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ABSTRACT 
 

Combined equipment for seed separation and for chopping of sunflower heads 
was designed, locally manufactured, and evaluated. It performs many functional 
processes namely: scrubbing sunflower heads for seed separation, seed releasing 
and collecting, and chopping sunflower heads and other crop materials. The 
performance of that equipment has been tested versus different design and operating 
parameters. Performance evaluation of the fabricated equipment has been done in 
terms of equipment productivity seed damage seed cleaning efficiency uniformity of 
head chopping, and power unit required for accomplishing all processes. The results 
of this study showed that using the designed equipment for cutting sunflower heads 
can used with high performance productivity of 189.08 kg/h at 21.4% d.b moisture 
content and at the cutting drum tip speed of 34.01 m/s when lengths of neck with 
heads of 25 cm. Whereas, the higher distribution percentage was 89 for cutting width 
distribution range of 2.5-4 cm at length of stalks with heads 10 cm when the moisture 
content was 10.5% d.b at cutting drums speed of 28.78 m/s. At increasing cutting 
drum tip speed from 15.69 m/s to 34.01 m/s at moisture content of 21.4% d.b and 
length of neck with heads of 10 cm, the energy consumption increases with about 
23%. 

 

INTRODUCTION 
 

Handling and recycling threshing residues is one of the most critical 
problems, which face the Egyptian farmer especially after threshing sunflower 
crop. Threshing residues of sunflower can be an excellent alternative feed for 
cattle and sheep. Recently, chopping and incorporation of threshing residues 
of sunflower into other forage being ensiled at the same time, such as corn, 
small grains, or sorghum sorghum-Sudan, can most easily ensile damaged 
sunflowers.  

Although sunflower heads, after seed removal, are usually considered 
an agricultural waste, they are a promising source of low-methoxyl pectin 
(Wang et al., 1997).The sunflower head portions are one of the most 
palatable crop residues. The dry matter of the head represents approximately 
44 percent of the weight of seeds produced per acres. This percent figure can 
be used to estimate the amount of consumable head material available on a 
field, based on upon seed yield. In addition sunflower stalks are lower in 
digestibility when compared to the sunflower head. Karaman et al. (2006) 
showed that sunflower stalk could be grinded to 5-10 mm length to be used in 
gypsum composites to improve thermal properties. Also, paper sheets could 
be obtained from the sunflower stalks (Caparrós et al., 2008). Drackley et al. 
(1985) showed that sunflower crop residue, a mixture of stalks and heads, 
contained 65.4% dry matter, and dry matter was 6.1% crude protein, 66.9% 
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neutral detergent fiber, 56.6% acid detergent fiber, 15.7% lignin, and 12.6% 
total ash. 

Many researchers reviewed that chopping is necessary as a pre-
treatment for incorporation into animal feed other forage and into the soil of 
residual straw from harvesting (Crane, 1985; Abdel Makscud et al., 1994, and 
El-Iraqi et a., 2002). On the other side, fodder preparation and other 
manufacturing processing operations are frequently requiring chopping 
(cutting) of agricultural materials. Cutting of plant components (agricultural 
materials) is applied nearly continuously during harvesting, in the separation 
and subsequent (Badr, 1997). The primary step in the operation of compost, 
processing is the size reduction of the crop residual (Arif, 1999). Persson 
(1987) indicated when stem nodes were solid and stronger than the 
internodes so, there is a need to determine the forces and pressures require 
to crush the stems especially around the nodes. Some researchers reviewed 
the engineering factors affecting the chopping process. However, Koegel et 
al. (1985) used small prototype cutter head consisting of two rotary knives 
with an advantageous knife edges. Results indicated that the advantageous 
edge configuration with (45° or 90°) has the potential for significantly reducing 
the specific cutting energy of forages .However, with a less advantageous 
edge configuration the specific energy requirement can be as high or higher 
than conventional cutter heads for the same mean length of cut  

