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VOORWOORD

Bij het verschijnen van dit proefschrift past een woord van dank aan allen, die
directdan wel meer indirect hebben bijgedragen aan de totstandkomingervan, De
alom waargenomen trend tot nivelleren, zoun aanleiding kunnen zijn dit voor-
woord hiermee af te sluiten, daarmee het gevaar van het niet of juist te nadruk-
kelijk vermelden van personen vermijdend.

Echter het voor de auteur eenmalige karakter van de afronding van een
dissertatierechtvaardigteenuitgebreider, wellicht traditioneel tenoemen aanpak.

Vandaar:

Hooggeleerde Mogns, hooggeachte promotor, mijn hartelijke dank voor Uw
stimulerende begeleiding en opbouwendekritiek. Waar de afronding van dein dit
proefschrift beschreven onderzoek samenvalt met mijn vertrek van de vakgroep
Landbouwtechniek, wil ik mijn erkentelijkheid vitspreken voor het vertrouwen
dat ik van Uw zijde mocht ondervinden gedurende de afgelopen elf jaren.

Hooggeleerde Quast, uit de gevoerde discussies bleek dat een ‘Delftse’ en
‘Wageningse’ achtergrond zich uitstekend verenigen in het vakgebied van de
Landbouwtechniek.

Wellicht nog belangrijker dan de kwaliteit van de laboratorium voorzieningen,
is de werksfeer. De interesse en de vriendschap, die betoond werden door deleden
van de vakgroep, waren van bijzondere betekenis voor mij.

Beste Wim Huisman, in jou heb ik het geluk gehad een collega te treffen, die als
klankbord kon en wilde fungeren.

Deuitvoering van dit onderzoek werd mede mogelijk gemaakt door definancig-
le en materiéle steun van Vicon N.V. te Nieuw Vennep, de Afdeling Beproeving
en de Fotografische Afdeling van het IMAG en door de medewerking van de
kunstmestindustrieén DSM, MEKOG en NSM. De medewerking van het Land-
bouwkundig Bureau van de Nederlandse Stikstofmeststoffenindustrie zij hier met
nadruk vermeld.

Van de studenten, die tijdens hun doctoraalstudie geconfronteerd werden met
de pendelstrooier wil ik noemen: Jan Bosma, Wim van Donselaar, Henk Peelen,
Hans Peeten, Jan Reiling, Victor Roos, Hans Verhofstadt en Jan Meuleman. Het
doet mij genoegen dat juist jij Jan, de landbouwwerktnigkundige sectie van onze»
vakgroep bent komen versterken. Je hulpvaardigheid en enthousiasme is voor de
uitvoering van dit onderzoek van groot belang geweest.

Voor de technische ondersteuning bij een aantal experimenten ben ik Oscar
Bergman, Willem van Brakel, Jordan Charitoglou, Jan van Loo en Geurt van der
Scheur bijzonder erkentelijk.

Dee iltustraties werden verzorgd door Eef van Donselaar, Qscar Bergman, Piet
Rijpma en Egbert van de Wal.

Hettypewerk werd op accurate wijze verzorgd door onze ‘eigen’staf: Karenden



Outer, Ruby van Rhoon en Guus Tergast; bijgestaan door de ‘ingehuurde’

krachten Joke Noppert en Jennette Doeve. De tekst is gecorrigeerd door Mrs.
Carol Qdarty,

Tenslotte:

Beste vader en moeder, het feit dat jullie mij de gelegenheid boden de studie aan
de Landbouwhogeschool te volgen, stemt mij tot grote dankbaarheid. Moge de
afronding van dit proefschrift mede een bekroning zijn voor de belasting die mijn
studie ongetwijfeld voor jullie moet hebben betekend.

Lieve Tiny, verdere woorden zouden afbreuk doen aan het feit, dat deze
dissertatie aan jou en de kinderen is opgedragen.



