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ENERGY REQUIREMENTS OF CHOPPING OPERATION FOR
FODDER BEET

R. M. Kholief*
ABSTRACT

The objective of the presert study was to evaluate the performance of two
different types of fodder beet chopper and to select the most proper machine to suit
the Egyptian farms. The performance of both two machines was lested using three
differeni drum speeds, four feed rates at two different levels of tuber moisture
content. These parameters were tested to estimate power and energy requirements,
final quality as parlicle size and cost evaluation. Experiments were conducted at Rice
Mech. Center, Meet El\-Dyba, Kafr E}-Sheikh, Governorate during the winter season
of 1998/2000 using fodder beel crop {Rota variety).

The results showed that chopping machine 5-1801 is strongly recommended
for #s good performance. Whereas, it gives the best final quality as particle mesh
size < 20 mm of about 62% that preferabie for animal nutrition

Moreover, the unit energy of 3 81 kW.h/ Mg was obtained by using the same
machine at drum speed of 22 31 m/s, feed rate of 102 kg/h and tuber moisture
content of 85.13%. However, the unit cost reached its minimum value of 19.30
L.EMg.

Generally, the volumetric capacity of chopped fodder beet in comparison with
the whole tubers was 44 44%.

Key words: Fodder beel, chopping size, voluntary consumption, volumetric capacity
and energy requirements,

INTRODUCTION

Fodder beet is a new forage crop in Egypl. the roots are used for animal
teeding. The great shortage in anima) foodstuff and their distribution around the year
are {he main problermns facing animal production in Egypt. Many attempts have been
made 1o introduce unconvenlional new forages, especially for the summer season
when animals are under-fed. Fodder beet has several advantages and its cultivation
may help in overcoming the problem of animat feeding. it could be sown in the new
reclaimed sandy soils and its rools and leaves are acceptabie for animal feeding

_beside of green forages in Egypt.

Using thopping machines of fodder beet roots with suitable size for feed
animals, was trial i0 hoped to participate in soiving our serious probiems of feed
shortage during summer season.

Several studies were camed out in Egypt to evaluate and use fodder beet
soots in animal feeding. (Gabra et al., 1987, Darwish et al, 1989; Nowar et
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al,1989; Shalaby et al., 1989 and Gabra et al., 1992 and 1993). Fooder beet roots
could be successfully used for feeding sheep (Gruber et al., 1987 and Gabra et
al.,1983), lactating dairy cows (Gabra et al,1992, Muller et al., 1994; De
Brabander et al., 1995; Phipps et al., 1995 and Deininger et al., 1996) and’
fattening bulls (Fiems et al., 1992).

Chopping fodder beet roots is a main point for feeding small ruminants. In this
connection. (Gabra et al., 1987) reported thatbiting roots by sheep was slow and
hard and negatively affected daily intake. They concluded that chopping roots at
small pieces are suitable for the pointed mouth of sheep and may increase feed
intake and feeding values. The chopping size significantly affected daily feed intake
of fodder beet roots. Animals fed the smallest size {2 cm) consumed significantly
more feed than those fed the larger sizes. Feed intake decreased with increasing
chopping size of roots. Animals fed the smallest size consumed 7.8 kg fresh/iday
(0.715 kg dry matter). From the above mentioned resulis encourage sowing fodder
beet especially in new recldimed lands to participate in solving the problem of green
forage shortage .in summer. On the other hand, the mechanical an physical means
aimed to minimizing the size of molecules by cutting or normal grinding which helps
the animals to eat alt the residues without leaving any parts of it. So, the process of
cutting and crushing of the residue as com stalks and rice residues become
necessary to increase the rate of eating by the animal (Abou- Rhya, 1967).

