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Abstract 
 

The main objectives of this research are to develop a sustainable feeding unit in the small barns for 

daily fresh feed production by minimizing the operation cost of feed manufacturing and mixing 

the good soften cutter feed with nutrient supplements mechanically using an easy operating 

system. The storage of mixed fodder for a long period can expose its validity into rancidity and 

oxidation and reduces the nutritional value. Thus, an adequate feeding unit suitable for small barns 

is developed. Three experiments are conducted to test the developed unit on the variable levels of 

the cutting speeds (7.540, 9.426 and 11.304m/s), three feeding rates of (0.3, 0.6 and 0.9 ton/h) and 

three knife interferences of (5, 10 and 15 mm) to measure the performance rates, efficiency and 

economic evaluation. The results indicated that the maximum percentage in the soften cutting 

length > 5 cm was 92.82 % at the helical distribution with the maximum speed of 11.304 m/s, 

feeding rate of 0.9 ton/h and the largest knife interference of 15 mm. Besides, the maximum feed 

mixing efficiency (95.45 %) was recorded at the highest adaptable settings. Meanwhile, the 

maximum machine productivity was recorded at 0.85 ton/h at the same variables. Moreover, the 

maximum power consumption value (6.85 kWh/ton) was obtained at the lowest cutting speed of 

7.540 m/s, feeding rate of 0.85 ton/h and knife interference of 5 mm. The maximum operation cost 

was 121.20 Egyptian pound/ton with the same factors. 
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1. Introduction 

 

Feed manufacturers usually choose ingredients that are the least cost but still meet the desired 

nutritive properties for a given species [1] The primary force driving changes in feeding practices 

has been economic on how to bring food animals up to weight as quickly and cheaply as possible 

[1]. Feed availability, new feed ingredients and new feeding practices have played important roles 

in the concentration of animal food production operations [2]. 

The reviewed researches are branched into five main topics. First topic is focused on the 

use of agricultural residues in feed ingredients.   Rice straw represents an important agricultural 

residual in Egypt and approximately 3.5 million tons of rice straw is produced every year. 

In general, the maximum intake of rice straw by ruminants is about 1.0 to 1.2 kg per 100 

kg live weight [3].  Also crops residues (CRs)  are roughages that become available as livestock 

feeds after crops have been harvested [4] .  Livestock farmers, especially in the sector of goats, 

sheep and cattle, are constantly faced with problem of feed shortage during the dry season [5] . 

However, crop residue such as rice straw could be treated with urea or calcium hydroxide or by 

supplementing rice straw with protein for the enhancement of intake, degradability and milk yield 

[6-7]. Second topic concerns improving the feed nutrient value.  Generally, supplementation of a 

ration of rice straw with protein, energy and/or minerals may optimize rumen function and also 

increase intake [1]. Molasses can be a source of quick energy and an excellent source of minerals 

for farm animals and it is an effective way to increase the palatability of feeds through the use of 

diluted molasses (with water) by sprinkle its solution over the fodder from 0.1 % and 0.4 % (when 

a forage-based diet was fed) to 1 % and 3 %, respectively [8]. Third topic emphasizes on the effect 

of storage on feed validity. Clearly, oxidation is one of the major reasons that feeds deteriorate and 

is caused by the reaction of fats and oils with molecular oxygen leading to off-flavors that are 

generally called rancidity [9]. However, oxidative rancidity is of special interest as it leads to the 

development of unfavorable off-flavors that can be detected early on in the development of 

rancidity [ 10] .  Also, keeping quality of alimentary animal fats is governed by factors such as 

storage temperature, permeability of the packaging material to air and moisture [11] .  However, 

nutritional losses and other deteriorative changes in animal fats are concerned with the changes 

that result from their reaction with atmospheric oxygen [9].  Fourth, the benefits of feed cutting are 

examined. More clearly, quality of crop residues and roughages are improved by both chemical 

and physical methods [12].  Physical treatment of residues prior to chemical treatment improves 

materials acceptance of chemical treatment.  Physical treatment includes chopping, shredding, 

grinding and pelleting [12]. Also, knife mills or choppers work successfully for shredding forages 

under various crops and machine conditions. Disc mills produce very small particles if input feed 

is provided by knife mills or hammer mills [13]. The range of cutting crop residues (1-3 cm)  is 

suitable for sheep and goats while the range of 3-5 cm is suitable for large animals [2]. However, 

using different chopped roughage can solve serious problems of animal feeding shortage in Egypt 