STELLINGEN

1
De fysische eigenschappen, die bepalend zijn voor de beweging van granulaire
meststofdeeltjes door de strooipijp van de pendelstrooier, dienen een zodanige
pluriformiteit te hebben, dat een maximale bijdrage kan worden geleverd aan de
variatic in translatiesnelheid.

Dit proefschrift.

n
Bij het gebruik van onregelmatigheidsindices die de kwaliteit van het verdeelpa-
troon van kunstmeststrooiers weergeven op basis van de relatieve afwijkingen
ten opzichte van het gemiddelde, dient mede rekening te worden gehouden met
de nagestreefde dosering van een nutriént.

II
Teneinde de door de O.E.8.0. opgestelde procedure voor het beproeven van
kunstmeststrooiers geschikt te maken voor het karakteriseren van de regelmaat
van samengestelde strooibeelden van mengsels van enkelvoudige meststoffen,
dienen normatieve standaard meetmethoden te worden geintroduceerd voor die
fysische eigenschappen die in belangrijke mate bepalend zijn voor segregatie.

O.E.C.D. (1967) Standard Testing Procedure for Fertiliser Distribu-
tors. Paris.

v
Bij de innovatie van technische systemen in de landbouw dient een grotere plaats
te worden ingernimd voor systematisch, fundamenteel onderzoek.

t

V
De meeropbrengsten die bij de precisiezaai van granen ten opzichte van eenvou-
dige rijenzaai op rijafstanden van 20 cm en meer worden verkregen, moeten
eerder worden tocgeschreven aan cen regelmatiger verdeling van het zaaizaad i
het verticale, dan in het horizontale vlak.

Crow, J. and B. HUGHES (1973) Arable farming, December: 5-8,
HeEeGE, H. J. (1967) KTL-Ber, itber Landtechnik 112. Frankfurt/M.
HEEGE, H. J. (1974) Landtechnik: 115-120.

STROOKER, E (1969) .LL.R. publ. 135. Wageningen.

VI
Het massaal installeren van muzikale geluidsbronnen met toenemend vermogen
in en rond de werkplek wijst op een afnemend vermogen in onze cultuur om stilte
te waarderen.

BIBRLIOTHEREER
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LANDBOU .:: 3. - < OO,
WAGEMNiNGEN



VII
Door het verhogen van de efficiéntie bij de toepassing van bestrijdingsmiddelen
wordt de belasting van het milieu verminderd. Daartoe dient binnen het kader
van een geintegreerde bestrijdingsvorm het onderzoek naar verbetering van de
toepassingstechnieken krachtig te worden gestimuleerd.

VIl
In het wetenschappelijk en hoger agrarisch beroepsonderwijs dient oefening van
de studenten in de technieken van het schriftelijk rapporteren een geintegreerd
onderdeel te vormen van de vakstudie.

IX
Projectonderwijs zal op de positieve elementen in de mens een stimulerende
mvioed hebben, indien eerlijkheid ten opzichte van elkaar uitgangspunt is voor
de deelnemers.

Project 4E differentiatie, RHLS Groningen; juni 1879,

X
Te vaak wordt ten onrechte de term alternatief geassocieerd met beter.

I.. SPEELMAN
Wageningen, 19 oktober 1979
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. GENERAL INTRODUCTION AND OBJECTIVES OF THE
STUDY

