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a b s t r a c t

Studying centrifugal spreading by carrying out field or in-door experiments using fertiliser collection
trays is tedious and labour intensive. This is particularly true when several implementation methods
need to be compared, numerous replications are required or fertiliser sample characterisation is required.
To circumvent cumbersome experiments, an alternative approach consists in performing in silico studies.
In order to reach this objective, a hybrid centrifugal spreading model is designed by combining theoret-
ical fertiliser motion equations with statistical information. The use of experimental measurements to
characterise fertiliser properties, outlet velocity, angular mass flow distribution and spread pattern depo-
sition, ensure a realistic calibration of the model. Based on this model, static spread patterns and trans-
verse distributions are computed for a virtual twin-disc spreader. The number of fertiliser granules used
to compute a spread pattern is deduced from the target application rate while the granule properties and
their motion parameters are randomly selected from pre-established statistical distributions. This Monte
Carlo process reproduces the random variability of fertiliser spread pattern depositions. Using this model,
simulations demonstrate the mean and standard deviation of CV value decrease with the application rate.
The CVmean value also decreases with the collection tray surface, while the standard deviation decreases
with the collection tray length. Mathematical relationships are deduced from simulation results to
express the mean and standard deviation of the CV as functions of the application rate and collection tray
surface or length. The simulation model is also used to compare spreader test methods and study the
influence of some fertiliser particles properties on the transverse distribution.

� 2017 Elsevier B.V. All rights reserved.

1. Introduction

In agriculture, the objective of mineral fertiliser supplies is to
provide the right rate of nutrients to cultivated plants. Because of
their low cost and high productivity, centrifugal spreaders are
widely used for this application aiming to spread fertiliser at a tar-
get rate with an acceptable uniformity in the field. For 50 years,
several works have demonstrated the negative effects of non-
uniform spatial distributions concerning environmental impacts
(Tissot et al., 2002) and yield or economical losses (Horrell et al.,
1999; Jensen and Pesek, 1962; Miller et al., 2009; Richards and
Hobson, 2013; Søgaard and Kierkegaard, 1994; Tissot et al.,
1999). For the same decades, numerous works have been devoted

to the measurement of fertiliser distributions, the assessment of
distribution quality and the understanding of spread patterns.
Throughout the world, transverse tray tests are traditionally per-
formed to measure the spreading uniformity according to various
standards such as: ISO Standard 5690/1 (1985), ASAE Standards
S341.2 (1999); EN 13739-2 (2003); Spreadmark code of practice
(New Zealand Fertiliser Quality Council (2015)) or ACCU Spread
(Australian Fertiliser Services Association, 2001). The experimental
transverse distribution is then used to compute the coefficient of
variation CV after overlapping. This CV value is used to quantify
the spreading quality, define the appropriate swath spacing
according to the fertiliser and spreader setting, and thus certify
the spreader bout width.

Some studies have addressed the comparison of transverse dis-
tribution measurement methods. Several works investigated the
influence of the collection systems. Parish (1986) compared
twelve collection methods in laboratory conditions using a
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manually-operated rotary spreader and two granular materials.
The maximal effective swath width of this spreader was 4.3 m.
Each test run consisted of three passes and three replications
where carried out. Using the results obtained in this previous work,
Parish and de Visser (1989) analysed the effect of the collection
tray width on the CV value. In field, Parish et al. (1987) compared
the crop response quality assessed by a horticulturist with fertiliser
rates deduced from transverse distribution measurements. Three
collection methods were compared using three replications for
each test. All these studies demonstrated that major differences
occurred in the measurement of transverse distributions depend-
ing on test methods. Therefore, the authors highlighted the impor-
tance of using the same test method for comparisons of spreader
performances. Moreover regarding the low throwing distance of
the spreader chosen for these studies and the low number of repli-
cations, these works illustrate the difficulties of carrying out such
experiments.