Chopping energy requirements of forage crops is mainly affected by two
factors, namely; physical and mechanical properties of plant stern and the cutterhead
parameters. At low cutting speeds, cutting energy is a finear function of stalk
diameter, however, the effect of stalks moisture content has very little effect on shear
energy for sharp blades {(Yumnnam and Pratap, 1981). Meanwhile, Hennen {1971)
and Kepner et al., (1982) reported that chopping energy was related to size of cut .
Chopping energy was inversely proportional to size of cut for small cuts, while the
relationship become inaccurate as the size of cut increased beyond 1.0 10 1.5 inches.
Approximately 40 percent of the total input energy is utilized in the cutterhead
(Blevins and Hansen, 1366; Kepner et al., 1982). Total energy requirements per
Mg a forage decrease somewnhat as the feed rate is increased, because the power
requirements are relatively independent of feed rate {Kepner et al., 1982).

The increment in corn moisture content, culterhead speed and the decrement
in feed mechanism speed gave small pieces of chopped corn that, make a suitable
media of fermentation which produces a good quality silage. Cutting com stalks at
moisture content of 40.22%, cutterhead speed of 27.65 m/s and feeding mechanism

“speed of 0.41 mimin produced the maximum value of unit energy 2.08 KW .h/Mg.
Meanwhile, the minimum value of cuiting length 12.24 mm was obtained with same
treatments at corn moisture content of 62.82% (Kholief et al., 1998). A Korean
chopping machine that had a cutling device consisting of a knife that moves ina
vertical rolary movement in the front of a fixed knife with a clearance of 2mm. They
found thal the rate of machine production of forage increased 10 34.04 and 46.7% by
increasing the rpm to 600 and 950, respectively (Shehata and EL-Shali, 1987).
Cutting at 38-mm theoretical length required 15% less power than cutting at 6.-mm
length to meet peak power demand (Savoie et al., 1989).
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The chief objective in chopping fodder beet roots is to reducing storage space
an handling cosls in addition to transform the increasing amount of green fodder
during winter season in order to use it in summer season. A suitable chopping
machine musi be designed for chopping fodder beet roots at small size. Chopping
fodder beet roots at suilable size may share in solving the problem of limited
consumption of such feed by small ruminants (Gabra and Gad, 1999).

The main objectives of this study is to evaluate the performance of two various
chopping machines in fodder beet to be used in Egyptian animal production farm.
The performance of both two machines is to test the influencing cylinder peripheral
speeds, feed rates and tubers moisture contents on the following:

a) Power and energy requirements,
b} Final quality of product as parlicle size (fineness degree) and
¢) Cost evaluation was also studied.

MATERAIALS AND METHODS

Field experiments were caried out at forage crops section, Sakha Agricultural
Research Center, Kafr El-Sheikh Governorate, during winter season of 1989 /2000
by using fodder bet (Beta vulgaris L) Rota variety.

Factors affecting fodder beet chopping were examined by using two different
chopping machines. Small chopping machine the Suvzutec type, model S-1801,
Japan make which is denoted as S-1801 for experimental tests. This machine has
spike- tooth cylinder. However, another chopping machine Suzutec type, model S-
2000, which has rub bar cylinder type, Japan make which is donated as 5-2000.
Table 1 summarizes the technical specifications of both two tested machines. Both
two machines are driven by a 1500 W electric motor they having a potential
difference (Voltage) of about 220 V. Figs. 1 and 2 show the machine parts. All
experimental tests were run at Rice Mechanization Center, Meet El-Dyba, Kafr E£1-
Sheikh Governorate. Table 2 surmmarizes the physical properties of Rota fodder beet
variety used in all examined experimental tests,

Table 1. Some technical specifications of fodder beet chopper.