1.1. INTRODUCTION

Inmodern agriculture, fertilizer distributors are widely used for the application
of mineral fertitizers, Decrease of physical load of men, increase of machine
capacity, relatively low costs of purchase and maintenance, and possibility of
obtainingan acceptableevenness of distribution werereasonsfor theintroduction
of fertilizer broadcasters of the spinning disc and pendulum systems on a large
practical scale. Since their introduction, fertilizer broadcasters with the spinning
disc system {Fig. 1.1) have been the subject of extensive studies to increase the
knowledge of the spreading process. The information of theory of particle
movement on the disc, and the resulting opinions aboui the fundamental con-
nections between place and dimensions of the metering devices, the construction
of discs and vanes, the relevant physical properties of the materials and particle
trajectories, and the velocities and angles of outlet, have created a potential basis
forthecontroland steering of the distribution process. Extension of research work
to the behaviour of mass flows on such spreading devices, as well as on those parts
of the discs with or without vanes, supported by the more practical research work
including machinery testings, has contributed to a further increase in the level of
knowledge. In this way, valuable outlines for machine designers, fertilizer pro-
ducers and practical users have become available in order to realize snitable and
acceptable distribution patterns.

About half a million of the fertilizer distributors produced up till now are
working with a pendulum system. The fertilizer 13 spread by the horizontally
oscillating motion of a sprout to the rear of the machine (Fig. 1.2). The develop-
ment of these reciprocating sprout fertilizer broadcasters started about thirty
yearsago. Contrary to the spinningdiscsystem, the pendulum system has been the
subject of scientific research work only on a minor scale. (CASELLA, 1956;
PELLIZZI, 1958 ; ROMANELLO, 1969). The still existing lack of knowledge of the
fundamentals of the metering and distribution process were the reasons for
starting a research project of which the first results are published in this thesis. In
the first chapter, aims and strategy of the study will be pointed out.

1.2. AIMS OF THE STUDY

The present design of the reciprocating sprout fertilizer broadcaster is mainly
based on empirical experiences gained from practice and machinery testings.
This study is dealing with:

1. An analysis of procedures and norms which are used for examination and
description of the quality of the distribution pattern, based on agricultural

Meded. Landbouwhogeschool Wageningen 79-8 (1979 1



FiG. 1.2. Reciprocating sprout or pendulum type fertilizer broadcaster.
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requirements. The quality of distribution is mainly determined by means of
examination, quantification and qualification of the form of the basic transverse
distribution pattern and the compound pattern which is a result of a necessary
ratio of overlap. Some specific forms of distribution patterns will beexamined and
discussed with respect to the values of various coefficients of irregularity, working
widths, and variation in ratio of overlap.

2. A qualitative and quantitative analysis of the spreading process of the pen-
dulum system with a special emphasis on particle behavicur inside and when
leaving the sprout. It is expected that a better knowledge of the fundamentals of
the spreading process, and of the factors which might be of important influence,
will create possibilities for increased machine capacity and evenness of distri-
bution. Furthermore, a mutual adaption of the distributor system and some
relevant physical properties of the mineral fertilizer will be taken into
consideration.

3. The development of theoretical relations for the description of particle be-
haviour — e.g. trajectory, velocity, character of motion — inside the oscillating
system. Based on this theory, and related to the kinematics of the distributor
device a mathematical model has to be formulated as a tool for simulation of
fertilizer particle behaviour inside the sprout. Comparison between the results of
thesimulationexperimentsand the results of actual spreading experiments should
indicateifthe method may be suitablefor predicting the effects and theimportance
of the changing of design and/or fertilizer parameters.

4, An examination of the effects of some alternative designs of the distributor
mechanism on the spreading process and their consequences for the potential
capacity and evenness of distribution,

1.3. STRATEGY

Inorder to achieve the described aims of the research work, the following stages
can be distinguished in the strategy of the study:
characterization of the distribution patterns
. kinematic studies of the distributor device ‘
characterization of particle movement inside and when leaving the sprout
. formulation of a theoretical basis for description of the particle movement »
development of a model in order to perform simulation experiments
performance of a number of simulation experiments with introduction of
several alternative designs,

The stages c.—f. were supported by the results of spreading experiments under
laboratory conditions both to develop and to control the value of the theory and
the simulation model. It was further examined whether methods of research and
results of studies of spinning disc broadcasters, described in literature, could be
used.

me A o
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FiG. 1.3. Reciprocating sprout fertilizer broadeaster; 1: hopper, 2: sprout, 3: bowl, 4: driving shaft
for p.t.o., 5: flywheel with elastic coupling and forked connection,

3

F1G. 1.4, Detail of flywheel, elastic coupling, forked connection, bowl, and entrance of the sprout.



