ofthevibration;thesecond ofthemagnitude oftheperceptibility at the moment
and the annoyance. The level of vibration that can be tolerated by an individual
can only be determined in a subjective way. Measurements of objectively
determinable phenomena do not provide a satisfactory base(TEN CATE; 1966).
Various authors have recommended threshold values for perceptibility, comfort, annoyance and safety (REIHER and MEISTER, 1931; MEISTER, 1935; ZELLER,
1949; SPERLING and BETZHOLD, 1956; DIECKMANN, 1957; GOLDMAN and VON
GIERKE, 1961; V.D.I., 1963;I.S.O., 1968; SOLIMAN, 1968). For each frequency

a certain point can be indicated, where a certain annoyance is attained; in a
frequency-acceleration diagram, these points form a curve, representing equal
vibration perceptibility or sensation. The degree of hindrance can be indicated,
like: just noticeable, annoying, etc.; it can also be indicated by figures. The
figures and related degrees of hindrance together build a scale of intensity.
The first studies regarding the impact of mechanical vibrations were carried
48
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FIG. 18. Sensibility of standing individuals to vertical vibrations (REIHER and MEISTER; 1931).

out by submittingstandingpersonstovertical,harmonicvibrations (REIHERand
MEISTER, 1931;MEISTER, 1935).They classified the vibration into six zones as
shown infigure18.It appearsfrom thediagram that atlowfrequencies, aswell
as at higher degrees of hindrance, the acceleration is the indicator; at higher
frequencies this isthe velocity.
Curves of equal sensation to vibrations (K-value) were elaborated by
DIECKMANN (1957);the values are listed in table28.
Basedupon the K-valuesanintensity scalewasprepared (table29).
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TABLE 28. Definition of the K-value (DIECKMANN; 1957).
Frequency range

K-value

f < 5 Hz
5 < f < 40 Hz
40 < f < 100 Hz

a.f 2
5.a.f
200. a

TABLE 29. K-values for people subjected to vibrations (DIECKMANN; 1957).
K-value
0,1
0,1-0,3
0,3-1
1-3
3-10
10-30
30-100
> 100

Classification
Threshold value,vibration just perceptible
Just perceptible, scarcely unpleasant, easily
bearable
Easily noticeable, moderately unpleasant, if
lasting over an hour, bearable
Strongly noticeable, very unpleasant if lasting
an hour, still bearable
Unpleasant, can be tolerated an hour, not
tolerated more than an hour
Very unpleasant, cannot be tolerated more
than 10 minutes
Extremely unpleasant,not tolerable more than
1 minute
Intolerable

Work
not affected
not affected
still not affected
affected, but possible
considerably affected, still possible
barely possible
impossible
impossible

A number of curves, representing equal sensation from vertical vibrations,
are shown infigure19.
Based upon DIECKMANN'S work a correlation between the measurable,objectivecharacteristicsandthesubjectivehindranceexperiencedhasbeeneffected
in a Recommendation (V.D.I.; 1963).Of practical importance is the relation
between the K-value and the manner in which the hindrance can be endured
under different conditions,as listed in table30.
Anumberofcurvesofequal K-valuesareshowninfigure20.Itappears from
thisdiagram that for frequencies upto 5Hzthe K-value isproportional to the
acceleration.From 10HztheK-valueisproportionaltothevelocity.Therange
of5Hzto 10 Hzis indicatedbyaninterruptedcurve,becauseofsomeuncertainty about the relation in thisrange.
Forthevibrationexposureasafunction offrequency, inwhich,asabasisfor
judgingtheexposuretimefor thenormaldailyworkingtimeofeighthourshas
to be considered, criteria have been proposed (I.S.O.; 1968); the weighing
curves are shown infigure21.These curves fall in the range from 0,5 Hz to
4,0Hzat the rate of\/\/f; inthe rangefrom 4,0Hzto 8,0 Hz thecurveis flat
andintherangefrom 8,0Hzto90Hzitincreasesproportionallyto f.
50
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FIG. 19. Curves of equal sensation from vertical vibrations (DIECKMANN; 1957).

With respect to the impact of mechanical vibrations it has generally been
accepted, that the experienced vibration sensation varies with the frequency.
Abouttheinclineofthecurvesoftolerableintensitiesinthelowfrequency range
thereisunanimity betweentheauthorscited (TEN CATE; 1966).Basedupon the
data intable 30,aswellaspresent state of technology and thedata determined
in practice (DUPUIS, 1964; SJOFLOTand DUPUIS, 1968),it is necessary that the
value K = 4 of the VDI-Recommendation is not exceeded in designing the
operator's platform of farm machinery.
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TABLE 30. K-valuesand classification for various conditions (V.D.I.; 1963).
K-value

Level

Conditions

A
0,1

Classification
imperceptible

(Threshold value)
B

barely perceptible

0,25
C

Stayinhouseswithshort orwithout interruption1

perceptible

D

Stay in houses with long interruptions2

well perceptible

E

Physical work without interruptions

strongly perceptible

F

Physical work with short interruptions

very

G

Physical work with long interruptions;
driving in vehicles over longer periods

strongly

Driving in vehicles over shorter periods

perceptible

0,63
1,6
4
10
25
H
63
I
1

2

Short interruption - Interruption (lasting about 10 minutes), in which the ratio interval/
exposure period is 0,1;
Long interruption - Interruption (at least 60minutes), in which the ratio interval/exposure
period is between 0,1 and 1,0.

3.5.24. Protection
Protection against mechanical vibrations is of a technical nature (reduction
and isolation of the vibration source,reduction of the vibration transmission)
or of a personal nature (cushions,suspension seat or suspendedcabin).
Desirable suspension characteristics have been summarized (DUPUIS and
HARTUNG, 1966; LASSER, 1966; DUPUIS, 1967; ZANDER and VAN DER HORST,

1967).Asthehumanbodyismostsensitivetovibrationsinthefrequency range
from 2 Hz to 6 Hz, this type of vibrations has to be avoided; so the natural
frequency ofaseathastobelessthan2Hz(BERTHOZ, 1966;BJERNINGER,1966;
DUPUIS,1967). Moreover,thevalueK = 4isnot oronlybarelypermitted tobe
exceeded, whilst only movements in vertical direction are permitted to be
executed (DIECKMANN; 1957).Bysteplessadjustment or in smallsteps,theseat
has to be adaptable to the operator's weight (range: 600-1250 N) with clear
indication of the weight.
Atpresent,themost obviouswaytoreduceridevibration istofitacorrectly
designed suspension seat (MATTHEWS, 1967;DUPUIS, 1969).Inpassivecontrol,
attenuation is achieved by means of one or more resilient elements located
between the sourceof vibration and the mass to beisolated. Reasonably good
isolation can be achieved if the frequency of the disturbing vibration is four
times or more the natural frequency of the isolated mass (SUGGS and
54
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STIKELEATHER; 1969). The addition of cushions dampens the system at higher
frequencies but results in a resonance at a lower frequency (MORGAN, et. al.;
1963). An active vibration system for isolating an operator from the vertical
vibrational input is developed (SUGGSand STIKELEATHER; 1969).Active control
devices - characterized by a vibration displacement detector, a circuit to phase
correct and amplify the signal - seek to control a variable by applying energy
from an independent output source.
The benefit of a good suspension seat is limited by the increasing movements
between the operator and the controls; to eliminate this the vibrations of the
whole vehicle or the whole of the operator's work-space should be reduced
(SUGGS and STIKELEATHER; 1969). A suspended enclosed cabin - in which controls, seat and operator move simultaneously - isan approach, which combines
the need for considerably improving ride with greater protection from noise
and climatic influences (MATTHEWS; 1967).

3.5.3. Combine harvesters
The intensity of mechanical vibrations on combine harvesters is only slight,
as a result of the low ground speed, the weight of the machine and the ground
surface not being critically uneven (SCHILLING, 1965; MATTHEWS, 1967).
A study in Germany showed (Uz; 1964), that for a combine harvester 56h.p., 5,9 km/h; dry and even soil - the r.m.s.-valueof the accelerations in the
vertical direction amounted on theaverage of0,1066g(range:0,1020-0,1098 g).
In another German study (SJOFLOT and DUPUIS; 1968) the mechanical vibrations of a self-propelled combine harvester - 87 h.p., 4,2 km/h - have been
measured in threedirections. The amplitudes of theaccelerations were very low.
Regarding the frequency above 4 Hz a clear relation existed between the three
directions of vibration, that, according to the authors, indicated bumping of
machine parts; details have not been mentioned. In the vertical direction maxima arise in the frequency range from 1,5 Hz to 3,5 Hz, caused by the natural
frequency of seat and machine. At frequencies below 2,5 Hz a clear relation
could be indicated for the X-component. Below 1,5 Hz the riding characteristics
of the machine cause a strong increase of the intensity of the Y-component.
(i) I n t e n s i t y of v i b r a t i o n s
In 1966 and 1967 measurements were carried out on three self-propelled
combine harvesters (Nr.: 2, 3 a and 4) to study (direction: Z-axis, 4,5 km/h) the
intensity of mechanical vibrations.

a. Equipment and method
The vibrations on the seat were measured by means of accelerometers (make:
HoTTiNGERjtype: B 1 M/170), which were connected with a recorder (make: SANBORN;
type: 321);the results were recorded as an oscillogram.

b. Treatment
The oscillogram was analysed in respect of:
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1. Acceleration
From the oscillogram, recorded at a constant paper speed (Vp = 100 mm/sec), a frequency distribution wasmade of theaccelerations;thenumber ofscanningsamounted to
10Hz.From thisdistribution ther.m.s.-value(xcfr ing)oftheaccelerationswascalculated
(HAAS, 1962; Uz, 1964).

2. Frequency
For analysingthe frequency a procedure wasusedaccording to the 'method of passage
of time between two zero-crossings' of theoscillogram,of whichthepaperspeed is known
andconstant.The interval of time needed for each cycle of vibration is the reciprocal of
thefrequency;withthepaperspeeditispossibletoconvert the distance between two zerocrossingsoftheoscillogramintotheintervaloftimeneeded for asemicircle(T/2),ofwhich
the frequency (in Hz) can be calculated (HAAS, 1962; Uz, 1964).
As a result of the analysis the relative numbers (in %)in the various frequency bands
can be calculated; the results are listed in table31.

TABLE 31. Mechanical vibrations of combines (f and xe[r).
Frequency

Machines

- Hz —

Nr. 4

< 1
1- 2
2- 3
3- 4
4- 5
5- 6
6- 7
7- 8
8- 9
9-10
>10

0,3
2,2
3,8
25,2
26,3
19,1
11,2
4,9
3,2
2,3
1,5

0,4
2,4
13,3
37,4
22,0
12,2
7,1
2,9
1,3
1,0

0,068g2

0,078g2

x

efr
1

-dry and smooth soil;

Nr. 2

2

''A

Nr. 3"

0,2
1,8
13,8
36,9
21,6
12,1
6,2
4,3
1,6
1,5

10,0
49,6
24,4
7,6
6,0
1,6
0,8

0,085g'

0,105g2

-

-dry and hard soil.

Theintensity of the vibrations islow(xelf = 0,068-0,105g),which conforms
to the literature.
The spectral distribution of the frequencies shows that the frequency range
from 4 Hz to 7 Hz is strongly represented. The low intensity and the specific
frequency range lead to the assumption, that during combining the machine
determines the appearing mechanical vibrations and the circumstances of the
terrain makelittle or nocontribution to thevibrations;byadditional measurementsonastandingcombine(Nr.:2), thisassumption wasconfirmed. Theengine
(1500 revolutions/minute) causes an acceleration of 0,036g, with a clear frequency of 25 Hz. The engine, threshing and cleaning mechanism - shaker:
approx. 300 revolutions/minute - together cause an effective acceleration of
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0,097gandafrequency bandofabout 5Hz.Theengine,mowing,threshingand
cleaningmechanism- shaker:approx.300revolutions/minute- togethercause
aneffective acceleration of0,073gwithaclear frequency band of 5 Hz.
Based upon these results we may conclude, that the natural frequency of a
self-propelled combineharvesterliesinthefrequency rangefrom 4Hzto 7Hz,
in which bumping is caused by machine parts. This conclusion conforms to
literature (SCHILLING, 1965; MATTHEWS, 1967; SJOFLOT and DUPUIS, 1968).
(ii) Effect of ground speed during combining
In 1968 measurements were carried out on two self-propelled combine
harvesters(Nr.: 3a and 3b)tostudy (directions:X-,Y-and Z-axis)theeffectof
ground speed duringcombining.
a. Method
The vibrations on the seat were measured by means of accelerometers (make:
HOTTINGER; type: B 1 M/170) and recorded with an instrumentation-recorder (make:
AMPEX; type: FR 1300). At the Vehicle Research Laboratory of the University of Technology in Delft, the data were analysed.
The results are listed in table 32.

TABLE 32. Mechanical vibrations (x,rf in g) of two combines during harvesting at different
ground speeds.
Ground

Working widht: 3,90 m

Working width: 3,00 m

speed
-inkm/h-

X

Y

Z

X

Y

Z

2,5 J

0,016
0,021
0,016
0,027
0,016
0,019
0,015
0,018

0,0073
0,0002
0,0046
0,0003
0,0065
0,0002
0,0042
0,0002

0,150
0,054
0,160
0,055
0,139
0,045
0,135
0,043

0,013
0,022
0,014
0,026
0,013
0,019
0,012
0,019

0,0034
0,0027
0,0028
0,0027
0,0023
0,0020
0,0023
0,0019

0,104
0,053
0,107
0,051
0,110
0,066
0,100
0,061

3,5

*

3"
4,5 3„
5,5

3
3 :

ThemovementsintheZ-directionsaremorenumerous(Z: 81,3 %) thaninthe
other directions (X: 16,2%; Y: 2,5%). As to_the intensity (z = 0,098 g;
Z = 100,0%)themovementsintheX-direction(X = 0,018g;X = 19,9%)are
small; the movements in the Y-direction (Y = 0,0027 g; Y = 3,0%) are of
minorimportance.
Theintensityof thevibrations isdifferent for thetwocombines;machine 3b
(X = 0,021g;Y= 0,0013 g;Z = 0,053g)ismorefavourable than machine 3 1
(X = 0,014g;Y = 0,0042g;Z = 0,126g). Changeofspeedgaveno difference
in intensity;at a greater workingwidth the intensity isslightlysmaller.
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The spectral distribution of the frequencies shows an identical picture. The
frequency-band of 5,0 Hz is predominant in the spectrum; the intensity of
machine 3a is higher than the intensity of machine 3b. In the frequency range
from 14,6Hzto 15,6Hzand 34,3Hzto 40,0Hzsmallpeaksappear, which are
caused by the threshing drum and the engine respectively. These frequencybands only appear in theZ-direction; theX-and Y-direction appear verylittle
or not at all in the spectrum of frequencies.
(iii) Effect of road speed
In 1968 measurements were carried out on two self-propelled combine
harvesters (Nr.: 3a and 3b)to study (directions:X-,Y-and Z-axis)theeffect of
terrain during driving on the road.
The results are listed in table33.
ThemovementsintheZ-direction aremorenumerous(Z:81,1 %)than inthe
other directions (X: 16,1 %; Y: 2,8%). As to the intensity (z = 0,066 g; Z =
100,0%) the movements in the X-direction (X = 0,013g; X = 19,7 %) are
small; the movements in the Y-direction (Y = 0,0023 g; Y = 3,5%) are of
minor importance.
Theintensity ofthevibrationsofthetwomachinesduringdrivingontheroad
(X = 0,013 g; Y = 0,0023 g; Z = 0,066 g) is lower than during combining
(X = 0,018 g; Y = 0,0027 g; Z = 0,098 g); during driving on the road the
mowing, threshing and cleaning mechanisms have been disengaged. With increasing ground speedsthere appears- inparticular inthe vertical direction an increasing intensity; the intensity of the movements in the horizontal directionshardly varies.Theintensityof thevibrations duringdrivingon theroadis
lower than the intensity measured during combining. The intensities are not
equal for the machines examined; machine 3" (X = 0,015 g; Y = 0,0020 g;
Z = 0,058g)ismorefavourable than machine 3a(X = 0,011g; Y = 0,0027 g;
Z = 0,075g),alsotakingintoaccount thefrequency ofthevertical movements.
Thespectraldistribution ofthefrequencies showsanidenticalpicture.Innone
of the directions does a clear frequency-band exist.