To perform statistical comparisons of six international spreader
tests, Jones et al. (2008) carried out a huge experimental work by
using 18 transverse rows of 80 trays each. The experiments were
carried out with urea, for three application rates and two replica-
tions so that 36 transverse distributions were obtained for each
spreading situation. The bout width of the spreader was 15 m. Con-
cerning the prediction of the certifiable working width, the authors

concluded that the ACCU Spread test method (Australian Fertiliser
Services Association, 2001) was superior to the other tested stan-
dards because it uses two rows of collector trays and multiple
passes. Jones et al. (2008) concluded multiple rows of trays, multi-
ple passes of the spreader and long trays can improve the accuracy
of transverse tests.

Since the transverse distribution results from the combination
of numerous parameters, it only provides a limited piece of infor-
mation concerning the spread pattern. Thus, transverse tests are
not efficient to study howmechanical parameters or fertiliser char-
acteristics affect the 2D spread pattern deposition. This was illus-
trated by Piron and Miclet (2005) who showed that different 2D
static spread patterns can yield to similar transverse patterns.
Unfortunately, the measurement of the 2D static spread pattern
is very tedious when a grid of collection trays is used, because of
the wide size of spreader footprints and the high number of trays
required to cover this area. Moreover, for indoor test, the high
throwing distance of recent spreaders would require very expen-
sive infrastructures. To circumvent these difficulties, Piron and
Miclet (2005) developed a rotating test bench called CEMIB. With
this method, the spreader is rotated during the spreading and a
radial row of collection trays equipped with load cells records
the cumulated mass of fertiliser according to the angular orienta-
tion of the spreader. The static spread pattern is then derived from

Nomenclature

a regression parameter
Ap particle frontal area, m2

b regression parameter
c regression parameter
Cd drag coefficient
CV transverse coefficient of variation, %
CVgeom geometrical component of the CV, %
CVk value of the CV obtained when the collection tray width

is wk, %
D continuous random variable, m
dp fertiliser granule diameter, m
dpi diameter of the ith fertiliser granule, m
FD(dp) cumulative frequency function of the granule diameter
fD(dp) probability density function of the granule diameter
g acceleration due to gravity, m s�2

GD(dp) cumulative mass distribution function of the granule
diameter

GM(hvane) cumulative mass flow distribution with respect to the
vane location

gM(hvane) mass flow distribution with respect to the vane location
hvane height of the outer extremity of the vane, m
K constant, m3

Ka aerodynamic coefficient, m�1

ltray length of the collection tray, m
Lw swath spacing, m
m particle mass, kg
m(dp) mass of a granule of diameter dp, kg
mi mass of the ith fertiliser granule, kg
mtot total mass of fertiliser ejected by the two discs of the

virtual spreader, kg
ndisc number of granules ejected by one disc of the virtual

spreader
(O, i, j, k) Cartesian frame centred on the disc centre, with j ori-

ented in the travel direction
qt target application rate, kg/ha
qf in-field target rate, kg/ha
r Pearson correlation coefficient

rvane radius of the vane, m
sdisc distance between the two disc axles of the virtual sprea-

der, m
t time, s
vH horizontal component of the outlet velocity, m s�1

vout outlet velocity, m s�1

(vx, vy, vz) velocity components of the granule during the ballis-
tic flight, m

(vxout, vyout, vzout) components of the outlet velocity, m s�1

wk width of the collection trays
(x, y, z) coordinates of the granule, m
(xout, yout, zout) coordinates of the granule when it leaves the

vane, m
alv pitch angle of the vane, �
aset setting angle of the virtual spreader, �
Dlgrid grid sampling interval along the travel direction, m
Dwgrid grid sampling interval along the transverse direction, m
hout horizontal outlet angle of the granule when it leaves the

vane, �
htraj horizontal orientation of the outlet velocity with respect

to i, �
hvane angular location of the vane with respect to i, �
lCV mean value of the CV, %
lln fitting parameter of the cumulative mass distribution
lhout mean value of the horizontal outlet angle, �
n variable of integration, m
q density of the fertiliser granule, kg m�3

qair air density, kg m�3

rhout standard deviation of the horizontal outlet angle, �
rXout standard deviation of the vertical outlet angle, �
rCV standard deviation of CV, %
rln fitting parameter of the cumulative mass distribution
x rotational speed of the spinning disc, rad s�1

Xout vertical outlet angle of the granule, �
Xvane vertical angle of the vane, �
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