[14]. Chopping farm residues in pieces less than 3 cm improves its efficiency when used in feeding 

livestock [14] .  Fifth topic concerns the development of feed cutting devices.  The results for an 

improved designed cutting machine for rice straw and maize stalks indicated that the maximum 

percentages (87.80 and 92%) in cutting length of less than 5 cm were obtained for rice straw and 

corn stalks residues, respectively, at cutting speed of 10.09 m/s, feeding rate of 0.771 ton/h and 

knife clearance of 1.5 mm while the energy consumed was 6.36 and 6.17 kWh/ton [15]. However, 

a developed combined cutting-unit with the harvesting combine machine was designed and about 

27%  from straw length < 5 cm was recorded at cutting speed 12.65 m/s while rice-straw length 

between 5-15 cm was about 54% and rice-straw length > 15 cm was about 19% [16]. In addition, 

the cutting unit in the Japanese combine was modified and tested and it was found that the power 

consumption increased with increasing forward speed and cutting speeds, while the energy 
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requirement (kWh/ton) increased with decreasing forward speed and increasing cutting speed with 

highest percentage value 83%  of short pieces < 6 cm was obtained at 0.75m/s [17].  Besides, a 

suitable developed cutting rice-straw machine was developed for appropriate lengths for the 

manufacture of animal feed and compost [18]. The productivity of 892 kg/h, power requirement 

about 5.05 kW, the operation cost of 13.63 Egyptian pound/h at 2015 and specific energy 5.67 

kWh/t were obtained [18]. 

The main objectives of the research are to investigate on the production of fresh daily 

feed for the small barns and how to minimize the operating cost of manufacturing feed.  The good 

soften cutter feed mixed with nutrient supplements mechanically with easy operating system was 

also examined. 

 

 

2. Materials and Methods 
 

2.1 Design of developed unit 
 

The developed unit depended on the cutting disks knives in the rear part for the Japanese rice 

combine harvesters is designed.  Usually, operating combines in Egypt are conducted without 

using these parts due to its problems from increasing the mechanical loads so it was removed from 

rice combine harvesters.  The utilization of reusing these units to make separate equipment is 

examined. The modification of the developed unit is to make a propelled equipment suits small 

barns using small tractors as the power source from tractor power take off ( PTO)  or using a 

separate gasoline motor.  The general description of the developed equipment is shown in the 

schematic drawing (Figure 1). 

 

 

 
 

Figure 1. Schematic drawing for the developed feeding equipment (dimensions: cm) 
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The new developed cutting and mixing unit consists of the following parts as follows: 

 

1) Power source: The power source has duel outlets portions. The first one, as shown in Figures 

2-5 built from the hexagonal attached shaft which connected to the PTO in the low power tractors 

(less than 30 hp) which fits the required power consumption that ranges about 6.85 kWh/ton. On 

the other hand, a separate gasoline motor 6.5 hp is attached to operate the feeding equipment as 

shown in Figure 3 and its specifications are listed in Table1. 

 

Table 1. The used gasoline motor specifications 

 

Model Kobal, made in China 

Certification 

Engine displacement (cc) 

Horsepower (hp) 

Speed (max) RPM 

EPA 

212 

6.5 

3800 

 

 

 
 

 

Figure 2. The developed unit 

(rear side view) 

 

Figure 3. The developed unit  

(front side view) 

  

Figure 4. The developed unit 

(right plane view) 

 

Figure 5. The developed unit 

(left plane view) 
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2) Chassis:  The chassis is made from iron heavy square pipes ( 4 cm)  which welded and 

manufactured locally to stand tracking on its own four wheels (12 cm dia.) and trailed by the tractor 

with two front bearer bars that turns the feeding equipment on pivotal axial coupling. The developed 

unit has dimensions of 2.5×0.75×1.65 m (length× width× height) as shown in the schematic drawing 

Figure 1. 

