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Abstract

The objecte £ this study was to evaluate a si'37r Deet
topping machine. Fiel! experiments were conductcd a2t Sakha
Agricultural Research Siation, Sugar Beet Crop Res. Dept., Kafr EL-
Sheikh Governorate vuring the two winter seasons of 2004 and
2005 using sugar beet variety (Farida). Experiments were carried
out using sugar beei topping machine to determine the effect of
forwars speed, flail speed and topping height on topper
performance (over topping, under topping, untopped, broken beet
arg topping performance), power, energy requirements and
topping cost.

The results showed that by increasing the forward speed
from (1.8 to 5.0 Km/h) tends to increase the over topping from
(2.50 to 3.0%), under topping (2.40 to 4.20%), untopped (2.60 to
4,0%), broken beet {6.50 to 9.90%), effective filed capacity (2..40
to 3.80 fed/h) and power requirements {14.5 to 18.0 kW).The
resuilts also showed that by increasing the forward speed from (1.8
to 5.0 km/h) leads to decrease the topping efficiency (95.0 to
92.0%), energy requirements( 6.04 to 4.74 kW.h/fed.) and topping
cost { 20.8 to 13.3 L.E/fed.) at topping height of 5 cm. Also, the
flail speeds and topping height of 3 cm take the same above-
mentioned trend.

INTRODUCTION

Sugar beet is one of the ‘most important crops in Egypt as a source of sugar,
also for fodder and organic matter for the scil. The Egyptian government is planning
to expand the grown area of sugar beet, because the sugar beet grows under a wide
variety of soil and climatic conditions, especially in newly reclaimed lands. The total
area of sugar beet during 1982 - 2002 has increased from 17.0 to 190 thousand
feddan. The annual consumption of population from sugar is about 1.70 million tons.
Therefore, only 72.94% self sufficiency is achieved and about 27.06 % has to be
imported (Ag. Extension Issue, 2002) However, the problems of harvest
mechanization for sugar beet crop start with the topping of beet crowns since it is a
very difficult operatiocn. Therefore, the nature of cutting process, the energy
requirements of sugar beet topping and the cutting losses should be evaluated and
studied.

Moore, et al. (1979) reported that the mean cutting force per unit blade

length in topping sugar beet varies for knives of different edge profile. For asymmetric
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wedge knives, the cutting force increases as the wedge angle increases. For wires and
semi-cylindrical edge knives the cutting force increases as the diameter of the edge
increases.

Kepner, et al. (1982) mentioned that the basic operations performed in
mechanical harvesting of sugar beet are: a) rotary flailing to remove top growth or
cutting off the unwanted top portion of the beets at the desired height, b) appropriate
disposition of tops to prevent interference with other steps in the Huarvesting
operation, d} elevating the beets and separating them from clods and other foreign
materials, and &) deposition the cleaned beets in a truck or trailer or in a tank on the
harvester.

Faye/, et al. (1988) mentioned that the cutting force was directly progortional
to the diameter of the root. On the other hand, the shearing force was greatly
affected by the thickness of the sheared cut layer. The roots were not completely cut
at thick layers especially at lower knife speed. Therefore, a reasonab!; :andom
measurement of the root diameter before mechanical harvesting of sugsr ™ot s
highly recommended in order to get a right estimate of knife speed for rost topping
and reduce the mechanical damage of root. The knife speed should be greater than
2.8 m/s.

O Dogherty (1986,) indicated that data obtained from field experiments
showed large variations in under and overtopping with the total of two sources of
error ranging from 6 to 14% or more, Also, the effect of increasing the harvester
speed up to 9.7km/h was studied. The result showed an increasing in overtopping
with speed, together with an increase in under topping for smaller root spacing.

O.Dogherty (1986y) stated that greater precision is necessary for small beet,
for example, an error of only 2.5mm can result 4% overtopping and 3.5 % under
topping.

Mohamed (1998) mentioned that the percentage of topping efficiency is
related to the percentage of untopped beet, which the percentage of untopped beet
decreased by increasing the forward speed. The percentage of topping efficiency
increased from (97.04, 99.16,100.0 to 100.2 %) by increasing forward speed from
(3,4, 5 ar’ 3.2km/h) respectively at hg-value of 2cm and feeler speed 90 r.p.m.
similar spee.i were obtained at different test conditions.