1.4, EQUIFMENT USED

Kinematics of the distribution mechanism as well as the dynamic behaviour of
fertilizer particles passing through the sprout were studied using a Vicon re-
ciprocating sprout broadcaster of the model 600 S (see Fi g. 1.3). The distributor
device consisted of a bowl to which the sprout was attached. The sprout consisted
of ahollow, somewhat converging tube out of stainless steel or synthetic material.
The distributor device was driven by the tractor power take off (p-t.o.)througha
flywheel and elastic coupling. The circular motion of the flywheel was transferred
into an oscillatory one for the bowl and sprout by means of a forked connection
(Fig. 1.4and Fig. 1.5). Metering of the fertilizer was controlled by asliding shutter
at the bottom of the hopper (Fig. 1.6).

Alternative construction forms and their effects on the spreading process were
examined in a laboratory set-up, which was based upon the mechanism of the

F16.1.5. The oscillatory motion of the sprout with a bow at the end of the sprout,
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model 600 S. The experiments were carried out in the laboratory of the Depart-
ment of Agricultural Engineering of the Wageningen Agricultural University.
Spreading experiments on a more extensive and practical scale were performed on
special patternators provided by Vicon Ltd. at Nieuw Vennep, and by the IMAG
experimental farm ‘Qostwaardhoeve” at Slootdorp, Wieringermeerpolder. The
latter was designed according to international standards.

Thecharacterization of particle movement was mainly based upontheresultsof
high speed movie films. They were made by the Central Technical Institute of
Applied Physical Research (CTI/TNO) at Apeldoorn and the Photographic
Service of the Institute for Mechanization, Labour and Buildings (IMAG) at
Wageningen. The simulation experiments were carried out using the computer
facilities of the Computet Centre and the Department of Physics and Meteorology
of the Wageningen Agricultural University. Calcium ammonjum nitrate fertilizer
was supplied by the Agricultural Office of the Dutch Nitrogen Fertilizer Industry
at The Hague.

F1G6. 1.6. View of metering device with sliding shutters and agitator.

6 Meded. Landbouwhogeschool Wageningen 79-8 (1979)



2. FERTILIZER DISTRIBUTION WITHIN THE FRAME-
WORK OF AGRICULTURAL ENGINEERING

2.1. INTRODUCTION

In this chapter a brief view of fertilizer production and use in the world will be
given, Based on literature, the historical aspects of development of mechanical
systems for fertilizer application are presented. Finally some criteria for the
assessment of distribution systems are discussed.

2.2. PRODUCTION AND USE OF FERTILIZERS

In 1955/56 world production of nitrogen and ammonium fertilizers was 7.1
million tons N, of phosphatic fertilizers 8.0 million tons P,O5 and of potassium
fertilizers 7.1 million tons K,0 (MESKENS, 1975). In the period 1955-1973 the
nitrogen fertilizer industry increased production more than five times, up to 38.0
milliontons N. About80%, wasproduced inthe U.S.A.,the U.S.S.R., Japan,P.R.
of China and the European Community countries. Although production in the
developing countries increased, in 1972/73 their part was only 109 of total
production.

In the same period, production of phosphatic fertilizers increased to 23.6
million tons P,0;. The main manufacturers were U.S.A. and U.S.S.R.. Again,
production in the developing countries was still low: 8.5% of the totalin 1972/73.

World production of potassium fertilizers increased to 20.2 million tons K,,0,
mainly produced by the U.S.5.R.. In 1972/73 production in the developing
countries was only 1.5%.