 

3) The cutting unit: As shown in Figures 6-9, two inside different cutter drums have the cutting 

action for the picked feed to the unit which do the work by organized steps. The mirrored straw 

was first caught by the top drum. The straw was then pressed between the cutting edges of the top 

and the lower cutter drums which rotates in reverse to each other.  The top drum consists of two 

kinds of vertical disc knives. One of these knives has tags to catch the straw and prevent it from 

sliding as shown in Figure 10(a). Fifteen knives which have tags or the caught disks were arranged 

side by side sixteen cutter knives disks on the hexagonal section shaft. 

 

 

  
 

Figure 6. The cutting and mixing unit initial 

parts 

Figure 7. The electrical sprayer distributor 

  
 

Figure 8. The cutting unit feeding trays 

 

Figure 9. The outlet cutting rough feed 

 

4) The cutting unit modification: There are three main modifications as follows:  

     a)  The lower cutting rotor as shown in Figures 10-11, the bottom cutting rotor has been 

modified by adding and distributing an additional cutting blades between collars of the cutting 

rotor with two distributions arranged as the vertical one and the helical one, along the cutting rotor 

drum to duplicate the cutting force on the feeding forages to decreases its lengths as required 

(Figure 9). 
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a  

 

b  

c  

Figure 10. The different disc knives (a and b 16 

cm dia.) for the upper rotor and (c) for the lower 

rotor (16 cm dia.). 

Figure 11. The different attached knives 

distributions (1-Wm: without modification,  

2-Vd: vertical distribution and 3- Hd: helical 

distribution). 

 

     b) The inlet feeding trays: Two main trays on the both sides of the cutting unit are merged to 

set the feed rate equally between the used straw residual and the dried forage and to balance the 

feed ingredients (Figure 8). The tray dimension is 120×30 cm. 

     c) The outlet tray: This part was designed as shown in Figures 5 and 7 to provide the feeding 

directly to the animals, which falcate the feed process. 

 

5) The mixing unit:  As shown in Figures 6 and 12, the right hand of the auger has double sides 

which conveys each other inversely in the direction to the convey zone that mixes the fallen mixed 

cutter feed. 

 

  

Figure 12. The mixing feed auger 

 

Figure 13. The duel sprayer nozzles 

 

 

6) The electrical sprayer distributor (for useful supplements liquid): As shown in Figure 7, an 

adequate garden sprayer is used for spraying liquid through the outlet cutter feed with reviewed 

ranges of its discharge rate (1 l/10 kg dry rough-feed) from doubled hanged sprayers on the cutting 

door (as shown in Figure 13). The sprayer has 12 litre tank with rechargeable 12 volt battery and 

operates with inlet strong pump that provides flow rate up to 1 l/min. In addition, the mass of the 

discharged supplement was controlled by adapting the nozzles collar to set its cone diameter by 

rolling it. 
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7) The transmission unit: The power transmitted (as shown in Figures 2 and 3) from the driving 

pulley of 7 cm dia. on the gasoline motor shaft to the main idler shaft front pulley (22 cm dia.) to 

the other left pulley (12 cm dia.)  on the same shaft. The power was then branched to the cutting 

and the mixing unit pulleys, respectively (17 and 20 cm dia.), as shown in Table 2. The different 

changeable linear speeds are due to controlling the gasoline lever at three different loads as listed. 

 

Table 2. The cutting and mixing unit linear speed 

 

Motor pulley 

(rpm) 

Cutting pulley 

(rpm) 

Cutting pulley 

(m/s) 

Auger pulley 

(rpm) 

Auger pulley 

(m/s) 

2400 847 7.540 720 7.540 

3000 1059 9.426 900 9.425 

3600 1270 11.304 1080 11.310 

 

2.2 Study of performance parameters 
 

The performance parameters of the designed machine are described as follows: 

1) Three cutting speeds (V) of 7.540, 9.426 and 11.304 m/s which changed according to  

     the transmission system. 

2)  Three feeding rates ( F)  of 0. 3, 0. 6 and 0. 9 ton/ h which settled experimentally by  

      adapting the feeding quantity with the time using the merged cutting unit trays as listed  

      in Table 3. 

3) Three knife interferences (I) of 5, 10 and 15 mm which according to lateral controlling  

     lever that gauge the interference distance between the two cutting rotors (Figure 2). 