: Specification |
" ltems

$- 1801 | S- 2000

* Model Suzutec 5- 1601 Suzutec S- 2000

' Owverall length. cm 84 : T

| Overall width, cm 70 . 51

| Overall height, cm 84 93

! et mass, kg . _ 60 . .75

i Type of cylinder, cm : Spike — tooth Rub bar

. Length of cylinder, cm 42 23 f
. Diameter of cylinder, cm - 36 14.5 3
; Working capacity, kg/h. 100.2-1998 . . - 31.2-1026 \
| Power requirement, W 1500, _ ' 1500 N
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Fig. 1 : An elevation and side view for chopping machine(S-1801).
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Table 2. Some physical properties of variety (Rota) of fodder beet roots.

I No.of | Physical properties

sample Mass, kg Length, cm Diameter, cm | Volume, cm® _
1 356 2560 20.53 3357 .4 -

2 315 26.11 18.92 29707

3 292 27.71 18.75 27538

4 3.10 28.42 2091 29236

5 3.24 25.00 21.40 30556

Total 15.97 132.84 100.51 15061.1

| Mean 318 26.57 20.10 3012.2

The machine 5- 1801 was tested three drum speeds of 14.52, 18.59 and
22.31 mis and four feed rates of 100.2, 130.2, 169.8 and 199.8 kg/h. On the other
hand, the machine §- 2000 was tested at three drum speeds of (.35, 0.52 and 0.69
mis and four feed rates of 31.2, 41.4, 81.0 and 102.6 kg/h. Both two machines were
tested under two leve!s of tubers moisture content of about 72,34 and 85.13% (w.b.)
Mean of three replications of each variable was taken to represent the effect of this
variable. The cylinder speeds before and after loading were measured using a digital
tachometer, which was engaged into the cylinder shaft. Each tuber was cut into four
parts by hand using a knife and then massed of about 10 kg of samples and dropped
into the chopping opening feed. The chopped materials were collected in a box below
for each treatment of both two machines.

Miscellaneous equipment: .

a) Digilal vernier, (with an accuracy of about 0.01 millimeter),

b} Mettler balance (Accuracy of 0.01 g}:

¢} Massing balance with a maximum reading of 10 kg and accuracy of 10 g;

d) Electric oven and

e) Stopwatch.

fy Sieves: Three standard sieves were used to determine the fineness degree of
product.

g)Tachometer: The rotational speed of axes were measured by using digital
tachometer, HT- 5100, Ono Sokki Co, LTD. Japan make.

Methods:

(a) Estimation of moisture content of fodder:

To estimate the moisture content in fodder beet chopped, the samples were
dried in oven till (105 °C) until having a constant mass to calculate the moisture
content. It was calculated on wet basis according to the following eguation;

Mass of wet sample — Mass of dry sample

Muoisture content = 00, % 1

Mass of wet sample
{b} Chopping size:

Copping size of fodder beet tubers were measured by using crumb structure
measuring device. It consisied of three sieves having different mesh sizes. The sieve
diameter was 20cm and the mesh sizes are 60, 40 and 20 mm. Chopped fodder
samples were randomly taken from product with three replicates. The sieve
apparatus containing the chopped fodder samples is put into motion in a semi-
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circulating fashion for one minute. After sieving the entire individual fraction, were
massed and converted as a percentage of tota! sample mass.
{c} Estimation of power and energy requirements:

The consumed power was estimated using clamp meter by measuring the line
agrent strength {l) and voltage potential difference values (V). Tota! and useful

powers were then estimated according to (Lockwood and Dunstan, 1971) as
follows:

I Costln ai

1000
{efidd power = Power af doad — Power aof no_load. kY

Temerl consumed power toady =

Where:
! = line current strength in Amperes;
1" = polential difference {Voltage) being equal o 220V ;
Cav? = mechanical efficiency assumed (90 %) and
n = power factor (was taken s 0.71).