In 1972/73 more than 809 of N fertilizers were used in the developed countries.
Inthesameseason, thedevelopingcountriesused 7.2 million tons N, of which 559
had to be imported. In the U.S.A., U.S.S.R. and E.C. countries about §0 % or
11.0 million tons P,05 were used in 1972773, The consumption by developing
countries was [4%,. More than half of this amount had to be imported. The
consumption of potassium fertilizers by the developed countries was 1 7.0 million
tons K,0 or about 909 of the world total. Only 1.7 million tons were used in the
developing countries.

In general it may be stated that in the period 1955/56-1972/73 the total
consumption of fertilizers increased more than three times. The consumption in
developingcountriesincreasedtoarateof 15.5% ofthe world totalin 1972/73. For
their supply these countries were highly dependent on import. On a world scale, a
relatively strongincreaseinuse of N fertilizers with respectto P,Q and K ,Q hasto
be noticed. In 1955/56 this ratio was 1:1,18:1.03; in 1972/73 it had changed to
1:0.63:0.52.

Meded. Landbouwhogeschool Wageningen 79-8 (1979) 7



According to VOLLMER (1967) it was estimated that in 1965/66 about one third
of the N fertilizers were applied in a liquid form. During that season in the U.S.A.
about half of the total N fertilizing was done in this way.

Nevertheless, it may be concluded that, on a world scale, more than 839/ of all
fertilizers were applied in a fixed mineral form.

2.3. MINERAL FERTILIZERS

Mineral fertilizers represent highly diverse materials, making the task of
distributor designers rather difficult. There are considerable differences between
various fertilizers with respect to shape, size and physicochemical properties. As
regards the initial structures, the following forms may be distinguished :

— dusty fertilizers (e.g. Thomas-slag)

- crystalline fertilizers (e.g. potassium salt)

— granulated fertilizers {e.g. calcium ammonium nitrate, granulated urea).
Dusty fertilizers are susceptible to wind influences and when using fertilizer
broadcasters, working width can be limited and evenness of distribution poor. In
general, crystalline fertilizers are highly hygroscopic. With increasing air hu-
midity they can coagulate and bridge easily or even liquefy.

On the other hand, granulating of fertilizer (being a technological process

‘[ G
sieving
-~ coarse=b mm
fine =amm

<a >b
crusher

solid
granulator

liguid

drying
cooling

FiG, 2.1. Schematic representation of a technical granulation process. V: supply, G: granular
material, <a: too fine fraction, > 5: too coarse fraction, L: final product. (According to VANDER

LEEK, 1977.)

8 Meded. Landbouwhogeschoo! Wageningen 79-8 (1975)



during which any fertilizer mass is transformed into a well-defined kernel mass
with respect to size and size distribution, shape, nature of surface, porosity,
crushing strength, impact strength etc.) can create favourable conditions for the
distribution quality of fertilizer broadcasters as it enables:

— the production of fertilizers with an adaptation of relevant physical properties
such as particle size to the specific working mechanism of the distributors;

- the creation of better possibilities for the storage and handling in bulk, e.g. by
means of coating the particles or other surface treatments to increase their
hardness;

— the realization of greater working widths, and a better distribution pattern as
the wind influence during spreading is decreased, especially compared to dusty
and fine crystalline materials.

Some aspects of different granulation processes are described by VAN DER LEEK
(1977). In fertilizer production, the prilling process {e.g. for urea and calcium
ammonium nitrate) and the conglomerate granulation, sometimes followed by
scaling granulation (e.g. for calclum ammonium nitrate) are applied. During
prilling the melt is sprayed by means of special spraying devices, After solidifi-
cation the hard spherical prills are obtained. Conglomerate granulation is the
process during which the mass of fine solid particles, which are in movement with
respect to each other, are forced to coagulate by adding a liquid phase. During
scaling granulation, fine kernels increase in diameter by means of repeated
spraying with melt or surry. [n Fig. 2.1 a scheme of the technical granulation
processis presented, Fig. 2.2shows some prilled and granulated fertilizer samples,

