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ABSTR ACT 

 
The objective of the present work is to develop and evaluate fodder beet 

chopping machine to obtain beet sizes suitable for small ruminants feeding and to 
avoid clogging during chopping process. Experiments were carried out at Sakha 
Agriculture Research Center during winter season of 2009 / 2010 using fodder beet 
crop (Monovert variety ) to assess the effect of rotor speeds, beet feed rates and beet 
moisture content on chopper performance (machine productivity, chopping sizes, 
power requirement and energy consumed and chopping cost ). 

Results indicated that, the optimum operation condition was obtained at rotor 
speed of 350 rpm, beet feed rate of 9.9 Mg/h and beet moisture content of 84.15% 
(w.b). Whereas, the minimum values of energy consumed of 1.411 and 0.748 
kW.h/Mg were obtained under these conditions for original and modified machine, 
respectively. Also, an acceptable beet sizes of 25 and 56 % for < 2 cm however, they 
were 23 and 21 % for > 2 – 4 cm for the two proposed machines. Meanwhile, machine 
productivity of 6.278 and 9.165 Mg/h were occurred under the same conditions. 
Moreover, the cost calculations indicated that the original chopping machine costs 
about 1.46 times the modified machine.  

 
INTRODUCTION 

 
Fodder beets are the highest yielding forage crop where any one can 

grow. The energy from rich fodder beets are complementing the use of grass 
or protein rich legumes in the diet of the cattle. In many countries fodder 
beets serve as the reliable winter storage of feed. In other countries fodder 
beets play an important role in supplying forage in dry periods late in the 
summer. It has a long growing season and is therefore retaining nitrogen very 
effectively for the benefit of the environment. 

The great shortage in animal feed stuffs and their distribution around the 
year are the main problems facing animal production in Egypt. Many attempts 
have been made to introduce unconventional 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 animal 
feeding .It could be sown in the new reclaimed sandy soils and its roots and 
leaves are acceptable for animal feeding besides its harvesting in June to 
August during the shortage of green forages in Egypt. 

Fodder beets have very high digestibility and are in many areas able to 
produce considerably more feed than maize .The total energy will increase by 
mixing maize with fodder beets. Concentration of the roughage and high 
yielding dairy cows can cover a bigger part of their energy need through 
roughage; this makes the farmer more self sufficient and less dependent on 
bought in cereals and concentrates.  
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Fodder beet roots could be successfully used for feeding sheep (Gabra et 
al., 1993), 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 are the main point for feeding small 
ruminants in this connection, Gabra et al. (1993) reported that biting roots by 
sheep was slow, 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. 

Hashish (1981) mentioned that the desire for better quality silage has led 
to an over-increasing number of precision chop machines which are capable 
of providing a short cut material which in turn will have better clamp 
fermentation. 

Ermrichev et al. (1989) described a transporting unite with a shredder for 
the preparation of roots and tuber for animal feed .Two sets of steel knives 
arranged alongside each other (9 blades) and consequently in a row (up to 
36 blades) process 17.0-18.5 Mg/h of roots: a conveyor transports the 
material into an auger where the feed are steamed and mixed with further 
additives. The mixture is then transported into a feed distributor. The unite 
requires around 0.5 kW.h to prepare one megagram of feed. 

Hashish et al. (1994) indicated that, the theoretical cut of 13 mm is 
usually considered fine enough for corn silage, longer cut (50 – 75 mm) are 
desirable for cured hay. With any crop, chopping into lengths shorter than 
necessary increase the energy requirements per megagram and may reduce 
the capacity of the chopper. Kholief (2001) pointed out that, the increase of 
drum speed from 14.52 to 22.31 m/s leads to increase the unit energy 
consumption of chopped fodder beet 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 by using fodder 
beet moisture content of 72.34 % (w.b.). Also, the same increase in drum 
speed increases the percentage of chopped fodder beet (size of 20 mm) from 
48 to 55, 45 to 53, 43 to 50 and 40 to 47 % at the same above mentioned 
feed rate and fodder beet moisture content.  

El-Awady et al. (1988) indicated that, the cutting force is greatly affected 
by the moisture content of plants and by increasing diameter of stalks. The 
cutting force decreased from 625 to 256.7 N by increasing the moisture 
content of stalk from 35 to 55 %, respectively for 9 mm diameter of cotton 
stalk. The cutting force decreases from 175 to 120 N by increasing the 
moisture content from 35.4 to 83.8 %, respectively for 4 mm diameter wheat 
straw in bundles of four straws. Decreasing cutting forces at higher moisture 
contents were due to visibility of the stalk tissues of plant stems.  