The energy requirements was calculated by using the following equation:

Enerpy reguirentents = .;!:'. K hiMe e e 4

Whete :
P = the consumed power to chopping fodder in, kN ;

¢ = chopping capacily of the machine in, ”%

{d} Feeding animais:

Daily ration of chopped fodder was offered 10 two mature Rahmay rams twice
daily for one week and water was availabie at all ime. This experiment was carried
ot at Mehalt Mousa animal production research station. 1t was repeated using stored
chopped fodder beet to study the effect of s:ofage oh voluntary consumplion of rams
and the ability 1oeat ﬁ

(o) Storage of chopped !od;der beel:

The chopped fodder beet vools were stored on a natural ventilated storage
theee months in order to study the effect of moldgrowth and volumetric capacity on
storage of fodder. '

{7} Machine operation costs:

The machine ovperalion costs were calculated according to {Younis, 1997) as

follow: : : : :

Fixed costs:
~ Depreciation = Iongmal cost- salvage valuey/ mechamcal fife, L. Efyear
Salvage value is 10% of original cost.
- Interest = interest riate x {original + salvage vatue}fz. L.Elyear.
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- Shelter, taxes insurance = 4% x original cost.

. . Depreciation + mrerest + Shelte. taxes and inswrance
Tenral fixed cost = ! s - LEh

Haours of use per year
Variable costs:
-Repairs and maintenance = 577% X original cost / hours of use per year,
LE/h (Bowers, 1987)
-Electricity cost =Maximum power consumed, (kW) x electricity price. L.E. /h.

-Greasing = 1.5 x .25/ No. of hours per day, L.E./h.
-Laborcost=15LE. /h

-Total Variable costs =(Repair + Electricity +Lubrication + Labor), L.E./h.
The cost of production {CP} was calculated by using the following formula:

CP = Tenal costs/ Total chopped materials. LEJkg. ......................... s 6

RESULTS AND DISCUSSION

41-Energy and unit cost:

Concerning with the results obtained from the experimental work. it can be
stated that there was a direct proportion between the unit energy consumptlion and
drum speed. These due to several of the energy components are proportional to the
square or cube of drum speed (Kepner et al.,, 1982). Figs. 3 and 4 showthe
relationships between drum speeds and unit energy at four levels of feed rates and
two different levels of fodder beet moisture content.

It may be pointed oul that the increase of drum speed from 14.52 10 22 31 m/s
leads to increase the unit energy consumption by 16.36, 12.74, 11.05 and 10.97% at
feed rates of 100.2, 130.2, 169.8 and 199.8 kg/h, respectively, using fodder beet
moisture content of 72.34% (w.b.} for machine S-1801.

Hence the same increase drum speed increase the percentage of unit energy
consumption by 25.83, 28.41, 26.06 and 23.17% at the same above mentioned feed
rates and beet moisture content by using the same machine.

On the other hand, the increase of drum speed from 0.35 to 0.6% m/s tends lo
increase the percentage of unit energy consumption by 15.16, 11.65, 9.94 and
10.03% at feed rates of 31.20, 41.4, B1.0 and 102.6 kg/h, respectively, using fodder
beet moisture content of 72.34% {w.b.} for machine S-2000.

However, the same increase of drum speed increase the percentage of unit
energy consumption by 13.68, 12.09, 13.60 and 12.64% at the same above
menticned feed rates and heet moisture content by using the same machine.

Table 3 summarizes the cosl calculations for two varicus chopping machines.
The unit cost was deduced to determine the best machine. 5o, it can be stated that,
chopper machine S-1801 resulled a drastic reduction of 62.38% in comparison with
chopping machine $-2000.
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Table 3: Cost calculations for two different types of chopping machines.
f

Cost items L.E/h Totat | Produ-| Unit

Fixed cost Variable cost cost, | clivity, | cost,
Dep. | Int. | She | REM |Energy|Grease|Wages| LE/h Mg/h | LEA ,E
S-1801 | 090 {055| 04 | 058 | 0.13 ; 005 { 125 | 386 | 0.20 | 18.30 ¢
S~2000_[ 135/083| 06 | 087 [ 018 [ 005 { 125 | 513 | 0.10 | 51.30 ;

Equation 7: Wustrates the effect of tuber moisture content, drum speed and
feed rate on the unit energy as in the form: .