 

Table 3. The used feed ingredients at the changed feeding rates 

 

Feeding rate (ton/h) 

Feed ingredients 

Straw (kg) 
Dried clover 

(kg) 

Supplement 

liquid (litre) 

0.3 (5 kg/min) 

0.6 (10 kg/min) 

0.9 (15 kg/min) 

3.0 

6.0 

9.0 

1.5 

3.0 

4.5 

0.5 

1.0 

1.5 

 

2.3 Measurements 
 

Three experiments were conducted and replicated three times. The developed feed equipment was 

studied to evaluate the developed unit without modification (Wm)  and after distributing the 

additional blades in the vertical (Vd) and helical (Hd) distributions to measure the following: 

 

1) The cutting lengths percentages (CL, % ) :  After each cutting treatment, a sample of 1 kg 

weight from cutting crop material was taken and separated into three categories, i.e.  less than 5, 

more than or equal 5-10 and more than 10 cm. Each cutting length in the sample was weighed and 

calculated as a percentage from the total sample weight.  The mean length cutting straw was 

calculated using the following equation according to Wanapat et al. [7]: 
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..              (1) 

Where: M.L.S is the mean length cutting straw, 

             Xi is the mean length of each division (Wm, Vd, Hd) and 

             Wi is the sample weight of each division, g. 

 

2) The mixing efficiency (M, %): After every treatment the outlet of mixed feed random sample 

was analyzed. Each ingredient weight (straw, dried forage and supplement liquid) was dived into 

the total weight to measure the mixing efficiency percentages by the following equation: 

 

                                 M =  
𝑆𝑤×𝐷𝑤×𝐿𝑤

𝑇𝑤
× 100 %              (2) 

Where: M% is the mixing efficiency,  

             Sw is the straw weight (g),  

             Dw is the dried clover weight (g),   

                  Lw is the supplement liquid weight (g) and  

            Tw is the total sample weight (1000 g).  

 

3) The machine productivity (P, ton/h): The machine productivity was calculated by using the 

following equation: 

hton
M

P /
1000

160
=              (3) 

 

Where: P is the machine productivity (ton/h), M is straw feed mass (kg), 60 is minutes, 1 is 

one ton and 1000 is constant. 

 

4) The fuel consumption (F), L/min: Fuel consumption was determined by measuring the 

volume of fuel consumed during the operation time for each run and calculated in liter per hour. It 

was measured by completely filling the fuel tank before each end run and refilling the fuel tank 

was used as a scaled container. The fuel consumption rate was calculated by the following 

equation: 

   
hL

T

V
F /      =

               (4) 

Where: F: rate of fuel consumption, L/h, V: rate of consumed fuel, L and T: time, h.  

 

5) The consumed power requirements (Pr, kW.h/ton): The consumed power requirements were 

calculated by using the following equation [19]: 

 

     tonhkW
P
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P mthf
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36.175
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.
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







 
=

            (5) 

Where: Pr is energy requirements (kW.h/ton), 

             Fs is fuel consumption rate (L/h), 

             ρf is density of fuel (kg/L) (for diesel = 0.85 kg/L), 

             C.V is calorific value of fuel (Kcal/kg,), 

             427 is thermal-mechanical equivalent (kg.m/Kcal),  

             ηth is thermal efficiency of the engine, assumed 40 % for diesel engine, 

             ηm is mechanical efficiency to engine, assumed 80 % for diesel engine and 

             P is machine productivity (ton/h). 
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6) The operating cost (C, Pound/ton): The operating cost was determined using the following 

formula:  

 

Operating cost (C) = Machine hourly cost (Pound/h)  Pound/ton            (6) 

         Actual machine capacity (ton/h) 

 

3. Results and Discussion 
 

3.1 Factors affecting mean cutting length percentages 
 

In general, the obtained first percentage category of cutting length < 5 cm at the effect of the 

cutting speed ( V)  within the tested variables; the different feeding rates ( F)  and also the knife 

interferences (I). Figure 14 shows From these figures, it could be cleared that, there are high effect 

for V at the new development for the new knife distribution on the beneath cutting rotor from the 

vertical to the helical arrangements which improves significantly the desired cutting length 

category < 5 cmmore than the other categories > 5-10 and >10 cm.  