Glibertson and Knight (1986) reviewed straw chopper performance 
criteria and listed three important aspects of chopper performance as (1) 
length reduction (2) straw damage (for more rapid decomposition in the soil), 
(3) power consumption. Kepner et al. (1992) defined the length of cut as the 
amount of advance of feed mechanism between the cutting successive 
knives. They added that, cutting takes place due to a system of forces acting 
on the material to cause it to fail in shear. This shear failure is almost 
invariably accompanied by some deformation in bending and compression, 
which increase the amount of the work required for cutting. A common way of 
applying the cutting forces is by means of two opposite shearing elements, 
which meet and pass each other with little or no clearance between them. 
Either one or both of elements may be moving on linear with uniform velocity. 
Arif (1999) developed and evaluated small agricultural residue-choppers. It 
was found that the cost of composting peach branches was 55 L.E/t. Nasr 
(2000) reported that the productivity of the chopper is proportional with drum 
speed, moisture content and feeding speed. Tarek et al. (2001) developed a 
sunflower straw chopper. Their results cleared that the productivity of the 
developed machine was 0.95 ton/h at 2000 rpm rotor speed and the cutting 
lengths of (1-9 cm) reached 95.23% from the total amount of cutting residue. 
İnce et al. (2005) determined for sunflower (Heliantus annus L.) stalk bending 
stress, modulus of elasticity, shearing stress and specific shearing energy. 
The results showed that the bending stress decreased as the moisture 
content increased. The average bending stress value varied between 37.77 
and 62.09 MPa. The modulus of elasticity in bending also decreased as the 
moisture content and diameter of stalks increased. The average modulus of 
elasticity varied between 1251.28 and 2210.89 MPa. Also, the shearing 
stress and the specific shearing energy increased as the moisture content 
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increased. The maximum shearing stress and specific shearing energy were 
1.07 MPa and 10.08 MJ mm−2, respectively. Both the shearing stress and the 
specific shearing energy were found to be higher in the lower region of the 
stalk due to structural heterogeneity. 

Chopping is an important process to increase use of field wastes 
efficiently either as fodder, buried or fertilizes the soil. Harvesting by combine 
without chopping makes a serious problem for soil preparation when dealing 
with stalks that remain on the field. As a result, more power is required to get 
red of stalks and corporate in the soil. Also, the field crop residues could be 
used for making compost and improvement soil properties, animal feeding, 
energy source (direct burning, biogas generation) and in the field of industrial 
application. Therefore, straw chopping is necessary as a pre-treatment for 
incorporation into the soil or in other different uses. Where, the successful 
chopping reduces the length of straw avoiding long pieces of material fouling 
on cultivation and swing implement. It also eases the mixing process with soil 
and active biological breakdown of the straw through the soil or making 
compost. 

During the last decade, many kinds of chopping machines have been 
introduced or manufactured In Egypt, which deal with residues. These 
machines have different theories of operation, technical specification, quality 
of product and productivity. The theory of operation for any type of chopping 
machines depends on shearing or impact forces in cutting and chopping 
process. The chopping machines using impact forces in cutting and chopping 
consume more power than that using shearing force. Besides it has heavy 
construction and high operation cost. From this point of view, the main 
objective of this study is to develop and test the performance of locally 
fabricated equipment for chopping sunflower heads directly after threshing 
processes. A developed cutting unit could be attached to a developed 
threshing unit to cut sunflower crop threshing residues. The developed cutting 
unit applies the theory of shearing force to reduce energy requirements and 
cutting cost/ ton. In addition, it gives the desired head cutting lengths for 
different uses especially for incorporation into other forage being ensiled at 
the same time. 

 

MATERIALS AND METHODS 
 

The aim of the present study is to develop and evaluate the 
performance of locally fabricated equipment for threshing, and chopping the 
threshing wastes of sunflower crop. Fig. (1) shows the functional process 
diagram of the developed equipment. Meanwhile, Fig. (2) shows the main, 
mechanisms that accomplished these functions.  
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Fig. (1): The functional process diagram of the developed equipment. 

 

 
Fig. (2): The main mechanisms of the developed equipment. 
 