TABLE 33. Mechanical vibrations (xef, in g) of two combines during driving on the road at
different ground speeds.
Ground speed
-inkm/h-

58

3"

5.5

3„

10.0

3„

15,0

3„

3"
3*

X

Y

z

0,010
0,011
0,011
0,015
0,012
0,020

0,0023
0,0033
0,0028
0,0023
0,0029
0,0003

0,045
0,035
0,086
0,044
0,093
0,095
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Summarizing, the conclusion can be made that on combine harvesters the
machine isdetermining thecharacter and extent of the mechanical vibrations;
the circumstances of the surface the machine must usually move on affects the
vibrations little or not at all. The intensity of the vibrations is low and the
movementsinthevertical direction aremorenumerous than intheotherdirections.Combiningatdifferent groundspeedsappearstohardlyaffect theintensity. During driving on the road with increasing ground speeds there appears an
increasingintensity,whichlevel,however,islowerthan duringcombining;with
greater working width the intensity isslightly smaller.
Thespectral distribution indicated theexistenceofspecific frequency ranges;
the natural frequency of a combine harvester lies in the frequency range from
4 Hz to 6 Hz, in which bumping is caused by machine parts (threshing and
cleaning mechanisms).

3.6. SUMMARY

Theperception of information, that a worker receivesfrom work-space and
environment,takesplaceviathesenses,whicharesensitiveto specific impulses.
Thereactiontotheinformation dependsuponthesenseorganthatisstimulated,
the strength of the stimulus and the place where the stimulus arrives.
1. Sight
Theperception ofvisualinformation - playinganimportant roleinman-task
systems- depends upon the object, the environment and the distance between
eyeand object.
For combine harvesting it is necessary to obtain information from the feed
table augerjust in front of the conveyor chain and of the separation from the
previouslycutswath.On themachinesexamined thevisualangle,aswellasthe
horizontal distance between eyeand cutterbar, are favourable inthe horizontal
plane.Intheverticalplanetheviewangleisextremelyunfavourable; besidesthe
distance between eye and cutterbar is too long, which is caused by the large
vertical distance.
2. Hearing
The hearing ensures mutual communication between man, machine and environment. Depending on frequency, sound pressure level and duration of the
exposure, sound has an annoying or a damaging effect.
Thesoundpressure levels- measured at theoperator's ear- ofthe machines
examined are too high, whilst the presence of a cabin does not lead to an important declineofthesoundpressurelevel;moreover, theground speed during
combining does not affect the sound pressure level.
3. Scent and taste
Although thescentandtastearelessimportant,attention mustbepaidtothe
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dust in theair around an operator ofacombine.Thedust concentration inthe
air around operators of themachines examined istoo high; with respect to the
duration of theharvesting period thepossibility of developing silicosismustbe
considered to be low. On a machine without cabin the dust concentration is
considerablyhigherthan onamachinewithcabin;duringharvestingbarleyless
dust iscirculating around the operator than during harvesting wheat.
4. Feeling
The operators of machinery are submitted to mechanical vibrations, which
adversely affect their health and performance. The effect and impact of vibrationsvarieswiththefrequency, asthehuman bodyismostsensitivetomechanical vibrations within the range from 2 Hz to 6Hz.
The intensity of mechanical vibrations on combine harvesters islow, whilst
the movements in the vertical direction are more numerous than in the other
directions.Combiningatdifferent groundspeedsappearstoaffect hardlytheintensity; with greater working width the intensity is slightly smaller. When
driving on the road with increasing ground speeds there appears an increasing
intensity, which is lower than during combining. The spectral distribution indicates theexistenceofspecific frequency ranges,whichareexplicable from the
machine.
Sincemachines,performing functions ofperception, do not existor arevery
rare, thedesignerofa man-task system must take into account the attainments
of the investigations regarding perception. For the self-propelled combine
harvesterthismeansprimarilyanadequatepresentationoftherelevant information; by improving the visibility of the cutterbar (reduction of the view angle.
and thevertical distance) thiscan be realized. Besides,the redundant and nonrelevant information - sound, dust and mechanical vibrations - has to be
eliminated;thesuspendedenclosedcabin- inwhichcontrols,seatand operator
movesimultaneously - isan approach, whichcombinestheneedfor improving
ride with greater protection from sound and dust.
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4. SELECTION

4.1. INTRODUCTION

The transport of data from stimulated sense organs to the effectors is not
simply and solely transport; thedata areprocessed bythecomplex mechanism
ofneuralcircuitsintheperipheralandcentralnervoussystem(MURRELL;1965).
From thevariouspossibilities theright answerischosenand- bygivingsignals
to the muscles- transformed into action.
Ininformation processingwedistinguishthefollowingmainitems (MURRELL,
1965; SANDERS,1967):
1. Input
Thenumber ofincomingsignalsper unitof time (Identification of information and association with the knowledge stored in thememory).
2. Choice
The number of directed switches per unit of time.
3. Output
Thenumberofoutgoingsignalsperunitoftime (Centralconducting, leading
to the periphery and guided action of the effectors).
4. Feedback
The restatement of the results of the action.
For theoutput ofa man-task system itisimportant to knowhowmuch time
elapses before a signal istransformed into an adequate performance; it isevident, that - apart from thecharacteristics of thesignal - learningprocesses are
playing an important role.There are three general ways in which the performance of thehuman decision element inasystemmightbeimproved(SCHRENK;
1969):
a. To select good decision makers;
b. To train persons to begood decision makers;
c. To provide, through appropriate system design, machines and tools that
facilitate appropriate decision.
Inthefieldofergonomicresearch major emphasis isupon thethird possibility; we therefore have to go further into the mechanism of information processing, as well as into the assessment of mental load.

4.2. THEORY

Information is that what we get when some man, machine or environment
tells us something wedid not know before (GARNER; 1962).Asa result of the
developments of the theory of information, to be used in telephony and teleMeded. Landbouwhogeschool Wageningen 72-6 (1972)
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graphy (SHANNON and WEAVER; 1949),the interest in the processing system was
stimulated considerably, so that we have at our disposal a quantitative parameter for information, namely the bit ( = binary digit) (SHANNON; 1948).
The amount of information (H) or entropy depends upon the number of
probable, alternative possibilities (n). In formula:
H = 2log n
(9)
In this formula it is assumed, that each possible signal has the same chance
of appearing. If this is not the case, each alternative has to be considered;
redundant information has to be avoided (ATTNEAVE; 1959).
The decision mechanism determines the information processing, i.e.: in task
performance thenumberof directedswitches per unit of time from input to output determines the information processing (ETTEMA, 1967; KALSBEEK, 1967).
Several authors paid attention to the function of the decision mechanism in information processing (MILLER, 1956; BROADBENT, 1958; WELFORD, 1959;
CROSSMAN, 1960;GARNER, 1962; HERMAN, 1965).These investigations ledto the
theory of 'a single channel decision mechanism', which all signals (simple or
complex) have to pass; the term 'a single channel1 was introduced, because only
one directed switch at a time can take place ('tourniquet function').
During each input-output switching the decision mechanism is blocked up,
whereby other information has to wait ('queueing up') until the blocked condition is abolished (WELFORD; 1959). The capacity of the channel is determined
by the minimum duration of the blocked condition; this minimum duration is
called elementary time-quantum (KALSBEEK; 1967).
Iftoo much information ispresented, it isimpossible to transfer all perceptive
material in an adequate code;thiswill beexpressed by mistakes,missesor errors
in the output.
The capacity of processing information is primarily determined by the capacity of the central decision mechanism; the more complex the circuits to be
followed, the less the capacity. The maximum capacity of a single cell amounts
to 1000bits per second; for a separate organ this maximum is 50bitsper second,
for the whole organism the maximum is 5bits per second (MILLER; 1962).As a
theoretical maximum a value has been calculated of 10 bits per second
(CROSSMAN; 1960). For binary choice tests, without any previous information
('preview') and a slight tolerance, a maximum of 1,25bits per second has been
found (ETTEMA; 1967). Generally, a value of 2to 3bits per second isassumed to
be the limit for adequate information transmission (MILLER, 1956; CROSSMAN,
1960; GARNER, 1962); the admissable limit - for a normal task performance
during four hours - is between 20 and 60signals (binary choices) per minute, in
fact closer to 20 signals per minute (ETTEMA; 1967).
Next to theprocess of information processing and the capacity of this system,
it is necessary to mention aspects of selection, namely:
1. L e a r n i n g
When periodic or otherwise predictable inputs are recognized and learned,
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the operator begins to respond with well practised movements and is effectively
tracking precognitively (YOUNG; 1969).The learning effect consists of an easier,
quicker and better reaction on the information presented. The motions gradually become more sure and more supple and accurate movements, as well as a
right coordination, can be achieved; this will lead to automation (RIEMERSMA;
1969). Research in thefieldof learning can offer possibilities to design machines
with improved learning qualities.
2. V i g i l a n c e
Vigilance is related to the attentiveness of the subject and his capability for
detecting changes in stimulus events over relatively long periods of sustained
observation (FRANKMAN and ADAMS, 1962; MCGRATH, 1963; SMITH, 1969).
In increasing automation the monotonuous control and inspection work not
only vigilance will be found more frequently, but grow in importance too. In
these circumstances we have to prevent too low a mental load, so that boredom
and absence of mind can not occur (SMITH; 1969).

4.3. ASSESSMENT OF MENTAL LOAD

In the great variety of structure and operation of the sense organs, as well as
thecomplex character of thedecision mechanism, itishardly thinkable that one
universal parameter could be found for the assessment of mental load.
The following categories may be distinguished:
4.3.1. Performance measurements
An increase of the reaction time (RT)to react upon an increasing number of
alternative possibilities, can be considered as the relation between the mental
load, as well as the complexity, more or less,of the information to be identified
( H I C K ; 1952).It ispossible to correlate the RT with the amount of information
(H), so that we have a parameter for mental load available in this case
(WESTHOFF, 1962; HILGENDORF, 1966); RT-measurements have the disadvantageof laborious analysis, whilstit is unknown by way of which neural circuits
the response is taking place (TOMLINSON; 1970).
In view of the output, the work load can be estimated by means of the task
performance (qualitatively: mistakes, misses and errors; quantitatively: time
per unit of task, task per unit of time) (SINAIKO; 1961).
4.3.2. Psychological measurements
The psychological measurements are based upon the limited single channel
decision mechanism, in which the task performance appeals to a part of the
channel and the other part ('spare mental capacity') remains unused. By a
simultaneous performance of two tasks the spare mental capacity is being
occupied completely and the mental load can be determined in an indirect way
(BROWN and POULTON; 1961). By selection of the tasks in such a way, that
Meded.Landbouwhogeschool Wageningen 72-6 (1972)

63

duringsimultaneousperformance thechannelcapacityisnotexceeded,deteriorationofthetaskswilloccur;thisdeterioration- mistakes,missesanderrors is a parameter for themental load. Thesecondary task should not interfere
functionally withthebasictask;forexample,asecondarytaskinvolvingmental
arithmetic should be not combined with a basic task involving numerical
assimilation (MICHON;1966).
This method of secondary tasks - already known for a long time inthe
experimental psychology (POFFENBERGER; 1927)- has been introduced forthe
assessment of mental load (BORNEMANN; 1942). Two categories should be
differentiated:
4.3.21. Subsidiary task
During theperformance ofthe basic task asimple, repetitive task isadded,
whichlasttaskcanbecontrolledandmeasuredqualitativelyandquantitatively,
sothatfull useismadeofthe sparementalcapacity;the basictask haspriority
and must beperformed faultlessly. The levelofperformance ofthesecondary
task - number ofmistakes, missesanderrors- isaparameter forthemental
load, caused bythebasictask.
Various typesoftasks have been proposed andtested forsuitability:
(i) Motor tasks,asrateofkey-tapping, inwhichtheirregularity ofan oscillating series the operatingofa foot-operated control- isusedasa parameter forthe mental load.
The expectation is, that - when increasing the mental load of the basic task - the
secondary task will beperformed more irregularly (MICHON; 1964, 1966, 1967).
(ii) Verbal responsestoprogrammed tasks, usually presented bytape-recorders, asreaction todigit groupsorperforming simplearithmetic calculations (HAIDER; 1962). An
interesting method isthepresentation of8-digit groups, in which each following group
differs inone position incomparison withthepreviouscombination; thealtered position
hastobedetectedand labeled. (BROWN and POULTON, 1961; BROWN, 1962; BROWN, 1967).

For agricultural tasks thismethod isunder research, whereby sequencesofpairsoftones
- onetone ina pair changes from theprevious pair - areused (TOMLINSON; 1970).

4.3.22. Experimental distraction
Byasystematicincreaseoftheamountofinformation inthesecondary task,
lesscapacityremainsforthebasictaskanddeterioratestheperformanceofthis
task (BERTELSON; 1966).Thesecondarytask isasimple,dosable- controllable
and measurable - andrepetitive task which hasto beperformed as wellas
possible.
Anumberofexperimentshas been carried out withdual tasks,inwhich the
mutual effect ofbasicandsecondary task hasbeen studied (SCHOUTEN, 1962;
KALSBEEK, 1964).In these experiments - mental arithmetic, solving ofmazes
and settingboltsandnuts- theperformanceinthebasictaskdecreases,if- with
an increasing amount ofinformation - the secondary task isbeing performed
faultlessly (ETTEMA, 1967; KALSBEEK,1967).
4.3.3. Physiologicalmeasurements
Various physiological parameters appear to be dependent on the varying
mentalload. Measurementshavebeencarried outtostudywhichphysiological
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changescanfunction asparameters fortheassessmentofmental load.
Mentalload- inthecontextofinformation processing- isaccompaniedby:
a. An increase of the heart rate
It hasbeen known for a long time, that theincrease of theaverage number of heart
beatsperminuteisnotonlycaused bya physical load (GILLESPIE, 1924; BARTENWERFER,
I960"; RUTENFRANZ, 1960; BARTENWERFER, 1961; MELLEROWICZ, 1962; BENSON, 1965;

GRAF, 1965).

Duringexperimental distraction- bymeansofthebinary choicegenerator- ithasbeen
ascertained that theaverage heart rate increases incomparison with the situation during
rest (ETTEMA; 1967).

b. Adecrease of the sinus arrhythmia
For arestingsubject thebeat-to-beat intervals ofthe heart ratearerelatively irregular,
a phenomenon known as sinus arrhythmia. If additional processing of information is
placed onthenervous system, theirregularity decreases (WIERSMA, 1911; ANREP,1936;
BARTENWERFER, 1960"; PARIN, 1965).

Byasystematic increaseoftheamount ofinformation theirregularity ismore strongly
suppressed.
In principle itispossible todiscriminate between mental loading tasksbymeansofthe
percentual suppression ofthesinusarrhythmia measured incomparison withthe situation
during rest; thescoring method israther reliable (ETTEMA; 1967).

c. An increase of the blood pressure
On account of mental loading tasks the diastolic and systolic blood pressure are
increasing (GILLESPIE, 1924; ETTEMA, 1967).