The results indicated that increasing the cutting speeds from 7.540 to 11.304 m/s would 

directly increase the percentage of cutting length < 5 cm at the both variable levels for F and I. As 

shown in Figure 14, the maximum values of the cutting length percentages for the 1st category 

distribution of soften length (< 5 cm) were 83.83, 89.41 and 92.82 %  for the (Wm, Vd and Hd), 

respectively and the highest value ( F)  0. 9 ton/ h at the highest ( V)  of 11. 304 m/ s while the 

minimum values for the 1st category were 71.39, 76.97 and 80.38 %  for the (Wm, Vd and Hd) 

distributions, respectively at the lowest value of (F) 0.3 ton/h and (V) of 7.540 m/s. Also, as shown 

in Figure 14(b), the maximum values of the cutting length percentages for 1st category were 82.85, 

88.43 and 91.84 % for the (Wm, Vd and Hd) distributions, respectively, at the highest value (V) of 

11.304 m/s and the highest value (I) of 15 mm while the minimum values for the 1st category were 

72.50, 78.08 and 81.49 % for Wm, Vd and Hd distributions, respectively at the lowest value (V) of 

7.540 m/s and (I) of 5 mm. It could be stated that the distribution percentage of cutting length less 

than 5 cm were increased by increasing both knife interference and feeding rate levels. There are 

high significance differences between the tested treatments and the total interaction between it to 

CL % . The analysis of variance for the data of 1st category for CL %  at different tested factors 

indicated highly significant differences between the treatments.  A simple power regression 

analysis is applied to relate the change in the 1st category < 5 cm with the change in the tested 

factors in the form of: 

 

(Wm)   [<5 cm] = (50.178, 55.758 and 59.168)+ 2.498 V + 4.854 F + 0.0983 I 

Without 

modification 
 

          R2= 0.9977                   C.V. = (0.306, 0.286 and 0.0274) 
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Mean cutting length percentages for length catogry < 5 cm at three diffient experiments (Wm, Vd 

and Hd). Wm: Knives without modification, Vd and  Hd: Knives vertical and helical distributions. 

  

 

Figure 14. The effect of cutting and mixing unit linear velocity on the mean cutting length 

percentages of category < 5 cm at the different feeding rates and knife interference 

 

Mean cutting length percentages for length catogry > 5-10 and  > 10 cm at three diffient experiments 

(Wm, Vd and Hd). 

  

  

 

Figure 15. The effect of cutting and mixing unit linear velocity on the mean cutting length percentages of 

category > 5-10 and > 10 cm at the different feeding rates and knife clearances 

 

Figure 15 showed that there are an oppositely relationship by increasing the cutting speed 

the (CL) percentages decreased with increasing both of the F and the I. The results showed that 

increasing the cutting speeds from 7.540 to 11.304 m/s adversely decreased the percentage of 

cutting length (> 5-10 and > 10 cm) at both variable levels for F and I. The maximum values of the 

a b 

c d 

a b 
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CL% for 2nd and 3th categories ( > 5-10 and > 10 cm) as shown in Figure 15 (a and b), were 

(22.63, 17.95 and 15.53 %) and (5.98, 5.08 and 4.09 %), respectively, for the lowest feeding rate 

(F) 0.3 ton/h and the lowest cutting speed (V) of 7.540 m/s while the minimum values were 

(12.58, 7.90 and 5.48 %) and (3.59, 2.69 and 1.70 %) for the (Wm, Vd and Hd), respectively, at 

the highest value of (F) 0.9 ton/h and (V) of 11.304 m/s. 

In that manner, as shown in Figure 15 (c and d), the maximum values of the CL% for 2nd 

and 3th categories were (21.63, 16.95 and 14.53 %) and (5.87, 4.97 and 3.98 %), respectively, for 

the lowest (V) of 7.540 m/s and the minimum (I) of 5 mm. The minimum values were (13.26, 8.58 

and 6.16 %) and (3.89, 2.99 and 2.00 %) for the (Wm, Vd and Hd), respectively, at the maximum 

value (V) of 11.304 m/s and (I) of 15 mm. From the results, the new CL% with (P < 0.05) could 

be clarified.  The analysis of variance for the data of 2nd and 3th categories showed highly 

significant differences. The power regression equations for 2nd and 3th categories are as follows: 