Chopping
machine

Ulma+MM)+etDA+dF) e 7
Where: .
U’ = unit energy, kW.h/Mg;
a. h, cand ¢! =coetlicient constants ;
AM = tuber moisture content, % (w.b.);
D, = drum speed, mfs; and
I = feed rate, kg/h.

2- Chopping sizes:

a) Effect of drum speed, feed rates and fodder beet moisture on chopping size
of < 20 mm,

Chopping machine (S-1801):

Dealing with the resulis showed in Figs. 5 and 6. it can be mentioned that,
there was a positive effect of drum speed on the chopping sizes. Increasing the drum
speed from 14,52 to 22.31 m/s increases the percentage of chopping from 48 fo 55,
45 to 53, 43 1o 50 and 40 to 47% at feed rates of about 100.2, 130.2, 169.8 and
198.8 kg/h. respectively for fodder beet moisture content of 72 .34% (w.b.).

Whilist, the same increase in drum speed tends to increase the percentage of
sizes from 54 to 62, 50 to 60, 48 to 58 and 45 to 55% at the same above mentioned
feed rates and fodder beet moisture content of 85.13%, respectively.

Chopping machine $-2000:

Figs. 7 and B show the effects of drum speed, {eed rate and moisture content
on chopping sizes. The drum speed increase from 0.35 to 0.69 m/s raised the
percentage chopping sizes from 27 to 36, fo 33, 23 to 31 and 21 10 29% at feed rates
of 31.2, 41.4, B1 and 102.6 kg/h and moisture content of 72.35 (w.b ), respectively,

Moreover, the same increase in drum speed increases the percentage of
chopping sizes from 36 to 43, 35 to 40, 33 to 38 and 30 to 35% at the same four
ievels of feed rates and moisture content of 85,13%. respeclively.
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b) Effect of drum speed, feed rates and beet moisture content on chopping size
of > 60 mm:

Chopping machine 5-1801:

There was a reverse proportion between drum speed and chopping size of >
60 mm. Whereas, the increase in drum speed from 14.52 to 22.31 m/s decreases the
percentage of chopping size from 12107, 1410 10, 1510 12 and 16 to 15% at feed
rates of 100.2, 130.2, 169.8 and 199.8 kg/h. and fodder moisture content of 72.34%
{w.b.}. respectively as shown in Figs 5 and 6.

In the same rhanner, the increase in drum speed decreases the percentage of
chopping size from 9 to 2, 12 10 3, 14 to 5 and 16 to 7% &t the same above
mentioned feed rates and moisture content of about 85.13%, respectively.

Chopping machineg $-2000:

Results presented in Figs. 7 and 8 illustrated the effects of different chopping
parameters on chopping sizes. Drum speed intrease from 0.35 to 0.69 m/s reduced
percentage of chopping sizes from 18 to 15, 23 to 18, 26 to 23 and 30 to 27% at the
four different levels of feed rates (31.2, 41.4, B1 and 1026 kg/h) and moisture
content of 72.34% (w.b.), respectively.

However, it decreases from 16 to 9, 21 to 16, 25t0 20 and 29 1o 24% at the
same above mentioned operating conditions, respectively, and moisture content of
about 85.13% (wb)).

On the other hand. it can be found that the other chopping size level of > 20-
60 mm were fluctuated from 6 to 30 and 11 to 38% for chopping machines S-1801
and S5-2000, respectively, as shown in Figs. 7 and B.

Equation 8: Indicates the effect of tuber moisture content. drum speed and
feed rate on the finnes degree at cutting level of < 20 mm

Foma+b{MAi+cDY+d(F Y e s e R -
Where:

F, = fineness degree, %

The regression and correlation coefficient for the unit energy and finnes
degree <20 mm are presented in Table 4.