This increase issystematic, but rather lowso this method seems to be less useful to
discriminatebetweenmental loadingtasks.Possiblythebloodpressurecanbeanimportant
indicator inheavy mental loads of long duration (ETTEMA; 1967).

d. An increase of the respiration rate
On account ofmental loading taskstherespiration rate increases,whilst thetake upof
oxygen increases slightly (WIERSMA, 1913; BENSON, 1965).
During experiments thesubjective hindrance for individuals isan interfering factor in
judging theresults,sothis method isless useful (ETTEMA; 1967).

Duringmental loadingtasksofshort duration therelativechangeofthesinus
arrhythmia- measured incomparison withthesituation duringrest- isbigger
than thechangesofthe other physiologicalparameters.
4.3.4. Summary
Theassessmentofmental load presentsagreatchallengetothepsychologist
andpsychophysiologistand,despiteaplethoraoftechniques,fewareofgeneral
applicabilityandthosethatare, havestillquestionmarksregardingtheirvalidity(SANDERS, 1967; TOMLINSON,1970).Intheauthor'sview,andbased uponthe
resultsofinvestigationsavailable,thebest resultsforthe assessmentofmental
load canbeexpected from:
( i) Themethod with dual tasks(subsidiary tasksandexperimental distraction), whereby
the spare mental capacity isoccupied bysupplying anadditional task,
(ii) Theheartrate,inparticular therelativesuppression ofthesinusarrhythmia, measured
in comparison with thesituation during rest.
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4.4. MENTAL LOAD ON COMBINEHARVESTERS

4.4.1.Literature
Dependent uponthecondition ofthecropandthesituation oftheterrain,the
operator of a combine harvester regulates the movement, the mowing and
threshingmechanisms,theseparation ofkernelandstraw,aswellasthedelivery
ofthe product.Theoperator's task isprobably themosttaxingof all workwith
agricultural machinery (MATTHEWS;1967).
Under normal circumstances a skilled operator is capable of information
processingintoadequateactions,without areduction ofthequalityandquantity(WIENEKE; 1967);theinformation speedofself-propelled combineharvesters,
given on account of estimations in practice, are listed in table34.
TABLE 34. Information speed (in bits/second) of combines (WIENEKE; 1967).
Primary information

Secondary information

crop
: 9
terrain
: 2
working width: 2

threshing quality: 4
sound
: 2

Increase of the capacity isrealizable by increasing the ground speed and/or
the working width, which, however, involves higher information speed, more
actions for operation and a higher operator's work load.
Because of these limitations the mechanization in agriculture has reached a
stage of automation, in which many actions are carried out mechanically,
hydraulically or electrically, whilst deviations are corrected byfeedbacks without human interference. In literature some possibilities for automation of the
self-propelled combine harvester are reported (EIMER, 1966; KUHN, 1968), in
particular themovement- indirection (KUHN;1968)andspeed (KUHN;1969)-,
the header height (KAMINSKY and ZOERB, 1965; GRUNER, 1967; BREDFELDT,
1968)and the threshing mechanism (FRIESEN and ZOERB, 1966; KUHN, 1969).
Based upon theconditions ofthecrop and terrain theoperator hastosettlethe
norm andtoleranceof the wholeprocess,nexttoithehastocontrol the adjustments and, if necessary, to re-adjust.
4.4.2. Indoor experiments
4.4.21. Ergonomic simulator
For studyingtheloading components in a man-task system under controlled
conditions, a simulator has been built. This makes it possible to obtain information regardingtheergonomicqualities ofan operator's platform ofacertain
machine,aswellasofthe consequencesofmodifications, ofthe work-spacelayout.Moreover,suchasimulatoroffers possibilitiesforfurther experiments,such
as the training effect.
The simulator (fig. 22) consists of a platform (A), an instruction (B) and a
scoring(C).
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FIG. 22. Simulator for man - task systems.
A - platform and vibration table
B - instruction
C - scoring
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FIG. 23. Instruction of the ergonomic simulator.
A - pointer (instruction steering task)
B - pointer (reaction steering wheel)
C - stimuli (instruction secondary task)
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a. Platform
The platform is the upper side of a vibration table, of which the frequency (F =
0,5-20,0 Hz) and the amplitude (x = 0-15 mm)of the harmonic movement in a vertical
direction (Z-axis), are continuously adjustable (Xm„ = 20,0m/sec2).
Onthisplatform thecontrolsofaman-task systemcanbeinstalled;themutual position
can be varied and different types of controls can be attached.

b. Instruction
For instruction the method of performance under experimental distraction has been
chosen; with this method the subject has to perform the following tasks:

(i) Basic task
In front of the subject - within the optimum visualfield- two pointers are located, of
which the upper one (fig. 23: A) moves in a horizontal slide and is directed by a programme on a rotating drum; the programme is based upon the results listed in table 19.
Thelowerpointer (fig.23:B)can moveina horizontal slidebyturning thesteeringwheel
on the platform.
Besides the performance of the secondary task the subject has to follow the motions
of the upper pointer by turning the steering wheel as well as possible.

(ii) Secondary task
In front of the subject - within the optimum visual field - six lamps are located
(fig. 23: Q , which can flash. These signals correspond with the highest, resp.the lowest
position,of thecontrolsfor headerheight,reelposition and ground speed of thecombine.
The sequence and frequency of the stimuli issent from a punched tape with adjustable
speed; the program isbased upon the results listed in table 15.
According to a trained method, thesubject hasto respond to thestimuli by positioning
the control indicated in the location desired; this simple repetitive task hasto be carried
out faultlessly. During a test the execution of all actions iscontrolled carefully.

c. Scoring
For each test the following parameters are measured:

(i) Tracking ability
The pointers (fig. 23: A and B) are connected with counters (make: SODECO; type:
TCE Z4E).Apulsegenerator givesacurrent (24V)on the upper pointer exactly ten times
per second; this current is also conducted to the total counter (a). If both pointers are
opposite toone another, thecurrent isconducted bymeansof aslide-contact through the
lowerpointer tothecorresponding counter (b). Thetracking ability iscalculable from the
ratio of the numbers on the counters (b/a).
Thetrackingability or steeringaccuracy per test(in %)isused asinput for theanalysis
of variance.

(ii) Load
For the assessment of the subject's work load during a test (W) the heart rate is used.
For this registration a cardiotachometer (make: CNR; type: 104) is used, by which the
number of heart beats can be registered by a six-digit counter. Before each test the heart
rate during resting (R) is determined; during this registration the subject has taken a
completely relaxed posture.
Thework load isexpressed asa ratio of the heart rate during testingand during resting
(MELLEROWICZ; 1962); the quotient (W/R) is used as input for the analysis of variance.

(iii) Subjective findings
Immediately after completion of the test the subject isasked for his experiences.
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(iv) General
During allexperimentsspecialattention ispaid to achievea steadystate ofthe subject;
for this reason each test (duration: 5minutes) ispreceded by a period of one minute, in
which the subject isexecuting his tasks, but no registration takes place. After the test all
registrations are continued for one minute.
Besides the equipment, that is part of the simulator, a tape-recorder (make: PHILIPS;
type: EL 3573) and a sound level analysator (make: PEEKEL; type:GRA) are used.The
experiments arecarried out ina room with artificial light;sound from outsidecanhardly
penetrate in the work-space and is suppressed by a sound of 60dB.
The temperature during theexperiments wasabout 22°C, thehumidity oftheairvaries
between 45 and 60%; these are favourable conditions for ergometric experiments
(MELLEROWICZ; 1962).

d. General
When planning the experiments the necessary preparation of the subjects was taken
into account; special attention was paid to:

(i) Instruction
In extensive talks with all persons involved- subjectsandresearchofficers - the scope
of thestudyand theapplication ofthetestprocedure,aswellastheresults,werediscussed
and explained thoroughly.

(ii) Medical examination
All participants have been submitted to a medical examination, including a bicycleergonometer test, in order to obtain information regarding their health,conditionandto
make them acquainted with the equipment.

(in) Preliminary study
Thesurvey of theenvironmental factors, as wellas training period ofabout an hour to
get acquainted with the test procedure and the operating actions to be executed, have
been instructed and learned before the experiments; this training has been executed with
a view to avoid mistakes.

4.4.22. Experiments
(i) Comparative tests of operator's platforms
In 1968measurements werecarried out to compare the ergonomicqualities
of the work-spacelay-outon four machines(Nr.:2,3a, 3band 4) in simulating
theoperatingofacombine (MUYS; 1969).
a. Method
These tests were carried out with twelve subjects, the experimental design was chosen
insuch a waythat - toeliminate a possibleeffect of the daily rhythm of the physiological
parameters - each subject was taking part at the same period of each day.
During thefirstweek all machines were investigated with sixsubjects (P1-P6); during
the second week two machines (Nr.: 3* and 3") were investigated with all subjects
(P1-P12). During the third week all machines were investigated again with six subjects
(P7-P12). The sequence of the machines offered to a subject was at random.
Preceded by a period of resting, the test people were offered test conditions of 30,40,
50 and 60 signals per minute; this contains 1,58, 2,00, 2,30 and 2,58 bits per second
respectively.
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Treatment
For eachtestthesteeringaccuracy and theheart ratewereregistered.Immediately after
the test the subjective findings were recorded.
The steering accuracy (in %)and the work load (in W/R) were used as inputs for the
analysis of variance.Thecomputations werefacilitated bythecooperation of the Mathematical Department ofthe Agricultural University.
The resultsofthese studies are listed intable 35,they are shown in figure 24 and 25.

TABLE 35. Steeringaccuracy(in %)and load(inW/R)insimulatingtheoperation ofcombines
Machines

30

50

40

60

- Nr. -

%

W/R

%

W/R

%

W/R

%

W/R

2
y
3"
4

71,4
78,1
78,7
72,9

1,17
1,13
1,09
1,11

69,7
75,1
73,4
67,0

1,21
1,16
1,12
1,14

62,7
69,5
65,8
62,1

1,25
1,19
1,16
1,17

55,2
61,3
60,3
54,3

1,29
1,22
1,17
1,18

Average

76,3
(100)

1,12
(100)

72,3
(95)

1,15
(103)

66,3
(87)

1,19
(106)

58,8
(77)

1,21
(108)

w/n
8 0<

1.30-

1.10

40

50

SIGNALS/MINUTE

40

SO

SIGNALS/MINUTE

FIG. 24. Steering accuracy (in %)and load (in W/R) inrelation tothe rate ofexperimental
distraction, insimulating the operation of combines (average).
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w/n

%

1.30-

MACHINE 4
MACHINE 3

MACHINE4 Vw MACHINE 2

40

50

60

SIGNALS/MINUTE

40
SO
SIGNALS/MINUTE

FIG. 25. Steering accuracy (in %) and load (in W/R) in relation to the rate of experimental
distraction, in simulating the operation of combines (per machine).

Under experimental distraction the steering accuracy (in %)detiorates as a
function ofthenumber ofsignalsperminuteinthesecondarytask (fig.24);for
this test it resulted in a decrease of the steering accmacy with 23% maximal.
There isa significant difference between themachines; in favour of machine3"
and 3b and unfavourable for machine 2 and 4. This difference is not more
significant as the experimental distraction increases (fig. 25).
Under experimental distraction the load (in W/R) increases as a function of
the number of signalsper minute in the secondary task (fig. 24);for this test it
means an increase of the load by 8%.There isa significant difference between
themachines;infavour ofmachine 3band 4,unfavourable for machine2.This
difference ismoresignificant as theexperimental distraction increases (fig.25),
which implies that under more unfavourable conditions the difference between
machine 3 b and 4on theoneside and machine 3a on the other willincrease.
Off all subjects eleven were in favour of machine 3 b ; one subject preferred
machine 4. All subjects disqualified machine 2.
Summarizing,theconclusioncan bemadethat in simulatingtheoperationof
acombineharvestertheloadandtheperformance depend upon the experimentaldistractionandtheanthropometricqualitiesofthework-spacelay-out.Under
experimental distractiontheperformance detioratesasafunction ofthenumber
of signalsper minute in thesecondary task; the load increases asa function of
the rate of signals.
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Based upon the resultsof the M.T.M.-analysis weknow,thatfingertipcontrol - header height, reel position and ground speed control grouped together
withinthenormalarea- leadstoafavourablechangeintheoperatingtime.The
results of the indoor experiments are endorsed by the results of theanthropometricstudies,for there isa significant difference between the machinesunder
experimental distraction; in favour of machine 3 b (controls grouped together
within the normal area) and unfavourable for machine 2 (a more difficult
switchingpattern withoneknobfor thesixpositions).Thedifferences between
the various machines are more significant as the experimental distraction increases;theseconclusionscorrespond withthe subjective findings.
From the analysis of variance it also appears, that a modification of the
work-space lay-out of a certain make of machine (Nr.: 3a and 3b)clearly has
consequences. The ergonomic quality of machine 3" not only is significantly
betterthan that ofmachine 3a,but wecanexpectthat for ahigher information
speed- asaresultofanincreasedcapacityinthefield- thedifference between
the two types willincrease.
4.4.23. Effect of learning
When repeating a task the time needed per cycleand the load will change;
withanincreasingnumberofcyclesthetimeisdeclining- atfirstfairly quickly to becomealmostconstant.Totheman'sloadananalogoussituationdevelops,
on theunderstandingthat- whenrepeatingmanytimes- theload isincreasing
again (DEJONG, 1959;CLIFFORDand HANCOCK,1964; WILTSHIRE,1968). Moreover,anindividualismorefamiliar withonemachinethanwithanother,which
causesamoreefficient performance,aswellasaslighterchanceofmakingmistakes.Thiswilllead,indirectly,toabetteroutputofthewholeman-tasksystem.
To study the effect of learning in simulating the operation of combines,experiments werecarried out with (RIEMERSMA; 1969):
(i) Different series of information
In 1969measurements werecarried out to study to what extent the appearanceofalearningcurvewouldbedisturbed bydifferent seriesofinformation in
theexperiment. Besideswedetermined to what extent thiseffect variesfor two
machines (Nr.: 3a and 3b).
a. Method
The tests were carried out with eight subjects, the experimental design was chosen in
such a way that - to eliminate a possible effect of the daily rhythm of the physiological
parameters - each subject was taking part at the same period of each day.
During thefirstweek machine 3"wasinvestigated with four subjects (PI-P4) with two
series of information and one repetition; during the second week machine 3*wasinvestigated with four subjects (P5-P8) with two series of information and one repetition.
The subjects were offered two series of information (I), namely:
(1) (2) (3) (4) (5) (6)
11
30 50 0 30 40 50 signals/minute;
12
50 30 50 40 30 0 signals/minute.
Grouping in this way makes it possible to give statements in respect of the learning
effect within the series.
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b. Treatment
For each test the steering accuracy and the heart rate were registered; these data were
used as inputs for the analysis of variance.The results of thisstudy are listed in table36.
TABLE 36. Learning effect in operating combines under different series of information.
Machine

30

50

0

30

40

50

- Nr. -

% W/R

% W/R

% W/R

% W/R

% W/R

% W/R

3"
3"

98,1 1,16 96,4 1,21 99,0 1,07 97,8 1,13 97,0 1,15 97,0 1,17
89,2 1,02 86,4 1,04 94,1 0,96 90,0 0,99 89,3 1,00 89,9 1,01

Machine

50

30

50

40

30

0

- Nr. -

% W/R

% W/R

% W/R

% W/R

% W/R

% W/R

3*
3b

92,0 1,20 98,4 1,16 94,8 1,19 95,4 1,17 95,7 1,16 96,3 1,05
89,3 1,05 91,3 1,02 87,6 1,03 90,3 1,01 92,4 1,00 94,2 1,00

Based upon the steering accuracy (in %)and theload (in W/R) neither a
learningeffect, noraneffect oftheprevioustest,canbeproved significantly for
one of the subjects. The appearance of a learning curve is disturbed by the
seriesselectedintheexperiment;thisconclusionisinagreementwithstatements
in literature (CLIFFORDand HANCOCK, 1964;WILTSHIRE,1967).
There isasignificant difference between the machines,in favour of machine
3b.
(ii) Identical series of information
Toavoidthedisturbanceofthelearningcurveanexperimentwassetupwith
an identical series of information. Besides we determined to what extent this
effect varies for two machines (Nr.: 3a and 3b).
a. Method
The tests were carried out with two skilled operators of combine harvesters (P9 and
P10);they had only a little bit ofexperience with the simulator. Theexperimental design
waschosen in such a way,that - to eliminate a possible effect of the daily rhythm of the
physiological parameters - each subject was taking part at the same period of each day.
During thefirstdaythemachines3"and3b.wereinvestigatedwith thesubjects P9andPIO
respectively, presenting them a series of identical tasks; during the second day the
machines3"and 3*wereinvestigated withthesubjects P9and P10respectively, presenting
them the same test conditions.
The subjects were offered the following series of information (I):
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
I
0 40 40 40 40 40 40 40 40 40 40
signals/minute

b. Treatment
For each testthesteeringaccuracy and theheart ratewereregistered; immediately after
the test the subjective findings were recorded.
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The steering accuracy (in %) and work load (in W/R) were used as inputs for the
analysis of variance; the results of this study are listed in table 37, they are shown in
figure26and 27.