Ef-Sahar and El-Salam (1998) stated that the angle of cutting Eiade
penetration, alow angle of zero consumed lower energy (35 joule) with low cutting
losses of 6%. A high angle of 14° on the other hand, consumed high energy (69
joule) with high cutting losses of 12.5%.
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Afcu-Shieshas [2001) reported that the increment in forward and flail
rotz-enal speeds increases both broken beet and cvertopping. The minimum value of
svortommng and broken beet were 3.42 and 1.15%, respectively at forward speed of
1.83 km/h and flail speed «»f 8.36 mys for mechanical planting and field chopper.
Meanwhile;, the percentage of uncer topped was €.35 urnsier the same condibous.

Khodeir (2002} lNusuzizy the effect of forward speed, knife speed and
planting metheds or: topping ac. . scy. He indicate that the forward speed increases
frorr 1.6 to 3.2 kmy/h tends to cecrease topping accuracy fiom 45 31 to 93.30, 95.04
to 92.52 and 93.75 to 92.3&"4 for knife speed of 9.42,11.52 and 15.71 m/s
(450,550and 750 r.p.m.)}, respeciively.

Farhy {2004) manufactured combined machine to do all the harvesting
operations of sugar beet roots (Lifting, topping and collecting). By increasing forward
speed from .35, 0.69, 0.86 and 1.06 m/s, decreasing the topping efficiency from
97.20, 46.56, 95.77 and 94.50 %, respectively, at soil moisture content of 22.93 %.
. Also, incrzasing forward speed tends tc increase the total damaged roots from
4.51,4.80,5.10 and 5.40 %, respectively.

Hussein et a/. {2004) reported that the optimum parameters for -~opping
sugar beet tops into silage, were cutting speed 23.55 my/s and knife clearancz 1.5 mm
at moisture content 60% which gave less power required 8.85 kW, less specific energy
3.54 kW.h/Mg anrd highest values of cutput 2.50 Mg/h, for flywheel cutter heads.The
objective of this study was tc evaluate the performance of asugar beet topping

machine.
MATERIALS AND METHODS

Field experiments were conducted at Sakha Agricultural Research Station,
Sugar Beet Crop Res. Dept., Kafer El-Sheikh Governorate during two winter seasons of
2004 and 2005 in area of about 2 feddans. An American made planter type Powell (12
MX muttiflex model), mounted used with seed rate of about 2.5 kg/fed. The planting
speed with about 5km/h, number of row 6, empty mass 790 kg and width 430cm.
Spacing between seeds, 20cm number of seeds/ cell 2to3, capacity of seed hopper 4
liters. The variety of sugar beet seeds were used in the present study (Farida).
Material

The topper machine USA made, was used in the present study namely: flail
shredder number of knives rotating 6 in vertical planes parallel with the direction of
travel. The knives are attached through a pivot axis in machine Fig,1. A tractor model
Nasr 60 hp (44.77kw) was used to operate the topping machine, & cylinders and

Diesel engine.
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Miscellaneous equipment.

a) Stop watches for measuring the time for each travel distance
b) Sighting poles.

) Measuring tap (30m long) for measuring the travel distance.
d) Tachometer for measuring the rotation speed, rpm.

e) Digital venire for measuring diameter of root and leafs.

f) Balance (used to weigh the beet tubers)

g) Calibrated cylinder for measuring fuel consumption,
Measurements:

The physical properties of sugar beet plants were root length 24.0cm, root
diameter 12,0 cm, root width 6.2 cm, roct volume 1700 cm?, root mass 1600g, leaves
mass 650g and height of leaf 41.2 cm. |

Field experiments were carried out to evaluate the following:
Correct topped beet, %, under topped, overtopped, untopped, broken beet, %,
topping efficiency, %, effective field capacity, fed/h, power reguirements, kW, energy
requirements, kW.h/fed and cost of topping operation.
Field experiments were carried out by using four forward speed 1.8,2.9,3.6 and 5.0
km/h, three flail speed of 8.51,12.0 and 15.5m/s and two topping heights 3 and Sem.
Determination of fuel consumption rate:

Fuel consumption per unit time Fc was determined by measuring the volume

of fuel consumed during topping operation.