The developed equipment, accomplished these functions as follows: 
The movable belt (1) delivers the heads contained seeds plants across the 
orifice to the threshing drum. As the drum rotates, the knives on the drum (2) 
scrub sunflower heads. Hence the seed extraction is done by a combination 
of impact and rubbing actions the scrubbing seed mass is displaced not only 
in the plane of the drum rotation, but also in its knife axial direction. The 
diaphragms are forced heads to transport to a central location on the drum. 
The mass charge performs a series of cyclic operations. Then the fingers of 
the separating unit (3) repeat impact and rubbing actions on the head 
crushed mass. Consequently, most of the seeds pass through the concave 
holes and fall down ward on the inclined plate. This mixture falls into the 
inclined plate and moves towards the front of the screw conveyer (4). The 
conveyer carries the seeds and delivers it to buckets unit (5). While, the 
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heads and other threshing wastes are delivered to outlet inclined potion at the 
end of the drum where the heads is released. The threshing wastes (heads) 
discharge from the outlet inclined orifice is at a rate specified by the threshing 
drum speeds which are tested. 
 
Table (1) : Technical Specifications and operating parameters of the 

developed Chopping machine  
Item Specifications 

*Main Dimension  
- Overall length, cm 
- Overall width, cm 
Overall height, cm 

 
130 
70 

110 

Make  Local - Egypt 

*Transmission System 
Driving pulley diameter cm 
Driven pulley diameter cm 
pulley  subsidiary diameter cm 
pulley  of cutting drum diameter cm 
pulley  subsidiary diameter cm 
Belt  
Prime mover 
Method of feeding  

 
25 
10 
20 
10 
30 

V-belt 
Belt 

Manual or Discharging outlet of 
threshing machine 

*Knives 
- Type  
- Diameter , cm 
- thickness , cm  

 
11 disk Knives 

25 
0.5 

*Feeding drum 
Type 
No of fingers of row 
No of rows  of  drum  
Dimension of finger (L×W×T) cm  

 
Spike tooth 

12 
4 

(9×3×1) 

 
The operation theory of this cutting machine depends upon shearing 

force through two rotating disk knives and feeding drum, where both sets of 
knives participate in cutting process. The first cutting rotor knives (high speed 
rotor) is responsible for cutting operation and the other cutting rotor (low 
speed cutting rotor) is used as a counter-shear to provide the resistance 
against the cutting force and to facilitate feeding operation as shown in Fig. 
(3). During rotating cutting rotors, a cutting edge of disk knives penetrates 
into the crop residue material, overcoming its strength and thereby cutting it. 
Throughout this process, various deformations occur in the material, 
depending on the form of the cutting edge and the kinematics of the cutting 
process. 
Methodology: 

The present study was conducted during agricultural seasons of 2005 
and 2006 to design, manufacture and evaluate the performance of locally 
fabricated equipment. The experiments were carried out Nubaria Research 
Station, Alexandria Governorate using, sunflower variety Geza1. The main 
physical and mechanical properties of the investigated sunflower crop are 
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listed in Table (1) and methods for determination these properties are 
investigated in another work (Abdel-Mageed et al., 2008). It should be 
denoted that the listed data represented a number of 100 crops which were 
randomly chosen from different field zones. 

 

 
Fig. (3): Cutting Unit.  (Chopping machine) 

 
Table (2): Some physical properties of sunflower.  
Characteristics Average 

Dimensions:  a) Sunflower head: 
- Diameter, mm 
- Smaller thickness, mm 
- Bigger thickness, mm 

 
Dimensions :   b) Sunflower seed: 

- Length, mm 
- Width, mm 
- Thickness, mm 

 
174 ± 22.5 
29.6± 6.3 
67.8± 3.5 

 
 