TABLE 37. Learning effect in operating combines under identical series of information.
Nr 3"

Nr 3"

Cycle

%

W/R

%

W/R

1
2
3
4
5
6
7
8
9
10
11

97,2
61,8
68,5
67,6
67,4
76,6
74,0
75,3
68,5
73,9
75,8

1,13
1,29
1,21
1,20
1,17
1,14
1,13
1,12
1,12
1,10
1,10

89,1
39,0
67,2
75,8
83,3
85,3
86,5
86,4
86,1
85,0
78,6

1,14
1,19
1,15
1,14
1,14
1,12
1,11
1,07
1,07
1,06
1,05

/o
90

MACHINE 3

80-

70-

60

50

40
4

-T-

5

T"

6

T-

7

10

NUMBER OF CYCLES

FIG. 26. Learning effect (steering accuracy in %) in simulating the operation of combines.
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W/H

1.30-

120-

1.10-

MACHINE

too
4

5

6

10

NUMBER O F C Y C L E S

FIG. 27. Learning effect (load in W/R) in simulating the operation of combines.

Based upon the steering accuracy (in %)andtheload(inW/R)alearning effectcanbeprovedsignificantlyinsimulatingtheoperationofacombineharvester.
Byexecuting an identical series of information a learning curve appears; the
steeringaccuracyincreasesandtheloaddecreasesasafunction ofthenumberof
cycles.
There isa significant difference between the machines, in favour of machine
3 b ; thisconclusion corresponds with the subjectivefindings.
Summarizing theexperiments on learning, theconclusion can bemade, that
in simulating the operation of a combine harvester the performance and the
load depend upon thenumber ofcyclesand theanthropometric qualitiesofthe
work-space lay-out.
The results of the experiments on learning are endorsed by the results of
previous studies (table 16and 35);there isnot only the significant difference in
ergonomic quality between the machines, but the subjects are more quickly
familiar withonemachine(Nr.:3") thanwithanother (Nr.: 3a),whichcausesa
more efficient performance. Theconclusion can bemade that the performance
and theload areprimarily determined bythework-space lay-out.Thedesigner
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of a combine harvester must try to reduce the mental load by providing a
work-space lay-out inthedirection of machine3b, in particular: the frequently
used,fingertipcontrols grouped together within the normal area.
4.5. SUMMARY

Thetransport ofdata from thestimulated senseorgansto theeffectors isnot
simply and solely transport; the data areprocessed, from thevariouspossibilitiestherightanswerischosenandtransformed intoaction.Intask performance
the number of directed switches from input to output determines information
processing and mental load, because all signals make use of 'a single channel
decision mechanism' with a limited (2to 3bits per second) capacity.
For the assessment of mental load a well-functioning parameter is not yet
available;mostcanbeexpectedofthemethodwithdualtasksandtheheartrate.
Indoor experiments
For studying a man-task system under controlled conditions and to obtain
information regarding the ergonomic qualities of the work-space lay-out of a
certain machine, a simulator is built.
The studies led to the following conclusions:
(i) Insimulating theoperation ofacombineharvester theperformance and the
load depend upon the experimental distraction and the anthropometric
qualities of the work-space lay-out. The steering accuracy detiorates and the
loadincreasesasafunction ofthenumberofsignalsperminuteinthesecondary
task.
Thereisa significant difference between themachines,whichincreasesasthe
experimental distraction incieases.
(ii) Byexecutinganidenticalseriesofinformation alearningcurveappears;the
performance increases and the load decreases as a function of the number
of cycles.The appearance of the learning curve isdisturbed by different series
of information in an experiment.
There is a significant difference between the machines,
(iii) The performance and the load depend upon the experimental distraction
(the number of signals per minute in the secondary task and the series of
information in an experiment) and the anthropometric qualities of the workspace lay-out of the machine. The indoor experiments confirm the statement,
that subjects are more quickly familiar with one machine than with another,
which causes a more efficient performance. The conclusion can be made, that
the performance and the load areprimarily determined by the work-spacelayout.
Althoughthemechanizationinagriculturehasreachedastageofautomation,
inwhichmanyactionsarecarriedoutandcorrectedwithouthuman interference,
the designer of a combine harvester must try to reduce mental load. This is
possiblebyrepellingredundant andnon-relevantinformation - sound,dustand
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mechanicalvibrations- andawork-spacelay-out,inwhichthefrequently used,
fingertip controlsaregrouped togetherwithinthenormalarea.Bypayingattentiontotheseaspectsthewholeman-task systemcancontributetoadequateprocessingofahigher information speed- asaresultofanincreasedcapacity- and
a favourable operator's load.
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5. A C T I O N

5.1. INTRODUCTION

The information from the sense organs is transported to the central nervous
system, where the data are processed and from various possibilities the right
answer ischosen. Bysignals the choice is transported to the effectors and transformed into voluntary muscle movements, which are necessary for the operation.
This process is called action and leads to the physical load of the man;
through the action a change takes place in the man-task system resulting in a
performance.

5.2. THEORY

The performance is done by the muscles, which costs energy. In the human
body chemical energy- supplied in theshapeoffood - is converted into mechanical energy and heat; heat ispartly needed to keep the body temperature steady.
The oxygen, needed for this oxidation process, is withdrawn from the air by
breathing and is - together with the fuel - transported to the effectors by the
blood. For prolonged activities the oxygen supply of the muscles must keep step
with the oxygen demand; anaerobic metabolism has to be avoided as much as
possible.
If work is heavier, the energy production has to be increased; the respiration
volume (higher oxygen uptake), the heart rate (bigger oxygen transport by the
blood) and the perspiration (carry off the heat developed) increase (JONGBLOED,
1954; LEHMANN, 1962; GRANDJEAN, 1963).
The working capacity of an individual islimited and primarily determined by
the capability of supplying sufficient oxygen and taking sufficient food. An
energy consumption of 20 kJ ( = 4,8 kcal) per minute, including a basal metabolicrate ofabout 4,2kJ( = 1kcal)per minute,isthemaximum consistent level,
that an adult man should beexpected to expend; rest pauses should be included,
iftheaverage levelexceeds thislevel (LEHMANN, 1962; GRANDJEAN, 1963; ANON,
1966). This value corresponds to the consumption of 1liter oxygen per minute.
During the working period 11,3 MJ ( = 2700 kcal) are used daily, whilst about
6,3 MJ ( = 1500kcal) are used also for the basal metabolic rate, which depends
upon sex, age, length and weight of the body (BENEDICT and HARRIS; 1919), as
well as off-duty activities (level: 2,5 MJ or 600 kcal). The total metabolism
amounts to 17,6 MJ ( = 4200 kcal) daily.
The mechanical efficiency of human labour (YJ = external load/functional
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load, both expressed in kJ per minute) (CARGO; 1965) can vary from 0-20%
(GRANDJEAN, 1963; CARGO, 1965).Ascertain musclesor groups of musclesare
permanentlyloadedunfavourably, themaximumeffect isseldomrealizable.The
besteffect canbeobtained withrhythmicmotions,wherebythemusclesarecontracted and relaxedalternately,whilstthemotions- becomingmoresimpleand
more automatic - are flowing from one to the other without interruption
(BURGER and DE JONG; 1962).When the situation of contraction is continued
- static muscular activity -, the blood flow isstagnated with a quick fatique as
a result.
Ifaman worksunder unfavourable climate,wecannot expect thesamekind
of performance we can when the environment is optimal (EICHNA, 1945;
MACKWORTH, 1946; BURTONand EDHOLM, 1955; PEPLER, 1958).The comfort
ofmandependsupon therelativehumidity,temperatureandvelocityoftheair.
Thesubjectivejudgementoftheclimateisdetermined bytheheatbalanceofthe
human body (LEHMANN;1962). Theheattransfer betweenmanandhisenvironment, in which the skin isthe most important medium, can take place byconduction, convection, radiation and secretion of sweat (LEHMANN, 1962;
GRANDJEAN, 1963). Physiologicalreactionsonheatstressaremostlyanincrease
of the heart rate,body temperature and recovery time, aswell as an increased
sweatsecretion (WENZEL; 1961).The generaltrend ofallstudiesoftheworking
environment is clear: atmospheric conditions interfering with normal or constant body temperature reduce mental and physical working capacity
(CHAPANIS; 1963). Ithasbeenassumedthatthecapacityisstronglyslackened at
temperatures above 35°C as a result of heat accumulation (LEHMANN; 1962);
thedata for a comfortable climate are listed in table38.
Protection againstclimaticconditionsisbytechnicalmeans(cabin,air-curtain
and air-conditioning) or personal means (clothing, rest pauses and properly
adjustment of the standards of performance).

TABLE 38. Data for a comfortable climate.
Features
Air humidity
Air temperature1
• brain-work, sitting
• light work, sitting
• light work, standing
• heavy work, standing
• very heavy work
Air velocity
• maximum
• optimum
Radiant temperature
1

Criteria
30-70%
20-21°C
19°C
18°C
17°C
15-16°C
25cm/sec
10-20 cm/sec
equal to or higher (2-3°Q
than the air temperature

Air humidity: 50%.
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5.3. ASSESSMENT OF PHYSICAL LOAD

The assessment ofphysical load isbased onmeasuring oneof the following,
physiological parameters (BROUHA, 1960; LEHMANN, 1962; MELLEROWICZ,
1962; CARGO, 1965; ANON, 1966; TOMLINSON, 1970):

5.3.1. Energy consumption
The conversion ofcarbohydrate, fat andprotein into energy isan oxidation
process sothat from oxygen consumption (i.e. differences between inhaledand
expired airsamples) thecaloric equivalent canbecalculated. From the oxygen
consumed andthevolume ofair expired, theenergy consumption canbe calculated; diminution of this value by the basal metabolism gives the net energy
consumption per activity.
The measurement ofenergy consumption isanaccurate assessment ofphysical load; itsmain disadvantage is the size of the measuring equipment. Itcan
prohibit easy movements and also contribute significantly to thelevel of work
load, aswellastheresistancetobreathing, whichsomesubjects find unpleasant.
A further disadvantage of respirometry is, that - for accurate analysis ofthe
expended air- a sample must becollected over several minutes.
5.3.2. Ventilation rate and frequency
Many physiologists have found thegasanalyses associated with oxygen consumption measurements to be disadvantageous because of the time taken.
Ventilation frequency islikely tobeless accurate since variations inthevolume
of inhaled airper cycleare excluded (SUGGSand SPLINTER; 1958).Amore satisfactory alternative totheface mask technique istheuseofstrain gauge measures
on thechest wall;variations inthesizeofthe chest wall aresufficiently largefor
accurate measurements to be obtained. The peak-to-peak amplitude of the
signalsbeingameasure ofthedepth ofrespiration which isrelated tothe volume
of air breathed. The validation of this technique might be extremely useful
(TOMLINSON; 1970).

5.3.3. Heart rate
Sincethebody fuels arecarried tothemusclesbythebloodstream, an increase
in energy expenditure is accompanied by an increase in heart rate; a clear
relationship between heart rate and energy expenditure usually exists. A high
heart rate associated with relatively low oxygen consumption isespecially indicative of muscle fatigue, particularly dueto static work (LEHMANN; 1962).
The equipment, developed for measuring theheart rate, isbased upon one of
the following signals: Theaction potentials of the heart muscle (electrocardiographic measurement) or the bloodfilling of the ear-lap (plethysmographic
measurement). The first measurement, frequently used, is based upon the
electrocardiogram, which canbe obtained by means of three electrodes onthe
chest. After amplifying and filteringa millivoltage remains ofthe same moment
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of the heart cycle (R-peak); the time between consecutive peaks, which are
counted, can be converted into a heart rate per unit of time.
Both measurements are usable for determining the heart rate during actions;
in all kind of tasks, and even over a long period of time, these measurements
give- hindrance for the subject being small, but worthy of mention - a faultless
registration.
Measurement of energy consumption, ventilation rate and heart rate should be
carried out while the subject is in a steady state; furthermore the measurements
have to be continued for some time after finishing the action.
5.3.4. Body temperature
A maximum of 20% of the caloric equivalent appears as mechanical energy,
the larger part beingdissipated asheat. Body temperature isa reliable indication
of the heaviness of work, adaptation normally occuring after about one hour's
work at a level dependent upon the work load. At high environmental temperatures, body temperature increases disproportionately to oxygen consumption
and becomes a specific indication of heat stress (SUGGS and SPLINTER; 1961).
Aural and oral temperatures respond more quickly than rectal temperature to
changes in deep body temperature (TOMLINSON; 1970).
Only a limited amount of heat can be accumulated in the body; heat production above this increases sweating and can be measured (LEBLANC; 1957).
5.3.5. Summary
Based upon the frequently found, relationships between the physiological
parameters, the scaling of physical load is listed in table 39 (BROUHA, 1960;
SPITZER and HETTINGER, 1964; CARGO, 1965).
As soon as an action continuously demands much energy, the total period of
working has to be reduced. Based upon an energy consumption of 20 kJ
( = 4,8 kcal) per minute formulas have been developed for rest allowances. In
periods of resting the total duration is important; frequent short rest pauses are
better for recovery than less frequent, but longer rest pauses (SPITZER, 1951;
ROHMERT, I960", I960").