Mohamed (1998) mentioned that the maximum force needed to cut the 
beet in the upper part was 540 N, the middle part 430 N and the root part was 
188 N. Also, by increasing the beet diameter from 6 to 15.6 cm the hardness 
increased from 4.09 to 6.02 N/mm2. By increasing the sharpness from 0.0 to 
1.0 mm, the cutting resistance increased from 11.11, to 166.67 N/mm2, 
respectively. The cutting power required ranged between 0.071 to 1.34 kW 
and the cutting energy ranged between 6.98 to 9.24 kW.h/fed. The relation of 
unit energy versus feed mechanism speed for chopping corn at various levels 



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol.1 (12), December, 2010 

 1179 

of moisture content and cutterhead speed were estimated. It was evident 
that, the increment in feed mechanism speed from 0.41 to 1.45 m/min 
decreases the unit energy from 1.31 to 0.93, 1.56 to 1.13 and 2 to 1.4 
kW.h/Mg at cutterhead speed of 20.73, 23.76 and 27.65 m/s, respectively. 
Also, it was decreased from 1.55 to 1.09, 1.63 to 1.17 and 1.69 to 1.19 
kW.h/Mg at corn moisture content of 62.82, 48.16 and 40.22 %, respectively ( 
Kholief et al., 1998). Srivastava et al. (2003) estimated the power consumed 
in gathering, conveying and compressing the material to be cut, in chopping 
the material and in conveying it. Power losses in forage include bearing 
friction, friction of cut material on the cutterhead housing, power divided 
roughly as follows: 20 % in gathering and feeding, 40 % in the cutterhead and 
40 % for blowing. The objective of the present study is to develop and 
evaluate fodder beet chopping machine to obtain beet sizes suitable for 
feeding small ruminants and to prevent clogging occurred during chopping 
operation.  

 

MATERIALS AND METHODS 
Materials: 

The present study was devoted to develop and evaluate fodder beet 
chopping machine at Sakha Agriculture Research Center during winter 
season of 2009/2010 by using fodder beet (Beta vulgaris L.) Monovert 
variety.  
Original chopping machine: 

An original chopping machine model VDC 900 Netherlands made was 
used in this study. The general specifications part present in Table 1 and 
components part are shown in Fig. 1. It consists of main hopper which 
contains two main shafts. The upper one drives both the cutting knifes and 
the auxiliary auger, however the lower shaft was used to drive the main auger 
to allow chopped beet to be through outside the machine. 

 
Table 1: Some technical specifications of fodder beet chopper. 

Items Specifications 
Model. 
Overall length, cm. 
Overall width, cm. 
Overall height, cm. 
Net mass, kg. 
Capacity, m

3
. 

Drive 
Discharge 
Rated power, kW. 

VDC  900, Netherlands make 
184 
155 
115 
App.  600 
App.  1.4 
PTO / hydromotor. 
Right 
20 

 
Suggesting the problem: 
1. During chopping process additional chopping have been done by the 

assisting of the main auger. At the same time the main auger produces 
axial force that pushes the chopped materials towards the discharge gate. 

2. It was remarkable that, the big sizes of chopped materials were collected 
just before the discharge gate which, required higher pressure in order to 
cut and throughout. 
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3. The higher the amount of big sizes chopped materials before the discharge 
gate the close the gate opening and subsequently an additional force will 
be produced and works against the axial force. 

4. The two forces that, works against each other makes the flow of the 
chopped materials difficult and subsequently the big sizes of chopped beet 
will be escaped up into the lower zone pressure. Hence the quality and the 
quantity of chopped materials were reduced. 

5. To overcome the problem facing the chopping process about one third of 
the main auger was covered with metal sheet (tunnel) to prevent closing 
the gate opening, minimizing the undesirable force and increasing the axial 
force. 

6. There was an inclined surface at upper of the tunnel however; the motion of 
the auxiliary auger is reversed to avoid the collecting of chopped materials.     

Modified machine: 
The present work aims to modify some parts of the chopping machine to 

obtain beet sizes suitable for small ruminants feeding and to evaluate the 
machine performance under different operation conditions. The general 
modification parts carried out on the developed machine are sketched in Fig. 
2. The machine operated by the PTO shaft of a 45 kW FIAT 55-6 DT tractor.  