GRANULES

Fi6. 2.2, Examples of fertilizer prills and granules.
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2.4. DEVELOPMENT OF FERTILIZER DISTRIBUTORS

For the application of mineral fertilizers, farmers have used various spreading
systems. Fig. 2.3 shows different methods of fertilizer application as well as an
arrangement of distribution systems for broadcast application. The arrangement
is based on characteristic dimensions of the metering and distribution devices in
relation to the spreading width. Descriptions of design and working principles of
the main types of construction are given by BAKKER ARKEMA (1957), SCHILLING
{1958), Simons and TRAPHAGEN (1961), HEYDE (1963}, and KANAFOISKI (1972).
For a short, but very clear presentation of fertilizer distributors including their
official denominations we refer to the IMAG Trade Mark Guide by FOEKEN and
KI1ers (1977).

The purpose of broadcast application of fertilizer is to provide each surface unit.
with almost the same quantity of fertilizer. The oldest way of application was by
hand. Scientific research about plant nutrition and fertilizing started around the
beginning of the 19th century. However, already before that time equipment for
the application of ashes, lime and gypsum was developed, described, and tested in

DISTRIBUTION SYSTEMS FOR APPLICATION OF GRANULAR FERTILIZER

FERTILIZER APPLICATION
|

)
ROW APPLICATION

|-
BROADCAST APPLICATION
I

1
SPOT APPLICATION

FIXED BdUT WIDTH

DISTRIlBUTORS

METERING AND DISTRIBUTCR
DEVICES EQUAL TO BOUT WIDTH

TECHNICAL DESIGNS:

— plate and flicker type distribu-
tor

— fluted rolier feed distributor

— reciprocating plate and worm
type distributor

— reciprocating plate type dis-
tributor

— starwheel feed fertilizer dis-
tributor

METERING DEVICES SMALLER
THAN BOUT WIDTH
DISTRIBUTOR DEVICES EQUAL
TO BOUT WIDTH

|
VARIABLE BOUT WIDTH
DISTRIBIUTORS

METERING AND DISTRIBU-
TOR DEVICES SMALLER
THAN BOUT WIDTH

TECHNICAL DESIGNS:

[TECHNICAL DESIGNE

endless chain or belt
distributor

— scatter plate distributor
— bucket distributor

— pneumatic distributor
~ auger distributor

1
OSCILLATION BROADCASTERS)

SPINNING DISC

-- endless chain type distributor
— slotted belt and flicker type _ v?rrtil? Q%Cd'?::TERS
distributor — with two discs
] !
with hands with horizontally oscillating sprout with horizontally
— men RECIPRQCATING SPROUT oscillating disc
BROADCASTER OR PENDULUM — sowing violin

TYPE BROADCASTER

Fic. 2.3. Methods for fertilizer application and arrangement of distribution systems for broadcast

application.



England (FUssEL, 1952), The first use was the application of fertilizer in bandsinor
on the soil. Sometimes combinations of fertilizer distributor and sowing machine
occurred. Examples of such equipment were the constructions by Ellis in 1745,
Tull and Worlidge (about 1750), and the later design of Garrett (about 1850)
described by Van pER Pogr and REINDERS (1962), Such developments took place
simultaneously in North America. However, up to the middle of the 19th century
there was hardly any progress in the development of fertilizer distributors (MA-
THES, 1969). In the second half of that century, mineral fertilizers such as Chilisalt-
peter, ammonium sulphate, superphosphate, basic slag and potassium salts, were
introduced (RINSEMA, 1959). Just as now, at that time people were somewhat
sceptical about the unconditional use of mineral fertilizers. For example at the
36th Dutch Agricultural Economic Congress held in 1883, it was concluded by
Dr.Adolf Mayer ‘that the use of mineral fertilizer for the Dutch Reclaimed Peat
Districts should not be recommended in general ; however, it seems to be desirable
to start trials with it as an additional nutrient” {ANON., 1928).