11.5 ± 0.5 
6.6 ± 0.6 
3.7 ± 0.4 

- Mass of sunflower head, g 
- Mass of sunflower seed g 

246.9± 89.4 
0.12 ± 0.01 

- Number of sunflower seed/head. 1547±69 

- Volume of head, cm3 777.8 ± 311.6 

- Density of head, g/cm3 0.323 ± 0.02 

- Coefficient of friction 0.442 ± 0.02 

 
The following parameters and treatments were varied during carried 

out the performance tests: three levels of  moisture contents, three levels of 
feed stalk length and four levels of feeding belt speed.  Each experimental 
test was repeated three times. Depending on the threshing, and chopping 
drum speeds, and the corresponding fed rate each test had its own time 
duration. For each performance test, the data for determining the uniformity 
of head chopping, the equipment productivity as a function of equipment 
outlet capacity of chopped heads, machinery cost unit and power unit 
required for chopped heads and stalks were determined.  
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The required power (RP) for operating the developed machine was 
determined using a slip ring torque transducer manufactured by El-Gwadi 
(2005). The specific consumed energy (CE) or that refereed as power unit 
(Pu) could be calculated as follows: 

  CE=Pu = 
Py

RP     …………………… (1) 

Where: 
CE=Pu = Specific consumed energy {Energy requirement }(kW.h/ton) 
Py = Machine productivity {inlet crop mass per unit time} (ton/h) 

 

RESULTS AND DISCUSSION 
 

Table (3): shows effect of moisture content, cutting drum speed, 
feeding drum speed and length of stalks with heads on the cutting width 
distribution percentage for cutting sunflower straw. Three cutting width 
distribution ranges were chosen (<2.5, 2.5-4 and >4 cm). The higher 
distribution percentage was 89 for cutting width distribution range of 2.5-4 cm 
at length of stalks with heads 10 cm when the moisture content was 10.5% 
d.b at cutting drums speed of 28.78 m/s. Theoretical cutting width 4 cm .The 
smallest distribution percentage was 2.7 for cutting width distribution range of 
>4 cm at length of stalks with heads 10 cm when the moisture content was 
10.5% d.b at cutting drums speed of 34.01 m/s. Meanwhile, the higher 
distribution percentage was 85.1 for cutting width distribution range of 2.5-4 
cm at length of stalks with heads 50 cm when the moisture content was 
10.5% d.b at cutting drums speed of 34.01 m/s. Meanwhile, the smallest 
distribution percentage was 3.1 for cutting width distribution range of >4 cm 
at length of stalks with heads 50 cm when the moisture content was 10.5% 
d.b at cutting drums speed of 28.78 m/s. 

 
Table (3): Effect of moisture content, cutting drum speed, feeding drum 

speed and length of stalks with heads on the cutting width 
distribution percentage for cutting sunflower straw. 
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Fig (4) illustrates the effect of cutting drum tip speed on machine 
capacity at different moisture content and levels lengths of neck with heads. It 
is obvious that increasing cutting drum tip speed results in increasing 
machine capacity. This happed at any level of levels lengths of neck with 
heads. Meanwhile, increasing moisture content resulted in increasing 
machine capacity. At length of neck with heads of 25 cm, the machine 
capacity was higher compared with other two length of neck with heads of 10 
and 50 cm as illustrated in Fig. (4). This is due to the amount of coming 
sunflower residues from threshing machine were higher in this case (length of 
neck with heads of 25 cm). At length of neck with heads of 10 cm, the 
machine capacity was higher compared with length of neck with heads of 50 
cm. This is due to that during threshing there was consumed time with length 
of neck with heads of 50 cm. At increasing cutting drum tip speed from 15.69 
m/s to 34.01 m/s at moisture content of 21.4% d.b and length of neck with 
heads of 10 cm, the machine capacity increased with about 34%. At 
increasing cutting drum tip speed from 15.69 m/s to 34.01 m/s at moisture 
content of 16.6% d.b and length of neck with heads of 10 cm, the machine 
capacity increased with about 31%. At increasing cutting drum tip speed from 
15.69 m/s to 34.01 m/s at moisture content of 10.5% d.b and length of neck 
with heads of 10 cm, the machine capacity increased with about 28%. 