Power requirement:
The fuel consumption was converted to power by using the following equation
{Embaby, 1985):

H,xM,
fe=%'o—xé’!hxé‘m ,kW ---------HQ:G6/3600 ......................................... (1)
M =0 XS, s (2)
Y X S 3)
Where:

P:. = Fuel equivaient power, kW;
Hg = Gross heating value of fuel, kJ/Kg = 45430kJ/kg, (Gearing,1992);
' M¢ = Fuel consumption rate Kg/h;

Q: = Fuel consumption rate L/h;
d, = Fuel density, kg/L, (=0.823kg/L);
Thermal efficiency of engine, 40%, and

Con

¢ = Mechanical efficiency of engine, 80%.

[
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Energy requirement:
Energy required for operating the topping machine was caiculated according

to the following equation: -

Power requirement,

Lo kWA Bl cvevrinenn. (4)
Energy requirements =  Zcfal field capacty, fed /h

Determination of field efficiency:
a) Th,el effective field capacity was calculated as follows:
EF.Co= (T, FedfN. oot s {5)
T, = effective total time of topping operation in hour per feddan,

b) The field efficiency was calculated by using the following formula:

EFC.
S= R 110 .. (B)

Theoretical field capacity

Topper performance:

In field experiments with sugar beet topper, correct topped beet, under
topped beet, overtopped beet, untopped beet, broken beet and topping efficiency
were assessed as percent to be indicator for the topper performarice.

A beet is shown at Fig.2 with the correct topping plane drawn on the
assumption that the beet is horizonta! and just below the lowest leaf scar. If the cut
was made in the plane (p-p), the beet will be correctly topped, if the beet was cut in
the plane (a-a), the beet will be under topped and if it was cut at the plane (b-b), it
will be avertopped. During the experimental work, the performance of topper assessed
by taking randomly selected 30m of work length, lifting the beet and collecting the
tops. So under or overtopped can be estimated easily.

beet crown

o O
ft—— H

£
e

Soil Level

h = correct topping height and H = beet crown height e———— D5

Fig. 2. Critical parameters of a beet crown stand showing correct topping plane (p-p),
the plane for an undertopped crown (a-a) and an overtopped crown (b-b).



EL-KHATEEB, HAMADA A. AND NABIL M.M. AWAD 117

The percentage of the items which are used to control topper performance,

can be calculated as following:

No.of correct topped beet y

Correct topped beet (%) = 100 ..o, 7
" pped beet (%) total No.of topped beet @)
Over topped beet (%) = -2 over_foppedbeet (o . (8)
total No.of topped beet
) !
Under topped beet (%) = No.of under _topped bee x100 s (9)
total No.of topped beet
: b
Untopped beet (%) = —vo-of untoppedbeet ., .. (10)
fotal No.of topped beet
No.of broken beet
Broken beet (%) = X100 v 11
%) total No.of beet ()
Topping efficiency (%) = 100 — (untopped beet (%) .........cc.eo.ce. (12)

Topping cost:
Cost of topping per unit area (C), L.E/fed was calculated is based on the
foliowing formula by EL-Awady (1987). '

C= —%(l+-l—+t+r]+(0.9wxfxu)+b, LE/R s i (13)
a z :

Where:
P = estimation price of machine, L.E;
h = estimation yearly hours of operation, h ;
a = life expectancy of the machine in years ;
i = annual interest rate, % ;
t = annual taxes and over heads, % ;
r = annual repairs and maintenance rate, % ;
0.9 = a correction factor for rated load ratic and lubrication;
w = engine power, kW ;
f = specific fuel consumption, L/kW.h ;
u = fuel price, L.E/L and
b = hourly labour wage, L.E/h.