TABLE 39. Scaling of physical load.
Grade of work

very light
light
moderately heavy
heavy
very heavy
unduly heavy

Energy consumption

Heart rate

Body temperature

- 0 2 1/min-

- kj/min -

- beats/min -

-°C-

<0,5
0,5-1,0
1,0-1,5
1,5-2,0
2,0-2,5
>2,5

<10
10-20
20-30
30-40
40-50
>50

< 75
75-100
100-125
125-150
150-175
>175

37,5
37,5
37,5-38,0
38,0-38,5
38,5-39,0
>39,0
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5.4. PHYSICAL LOAD ON COMBINEHARVESTERS

5.4.1.Literature
Basedupontheinformation from crop,terrainand machinetheoperator has
todecideon suchanadjustment ofthemachine,whichresultsinaprocesswith
a maximum capacity. This ispossible by a high ground speed and/or working
width, which, however, involves a higher information speed and many actions
for operating per time unit.
Inpreliminary studies inwinterwheat itwasascertained, that onplots witha
standingcroptheheartrateincreases23to29%,incomparison withrest.When
thecropismoderately lodged,theheartrateincreases33 to42%andontheend
oftheplot- makingtheturnings- theheartrateincreaseswith43to50%above
rest level (ZANDER; 1967).
To determine the work load during combining (working width: 205 cm),
measurementshavebeencarriedoutwiththeheartrateasaparameter(GLASOW
and DUPUIS; 1960). ThisGerman studyshowed,that thescaleofwork is- even
under unfavourable circumstances - light to moderately heavy.
Toshowthefluctuationsinworkloadonamechanized farm, harvestingwith
a self-propelled combine (working width: 180cm)is chosen as an example of
heavy work (KARIMI; 1967).In this German study only timestudies havebeen
made, whilst theenergyconsumption wasestimated (SPITZER and HETTINGER;
1964).Based upon theresults reported a work load of24,4kJ ( = 5,8 kcal)per
minuteiscalculable;interpretation ofthisvalueisimpossible,sincetheworking
conditions have not been mentioned.
5.4.2. Fieldexperiments
Although, in literature verylittle isreported about the ergonomic aspectsof
self-propelled combine harvesters,itispossibleto indicateanumber of factors,
affecting the output of the system. For collecting data about thecharacter and
extentofloadingcomponents,aswellasthe influence theyhaveon the output,
field experiments werecarried out.
Thefollowing factors,directlyaffecting theoutput inoperating self-propelled
combine harvesters, were investigated:
- Operator's platform (M)
- Stubble-height
(S)
- Ground speed
(V)
- Working width
(W)
- Header height control (H)
- Crop
(C)
In studying these factors the following parameters are recorded (GLASOW
and DUPUIS, 1960;WIENEKE, 1967):
(i) Performance
By an observer on the machine a time study is made during harvesting, in particular
the operation frequency of the header height, reel position and ground speed control is
registered. Theobserver alsocontrols therequired adjustment regarding theground speed
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and thestubble-height. Thetimestudy isused for calculating thetimespent in harvesting
(code: 1),turning and moving on the end of the plot (code:2),unloading the grain tank
(code: 3) and solving disturbances (code:4).
The average operation frequency per test (in n/min) - during harvesting (code 1)- is
used as input for the analysis of variance.

(ii) Load
Fortheassessment ofthework loadofasubject duringatest(W), theheart rateisused.
For this registration a cardiotachometer (make: CNR; type: 104)isused; the number of
heart beatsisregistered exactly per25cmin.Before each test the heart rateduring resting
(R) is determined; during this registration the subject has taken a completely relaxed
posture. The treatment of the data isdone bycoupling the heart rate data with the time
study.
The average work load (W/R) during combining is used as input for the analysisof
variance.

(iii) General
Twoskilled and all-round operatorswereput atdisposalfor thetestsbytheIJssel Lake
polders Development Authority (R.U.P.). Both subjects (PI and P2),whocooperated in
allfield experiments,wereinstructed onthescopeofthestudyand thetestprocedure.The
necessary preparations of the subjects - in particular: instruction, medical examination
and preliminary study - were taken into account. Before starting the experiments each
machinewasadjusted bythe operator, accordingto theinstructions ofthe manufacturer.
The field experiments were carried out in O.-Flevoland on plots of the R.IJ.P. In
selectingthe plots special attention was paid to the homogenity of the crop and the soil;
before the experimentsthecondition of thesoil and thecrop wasregistered.Theweather
conditionsduring theexperiments- in particular: temperature,humidity and air pressure
- were registered by means of a meteorograph (make: THIES-GOTTINGEN).
Thecomputations werefacilitated bythecooperation ofthe Mathematical Department
of the Agricultural University.

(i) Effect of M, S and V
Bymeansoffieldexperiments theeffects ofmachine(Nr.:2and 3"),stubbleheight(S1:20cm; S2:40cm)andgroundspeed(V1:4,0km/h;V2: 5,5km/h)
during combining have been studied on plots with winterwheat.
a. Equipment and method
The plots (condition: 100% standing, no undercrop) were harvested at a humidity of
19,0%; the yields of kernel and straw - reduced to a humidity of 17,0%- amounted to
6285 kg/ha and 4345kg/ha respectively.
During a test the required stubble-height had to be as accurate as possible (tolerance:
± 5cm).For each test the ground speed wasadjusted asaccurate as possible (tolerance:
± 0,25 km/h); during the test the operator had to leave the ground speed control
undisturbed.
During all experiments the weather conditions were constant and very favourable for
combining; the soil was hard and dry.

b. Treatment
For each test the operation frequency and the heart rate were registered.
The operation frequency (in n/min) and the work load (in W/R) were used as inputs
for the analysis of variance.
The results of this study are listed in table40.
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TABLE 40. Operation frequency (in n/min) and load (in W/R) during combining at different
stubble-heights (S) and ground speeds(V).
Stubble-height

Machine
-Nr.-

Ground speed

Average

SI

S2

V1

V2

n/min W/R

n/min W/R

n/min W/R

n/min W/R

2

1,34

1,07

1.01

1,07

0,77

1,04

1,59

1,08

3"

1,71

1,10

1,06

1,08

0,87

1,06

1,90

1,13

1,53 1,08
(100) (100)

1,03 1,07
(67) (99)

0,82 1,05
(100) (100)

n/min W/R
1,18
(100)
1,38
(118)

1,06
(100)
1,09
(103)

1,75 1,10
(213) (105)

With an increase of thestubble-height the operation frequency and the load
decrease;basedupontheoperationfrequency thiseffect issignificant.Theeffect
of ground speed (V) is significant; with an increase of the ground speed the
operationfrequency andtheloadincrease.
Theresultsof theseexperimentsareendorsed bytheresultsof theanthropometricstudiesandtheindoorexperiments,forthereisasmalldifferencebetween
the machines,in favour of machine2.
(ii) Effect of M, V,W, H and C
Bymeansoffieldexperimentstheeffects ofmachine(Nr.: 3aand 3"),ground
speed(V 1:2,5km/h; V2:3,5km/h; V3:4,5km/h; V4: 5,5 km/h),working
width(W 1:300cm;W2:390cm)andautomaticheaderheightcontrol (H o:
disengaged; H 1:engaged) duringcombining have been studied on plots with
springbarley and winterwheat (MUYS; 1969).
a. Equipment and method
The plots with springbarley (condition: 40% standing, no undercrop) were harvested
at ahumidity of 18,6%;theyieldsofkernelandstraw- reduced toahumidity of 17,0% amounted to 3820kg/ha and 2840kg/ha respectively. Duringtheexperiments the weather
conditions weresomewhat fluctuating, but they did not affect the harvesting;thesoil was
moderately hard and dry.
The plots with winterwheat (condition: 100%standing, no undercrop) were harvested
at ahumidity of21,0%;theyieldsofkerneland straw- reduced toahumidityof 17,0% amounted to 4420kg/ha and'3520kg/harespectively.During theexperiments the weather
conditions were constant and favourable for harvesting; the soil was hard and dry.
For each test the ground speed was adjusted as accurate as possible (tolerance:
± 0,25 km/h); during the test the operator had to leavethe ground speed control undisturbed. During all tests a normalstubble-heightof 20cmhadtobeachieved;thestubbleheight and the effective working width were controlled frequently.

b. Treatment
For each test the operation frequency and the heart rate were registered.
The operation frequency (in n/min) and the work load (in W/R) were used as inputs
for the analysis of variance. The results of this study are listed in table 41 and 42.
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TABLE41. Operation frequency fin n/min) and load (in W/R) during combining at different
ground speeds(V), workingwidths (W)and indifferent crops (Q.
Ground speed
VI
Machine
Nr. 3'

C n/min W/R n/min W/R
a

1,37 1,27 2,38 1,30
b

Nr. 3b

V3

a

1,12 1,23 1,53

1,27

1,25 1,19 2,28 1,21

b

1,35 1,20 1,39

a

1,23
(100)
1,21
(100)

1,31
(100)
b 1,23
(100)

2,33
(178)
1,46
(119)

1,21
1,26
(103)
1,24
(103)

Working width
Wl

W2

n/min W/R n/min W/R
1,79 1,27 1,95

1,30

1,30 1,28 1,35

1,21

1,24 1,23 2,30 1,17
0,86 1,23 1,91
1,52
(100)
1,07
(100)

1,25
(100)
1,26
(100)

2,12
(139)
1,63
(152)

1,19

n/min W/R
1,87
(106)
1,33
(97)
1,77
(100)
1,37
(100)

1,28
(107)
1,25
(103)
1,20
(100)
1,21
(100)

1,23
(98)
1,20
(95)

• Springbarley; b- Winterwheat

Based upon the resultsin table 41itcan beproved,that there isa significant
difference between the machines (M), in favour of machine 3". The effect of
ground speed(V)issignificant; withan increaseoftheground speed theoperation frequency and theload increase. The difference between the machinesbecomes greater when working at higher ground speeds. The effect of working
width (W) is significant; with an increase of the working width the operation
frequency increases and the load decreases.
Theinteractionbetweensubjectandmachine(P XM)issignificant, in favour
of machine 3 b ; moreover, the subjects prefer machine 3b because of the fast
learning. In winterwheat the interaction between subject and working width
(P X W)issignificant, in favour of the greater working width. The interaction
between ground speed and working width (V X W),representing capacity(C),
issignificant; thereisapreference towork atalowground speedwithagreater
working width.
Theeffect ofcrop(C)issignificant;theoperation frequency and theload are
higher in springbarley than in winterwheat. The various effects (M, Vand W)
are found in springbarley, as well asin winterwheat.
Based upon the results in table 42it can beproved, that the effect of header
heightcontrol (H)exists,infavour oftheautomaticsystem;usingthisautomatic system the operation frequency and the load decrease. The effect of ground
speed (V)exists;with an increase of theground speed the operation frequency
and the load increase. The advantage of an automatic system becomes greater
when working at higher ground speeds. The interaction between subject and
header heightcontrol (P XH)exists.Thesubjects prefer theautomaticsystem,
but they hesitate to trust this equipment completely.
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TABLE 42. Operation frequency (in n/min) and load (in W/R) during combining - with and
without automatic header height control (H) - at different ground speeds(V)and in different
crops ( Q ; working width: 390cm.
Ground speed
V2

HO

HI

V3

V4

C

n/min

W/R

n/min

W/R

n/min

W/R

n/min

W/R

a

2,25

1,12

4,00

1,21

3,47

1,24

b

3,22

1,13

2,12

1,13

5,16

1,17

a

0,72

1,18

0,98

1,18

0,88

1,16

b

0,49

1,10

0,67

1,11

0,62

1,15

3,24
(100)
2,66
(100)
0,86
(26)
0,59
(22)

1,19
(100)
1,14
(100)
1,17
(98)
1,12
(98)

a

1,48
(100)
1,86
(100)

1,15
000)
1,11
(100)

2,49
(175)
1,40
(75)

1,20
(104)
1,12
(101)

2,18
(147)
2,89
(155)

1,20
(104)
1,16
(104)

b

a - Springbarley; b - Winterwheat.

The operation frequency and the load are higher in springbarley than in
winterwheat. The various effects (H and V)are found in springbarley, as well
as in winterwheat.
Summarizing thefield experiments,the conclusion can bemade, that during
the operation ofacombine harvester theloaddepends upon the stubble-height
(S),theground speed(V),theworkingwidth(W),thecrop(C)and themachine
(M),inparticular theanthropometricqualities ofthework-spacelay-out;using
an automatic header height control system (H) the load decreases.
The results of the experiments are endorsed completely by the results of
previous studies; there is not only the significant difference between the machines, but the subjects are more quickly familiar with one machine (Nr.: 3b)
than with another (Nr.: 3a). Based upon the results of the indoor experiments
we concluded, that the differences between the machines 3a and 3 b are more
significant as the experimental distraction increases. We expected, that for a
higherinformation speed- asaresultofanincreasedcapacitybyincreasingthe
ground speedand/ortheworkingwidth- thedifference betweenmachine 3aand
3b would increase,infavour ofmachine 3 \ Theresultsof thefieldexperiments
confirm these statements; moreover, the conclusion can be repeated, that the
load isprimarily determined by the work-space lay-out.
(iii) Effect of capacity (V x W)
By means of field experiments the effect of capacity (C 1: 7 ton/h; C 2:
11 ton/h) during combining has been studied with one machine (Nr.: 3a) on
plots with winterwheat. Besides, the most favourable combination of ground
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speed (V 1:2,40 km/h; V2: 3,50 km/h; V3:3,90 km/h; V4:4,90 km/h)and
workingwidth(W 1:450cm;W2: 570cm)- at agivenlevelofcapacity- has
been determined (VAN OOSTEN;1970).
a. Equipment and method
The plots (condition: 100% standing, some reed) were harvested at a humidity of
17,8%; the yields of kernel and straw - reduced to a humidity of 17,0%- amounted to
7000 kg/ha and 5313kg/ha respectively. During the experiments the weather conditions
were constant and favourable for harvesting; the soil was hard and dry.
For each test the ground speed was adjusted as accurate as possible (tolerance:
± 0,25 km/h); during the test the operator had to leavethe ground speed control undisturbed. During all testsa normal stubble-height of20cmhad to beachieved;thestubbleheight and the effective working width werecontrolled frequently.

b. Treatment
For each test the operation frequency and the heart rate were registered.
The operation frequency (in n/min) and the work load (in W/R) were used as inputs
for the analysis of variance. The results of this study are listed in table43.
TABLE 43. Operation frequency (in n/min) and load (in W/R) during combining at different
capacities ( Q and with different working widths (W).
Working width
Wl

W2

n/min

W/R

n/min

W/R

n/min

W/R

CI

1,84

1,12

1,94

1,09

C2

2,41

1,16

3,07

1,13

1,89
(100)
2,74
(145)

1,10
(100)
1,15
(105)

2,13
(100)

1,14
(100)

2,50
(117)

1,11
(97)

Basedupontheoperation frequency andtheloaditcanbeproved,thatthere
is a significant difference between the working widths (W), in favour of the
greater working width. With an increase of the working width the operation
frequency increases and the load decreases. The effect of ground speed (V)is
significant; with an increase of the ground speed the operation frequency and
the loadincrease.
The effect of capacity is significant; with an increase of the capacity the
operationfrequency and theloadincrease.Realizingacertainlevelofcapacity,
itispreferable towork atalowgroundspeedcombinedwithagreaterworking
width.

5.5. SUMMARY

Thedecisionofthecentral nervoussystemistransported to theeffectors and
transformed into voluntary muscle movements, which are necessary for the
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output orperformance ofaman- task system.Themusclemovementsdemand
energy and this leads to the physical load of man, whose working capacity is
limited. An energy consumption of 20kJ (= 4,8 kcal) per minute, including a
basalmetabolicrateofabout4,2kJ(= 1 kcal)perminute,hasbeenacceptedas
themaximum consistent level,that anadult manshould beexpected to expend.
Fortheassessmentofphysicalloadwell-functioning parametersareavailable.
Inall kindsof tasks,and even overa long period of time,theheart rate canbe
faultlessly registered. Based upon the various physiological parameteis the
physical load can be scaled.
Field experiments
For collecting data about the character and extent of loading components
duringcombining,aswellastheinfluence theyhaveontheoutputofthesystem,
field experiments have been carried out.
The studies led to the following conclusions:
(i) During the operation of a combine harvester theperformance and theload
depend upon the machine - in particular: the operator's platform -, the
stubble-height, the ground speed, the working width and the crop,
(ii) There is a significant difference between the operator's platforms, which
increases as the ground speed increases. The interaction between ground
speedandworkingwidth,representingcapacity,issignificant;realizingacertain
level ofcapacity, itispreferable to work at a lowground speed combined with
a greater working width.
Usingan automatic header heightcontrolsystemtheoperationfrequency and
the load decrease; the advantage of an automatic system becomes greater
when working at higher ground speeds.
(iii) The results of thefieldexperiments endorse completely the results of the
anthropometricstudiesandtheindoorexperiments.Therearedifferencesbetween themachines; at an increasing information speed - indoor: increasing
experimental distraction; field: increasing ground speed - the differences between the machines become greater.
The conclusion can be repeated, that the performance and the load are
primarily determined by the work-space lay-out.
The working capacity of man islimited, besides the mechanical efficiency of
human labour is only slight. Only to a small extent the maximum muscular
sttength can beexerted for a longer period of time, where the pattern and the
speed of the motions play an important role.
Toincreasethecapacity itisnecessary,thatthedesignerofacombineharvesterpaysattention toan adequate processingoftheincreasing information speed
and the operator's load. This isprimarily possible by using machines with optimumwork-spacelay-out,whichpromotefastlearning,aswellastheintroduction of automation, as shown by the experiments with an automatic header
height control system.
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6. IDEAL CONCEPT

6.1. INTRODUCTION

By means of principles, parameters, procedures and criteria from various
disciplines the ergonomic factors, influencing the performance and the work
load of a man-task system, have been studied. Integrating the results of the
anthropometric studies,of the indoor and of thefieldexperiments the conclusion can bemade, that theperformance and the load areprimarily determined
by the work-space lay-out.
Based upon the results of these studies, the recommendations for the ideal
concept of theoperator's platform for theself-propelled combine harvestercan
be formulated.