The proposed machine was used for chopping fodder beet Monovert 
variety; the physical properties are shown in Table 2 and Fig. 3. The root 
volume was measured by using water displacement method in order to obtain 
the actual volume. Tests were carried out by using four rotor speeds of 350, 
400, 450 and 500 rpm, three different levels of beet moisture content of 
75.36, 79.57 and 84.15 % (w.b) with four different feed rates of 5.10, 7.50 
and 9.90 Mg/h.  

 

Table 2: Some physical properties of fodder beet roots (Monovert 
variety). 

No. of sample 
physical properties 

Mass, kg Length, cm Average diameter, cm Volume, cm
3
 

1 
2 
3 
4 
5 

3.15* 
2.95 
3.07 
3.24 
2.87 

32.72 
29.51 
33.25 
31.60 
30.45 

14.75 
15.56 
16.25 
14.57 
13.62 

2971.7 
2994.5 
3065.2 
2876.0 
2752.5 

Total 15.28 157.53 74.75 14659.9 
Mean 3.06 31.51 14.95 2931.98 

* Each reading indicated in the table is an average of ten samples. 
 

Measurements: 
Chopping sizes: 

Chopping sizes of fodder beet tubers were measured by using crumb 
structure measuring device. It consisted of three sieves having different mesh 
sizes. The sieve diameter 20 cm and the mesh sizes are: 60, 40 and 20 mm, 
chopped fodder samples were randomly taken from product with three 
replicates. The sieves apparatus containing the chopped fodder samples is 
put into motion in a semi-circulating fashion for one minute. After sieving, the 
entire individual fraction were massed and converted as a percentage of total 
sample mass.  
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. Fig. 3: Fodder beet plant 

 

Power requirement and energy consumed: 
Strain gages are usually used to provide a more accurate measure of 

torque on a specific location. It's used to measure the torque on the main 
shaft of chopping machine. Strain gage type: (K-2) bounded metal-wire gages 
are classified as foil strain gage, 120 Ω. It contains two units every one 
consists of two cells connected by 90

o
 each and supported

 
at 45

o
 on the shaft 

surface parallel to the axis, the other unit supported on the opposite side of 
the shaft make together 180

o
. The torque was measured twice without load 

and with load and the power requirement and energy consumed could be 
calculated from the following equations: 

…………………………..…………………...….…….(1) 

Where: 
PR = power requirement, kW;  
T    = Net torque, N. m;  
      = Torque with load – torque without load; 
ω   = Angular speed = 2 π. n / 60, red / sec;    
 n   = rotor speed, rpm. 

W.h/Mg …………..(2) 
Machine operation costs: 

Total cost requirements of the chopping machine include fixed and 
operating costs. Declining balance method was used for estimating the 
depreciation (Hunt, 1983).  In this method the depreciation amount is different 
for each year of the machine's life. This fact meets the actual use of any 
working machine. The unit operating cost could be estimated from the 
following formula:  
Unit operation cost = chopping cost / productivity,LE/Mg   ……………………….(3) 
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RESULTS AND DISCUSSION 
Chopping sizes: 

Figures 4, 5 and 6 illustrate, the effect of rotor speeds, fodder beet feed 
rates and beet moisture contents on chopping sizes. The chopping sizes 
decreased by increasing the rotor speed, increasing the moisture content and 
decreasing fodder beet feed rates. It is clear that, the highest values of beet 
sizes < 2cm were 41 and 75 % takes place at rotor speed of  500 rpm, feed 
rate of 5.1 Mg/h and beet moisture content of 84.15 %for original and 
modified machine, respectively. Hence, the highest values of beet sizes were 
30 and 25 % for the range of > 2-4 cm at rotor speed of 500 rpm, beet feed 
rates of 7.5 and 9.9 Mg/h and beet moisture content of 84.15 % for original 
and modified machine, respectively. 

Meanwhile, the increase of rotor speeds decreases the beet sizes of > 4-
6 cm for original and modified machine. Whereas, the minimum values were 
8 and 6 % which takes place at rotor speed of 500 rpm, beet feed rate of 5.1 
Mg/h and beet moisture contents of 84.15 and 79.57 % for original and 
modified machine, respectively. The obtained results showed that, the 
highest values of beet sizes >6 cm were 45 and 22 % at rotor speed of 350 
rpm, beet feed rate of 9.9 Mg/h and beet moisture content of 75.36 % for 
original and modified machine, respectively.  