Table 4: The regression and cormrelation coefficients for the unit energy and
fineness degree for two various chopping machines.

5-1801 ) 8-2000
; Regfession Corre- ‘ - Corre-
Parameters 01021 coefficient lation Const. | Regression coefficient ITialicm df

sta b d coeffic- | anta | ] d 1 coeffic- 1
o __._.4® ¢ . ient (1} c Lient (1) .
| Unit  energy, ' . ;
!E KW A 886 |[-007 1009 §-0.0% 1098 307 [-022 {497 -0 17. 097 i 71_1
! Fineness . : . f b
‘g - mm -00B {053 {108 {-007 (D99 -2326 /064 ]2022 008 j0O8 ; 71 E
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3-Feeding animals:

The chopped fodder beet roots were offered to two mature Rahmay rams
were chosen to be of almost tive same body mass (45 kg) 1o observe their voluntary
consumplion. It has been noticed that, the palatability of rams was very good and
they ate all of meal readily without leaving residues. The nufrition of rams was
continued for 7 days, the meal was suitable for feeding and the rate of rams intake
was 7.30 kg fresh/day (0.669 kg dry matter). This experiment was repeated after
natural drying and stored of chopped fodder beet to study the effect of drying and
storage on the voluntary consumption of rams and palatability to eat them. The same
observation was also noticed. These results evidenced clearly that, storage did not
leave any harmful effect on both chopped fodder and palatability of rams. These
encourage the transformation of the amounts of feedstuffs during winter season to
use them in a summer ration.

4-Chopped fodder beet storage:

The chopped fodder beel was stored for three months to cbserve the effect of
moldgrowth in them, it has been noticed that there was an absence of mold-growth in
feedstuffs at moisture content 19.45% of forage matenials. Therefore, the safe
muoisture content of chopped fodder beet storage was 19.45%.

Theses results are in agreement with those obtained by (Susawa, 1978) the
safe moisture content for chopped fodder beet storage was oblained without mold-
growth after subjecting them to natural drying a period of time of about 24 10 48 h
after chopping operation by using solar energy before storage.

The volumetric capacity of chopped fodder beet in comparison with whole
tubers has beén studied. It has been noticed that a mass of 100 kg of a chopped
fodder beet occupies a volume of about 0.05 m®. Whereas, the same mass of whole
tubers occupies a volume have about 0.09 m® These results indicated that. the
volumetric capacity of chopped fodder beet was aboul 44 .44%. More than the
volumetric capacity of whole tubers. This encourages using them as a summer
ration.

CONCLUSION

From the previous resulis the following conclusions are drived:

1. in general the increase in both drum speed and fuber moisture content increases
the perceniage of particle mesh size of < 20 mm. However, increasing the feed
rate decreased it. :

2. H was evident that, the chopping machine S-1801 gave the highest percentage of
particle mesh size of <20 mm it was reached 62 % &t drum speed of 22 31 m/s,
feed rate of 100.2 kg/h and tuber moisture content of 85.13 %, Whilst, it reached
43 % at drum speed of 0.69 m/s, feed rate 31.2 kg/h and the same above
mentioned fuber moisture content for 5-2000. :

3. Regarding to the unit energy consumption for chopping machine S-1801 gives the
lowest values of unit energy in all cases comnparing with the other machine.
Howaver it was reached 3.91 and 19.01 kW.h/Mg for chopping machine $-1801
and $-2000, respectively.

4. The cost analysis indicated that, chopping machine $-1801 costs a drastic
reduction of unit cost of 6238 % in comparison with chopping machine S-2000.
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5. Chopping machine S-1801 was considered the superior machine in reducing the
unit energy. unit cost and increasing the percentage of particle mesh size of <20
mm which, preferable by animal nutrition. =

6. The volumetric capacity of chopped fodder beet in comparison with the whole
tubers was 44 44 %.
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