6.2. RECOMMENDATIONS

Theidealconceptisrealizablebydesigningmachineswithanoptimum workspace lay-out (Anthropometry), as well as by eliminating redundant and nonrelevant information (Perception).
6.2.1.Anthropometry
Based upon the relevant measurements and motions of the human body, as
wellastheresultsofthe M.T.M.-analysis, thedata for an optimumwork-space
lay-out for the combine harvester can be formulated:
1. Seat
Whenoperatingamachineinasittingpositionthewayofworkingisstrongly
governed by the work-space. The seat must be adjustable in horizontal and
vertical directions, in order to accomodate a reasonable range (usually: 5th to
95th percentiles) of individuals.
2. Lay-out
Thelocation anddisplacement oftheheader height,thereelposition and the
ground speed control deserve priority in designing the lay-out of controls, for
thesecontrolsarethemostimportantonesandfrequently used.Sinceadevelopmentinthedirection offingertipcontrol leadstoanimportant reduction ofthe
operating element time it isevident, thatfingertipcontrol is necessary.
The 'fingertipped' controls for the header height, the reel position and the
ground speed have to be located close to each other and within the optimum
area, where the motions of the hand are the most favourable.
The steering wheel has to be located within the optimum areas for handoperatedcontrols.Theclutchandthebrake-pedal haveto belocated withinthe
optimum areas for foot-operated controls.
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6.2.2. Perception
Sincemachines,performing functions of perception, do not exist or arevery
rare, the attainments of the investigations regarding perception must be taken
into account. For the combine harvester this means primarily an adequate
presentation of the relevant information - in particular:thevisibility -, aswell
as the elimination of the redundant and non-relevant information.
6.2.21. Visibility
Agoodvisibility isobtained,whentheinformation becomesvisibleunderthe
optimum conditions,namelyat aviewangleof 30°for the vertical plane anda
direct distance of 3.000 mm (vertically: 1.500 mm; horizontally: 2.600 mm)
between theeyeand the object. In the horizontal plane it isnecessary, that the
information becomes visible within the stationary field.
For combine harvesters it is necessary to obtain information from the feed
table auger in front of the conveyor chain and of the separation from the
previously cut swath. In comparison withthecombines examined, thevisibility
can be improved considerably by reduction of the view angle and the vertical
distance;theoperator's platform must bebroughtcloser to thefield.Thisconstruction gives some difficulties, because of the location of the operator's platform -just abovetheconveyorchain- onpresentmachines;themotionsofthe
conveyor chain arereduced,sincemoredustiscirculatingaroundthe operator.
An eccentric location of the operator's platform offers more favourable possibilities,sincetheplatform can belocated next to theconveyor chainand closer
to thefield;thedatafor an optimum visibility areshown infig.28and29.
6.2.22. Redundant and non-relevant information
An adequate presentation of the relevant information isprimarily promoted
by eliminating the redundant and non-relevant information. This complex of
variables in a man-task system may be broken down into the major areas of:
1. Sound
Asoundpressurelevelexceedingthelimitof80dBAandlastingformorethan
five hoursdailymighthavedamagingeffects onthehearinginthelongrun.
Protection against sound isprimarily possible by technical means: machines
making less sound and isolation of the sound source, as well as reduction of
soundtransmission andapplication ofacousticinterference. Themostcommon
method istheenclosure of thesource,aswellastheapplication of an enclosed
cabin to reducethesoundpressure leveltobearablelevels.Indesigningacabin
attention must bepaid to the attachment, inparticular sound transmission has
to be avoided.
2. Dust
A dust concentration of 15 mg/m3 of air is thought to be the permissible
limit.
Protection againstdustintheairaroundtheoperatorofacombineispossible
by ventilation: blowing away or sucking off theparticles. The ideal concept is
90
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FIG. 28. Optimum visibility of thecutterbar for the self-propelled combine harvester (vertical
plane).
O - optimum position
+ - present position

the enclosure of the operator in a cabin with a small overpressure, so the
particlescannot penetrate into thework-space.
3. Vibrations
Mechanicalvibrations within thefrequency rangeof2Hzto 6Hzhavetobe
avoided, sincethe human body ismost sensitive to thistypeof vibrations;the
natural frequency of the work-space has to be less than 2 Hz. Moreover, it is
necessary, that thevalue K. = 4isnot exceeded, whilst only movements in the
vertical direction are permitted.
Protection against mechanical vibrations is of a technical nature (reduction
andisolationofthevibrations,aswellasreduction ofvibrationtransmission)or
ofapersonalnature(suspensionseatorsuspendedcabin).Themostobviousway
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FIG. 29. Optimum visibilityofthecutterbar for theself-propelled combineharvester (horizontal plane).
O - optimum position
+ - present position
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is to fit a suspended cabin - in which the seat, the controls and the operator
move simultaneously -, equipped with an active system to destroy the vertical
vibrational input.
4. Climate
Atmospheric conditions interfering with normal or constant body temperature reduce mental and physical working capacity. By maintaining optimum
climaticconditions(airhumidity:50%;airtemperature:20-21°C;airvelocity:
10-20cm/sec)afavourable climatecan beobtained. Fromaneconomicalpoint
ofview,aswellastheobjectivejudgement oftheclimate,itispreferable touse
less stringent data for the air temperature (range: 18-22°C).
Protection against climatic conditions is primarily possible by technical
means:air-curtain or cabin with air-conditioning. The most obvious way isto
usean enclosed cabin with air-conditioning.
Summarizing, the ideal concept for the combine harvester is an enclosed
suspended cabin - in whichtheseat, thecontrolsandtheoperator movesimultaneously andonlyintheverticaldirection-, whichcombinestheneedfor considerably improving ride vibration with greater protection against sound and
dust, as well as climatic influences.
Therecommendations for an optimum work-spacelay-out of theself-propelled combine harvester have been formulated in Appendix A.

6.3. SUMMARY

Supplying the requirements for an increase ofcapacity it isnecessary,thatin
designing theself-propelled combine harvester attention ispaid to an adequate
processing of the increasing information speed. This is primarily possible by
usingmachineswithan optimum work-spacelay-out, anadequate presentation
of relevant information and the introduction of automation.
For thecombine harvester this means primarily anoptimumwork-spacelayout (frequently used,fingertipcontrols located close to each other and within
theoptimum area)and an improved visibility byaneccentricandloweredlocation of the operator's work-space. The enclosed suspended cabin is the ideal
concept, which combines the need for considerably improving ride vibration
withgreaterprotection againstsound and dust,aswellasclimatic influences.

Meded. Landbouwhogeschool Wageningen 72-6 (1972)

93

7. SUMMARY AND CONCLUSIONS

7.1. INTRODUCTION

Mechanization not only changes the character and structure of labour in
agricultureandindustry,butalso influences thenatureoftheworkload.Instead
of deliveringenergy,themain issuenowistheperception and processing ofinformation, as well as controlling and regulating the work being done by machines.Moreand moretheaccent isshifting to taskswhichappeal to thecapacity of man to process information.
Supplying the requirements for increased capacity is possible by increasing
the ground speed and/or the working width, which, however, involves higher
information speed,more actionsfor operation per timeunit and ahigher operator's work load. Human beings should not adapt 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- anthropometry, perception, selection and action- ergonomics can
contribute to an optimum man - task system with a high capacity and a
favourable operator's load.
This study deals with the ergonomic system-analysis of the operation of a
self-propelled combine harvester. The operator of this machine regulates the
movement- direction andspeed-, themowingandthreshing,theseparationof
kernelandstraw,aswellasthedeliveryoftheproduct.Based upontheinformation obtained from crop, terrain, plot and machine the operator has to decide
on such an adjustment of the machine, which results in aprocess with ahigh
capacity and a high quality of work.

7.2. ANTHROPOMETRY

The characteristics of the human body determine the location and displacement of the operating controls, as well as the forces to be exerted, the
natureandfrequency ofmovements.Basedupontherelevantmeasurementsand
motionsofthehumanbody,theanthropometric data aregivenfordesigningan
optimum work-space lay-out of a combine harvester.
1. Lay-out studies
To determine the location and displacement of the controls, as well as the
forces to be exerted, and the location of the foot-board and cutterbar, special
measuring equipment and methods havebeen developed.
Thework-space lay-out- specific for eachmachine- appeared to differ con94
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siderably. It isrecommendable, that frequently usedcontrols are located close
to each other and within the normal area.
The forces needed for steering are very low, because of the application of
power steering.Theforces needed for operating theclutch and the brake-pedal
are too high for the older machines; for the newer combines they meet the
requirements.
2. Frequency
The frequency with which different operations and movements have to be
carried out,determines mainly theoperator's work load.Thedata,collected in
measuring the operation frequency, indicate the priority in the lay-out of controls.
The studies show, that the header height, reel position and ground speed
control are most important. The location and displacement of these controls
deserve priority in the design of the work-space lay-out.
The movements of the steering wheel only have a correcting character.
3. M.T.M.-analysis
Based upon the results of the lay-out studies andthefrequency-analysis, the
operating element time has been calculated by means of M.T.M.; these timevaluescanbeusedtoobtain reliabledataoftheergonomicqualityofthelay-out
of a certain work-space.
The study shows, that there are great differences between the various machines; a small modification in the work-space lay-out leads to a favourable
changeintheoperatingelement time.Adevelopment inthedirectionof fingertipcontrol- i.e.headerheight,reelposition andground speedcontrol grouped
together - isdesirable.

7.3. PERCEPTION

The perception of information, that a worker receives from work-space and
environment,takesplaceviathesenses,whicharesensitivetospecific impulses.
Thereactiontotheinformation dependsuponthesenseorganthatisstimulated,
the strength of the stimulus and the place where the stimulus arrives.
1. Sight
The perception of visual information depends upon the object, the environment and the distance between the eyeand the object.
Forcombiningitisnecessarytoobtaininformation from thefeed tableauger
just infront oftheconveyorchainandoftheseparation from thepreviouslycut
swath. On the machines examined the visual angle, as well as the horizontal
distance between the eye and the cutterbar, are favourable in the horizontal
plane. In the vertical plane the view angle is extremely unfavourable; besides,
thedistance between theeyeand thecutterbar istoo long,which is caused by
the large vertical distance.
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Improvement of thevisibility ispossible byreduction of theviewangleand the
vertical distance. The operator's platform must be brought closer to the field.
An eccentric location of the operator's platform offers favourablepossibilities,
since theplatform can be located next to the conveyor chain.
2. Hearing
Hearingensuresmutual communication between man,machine and environment. Depending on frequency, soundpressure leveland duration of theexposure, sound has an annoying or a damaging effect.
Bythefunctioning oftheengineandotherpartsofthemachine,inparticular:
the threshing mechanism, the operators of combines are submitted to sound.
Measured at the operator's ear, the sound pressure levelsof the machines examinedaretoohigh,whilstthepresenceofacabin doesnotleadtoan important
decline of the sound pressure level. Moreover, the ground speed during combiningdoes not affect the sound pressure level.
Themost common method of solving the sound problem isthe enclosure of
the source to reduce the sound pressure levelto bearable levels.
3. Scent and taste
From anergonomicpoint ofviewscent and tastearelessimportant, because
only a small number of actions appeals specifically to these senses. Attention
must bepaid to the dust in the air around an operator of acombine.
Thedustconcentration intheairaround operators ofthemachinesexamined
istoohigh; withrespect to theduration oftheharvestingperiod thepossibility
of developing silicosis must be considered to be low. On a machine without
cabin the dust concentration is considerably higher than on a machine with
cabin;duringharvestingbarleylessdustiscirculatingaround theoperator than
during harvesting wheat.
Protection oftheoperator ofacombineagainstdustispossiblebyventilation
(blowing away or sucking off theparticles) and personal protective equipment.
The idealconcept istheenclosure of the operator in acabin with asmall overpressure, so that particles cannot penetrate into the work-space.
4. Feeling
By uneveness of terrain and road surface, the profile of the tyres and the
functioning of the engine and other parts of the machine, the operators of
machinery aresubmitted to mechanical vibrations, which adversely affect their
health and performance. The effect and impact of vibrations varies with the
frequency, asthehuman bodyismost sensitiveto mechanical vibrations within
thefrequency range from 2Hzto 6Hz.It isnecessary,that thecurve K = 4of
theVDI-Recommendation isnot exceeded indesigningthe work-space of farm
machinery.
The intensity of mechanical vibrations on combine harvesters islow, whilst
the movements in the vertical direction are more numerous than in the other
directions. Combining at different ground speeds appears to affect hardly the
intensity; with greater working width the intensity is slightly smaller. When
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driving on the road with increasing ground speeds there appears an increasing
intensity, which is lower than during combining. The spectral distribution indicatestheexistenceof specific frequency ranges,whichareexplicable from the
machine.
Atpresent,themost obvious wayto reduce ridevibration istofitacorrectly
designedsuspension seat.Thebenefit ofagoodsuspensionseatislimited bythe
increasing movements between the operator and thecontrols;to eliminate this
the vibrations of the whole vehicle or the whole of the operator's work-space
should be reduced. A suspended enclosed cabin - in which controls, seat and
operator move simultaneously - is an approach, which combines the need for
improving ride with greater protection from sound and dust.
Sincemachines, performing functions of perception, do not exist or arevery
rare,thedesignerofaman-task systemmusttakeinto account the attainments
oftheinvestigationsregardingperception. Forthecombinethismeansprimarily
anadequatepresentation oftherelevantinformation; byimprovingthevisibility
of thecutterbar (reduction of the viewangle and thevertical distance) thiscan
berealized. Besides,theredundant andnon-relevant information - sound, dust
and mechanical vibrations - has to be eliminated; the suspended cabin - in
which the controls, the seat and the operator move simultaneously - is an
approach, whichcombines the need for improving ridewith greater protection
from sound and dust.
7.4. SELECTION

The transport ofdata from thestimulated sense organs ('input') to the effectors ('output') isnot simply and solely transport. The data are processed, from
the various possibilities the right answer is chosen ('choice') and transformed
into action.
1. Theory
In task performance the number of directed switches from input to output
determines information processing and mental load, because all signals make
useof'a singlechannel decision mechanism' withalimitedcapacity. Generally,
a value of two to three bits per second isassumed to bethe limit for adequate
information processing.
For the assessment of mental load a well-functioning parameter is not yet
available; most can be expected of the method with dual tasks and the heart
rate.
2. Indoor experiments
For studying a man-task system under controlled conditions and to obtain
information regarding the ergonomic qualities of the work-space lay-out of a
certain machine, a simulator isbuilt.
The studies led to the following conclusions:
a. In simulating theoperation ofacombine harvester theperformance and the
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load depend upon the experimental distraction and the anthropometric
qualities of the work-space lay-out. The steering accuracy detiorates and the
loadincreasesasafunction ofthenumberofsignalsperminuteinthesecondary
task. There isa significant difference between the machines, which increases as
the experimental distraction increases.
b. Byexecutinganidenticalseriesof information a learningcurveappears;the
performance increases and theloaddecreasesasafunction ofthenumberof
cycles. The appearance of the learning curve is disturbed by different series of
information in an experiment. There is a significant difference between the
machines.
Insimulatingtheoperation ofacombine harvester, theperformance and the
load depend upon the experimental distraction (the number of signals per minute inthesecondary task and the series of information inan experiment) and
the anthropometric qualities ofthework-space lay-out ofthemachine.Theresultsoftheindoorexperimentsconfirm thestatements- endorsedcompletelyby
theresultsoftheM.T.M.-analysis- thatsubjectsaremorequicklyfamiliar with
one machine than with another, which causes a more efficient performance.
Theconclusioncan bemade,that theperformance andtheloadareprimarily
determined by the work-space lay-out.