RESULTS AND DISCUSSION

Topper performance:
a) Effect of forward speed and flail speed on overtopping beet percentage
at topping heights of 3 and 5cm (Fig. 3).
It can be noticed that forward speed increase from 1.8 to 5.0 km/h leads to
‘increasing over topping percentage from 2.50 to 3.00,2.60 1o 3.20 and 2.80 to 3.40%,
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for fiail speed of 8.51,12.00and 15.50m/s at topping height of 3cm, respectively for
season 2004, Also, increase over topping percentage from 2.65 to 3.15, 2,76 to 3.36
and 2.97 to 3.57% at topping height of 3cm for season 2005, respectively. In the
same manner, the same increase in forward speeds increases the percentage of
overtopping from 2.30 to 2.80,2.50to 3.00 and 2.80 to 3.20%, at the same above
mentioned flail speeds at topping height of Scm, respectively for season 2004. Also,
increase over topping percentage from 2.45 to 2.95, 2.66 to 3.16 and 2.97 to 3.37 %
at topping height of 5em for season 2005, respectively, Meanwhile, the flail speed
increase tends to increase overtopping percentage. These tends may be due to the
difficulty of keeping the topping machine adjusted at a constant height during high
speeds (khodeir 2002).

b) Effect of forward speed and flail speed on under topping at topping

percentage height of 3 and 5cm (Fig.4).

It can be said that by increasing the forward speed from 1.8 to 5.0 km/h tends to
increase the percentage of under topping beet from 1.90 t0 4.0, 2.70 to 4.50 and 3.60
to 4.90% for flail speed of 8.51, 12.00 and 15.50 m/s at topping height of 3cm,
respectively for season 2004. Aiso, increase over topping percentage from 2.0 tq 4.1,
2.8 to 4.6 and 3.7 to 5.0 % at topping height 3cm for season 2005, respectively.
However, the same tendency was obtained whereas, the same increase in forward
speed increases the percentage of under topping from 1.70 to 3.60, 2.40 to 4.20 ard
3.40 to 4.80% at the same above mentioned flail speeds at topping height of Scm,
respectively for season 2004. Also, 1.8 to 3.7, 2.5 to 4.3 and 3.5 to 4.9 % at topping
height of 5cm for season 2005, respectively. Meanwhile, the flail speed increase tends
to increase overtopping percentage.

c) Effect of forward speed and flail speed on untopping heet at topping
percentage heights of 3 and 5cm (Fig.5).

They indicate that by increasing the forward speed from 1.8 to 5.0 km/h tends to
increase untopped beet from 3.00 to 4.60, 2.80 to 4.40 and 2.70 to 4.00% for fail
speed of 8.51, 12.00 and 15.50 m/s at topping height of 3 cm, respectively for
season2004. Also, increase over topping percentage from 3.2 to 4.8, 3.0 to 4.6 and
2.9 to 4.2 % at topping height of 3 cm for season 2005, respectively. On the other
hand, the same increment of the forward speeds tends to increase untopped beet
from 2.80 tom4.40, 2.60 to 4.00 and 2.50 to 3.80% at the same above mentioned flail
speeds at topping height of 5cm, respectively for season 2004. Also, increase over
topping percentage from 3.0 to 4.6, 2.8 to 4.2 and 2.7 to 4.0 % at topping height of
5¢m for season 2005, respectively. In the same manner, the same increment of the
flail speeds from 8.51, 12,00 and 15.50 m/s due to decrease untopped beet from 3.00
to 2.70, 3.90 to 3.20, 4.30 to 3.70 and 4.60 to 4.00% at the forward speeds of 1.8,
3.6 and 5.0 km/h at topping height 3 cm, respectively.
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d) Effect of forward speed and flail speed on broken beet at topping
percentage height of 3 and 5 cm (Fig.6).

Increasing the forward speed from 1.8 ta 5.0 km/h increases the percentage of
broken beet from 7.0 to 10.5, 8.5 to 11.3 and 9.3 to 12.0% for flail speed of 8.51,
12.00 and 15.50 m/s at topping height of 3 cm respectively for season 2004. Also, 8.0
to 11.5, 9.5 to 12.3 and 10.3 to 13.0 % at topping height of 3cm for season 2005,
respectively. The forward speed increase from 1.8 to 5.0 km/h led to increase the
percentage of broken beet percentage from 5.0 to 8.5, 6.5 10 9.9 and 7.5 to 11.3% at
the same above mentioned flail speeds at topping height of 5cm, respectively for
season 2004. Also, increase over topping percentage from 6.0 to 9.5, 7.5 to 10.9 and
8.5 to 12.3 % at topping height of 5cm for season 2005, respectively. On the other
hand, the flail speed increase tends to increase broken beet percentage.

e) Effect of forward speed and flail speed on topping efficiency at
topping percentage height of 3 and 5cm (Fig.7).