 

(Vd) 

Knives distribution 
[>5-10 cm] = (39.479, 34.799 and 32.379) –2.029 V –3.864  F- 0.0826 I 

               R2= 0.9967                C.V. = (1.347, 1.850 and 2.293) 

 

(Hd) 

Knives distribution 

[>10 cm] = (10.343, 9.443 and 8.453) - 0.469V- 0.990 F- 0.0157 I 

              R2= 0.9908                 C.V. = (1.939, 2.347 and 3.056) 

 

3.2 Factors affecting feed mixing efficiency (M %) 
 

As shown in Figure 16(a), the maximum values of M were 88.38, 94.63 and 95.45 %, respectively, 

at the highest (F) 0.9 ton/h and the highest (V) of 11.304 m/s. The minimum values of M were 

75.94, 82.19 and 83.01 %  for the (Wm, Vd and Hd), respectively, at the lowest value of (F) 0.3 

ton/h and (V) of 7.540 m/s. Also, as shown in Figure 16(b), the maximum values of M were (87.40, 

93.65 and 94.47 % ), respectively, at (V) of 11.304 m/s and (I) of 15 mm. The minimum values of M 

were (77.05, 83.30 and 84.12 % ) for the (Wm, Vd and Hd), respectively, at the lowest value (V) of 

7.540 m/s and (I) of 5 mm. The use of two- part auger with high rotational speed and screw pitch led to 

the efficiency of feed mixing at  the highest speeds with the maximum levels of (F and I) .  There are 

significance differences between the tested factors and the total interaction between it to M with (P < 

0.05). The power regression equations for M% are as follows: 

 

Wm, Vd and Hd 

Knives distributions 

[M%] = (54.728, 60.978 and 61.798) + 2.498 V + 4.854 F + 0.098 I     

 R2 = 0.9977          C.V. = (0.289, 0.269 and 0.266) 
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Figure 16. The effect of cutting and mixing unit linear velocity on the feed mixing efficiency at 

the different feeding rates and knife interference 

 

3.3 Factors affecting the machine productivity (P, ton/h)  
 

As shown in Figure 17(a), there are direct relations between the highest values of P (0.79, 0.84 and 

0.85 ton/h), respectively, at (F) 0.9 ton/h and (V) of 11.304 m/s while the minimum values of P 

were (0.23, 0.24 and 0.25 ton/h) for the (Wm, Vd and Hd), respectively, at the lowest value of (F) 

0.3 ton/h and (V) of 7.540 m/s. Moreover, the maximum values of P were (0.52, 0.56 and 0.57 

ton/ h) , respectively, at ( V)  of 11.304 m/ s and ( I)  of 15 mm as shown in Figure 17( b) .  The 

minimum values of P were (0.46, 0.49 and 0.50 ton/h) for the (Wm, Vd and Hd), respectively, at 

the lowest value (V) of 7.540 m/s and (I) of 5 mm. The application of the maximum cutting speed, 

feeding rates and knife interferences allowed relatively mass production and improved the cutting 

unit to contain large capacity of the feed to produce these values of huge capacities.  

The statistical analysis showed high significance differences between the tested 

treatments and the total interaction between it to P with ( P < 0. 05)  and highly significant 

differences between the treatments. The obtained regression equations for P were in the form of: 

 

Wm, Vd and Hd 

 

Knives distributions 

[P(ton/h)] = (-0.161, -0.161 and-0.161)  + 0.0149 V + 0.841 F + 6.037e-4 I 

 R2 = 0.9999              C.V. = (0.328, 0.321 and 0.311) 

 

  

 

Figure 17. The effect of cutting and mixing unit linear velocity on the total machine 

productivity at the different feeding rates and knife interference 

b 

a 

a 

b 
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3.4 Factors affecting power requirements (Pr, kWh/fed) 

 

As shown in Table 4, the fuel consumption rates range from 0.49 to 0.62 l/h which is more 

economical for the operating of the designed feed equipment. 