7.5. ACTION

The choice of the decision mechanism is transported to the effectors and
transformed into voluntary muscle movements, which are necessary for the
output or performance of a man - task system.
1. Theory
Themusclemovements demand energyand thisleadsto thephysical loadof
man,whoseworkingcapacityislimited.Besides,themechanicaleffect ofhuman
labour isvery slight.An energyconsumption of 20kJ( = 4,8kcal)per minute,
includingabasalmetabolicrateofabout 4,2kJ( = 1 kcal)perminute,hasbeen
acceptedasthemaximumconsistentlevel,that anadult manshouldbeexpected
to expend.
Fortheassessmentofphysicalloadwell-functioning parametersareavailable.
In all kinds of tasks, even over a long period of time, the heart rate can be
faultlessly registered.
2. Field experiments
For collecting data about the character and extent of loading components
duringcombining,aswellastheinfluencetheyhaveontheoutputofthesystem,
field experiments have been carried out.
The studies led to the following conclusions:
a. During the operation of a combine harvester theperformance and the load
dependuponthemachine- inparticular:theoperator'splatform-,thestubble98
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height,theground speed,theworkingwidthandthecrop.Thereisa significant
difference between the operator's platforms, which increases as the ground
speed increases. The interaction between ground speed and working width,
representing capacity, is significant; realizing a certain level of capacity, it is
preferable to work at a low ground speed combined with a greater working
width.
b. Using an automatic header height control system the operation frequency
and the load decrease. The advantage of an automatic system becomes
greater when working at higher ground speeds.
The results of the field experiments endorse completely the results of the
anthropometric studies and the indoor experiments. There are differences between the machines; at an increasing information speed - indoor: increasing
experimental distraction; field: increasing ground speed - the differences between the machines become greater.
The conclusion can be repeated, that the performance and the load are
primarily determined by the work-space lay-out.

7.6. DISCUSSION

Human beings should not adapt themselves to the machine and - as a consequence of too high a load - will hazard occupational diseases and reduced
performance. Bymeansofprinciples,parameters,procedures and criteria from
variousdisciplines- Anthropometry(Chapter 2),Perception(Chapter 3),Selection(Chapter4)andAction(Chapter5)- theergonomicfactors, influencing the
output or performance in operating a self-propelled combine harvester, have
been studied by means of lay-out studies, indoor andfieldexperiments. Based
upon the results of these studies the conclusion can be made, that the performanceandtheloadinaman-task systemareprimarilydeterminedbytheworkspacelay-out.Recommendationsfortheidealconceptoftheoperator's platform
of the self-propelled combine harvester are given (Chapter 6).
Supplyingtherequirementsfor anincreaseofcapacityitisnecessary,thatthe
designer of a self-propelled combine harvester pays attention to an adequate
processing of the increasing information speed. This is possible by using machines with an optimum work-space lay-out and eliminating of redundant and
non-relevant information. Moreover, the introduction of automation, inwhich
many processes - combine: moving, mowing, threshing, cleaning and maintenance- areexecutedandcorrected withouthumaninterference, offers favourable advantages.
Inthenearfuture the'supervisor ofharvesting'hastosettle- basedupon the
conditionsofcrop,terrainandclimate- thenormandthetoleranceofthewhole
process.Nextto it,thesupervisor hastocontrol- sittingathome,infront ofa
correctly designed console- theprocessesand, ifnecessary,hasto re-adjust by
means of remote-control.
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SAMENVATTING

INLEIDING

Demechanisatieverandert nietalleen hetkarakterendestructuur vandearbeidinlandbouwenindustrie,maarbeinvloedteveneensdeaardvandearbeidsbelasting.In plaats van het leverenvan energiewordt momenteel het accentgelegd op het waarnemenen verwerken van informatie, alsmede het controleren
en het reguleren van werkzaamheden,die door machines worden verricht. Het
accentverschuift meerenmeernaar taken,dieeenberoepdoen ophet informatieverwerkend vermogen van demens.
Aan deeistotverhoogdecapaciteit kan wordenvoldaan doortoenamevande
rijsnelheid en/of de werkbreedte, hetgeen echter gepaard gaat met een hogere
informatiesnelheid, meer besturingshandelingen per tijdseenheid en een hogere
belasting van debestuurder. Demens dient zich niet aan tepassen aan demachineen- tengevolgevaneentehogebelasting- beroepsziekten engereduceerde
prestaties te riskeren.
Door middel van principes, parameters, procedures en criteria vanuit verschillende disciplines - anthropometric, perceptie, selectie en actie - kan de
ergonomie bijdragen tot een optimaal mens-taaksysteem met een hoge capaciteit en een gunstige arbeidsbelasting.
Dezestudie isgewijd aan deergonomische systeem-analyse van de bediening
van de zelfrijdende maaidorser. De bestuurder van deze machine regelt de
voortbeweging - richting ensnelheid-, hetmaaienen dorsen, het scheiden van
korrelenstro,alsmedehetafvoeren vanhetproduct. Opgrondvande informatie, die wordt verkregen van het gewas, het terrein en de machine, moet de
bestuurder besluiten tot die instelling van de machine, welke resulteert in een
proces met een hoge capaciteit en een hoge kwaliteit.

ANTHROPOMETRIE

De eigenschappen van het menselijk lichaam bepalen de gegevens inzake de
plaats en deverplaatsing van debedieningsmiddelen, alsmede deuit te oefenen
krachten, de aard en de frequentie van de bewegingen. Op grond van de relevanteafmetingen en bewegingen van het menselijk lichaam, kunnen deanthropometrische gegevensvoor het ontwerpen vaneen optimale werkplekinrichting
worden geformuleerd.
1. Lay-out studies
Om de plaats en de verplaatsing van bedieningsmiddelen, alsmede de uit te
oefenen krachten, endeplaatsvan devoetplaat enhetmaaibord vast teleggen,
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isspeciale meetapparatuur - met bijbehorende procedure - ontwikkeld.
Degegevensomtrentdewerkplekinrichting - specifiek vooriederemachine blijken aanzienlijk teverschillen vooreenaantal maaidorsers.Hetverdientaanbeveling bedieningsmiddelen, die frequent worden gebruikt, dicht bij elkaar te
plaatsen binnen het normale gebied van demens.
Door detoepassing van stuurbekrachtiging zijn destuurkrachten gering. De
krachten voor het bedienen van dekoppelingen devoetrem zijn te hoog bijde
ouderemachines;bijdenieuweremachinesvoldoen dezekrachten beteraande
gestelde eisen.
2. Frequentie
Defrequentie, waarmee deverschillendehandelingen en bewegingen moeten
worden verricht, bepalen in hoofdzaak de arbeidsbelasting. De gegevens, die
zijn verzameld door het meten van de bedieningsfrequentie, gevende prioriteit
aan bij het plaatsen van bedieningsmiddelen.
De experimenten wijzen uit, dat de bedieningsmiddelen voor de hoogte van
het maaibord, de positie van de haspel en de rijsnelheid het belangrijkst zijn.
Aan de plaats en de verplaatsing van deze bedieningsmiddelen dient prioriteit
teworden gegeven bij het ontwerpen van een werkplek.
De bewegingen van het stuurwiel hebben slechts een corrigerend karakter.
3. M.T.M.-analyses
Opgrondvanderesultatenvande lay-outstudiesendegevonden bedieningsfrequentie is met behulp van M.T.M. de effectieve bedieningstijd berekend.
Deze waarden kunnen worden gebruikt voor het verkrijgen van betrouwbare
gegevens inzake deergonomische kwaliteit van de inrichting van een bepaalde
werkplek.
Hetonderzoekwijstuit,dattussendeverschillendemachinesgroteverschillen
bestaan;eenkleinewijziging indewerkplekinrichting leidttoteengunstigeverandering van de bedieningstijd. Een ontwikkeling in de richting van 'fingertip
control' - de bedieningsmiddelen voor maaibord, haspel en rijsnelheid in een
groep bij elkaar geplaatst - is gewenst.

PERCEPTIE

Hetwaarnemenvandeinformatie, diedewerkendemensontvangtvanwerkplek en omgeving,geschiedt door dezintuigen, diegevoeligzijn voorspecifieke
impulsen. Dereactie op deinformatie isafhankelijk van het gestimuleerdezintuig,desterktevandestimulusendeplaatswaardestimuluswordtaangeboden.
1. Gezicht
Deperceptievanvisueleinformatie isafhankelijk vanhetobject,deomgeving
en de afstand tussen het oog en het object.
Bij het maaidorsen ishet noodzakelijk, dat informatie wordt verkregen van
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deinvoervijzel - preciesvoor deopvoerketting- endescheidingmethetvorige
zwad.Bijdeonderzochte maaidorserszijn degezichtshoek,alsmededehorizontaleafstand tussen hetoogenhet maaibord,gunstigin het horizontale vlak.In
hetverticalevlakisdegezichtshoekbijzonderongunstig;bovendienisdeafstand
tussen het oog en het maaibord te groot, hetgeen wordt veroorzaakt door de
grote verticale afstand.
Een betere zichtbaarheid is te verkrijgen door het verminderen van de gezichtshoek endeverticale afstand. Het bedieningsplatform dient dichter bij het
maaiveld gebracht te worden. Een excentrische plaatsing van het bedieningsplatform biedt gunstige mogelijkheden, aangezien het platform dan naast de
opvoerketting kan worden geplaatst.
2. Gehoor
Het gehoor verzorgt de onderlinge communicatie tussen mens, machine en
omgeving.Afhankelijk vanfrequentie, geluidsdrukniveau enexpositieduur heeft
geluid een hinderlijk of een schadelijk effect.
Door het werken van de motor en andere delen van de maaidorser - in het
bijzonder hetdorsmechanisme-, wordendebestuurdersblootgesteldaangeluid.
Gemeten op oorhoogte zijn de geluidsdrukniveaus van de onderzochte machines tehoog,terwijl deaanwezigheidvaneencabineniet leidttoteenbelangrijke daling van het geluidsdrukniveau. Bovendien is de rijsnelheid gedurende
het maaidorsen niet van invloed op het geluidsdrukniveau.
Demeest geschikte methode om het geluidsprobleem op te lossen is het insluiten vandebron teneinde het geluidsdrukniveau tot draaglijke niveausterug
tebrengen.
3. Reuk en smaak
Vanuitergonomischgezichtspuntzijndereukendesmaakvangeringbelang,
omdat slechts een gering aantal taken een beroep doet op deze zintuigen. Wei
dient aandacht besteed te worden aan het stof in de lucht rond de bestuurder
van een maaidorser.
Bij de onderzochte machines is de stofconcentratie te hoog; gezien de duur
van de oogstperiode moet de kans op het krijgen van silicosis gering worden
geacht. Op een maaidorser zonder cabine is de stofconcentratie aanzienlijk
hoger dan op een maaidorser met cabine. Tijdens het maaidorsen van gerst
circuleert minder stof indelucht rond debestuurderdantijdenshetmaaidorsen
van tarwe.
De bestuurder van een maaidorser kan tegen stof worden beschermd door
ventilatie(wegblazenofafzuigen vandedeeltjes) enpersoonlijke beschermingsmiddelen.Debesteoplossingishetinsluitenvandebestuurderineencabinemet
een kleine overdruk, zodat de deeltjes niet kunnen binnendringen in de werkruimte.
4. Gevoel
Door oneffenheden van het terrein enhet wegdek, hetprofiel van debanden
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en hetfunctioneren vandemotor enandere delenvandemachine, wordende
bestuurdersvanvoertuigen onderworpen aanmechanische trillingen,diede gezondheid en de prestatie ongunstig kunnen beinvloeden. Heteffect en deinwerkingvantrillingenvarieert metdefrequentie, waarbij hetmenselijk lichaam
het meestgevoeligisvoor trillingen inhetfrequentiegebied van2Hztot6 Hz.
Bijhetontwerpen vandewerkplek vaneen landbouwwerktuigishetnoodzakelijk, datdeVDI-grenslijn K = 4niet wordt overschreden.
De intensiteit van de mechanische trillingen bij zelfrijdende maaidorsers is
gering, terwijl de bewegingen indeverticale richting veelvuldiger voorkomen
dan dieindehorizontalerichtingen.Maaidorsen opverschillende grondsoorten
enbijverschillende rijsnelheden isnauwelijks vaninvloed;deintensiteit bij een
grotere werkbreedte is enigszins geringer. Indien op de wegmet toenemende
snelheden wordt gereden stijgt deintensiteit, dieechter lager isdangedurende
het maaidorsen. Despectrale verdelingduidt ophetbestaanvanspecifiekefrequentiegebieden, dieverklaarbaar zijn vanuit demachine.
Omdeinwerkingvan trillingentereducerenishetaanbrengenvaneengoede,
afgeveerde zitting momenteel de meest voor de hand liggende oplossing.Het
voordeelvaneengoedezitting wordtechter beperkt door detoegenomen, relatieve bewegingen tussen de bestuurder en de bedieningsmiddelen; om ditte
voorkomen moeten detrillingen vanhetvoertuig ofhet gehele bedieningsplatform verminderdworden. Eenafgeveerde, geslotencabine- waarinbedieningsmiddelen, zitting enbestuurder gelijktijdig bewegen - iseenconstructie, die de
behoefte aanhetverminderenvandetrillingsinvloedcombineertmeteengrotere
bescherming tegen geluid enstof.
Aangezien werktuigen, diezelf perceptieve functies uitvoeren, niet ofnauwelijks bestaan,zullendeontwerpers vaneenmens-taaksysteem terdege rekening
moeten houden metdeverworvenheden vanhetonderzoek inzakede perceptie.
Voor de maaidorser betekent dit allereerst een adequate aanbieding vande
relevanteinformatie; doordezichtbaarheidvanhetmaaibord(verminderenvan
de gezichtshoek endeverticale afstand) teverbeteren kandit worden bereikt.
Daarnaastmoetovertolligeennon-relevanteinformatie- metname:geluid,stof
enmechanischetrillingen- wordenuitgeschakeld;deafgeveerde cabine- waarin debedieningsmiddelen, dezitting ende bestuurder gelijktijdig bewegen - is
een constructie, diede behoefte aan het verminderen van de trillingsinvloed
combineert meteengrotere bescherming tegen geluidenstof.