From the previous mentioned results, it can be stated that, the modified 
machine was able to offer the best beet sizes suitable for feeding small 
ruminants.   
Machine productivity: 

Figure 7 shows the effect of feed rate, rotor speed and beet moisture 
content on machine productivity. It is conceivable that, the machine 
productivity was increased by increasing the feed rate, rotor speed and beet 
moisture content for both original and modified chopping machine. However, 
the machine productivity increases by 45.99% in case of using the modified 
machine in comparison with the original one at   rotor speed of 350 rpm with 
feed rate of 9.9 Mg/h and beet moisture content of  84.15 %. Meanwhile, it 
was increases by 44.08 % at rotor speed of 500 rpm under the above 
mentioned conditions.. The same increase in rotor speed tends to increase 
machine productivity with all feeding rates and beet moisture contents.  

Also, data presented in the same figure showed that, the increase of beet 
feed rate from 5.1 to 9.9 Mg/h `increases the machine productivity from 3.427 
to 6.278 and from 4.87 to 9.165 Mg/h with rotor speed of 350 rpm and beet 
moisture content of 84.15 % for original and modified machine, respectively. 
The same trend was noticeable with the other rotor speeds and beet moisture 
contents for the machine before and after modification. This increase in the 
modified machine may be due to the obligated of passing chopped materials 
through the tunnel. However, the increase of beet moisture content from 
75.36 to 84.15 % leads to increase the machine productivity from 3.175 to 
3.427 and from 4.612 to 4.870 Mg/h with rotor speed of 350 rpm and beet 
feed rate of 5.1 Mg/h for original and modified chopping machine, 
respectively. The same trend was obtained from the other feed rates and 
rotor speeds. 
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Fig. 4: Effect of rotor speed and feed rate on fodder beet sizes for 
original and modified machines at beet moisture content of 
75.36 %. 
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Fig. 5: Effect of rotor speed and feed rate on fodder beet sizes for 
original and modified machines at beet moisture content of 
79.57 %. 
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Fig. 6: Effect of rotor speed and feed rate on fodder beet sizes for 
original and modified machines at beet moisture content of 
84.15 %. 
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Fig. 7: Effect of rotor speed, feed rate and beet moisture content on 

productivity for original and modified machines. 
 
Power requirement and consumed energy: 

The obtained results in Fig.8 illustrates the effect of rotor speed, beet 
feed rate and beet moisture content on power requirement and energy 
consumed. It can be stated that, the increase of rotor speed from 350 to 500 
rpm tends to increase the power requirement from 9.287 to 10.570 and 7.276 
to 8.565 kW for original and modified machine, respectively at beet feed rate 
of 5.1 Mg/h and beet moisture content of 75.36 %.  
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Fig. 8: Effect of rotor speed, feed rate and beet moisture content on 

power requirement and energy consumed for original and 
modified machines. 
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However, the same increase in rotor speed increases the energy consumed 
from 1.573 to 1.718 and 0.840 to 0.959 kW.h/Mg at the same above 
mentioned conditions for both two tested machines. The same results were 
obtained with other beet feed rates and moisture contents.  

In the same manner, the increase of beet feed rate from 5.1 to 9.9 Mg/h 
lead to increase the power requirement from 8.657 to 9.287 and 6.650 to 
7.276 kW at rotor speed of 350 rpm and beet moisture content of 75.36 %. 
However, there were a reduction in energy consumed from 2.727 to1.573 and 
1.442 to 0.840 kW.h/Mg for original and modified machine, respectively at the 
same above mentioned operation conditions. The same tendency was 
obtained with the other beet moisture contents. This trend may be due to the 
increase in machine productivity. On the other hand, the increase of beet 
moisture content from 75.36 to 84.15 % tends to decrease both power 
requirement and energy consumed for the two proposed machines. However, 
the power requirement decreases from 8.657 to 8.237 and 6.650 to 6.215 kW 
at rotor speed of 350 rpm, beet feed rate of 5.1 Mg/h. The same increase in 
beet moisture content decreases the energy consumed from 2.727 to 2.405 
and 1.442 to 1.276 kW.h/Mg for original and modified machine, respectively. 
The same trend was noticeable with the other beet feed rates and rotor 
speeds.  