 

Table 4. The fuel consumption rates at the tested factors 

 

Distribution V and F Wm Vd Hd V and I  Wm Vd Hd 

Fuel cons. Max 

l/h 

11.304m/s  
0.57 0.61 0.62 

11.304m/s  
0.56 0.60 0.61 

0.9 ton/h 15 mm 

Fuel cons. Min 

l/h 

7.540m/s 
0.49 0.52 0.54 

7.540 m/s 
0.49 0.53 0.54 

0.3ton/h 5 mm 

 

Generally, there are a direct relation as shown in Figure 18 (a) that the maximum values 

of Pr were equaled at 6.85 kWh/ton for the (Wm, Vd and Hd) distributions, respectively, at the 

lowest feeding rate ( F)  of 0.3 ton/h and the lowest cutting speed ( V)  of 7.540 m/ s while the 

minimum values for Pr was equaled at ( 2.28kWh/ton)  for the (Wm, Vd and Hd)  distributions, 

respectively at the maximum value (F)  of 0.9 ton/h and (V)  of 11.304 m/s.  From the results it 

could be stated that the consumed fuel was not affected by the machine loads unless the changing of 

machine speed was decreased by the power requirements at the higher values of V than the lowest 

speeds. Figure 18(b)  shows a linear relationship between Pr and V at the different values of F and I 

which explains that there were no significant differences between the tested factor I and Pr but the 

significant difference was found between the changing of the cutting speed and the feeding rate.  The 

obtained regression equations for Pr were in the form of : 

 

(Wm), (Vd) and (Hd) 

distributions 

[Pr kW.h/ton] = (8.757, 8.757 and 8.757) - 4.929e -17 V -7.615 F           

+1.266e-19 I                     R2= 1 

 

 
 

 

Figure 18. The effect of cutting and mixing unit linear velocity on the power requirements at 

the different feeding rates and knife interference 

 

 

 

 

 

 

 

a b 
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3.5 Factors affecting operating cost (C, Pound/ton) 
 

 

  
 

Figure 19. The effect of cutting and mixing unit linear velocity on the machine operating cost at 

the different feeding rates and knife interference 

 

As shown in Figure 19 (a), there are inverse relations. The maximum values of C were (133.35, 

123.93 and 121.20 Pound/ton), respectively, at (F) of 0.3 ton/h and (V) of 7.540 m/s. The 

minimum values of C were (38.13, 35.79 and 35.11 Pound/ton) for the (Wm, Vd and Hd), 

respectively, at the maximum value of (F) 0.9 ton/h and (V) of 11.304 m/s. However, the 

maximum values of C were (80.91, 75.23 and 73.59 Pound/ton), respectively, at (V) of 7.540 m/s 

and (I) of 5 mm while the minimum values of C were (71.13, 66.70 and 65.40 Pound/ton), 

respectively at (V) of 11.304 m/s and (I) 15 mm as shown in Figure 19(b). The manufacturing cost 

was 10 thousand Egyptian pounds in 2018. The results showed that the use of minimum cutting 

speeds, feeding rates and knife interferences could increase the operating costs more than the 

levels of economical operation for the developed machine. The power regression equations for (C) 

were in the form of : 

 

(Wm), (Vd) and 

(Hd) 

Knives 

distributions 

[C (Pound/ton)] = (184.334, 170.540 and 166.554) – (2.362, 2.060 and 

1.975) V – (142.088, 132.423 and 129.607) F – (0.0898, 

0.07821 and 0.0751) I 

 
R2= 0.9999             C.V. = (0.310, 0.289 and 0.283) 

 

4. Conclusions  
 

It could be concluded that the maximum percentage in the soften cutting ( length > 5 cm)  was 

92.82 %  at the helical distribution with the maximum speed of 11.304 m/s, feeding rate of 0.9 

ton/h and the largest knife interference of 15 mm. Besides, the maximum feed mixing efficiency 

of 95.45 %  was recorded at the highest adaptable settings. The maximum machine productivity 

was recorded at 0.85 ton/h at the same variables. The maximum power consumption value at 6.85 

kWh/ton was obtained at the lowest cutting speed of 7.540 m/s, feeding rate of 0.85 ton/h and 

knife interference of 5 mm. In addition, the maximum operation cost was 121.20 Pound/ton with 

the same factors. It is recommended to establish this modified system in the small barns. 

 

 

 

a b 
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