SELECTIE

Hettransportvan degegevens vandegestimuleerde zintuigen ('input') naar
de effectoren ('output') isgeen transmissie zonder meer. Degegevens worden
verwerkt,uitdeverscheidenemogelijkheden wordthetjuisteantwoord gekozen
('choice') enomgezet inactie.
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1. Theorie
Bij de uitvoering van een taak bepaalt het aantal gerichte overschakelingen
van input naar output deinformatieverwerking endementalebelasting,omdat
allesignalen gebruik moetenmakenvan 'a singlechannel decision mechanism'
meteenbeperktecapaciteit.Inhetalgemeenwordteenwaardevantweetotdrie
bitspersecondeaangehouden alsdegrensvooradequate informatieverwerking.
Een goed functionerende parameter voor het vaststellen van de mentale belastingisnognietbeschikbaar; hetmeesteisteverwachten van demethodemet
de duale taken en de hartslagfrequentie.
2. Laboratoriumexperimenten
Voor het bestuderen van een mens-taaksysteem onder controleerbare omstandigheden, alsmede het verkrijgen van informatie inzake de ergonomische
kwaliteiten van de werkplekinrichting van een bepaalde machine, iseen simulator gebouwd.
De onderzoekingen leidden tot devolgende conclusies:
a. Bijdegesimuleerdebedieningvaneen maaidorser zijn deprestatieendebelasting afhankelijk van de experimentele afleiding en de anthropometrische
kwaliteiten vandewerkplekinrichting. Destuurnauwkeurigheid daaltendebelasting stijgt als functie van het aantal signalen per minuut in de tweede taak.
Tussen de machines bestaan significante verschillen, die toenemen bij een stagingvan deexperimentele afleiding.
b. Bij het uitvoeren van een serie identieke taken ontstaat een leercurve; de
prestatiestijgt endebelasting daalt alsfunctie van hetaantal cycli.Het ontstaan van de leercurve wordt verstooid door het uitvoeren van een serie met
wisselendeinformatie ineenexperiment. Tussendemachinesbestaateen significant verschil.
Bijhetsimulerenvandebedieningvaneen maaidorserzijn deprestatie ende
belasting afhankelijk vandeexperimentele afleiding (het aantal signalenperminuutindetweedetaakendeopeenvolgingvandetaken ineenexperiment)ende
anthropometrische kwaliteiten van de werkplekinrichting van de machine. De
resultaten vandelaboratoriumexperimenten bevestigen deuitspraken - volledig
ondersteund door deresultaten van de M.T.M.-analyses -, dat mensen sneller
wennen bij deenemachine dan bij een ander, hetgeen een efficientere prestatie
oplevert.
Deconclusie kan worden getrokken, dat deprestatie en debelasting primair
worden bepaald door de werkplekinrichting.

ACTIE

De keuze van het centrale keuzemechanisme wordt overgebracht naar de
effectoren enomgezet invrijwillige spierbewegingen, dienoodzakelijk zijn voor
de output of prestatie van een mens-taaksysteem.
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1. Theorie
De spierbewegingen kosten energie en dit leidt tot fysieke belasting van de
mens, wiens belastbaarheid beperkt is. Bovendien is het rendement van de
menselijke arbeid zeer gering. Een energieverbruik van 20kJ ( = 4,8 kcal) per
minuut, inclusief een basaal metabolisme van ongeveer 4,2 kJ ( = 1kcal) per
minuut, wordt algemeen aanvaard als het maximum voor een volwassen man.
Voor het vaststellen van de fysieke belasting zijngoedfunctionerende parameters beschikbaar. Onder alle omstandigheden kan, zelfs over langere perioden, de hartslagfrequentie foutloos worden geregistreerd.
2. Veldexperimenten
Voor het verzamelen vangegevensomtrentdeaard en de omvangvan belastende componenten bij het bedienen van maaidorsers, alsmede de invloed van
deze componenten op de output van het systeem, zijn veldexperimenten uitgevoerd.
De onderzoekingen leidden tot devolgende conclusies:
a. Bijhetbedienenvaneenmaaidorserzijn deprestatieendebelasting afhankelijk vandemachine- metname:hetbedieningsplatform -, destoppelhoogte,
derijsnelheid, dewerkbreedte en hetgewas.Tussen debedieningsplatforms bestaat eensignificant verschil,dat groter wordt bij toenemenderijsnelheden. De
interactie tussen rijsnelheid en werkbreedte, hetgeen de capaciteit voorstelt, is
significant; teneinde een bepaald capaciteitsniveau te verkrijgen verdient het
aanbeveling te werken met een lagerijsnelheid en een grotere werkbieedte.
b. Bij het gebruik van een systeem met automatische hoogteregeling van het
maaibord dalen de bedieningsfrequentie en de belasting. Het voordeel van
een geautomatiseerd systeem wordt groter naarmatederijsnelheid toeneemt.
De resultaten van develdexperimenten bevestigen volledigde resultaten van
de anthropometrische studies en de laboratoriumexperimenten. Tussen de machines bestaan verschillen; bijeentoename van deinformatiesnelheid - laboratorium: stijging van de experimentele afleiding; veld: toename van de rijsnelheid - worden de verschillen tussen de machines groter.
De conclusie kan worden herhaald, dat de prestatie en de belasting primair
worden bepaald door de werkplekinrichting.

DISCUSSIE

Het isniet gewenst, dat demens zich dient aan tepassen aan demachine en
- tengevolgevaneentehogebelasting- beroepsziekten engereduceerde prestaties dient te riskeren. Door middel van principes, parameters, procedures en
criteria vanuit verschillende disciplines - Anthropometric (Hoofdstuk 2), Perceptie (Hoofdstuk 3), Selectie (Hoofdstuk 4)en Actie (Hoofdstuk 5)- zijn de
ergonomische factoren, diedeoutput ofprestatie bij het bedienen van eenzelfrijdende maaidorser beinvloeden, bestudeerd door middel van lay-out studies,
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laboratorium- en veldexperimenten. Op grond van de resultaten van deze studies kan worden vastgesteld, dat deprestatie en de belasting in een mens-taak
systeemprimair worden bepaald door deinrichtingvan dewerkplek. Aanbevelingenworden gedaan voordeidealeinrichtingvan hetbedieningsplatform van
dezelfrijdende maaidorser (Hoofdstuk 6).
Om aan de eisen tot verhoging van de capaciteit te kunnen voldoen is het
noodzakelijk, dat de ontwerper van een zelfrijdende maaidorser aandacht besteed aan een adequate verwerking van detoenemendeinformatiesnelheid. Dit
is mogelijk door machines te gebruiken met een optimale inrichting van de
werkplek, alsmede het elimineren van overtollige en non-relevante informatie.
Bovendienbiedthetinvoerenvanautomatisering,waarbijveleprocessen- maaidorser: voortbeweging, maaien, dorsen, schonen en onderhoud - worden uitgevoerd en gecorrigeerd zonder tussenkomst van demens,gunstige voordelen.
Indenaastetoekomst zalde'supervisorofharvesting'denormendetolerantie van het gehele proces moeten vaststellen op grond van de condities, van
gewas,terreinenklimaat. Daarnaastmoetdezeopzichter,diethuiszitvooreen
ergonomisch verantwoorde console,deprocessen controleren en, indien noodzakelijk, wederom instellen door middel van afstandsbediening.
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APPENDIX A

RECOMMENDATIONS FOR THE SELF-PROPELLED
COMBINE HARVESTER

1. ANTHROPOMETRY

The recommendations for an optimum work-space lay-out may be broken
down into the major areas of:
1.1. SEAT

The seatmust be adjustable in horizontal (range: + 75and —75mm)and
vertical(range:+ 50and—50mm)directions,inordertoaccomodateareasonable range ofindividuals.
The data for the seat are listed in table 1.

TABLE 1. Data for the seat.
Code

Features

1.01
1.02

Shape
Dimensions (mm)
• length
• width
Force (N)
Displacement (mm)
Location
Motion
Inclination
• direction
• angle
Material
Surface
Adjustment (mm)
• horizontal
• vertical
Support
• sidewards
• backwards

1.03
1.04
1.05
1.06
1.07
1.08
1.09
1.10
1.11

1.12

Miscellaneous
• seat height (mm)
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Criteria
rectangular, rounded
380
450
+ 50 and —50 (minimum)
seefig.A.l and A.2
only vertical
backwards
3-5°
warmth-isolating, ventilating
waterproof cover, profiled
+ 75and - 7 5
+ 50and - 50
150mm above seat (maximum)
240mm above seat (minimum)
400mm above seat (maximum)
400

113

1.2. LAY-OUT

Thedatafor anoptimumwork-spacelay-outhavebeenshowninfig.A.1 and
A.2;usingthesefiguresthefollowingpointsmustbekeptinmind:
1. Frequency
The frequency with which different operations and movements have to be
carried out, indicate the priority in the lay-out ofcontrols.
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A.l. Optimum work-spacelay-out for theself-propelled combineharvester(horizontal plane);
18cm above seat-reference point (SRP).
A - stationaryfield
B - brake pedal
C - clutch pedal
• • - minimum dimensions of the cabin

114

Meded. Landbouwhogeschool Wageningen 72-6(1972)

1
11*

'

M A X I MUA 1

It

MANO
2\/ ^k

\

"°

^ • * > °

( (
O P T I M I JM M

^ \

J

•

L

/

\

19

poor
10
IS

\
\

1°

9TIIW I U M

^

r

It

7*

H

••

Ml

til

Ml

A.2. Optimum work-space lay-out for the self-propelled combine harvester (vertical plane).
• • - minimum dimensions of the cabin.

2. Maximum area
This area is suitable for hand-operated controls, which require much force.
No operating controls should belocated outside themaximum area,unlessthe
operation frequency isextremely low.
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3. Optimum area
Within this area the motions of hands and feet are the most comfortable.
Frequently used controls have to be located within this area.
1.2.1. Steering wheel
Thesteeringwheelhasto belocated within theoptimum areasfor thehands;
the data for the steering wheel are listed in table2.

TABLE 2. Data for the steering wheel.
Code
2.01
2.02

Features

2.05
2.06
2.07

Shape
Dimensions (mm)
• steering wheel
• rim
Force (N)
Displacement
(maximum)
Location
Motion
Inclination

2.08
2.09

Material
Surface

2.10
2.11
2.12

Adjustment
Support
Miscellaneous

2.03
2.04

Criteria
round
400-500
20- 50
10- 50
to the right: l{ turn
to the left : l i turn
in the optimum area
clockwise = right
sitting : 45°
standing: 90°
warmth-isolating
profiled and shaped to the hand,
space for thefingersin the
lower side
telescopic
not wanted
none

1.2.2. Hand-operatedcontrols
Thelocationanddisplacementoftheheaderheight, thereelpositionandthe
ground speed control deserve priority in designing the lay-out of controls, for
they are the most important and frequently used controls.
Thefingertipcontrols for the header height,the reelposition and theground
speed have to belocated close to each other and within the optimum area; the
data for thefingertipcontrols are listed in table 3.
The other hand-operated controls have to be located, dependent on the frequency, more or less in the optimum area, but within the maximum area; the
data for the hand-operated controls are listed in table 4.
1.2.3. Foot-operatedcontrols
Theclutch and thebrake-pedal haveto belocated within theoptimum areas
for foot-operated controls;thedatafor theclutchandthebrakepedalarelisted
in table 5.
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TABLE 3. Data for thefingertipcontrols.
Code
3.01
3.02

Features

3.04
3.05
3.06
3.07

Shape
Dimensions (mm)
• length
• width
Force (N)
• optimum
Displacement (mm)
Location
Motion
Inclination

3.08
3.09
3.10
3.11
3.12

Material
Surface
Adjustment
Support
Miscellaneous

3.03

Criteria
square, rounded
12
12
5-8
10
in the optimum area
only vertical
not required,
pressingsurface horizontal
warmth-isolating
smooth, bent

-

TABLE4. Data for the hand-operated controls.
Code

Features

4.01

Shape

4.02

4.04

Dimensions (mm)
• diameter
• length
Force (N)
• hand
• finger
Displacement (mm)

4.05

Location

4.06

Motion

4.07

Inclination

4.08
4.09
4.10
4.11
4.12

Material
Surface
Adjustment
Support
Miscellaneous

4.03
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Criteria
levers

knobs

round, rounded

bulb-shaped,
round, rounded

25-45
> 75

25-45

<100
< 20
<200

<100
< 20
<200

dependent on the frequency,
more or less in the optimum area
• rearward or toward the operator
for stopping
• forward or downward to lower
preferably vertical to the forearm
(not applicable with knobs)
warmth-isolating
smooth

accurate setting,
stepless or in small steps
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TABLE 5. Data for the foot-operated controls.
Features

Code

Criteria
clutch

5.01
5.02

5.04
5.05

Shape
Dimensions(mm)
• length
• width
Force(N)
• optimum
Displacement (mm)
Location

5.06

Motion

5.07
5.08
5.09
5.10
5.11
5.12

Inclination
Material
Surface
Adjustment
Support
Miscellaneous

5.03

brake

rectangular

rectangular

50- 75
100-120

50- 75
100-120

100-200
80-100
left-foot operated,
inthe optimum area
forward and/or
downward for
disengagement
70°
solid
non-slipping
Bent-upattheside

100-200
80-100
right-foot operated,
intheoptimum area
forward and/or
downward for
stopping
70°
solid
non-slipping
Bent-upattheside

-

-

2. PERCEPTION .

The perception is primarily promoted by an adequate presentation of the
relevantinformation -particularly:thevisibility(1)-,aswellas the elimination
of the redundant and non-relevant information (2).
1. Visibility
An optimumcondition isachieved,when theinformation - particularly:the
feed table auger in front of theconveyor chain and of the separation from the
previously cut swath - becomes visible at a view angle of 30° for the vertical
planeand adirectdistanceof3000mmbetweentheeyeandthe object. In the
horizontalplaneitisnecessary,that theinformation becomesvisiblewithinthe
stationaryfield;the data for an optimum visualfieldhavebeen shown infig.l
and2.
An eccentric and low location of the operator's work-space is favourable,
sincethework-spacecanbelocated nexttotheconveyorandcloseto the field.
2. Cabin
Theidealconcepttoeliminatetheredundantandnon-relevantinformationis
an enclosedsuspendedcabin- in whichtheseat,thecontrols andthe operator
118

Meded. Landbouwhogeschool Wageningen 72-6(1972)

movesimultaneously-, whichcombinesthe needfor improvingridevibration
with greater protection against sound and dust, as well as climatic influences.
The data for theenclosed suspended cabin are listed in table6.

TABLE 6. Data for theenclosed suspended cabin.
Features

Code
6.01

Criteria

Dimensions (mm)1
1100
1300
1750

• length

6.02
6.03
6.04
6.05

6.06

• width
• height
Sound
• sound pressurelevel
Carbon monoxide
• concentration
Dust
• concentration
Vibrations
• direction
• natural frequency
• intensity
Climate
• air humidity
• air temperature
• air velocity
1

<80dB A
< 0,003%
< 15 mg/m3of air
only vertical
<2Hz
K<4
50 %
20-21°C
10-20 cm/sec

minimum, interior.

3. SELECTION

3.1. MENTALLOAD

Avalueof 2bitsper second isthelimitforadequateinformationprocessing.

4. ACTION

4.1. PHYSICALLOAD

An energy consumption of 20kJ ( = 4,8kcal)per minute,including a basal
metabolic rate of about 4,2kJ ( = 1 kcal)per minute, is the maximumconsistentlevel for an adult man.
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APPENDIX B

LAY-OUTS OF SELF-PROPELLED COMBINE HARVESTERS

1. CODE

=
=
=
... =

o
••

hand-operated control (knob)
hand-operated control(lever)
foot -operated control (pedal)
displacement
2. LEGEND

Dm
D5
Dw
G
Hh
H8
Hv
Hw
K
L
M
Mh
Mw
R
S
T
W

-

concave adjustment
cylinderspeed
threshing engagement
throttle
reelheight
reelspeed
reelposition
reelengagement
clutch
grain tank unloading
cutterbar
headerheight
headerengagement
brake
stop
groundspeed
gear shift
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