The obtained results showed that, the minimum values of power 
requirement were 8.237 and 6.215 kW at rotor speed of 350 rpm, beet feed 
rate of 5.1 Mg/h and beet moisture content of 84.15 % for original and 
modified machine, respectively. However, the minimum values of energy 
consumed were 1.411 and 0.748 kW.h/Mg at rotor speed of 350 rpm, beet 
feed rate of 9.9 Mg/h and beet moisture content of 84.15 %for the above 
mentioned two machines.   
Chopping cost: 

Table 3 summarizes the effect of rotor speed on machine productivity, 
energy consumed and chopping cost. The increase of rotor speed from 350 
to 500 rpm tends to increase the machine productivity and decreases the 
energy consumed for both two machines. On the other hand, the modified 
machine resulted a reduction of about 31.52% in comparison with original 
machine.  
 

 
Table 3: Effect of rotor speed on machine productivity, energy 

consumed and chopping cost under the optimum 
conditions. 

Moisture 
content,

% 

Feed 
rate, 
Mg/h 

Rotor 
speed, 

rpm 

Machine 
productivity, Mg/h 

Energy 
consumed, 

kW.h/Mg 

Chopping costs, 
LE./Mg 

Original Modified Original Modified Original Modified 

84.15 9.90 

350 6.278 9.165 1.411 0.748 4.950 3.390 

400 6.386 9.260 1.454 0.785 4.870 3.360 

450 6.472 9.345 1.490 0.820 4.810 3.330 

500 6.545 9.430 1.549 0.863 4.750 3.300 
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CONCLUSION 
 
From the above results, it can be concluded that: 
1. The minimum values of energy consumption reached 1.411 and 0.748 

kW.h/Mg at rotor speed of 350 rpm, beet feed rate of 9.9 Mg/h and beet 
moisture content of 84.15 % for original and modified machine, 
respectively.  

2. Modified machine gave the highest values of beet sizes < 2 cm and > 2-4 
cm under all tested conditions. 

3. Machine productivity of 6.278 and 9.165 Mg/h seems to be acceptable for 
both original and modified machine.  

4. Developed machine indicated remark superiority under all conditions. 
5. Chopping by using the original machine costs about 1.46 times the 

modified ones. 
6. Chopping fodder beet roots at suitable sizes by using modified chopper 

may be share in solving the problem of limited consumption of such feeding 
by small ruminants. 

Results of the present study under the above mentioned conditions 
encourage sowing fodder beet especially in new reclaimed lands to 
participate in solving the problem of green forage shortage in summer. 
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 وتقييم آلة لتقطيع بنجر العلف تطوير

 ىرزق محمد خليف ، رفاعى رفاعى ابو شعيشع و عبد الفتاح القويع

 مصر -الجيزة  –مركز البحوث الزراعية  –معهد بحوث بحوث الهندسة الزراعية 
 

 5.8يشكل نقص الأعلبف أساس الفجوة الغذائية فى مصر،  ويسرلك ا الويرواا مرا يروا   
م يا، جنيه ما الدخل القومى ويث يلعد  ع ى ما هرو مخصرص للئنسراا ومرك ذلرا يوجرد عجر  فرى 

واجة للئكلفاء الذالى فرى مجرال الور،وليا الويروانى  وءثر،اءق لخ رد مروا،د ول يادة ال الث،وة الويوانية.
  كانت  ،اعة موصول ونج، الع ف أود أهم الو رول لق يدية ل يد ما ويث النوع والكملأعلبف غي، 

ويرث أا ملوسرإ ءنلاجيرة الفرداا الواورد مرا المرادة  الفعالة ل لغ ب ع ى مشك ة نقرص الع رف الصريفى.
مرا افدنرة مرا الرذ،ة  8ونج، الع ف واللى لمثل الغذاءالأساسى ل ويواا يعرادل ءنلرا  الجافة لموصول 

المواد الك،ووهيد،الية  علبوة ع ى ء،لفاع نسوة الو،وليا فيه أكث، ما الذ،ة والمذاد الو و الذ  ي يرد 
و ويرث عا ءنلاجه فى شك، يونيقً  هذا فضلب ما شكية الويواا لكذا النوع ما الأعلبف الغي، لق يدية.