Then at the beginning of the 20th century, technical possibilities were found
to fix atmospheric nitrogen to carbide (Caro and Frank), to oxygen (Birkeland
and Eyde) and to hydrogen (Haber, Bosch, Fauser), and this proved to be of
greatimportance. As aresult, both the supply of different types of fertilizer and the
demand for suitable spreading equipment increased, The application by hand of
Chilisaltpeter and ammonium sulphate was heavy and unpleasant work. Besides
that, skilled labour which would be able to obtain a sufficient, even distribution of
fertilizer was scarce. Aside from so-called sowing violins, the first equipment for
broadcast application of fertilizers belongs to the group of fixed bout width
distributors: i.e. spreaders which have metering and/or distribution mechanisms
equal to spreading width (see Fig. 2.3).

Inihe year 1852 ‘an apparatusfor theevendistribution of dry mineral fertilizers
over the fields’ was described in the Netherlands (Coor.MaN and VAN DER POEL,
1964). Atthe same time, fixed bout width distributors were developed, which were
the direct predecessors of the construction designs developed at a later stage.
(Examples are the spreading systems with fluted roller feed and the agitator feed
system.)

At the beginning of the 20th century, the endless chain, and the reciprocating
plate and worm type distributors appeared. These had good practical success up

TaBLE2.1. Development of the number of fertilizer distributorsin the Netherlands (Sources : DEWIDT,
1955, Van DER POEL, 1967 ; CBS, 1965, 1970, 1975).

Year 1892 1895 1904 1950 1960 1965 1975
Variable bout width 17,646 63,631
distributors®

102,000
Fixed bout width 42 48 606 19,041 24,526 21,250

distributors

* sowing violins not included
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till the thirties. Furthermore the system of Schloer and Salchow (with a hopper
which was movable with respect to a spiked roller distributor system) was
introduced (REINDERS, 1892; MATHES, 1969), Nevertheless, this did not create a
break-through of the mechanization of fertilizer application. Reasons for this
were its poor capacity, higher costs compared with hand-labour, irregular distri-
bution of the fertilizer in the beginning, and the fact that cleaning of the machines
was difficult. Important was the fact that ‘with fertilizer distributors only good
results can be obtained if granular fertilizers are available’ (Fiscuer, 1910).
Between the first and second world wars, new distributor systems were developed
such as the reciprocating plate type distributor and the very important plate and
flicker type distributor. In general, the latter system showed less problems when
using coarse granules, just like the reciprocating plate and worm type distributor.
These compared with those systems where metering was regulated by a dosage
cleft, as was the case with the fluted roller feed distributors, the endless chain type
distributors, and the agitator feed type distributors. In addition, they were more
suitable for the application of hygroscopic materials and employment under
relatively wet conditions {(KRUTIKOW et al., 1955; LORENZ and MaTHES, 1955).

After 1955, the use on a practical scale of distributors of the spinning disc and
pendulum type became important in the Netherlands (Table 2.1). According to
their working principle they belong to the group of variable bout width distribu-
tors (see Fig. 2.3). In this publication they will be included in the group called
“fertilizer broadcasters’. Inthe U.K. their development started at an earlier time as

Fi1G. 2.4, Fertilizer broadcaster in the year 1919 with two spinning discs.
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is indicated by the various types which were already shown at the so-called
Smithfieldshow in 1955 (SPUKERMAN, 1956}. In 1960 the percentage of fertilizer
broadcasters was about 279 in the Netherlands, By 1965 this percentage in-
creased to almost 75%,. In the German Federal Republic the same developments
werenoticed : in 1960 about 25%; of the 40,000 fertilizer distributors sold belonged
to the above-mentioned types.