At increasing cutting drum tip speed from 15.69 m/s to 34.01 m/s at 
moisture content of 21.4% d.b and length of neck with heads of 50 cm, the 
machine capacity increased with about 33%. At increasing cutting drum tip 
speed from 15.69 m/s to 34.01 m/s at moisture content of 16.6% d.b and 
length of neck with heads of 50 cm, the machine capacity increased with 
about 38%. At increasing cutting drum tip speed from 15.69 m/s to 34.01 m/s 
at moisture content of 10.5% d.b and length of neck with heads of 50 cm, the 
machine capacity increased with about 31%. 

The higher machine capacity was 189.08 kg/h at 21.4% d.b moisture 
content and at the cutting drum tip speed of 32.5 m/s when  lengths of neck 
with heads of 25 cm. The smallest machine capacity was 117.95 kg/h at 
10.5% d.b moisture content and at the cutting drum tip speed of 15.96 m/s 
when  lengths of neck with heads of 50 cm. 

Fig (5) shows effect of cutting drum tip speed on energy consumption 
at levels lengths of neck with heads and different moisture content. 
Increasing moisture content resulted in increasing energy consumption with 
increasing of cutting drum tip speed and at any level of lengths of neck with 
heads. At increasing cutting drum tip speed from 15.69 m/s to 34.01 m/s at 
moisture content of 21.4% d.b and length of neck with heads of 10 cm, the 
energy consumption increased with about 23%. At increasing cutting drum tip 
speed from 15.69 m/s to 34.01 m/s at moisture content of 16.6% d.b and 
length of neck with heads of 10 cm, the energy consumption increased with 
about 23%. At increasing cutting drum tip speed from 15.69 m/s to 34.01 m/s 
at moisture content of 10.5% d.b and length of neck with heads of 10 cm, the 
energy consumption increased with about 22%. 
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Fig (4): Effect of cutting drum tip speed on machine capacity at different 

moisture content and levels lengths of neck with heads 
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Fig (5): Effect of cutting drum tip speed on energy consumption at 

levels lengthsof neck with heads and different moisture content.  
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At increasing cutting drum tip speed from 15.69 m/s to 34.01 m/s at 
moisture content of 21.4% d.b, 16.6 % d.b and 10.5 % d.b and length of neck 
with heads of 10 cm, the energy consumption increased with about 20%,20% 
and 17%, respectively. Meanwhile, at increasing cutting drum tip speed from 
15.69 m/s to 34.01 m/s at moisture content of 21.4% d.b, 16.6 % d.b and 10.5 
% d.b and length of neck with heads of 50 cm, the energy consumption 
increased with about 22%,20% and 22%, respectively. At length of neck with 
heads of 50 cm had higher energy consumption compared with other two 
lengths of neck with heads and this is because the length had lower machine 
capacity. Meanwhile, the energy consumption at different moisture content 
and at lengths of neck with heads of 10 and 25 cm was close due to no more 
change in power requirements. As illustrated in Fig.(5)  

 

CONCLUSIONS 
 

The developed equipment, can  be used with high performance 
productivity of 189.08 kg/h at 21.4% d.b moisture content and at the cutting 
drum tip speed of 34.5 m/s when  lengths of neck with heads of 25 cm. At 
increasing cutting drum tip speed from 15.69 m/s to 34.01 m/s at moisture 
content of 16.6% d.b and length of neck with heads of 10 cm, the machine 
capacity increased with about 31%. The higher distribution percentage was 
89 % for cutting width distribution range of 2.5-4 cm at length of stalks with 
heads 10 cm when the moisture content was 10.5% d.b at cutting drums 
speed of 28.78 m/s. At length of neck with heads of 50 cm had higher energy 
consumption compared with other two lengths of neck with heads and this is 
because the length had lower machine capacity. Meanwhile, the energy 
consumption at different moisture content and at lengths of neck with heads 
of 10 and 25 cm was close due to no more change in power requirements. 
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 تطوير واختبار اداء معدة محلية الصنع لتقطيع مخلفات دراس عباد الشمس
 ** و حمىىىىىد علىىىىىي  بىىىىىراهيى، *هشىىىىىاى نىىىىىا ي عبىىىىىد الم يىىىىىد،*علىىىىىي البىىىىىيد  بىىىىىو الم ىىىىىد