 للؤعلبف.قمة الإوليا  الى المواد النشوية اللب مة 
ه عنرد نكايرة مر،و، أثنراءانسداد فلوات خر،و  ونجر، الع رف لمشك ة لناول الووث ولب ق لقد و

لقروم الو،يمرة ال،ئيسرية أثنراء لنقل ولف،يغ الأجر اء المقإعرة ءلرى خرا،  ا لرة  ويرث  ال،ئيسيةالو،يمة 
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عم ية اللقإيك والخ،و . ولقد لووظ لكدس القإك الكوي،ة الوجم قورل  املإلماللشغيل ودفك مواد الع ف 
مسرا،ها ل لقإيرك والخر،و . وينرل  عرا هرذه  لأخرذيلإ ب لكرا ضرغإ اكور، ولرى  والليفلوة الخ،و  

نالجرة عرا انسرداد فلورات الخر،و  ضرد عكسرية لوليد قو   فيللسوب  أنكا أولا: :القإك مشك ليا هما
منإقرة الضرغإ  ءلرىداخل الخ اا ويث الكر،وب  أع ى ءلىلو،ا هذه القإك  الو،يمة. وثانيا:قوة دفك 

لغإيرة  فريوجودة المنرل    ومرا هنرا كراا اللفكير،  ا لة أداءانخفاض معدل  ءلىالمنخفض مما يؤد  
يررلم لقإيعكررا  كرريجوررا،  لمررواد الع ررف افلوررة الخرر،و  للوديررد مسررا،  أمررامالو،يمررة الأخيرر، مررا ث ررث ال
يلم  و يادة الضغإ الواقك ع يكا ويث للغ ب قوة دفك الو،يمة ع ى القو  النالجة عا انسداد الفلوات و

سكاكيا عمود فضلب عا لغيي، الجاه دو،اا  هذا لقإيك وخ،و  ونج، الع ف والأوجام الم،غوب فيكا
ع رى  يرادة وورث لكروا فري عكرس الجراه دو،اا و،يمرة النقرل ممرا يسراعد والو،يمة الإضرافية اللقإيك 

 معدل الأداء ولوسيا جودة المنل .
والمولو  ال،إووى ومعدل الل قيم ع ى كل مرا  للآلةلم د،اسة لأثي، كل ما الس،عة لقد و 

أوجرام القإرك والإاقررة المسرلك كة والإنلاجيرة ولكرراليف عم يرة اللقإيرك لموصررول ونجر، الع رف صررنف 
Monovertالية ع ى آداء عم ية لقإيك ونج، الع ف:. وقد ءشلم ت الد،اسة لأثي، الملغي،ات الل 

 ع ى أساس ،إب(. ٪ 57.48  65.86  68.69المولو  ال،إووى لونج، الع ف ) -
 (.لفه/دقيقه 833  783  733  683) س،عة سكاكيا اللقإيك -
 (.ساعة/ميجاج،ام 5.5  6.8  8.4معدل ل قيم مواد الع ف ) -

 ويمكن تلخيص النتائج المتحصل عليها كما يلى: 
اد ءنلاجية الألة المإرو،ة و يرادة كرل مرا سر،عة دو،اا عمرود الل قريم  معردل ل قريم و،إوورة ل د .4

 إا/ساعة للؤلة قول ووعد اللإوي، ع ى الل،ليب. 5.498   9.565ويث و غت ونج، الع ف 
سرم  7-5سرم والأكور، مرا 5أع رى نسروة لقإيرك لأوجرام القإرك الأقرل مرا الألة المإو،ة أعإت  .5

 لمخل فة.لوت ظ،وف اللشغيل ا
   4.744ويرث كانرت أقرل قريم لكرا ل داد الإاقة المسلك كة و يادة س،عة دو،اا عمرود اللقإيرك  .6

 5.5معرررردل ل قرررريم   لفه/دقيقرررره 683عنررررد سرررر،عة دو،اا كي ووات.سرررراعة/ميجاج،ام  3.675
   وذلا للؤلة قول ووعد اللإوي، ع ى الل،ليب.٪ 57.48ميجاج،ام/ساعة ومولو  ،إووى 

قوررل  وا لررةمقا،نررة ٪  64.85قإررك وا لررة المإررو،ة ومقرردا، ونجرر، الع ررف المءنخفضررت لكرراليف  .7
 اللإوي،.

أعإت الألة المإو،ة نلائ  م،ضية ل غاية والمشا،كة فى ول مشرك ة نقرص الع رف الصريفى مرا  .8
  .لقإيك مناسب لونج، الع ف للغذية المجل،اتخلبل 
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