In the beginning, peaple were sceptical about this new spreading equipment.
The mostly unknown effects of the physical properties of fertilizer, negative
influences due to wind, driving speed, and working width on the evenness of
distribution often caused unexpectedly disappointing results. Besides that, the
absence of spreading tables and failing data of the many specific properties and
possibilities of the machines caused troubles, However, the simplicity of the
construction and the relatively low costs of purchase compared {o fixed bout
width distribution systems (as the plate and flicker type distributors), together
with the greater working width, opened possibilities.

In agriculture the principle of distributing materials by means of spinning discs
was already used at the beginning of the 20th century (Evtr, 1906). In Canada
such distributor systems were used for broadcast sowing of cereals giving the
possibility of obtaining large working widths. In 1885 in Germany a fertilizer
distributor with a horizontal disc and a great number of vanes was patenied. The
results of the first tests, however, were negative (BRUTSCHKE, 1900). The evenness
of distribution was bad, due to the fact that there was a lack of knowledge about
the right arrangement of the supply of the material to the disc. At that time a
central supply along the whole circumference of the disc was used. As a result of
this, the transverse distribution pattern showed two peaks as the material was
distributed over a small circular strip. Due to the fine materials used, and because
of airresistance, working widths of no greaterthan 3 or 4 m were obtained. The use
of spreaders of the broadcast system remained limited to the application of lime,
although already in 1919 in the Netherlands a fertilizer broadcaster with two
spinning discs was for sale (Fig. 2.4).

The production of granular fertilizers, together with the fundamental and
extensive studies of the behaviour of particles on rotating discs equipped with
vanes, was most important for the introduction of the spinning disc fertilizer
broadcasters. .

Finally we may note that the increase of motorization in agriculture provided
the opportunity of using the tractor p.t.o.. In this way, variable working width
{as it was caused by variations in driving speed) could be decreased. The fact that
this was more or less a real problem in practice with horse drawn types, can be
illustrated by the fact that in England a broadcaster was developed which had a
disc driven by a small engine (SPUKERMAN, 1956).

2.5. THE RECIPROCATING SPROUT OR PENDULUM SYSTEM

Compared to spinning disc types, development of broadcasters with an oscil-
lating distributor device is of a more recent date.
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The development of the broadcaster used in this study started with an appli-
cation for patent by Steffenino and Fassone on the May 14, 1954 (Italian patent
516291). The patent wasfor a broadcaster with an oscillating sprout, mounted to a
bow!. The broadcaster was wheel-driven and a horizontally oscillatory motion
was obtained by means of a crank connecting rod (Fig. 2.5). The angle of
oscillation was adjustable by changing the length of the crank, This method of
driving resulted in an asymmetrical pattern of velocity and acceleration. The
characteristic of the system can be described as complex sine and cosine functions
(PeLL1ZZ1, 1958; QuasT, 1971),

In 1956 Steffenino designed a mounted broadcaster which was p.t.o.-driven. At
theend of thesprout there were two grooves, and there wasa springconstruction in
the crank to obtain smoother movement of the sprout. Metering was done by
adjustable shutters which were fixed to the bowl. In the centre of the orifice of the
sprout, a vertical strip was placed to improve the transverse distribution pattern.

During a Verona agricultural machinery exhibition, Mr. J. Vissers of Vicon
Ltd. contacted Steffenino and Fassone, and obtained a licence lor production
of the broadcaster for all countries in the world except Italy. The broadcaster
was presented under the name of ‘Spandicar’ (ANoN., 1958).

The shape of the transverse distribution pattern was based on fixed bout width -
distributors: trapezoidally, with steep slopes { TAMBOER, 1976). It was hoped that
problems of overlapping could be reduced to a minimum with this pattern, since
the working width could be indicated rather accurately. However, the optimum
ratio of overlapping was difficult to determine in practice. In addition, a deviation
from the optimum ratio of overlap resulted in a high rate of unevenness of the

F1G. 2.5. Wheel-driven reciprocating sprout broadcaster (about the year 1958); the oscillatory
motion of the sprout is obtained by means of a crank connecting rod mechanism.
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