 **ممدوح منياوي قميص
  امعة المنصورة -كلية الزراعة  –قبى الهندبة لزراعية   * 

 مصر -الدقي –مركز البحوث الزراعية -هندبة الزراعية** معهد بحوث ال
 

كل االبحث إلى الاستفادة  الفورية من مخلفات دراس عباد الشمس كحل ضمني لمشهذا هدف ي
اختبيار مديدة لانتي اذ بيذورق وت  يي  وذلي  مين خيتل تريميص وتريني  و ،تدوير المخلفات فيي مرير

عبياد الشيمس  ن الاستفادة من مخلفيات دراس يمكأقراص وسي ان محرول عباد الشمس ؛ولكي تحل 
وتتضيمن وايا ف المديدة موضيوذ  المريرية محل ال ير  فيي البي ية كمردر  داص بديل للحيوانات 

البحث كل من عمليات فرل البذور من ال رص وتجميدها من فتحية خيروا البيذور؛ وكيذل  عملييات 
 تح يص وتكسير اقراص عباد الشمس لتجهي ها كغذاء للحيوانات  

حيييث ترييميص وتريني  المديدة موضييوذ البحيث محلييا  دراسيةال تضيمنتولتح يي  هيذا الهييدف 
للجيرار إليى  PTOوييتص ن يل ال يدرة مين  -ر يسسبتين لدمليات الدراس والت  ي  تكونت من وحدتين 

المديدة الم يورة فيى  اختبيار  بواس ة السيور ومجموعة  من ال ارات كل الأج اء المتحركة بالمددة
تحدييد أنسيظ ايروف تشيغيل ل لية وتحت ايروف تشيغيل مختلفية  ت  ي  رؤؤس عباد الشمسة عملي

مح يية البحييوث فييى م رعيية  المدييدة موضييوذ البحييثتجييارظ  اختبييارات   وقييد أجريييت  المرييندة 
انتاجيية خيرا المديدة وف يات ت ييص اداء الالة عليى ضيوء و  بمحافاة الإسكندرية ال راعية بالنوبارية 

 وقيد أاهيرت النتيا ل المتحريل   وتكاليف التشيغيل الاليية رةدال ونوعية ال    وكذل  مت لبات وحدة 
 %43الإنتاجيية بحيوالي   إلى  يادةأدت   43.16الى   69.51 من  سرعة الدرفيل يادة أن  عليها 

سييص وأعلييى إنتاجييية كانييت  61أسيياس جيياف و ييول السييا  بييال رص  %46.3عنييد محتييوو ر ييوبي 
 43.16أساس جاف عند سرعة  %46.3كجص /س عباد شمس م    عند محتوو ر وبي  615.11

تيي اد ميي   يييادة المحتييولى  وال اقيية المسييتهلكة  ،سييص   49ص/ث عنييد  ييول جيي ء ملتريي  بييال رص 
سيص كانيت  49و  61سيص ولكين عنيد الأ يوال  91الر وبي و يادة ال ول المياتص بياقرص لحيوالي 

حيوالي مين لأ يوال ال اقة المستهلكة متفاربة وتمكنت الآلة الم ورة من ت  ي  أجي اء عبياد الشيمس 
ص/ث ومحتييوو ر ييوبي لأجيي اء عبيياد  43.16عنييد سييرعة ت  ييي     %15.9سييص بنسييبة  3إليى  4.9

 يورييى باسييتخداص ترييميماتوسييص    61أسيياس جيياف وال ييول الملتريي  بالسييا   %61.9الشييمس 
محريول عبياد حارييل أخيرو ريير لمواختبارهيا  اليدراس وت  يي  المخلفيات مددات مجمدة ليدراس

 الشمس 