They indicate that the forward speed increase from 1.8 to 5.0 km/h tends to
decreased topping efficiency from 95.0 to 92.0, 94.0 to 91.0 and 93.0 to 90.0% for
flail speed of 8.5,12.0 and 15.50 m/s at topping height of 3cm, respectively for season
2004. Also, increase over topping percentage from 95.5 to 92.5, 94.5 to 91.5 and 93.5
to 90.5 % at topping height of 3cm for season 2005, respectively, In the same
manner, when the forward speed increased from 1.8 to 5.0 km/h leads to decrease
the topping efficiency from 96.0 to 93.0, 95.0 to 92.0 and 94.0 to 91.0% at the same
above mentioned flail speed at topping height of 5cm, respectively for season 2004.
Also, 96.5 to 93.5, 95.5 to 92.5 and 94.5 to 91.5 % at topping height of 5cm for
season 2005, respectively. In the same manper, the same increment of the flail
speeds from 8.51, 12.00 and 15.50 m/s tends to decrease topping efficiency from 95.0
to 93.0, 94.5 to 92.8, 93.0 to 91.6 and 92.0 to 90.0% at the forward speeds of 1.8,
2.9, 3.6 and 5.0 km/h at topping height of 3 cm, respectively.

f) Effective field capacity, unit energy requirement and topping cost:

The results indicated that the forward speed increase from 1.8, 2.9, 3.6 and
5.0 kmy/h tends to increase the effective field capacity from 2.4, 2.9, 3.5 and 3.8 fed/h,
respectively.
Fig.8. illustrates the effect of forward speed and flail speed on power requirements. It
is conceivable that the forward speed increase from 1.8 to 5.0 km/h increase the
power requirements from 13.4 to 16.1, 14.5 to 18.0 and 15.5 to 18.7 kw at flail speed
of 8.51, 12.00and 15.50 m/s, respectively.
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Fig.8. indicated the effect of forward speed and flail speed on energy
requirements.When the forward speed increased from 1.8 to 5.0 km/h tends to
decrease the energy requirements from 5.58 to 4.20, 6.04 to 4.74 and 6.46 to 4.90
kW.h/fed at flail speed of 8.51, 12.00 and 15.50 m/s.respectively. '

Fig.9. demonstrates the effect of implement forward speed on topping cost by
using the topper machine, 1t is noticed that the obtained values of total costs were
found to be 50.0, 50.3, 50.5 and 50.8 L.E/h at forward speeds of about 1.8, 2.9, 3.6
and 5.0 km/h, respectively, It is also found that the following forward speeds, 1.8, 2.9,
3.6 and 5.0 km/h gave the values of the total costs per unit area of 20.8, 17.3 14.4

and 13.3 LE/fed, respectively. Also, the manual topping cost is about 142.86 L.E/fed.

CONCLUSION

From the above resuits the following condlusion are derived:
The increment in forward speed and flaif speed increases both overtopping,
undertopping and broken beet percentage the minimum value of overtopping,
undertopping and broken beet were 2.30, 1.70 and 5.0%, respectively at forward
speed 1.8 km/h, flail speed 8,51 m/s and topping height 5cm,
The maximum value of untopped beet was 4.6 % at forward speed 5.0 km/h, fiail
speed of 8.51m/s and topping height of 3cm.
The increasing in forward speed and flail speed decreases topping efficiency
percentage. The maximum value of topping efficiency was 96.0% at forward speed
1.8 kmy/h, flail speed 8.51 m/s and topping height of S5cm. Whilst, the minimum value
of topping efficiency was 90.0% at forward speed of 5.0 km/h, flail speed 15.50 m/s
and topping height of3cm.,
The unit cost was reached 20.8, 17.3, 14.4 and 13.3 L.E/fed when the forward speed
increased from 1.8, 2.9, 3.6 and 5.0 km/h. .Also, the manual topping cost reached

" about 142.86 L.E/fed

Increasing the forward speed from 1.8 to 5.0 km/h tends to decrease the energy
requirements from 5.58 to 4.20, 6.04 to 4.74 and 6.46 to 4.90 kW.h/fed at flail speed
of 8,51, 12.00 and 15.50 m/s.
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