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ABSTRACT 
 

This research aims to study effects of some factors on design of rice straw-bales chopper to solve the operation problems such as 

un-continuous rice-straw feeding rate to a cutting unit, the feeding-platform height and the rice-straw cutting size. The experiments were 

conducted to determine the optimum operation factors to achieve the straw lengths desired for the animal feeding and compost. The 

studied factors were type of knives (free, fixed-curved and free fixed-curved), chopping-drum speeds of 1450, 1750, 2050 and 2350 rpm 

(34.16, 41.23, 48.3 and 55.37 m/s) and feeding-mechanism speeds of 0.26, 0.31, 0.35 and 0.42 m/s. The Experiments recorded that 

increasing chopping-drum speed from 1450 to 2350 rpm, decreased the mean straw cutting-length from 9.12 to 4.92, from 7.95 to 3.65 

and from 7.31 to 3.31 cm using free, fixed-curved and free fixed-curved knives type respectively at all tested feeding-mechanism speeds. 

The maximum chopper productivity of 1.2 Mg/h was recorded by using chopping-drum speed of 2350 rpm and feeding-mechanism 

speed of 0.42 m/s, meanwhile, the minimum chopper productivity of 0.92 Mg/h was recorded by chopping-drum speed of 1450 rpm and 

feeding-mechanism speed of 0.26 m/s at all cutting-knives type. The results revealed that increasing chopping-drum speed from 1450 to 

2350 rpm, increased the chopper power-requirement from 3.51 to 7.12, from 4.15 to 7.75, and from 4.78 to 8.23 kW, while, increasing 

chopping-drum speed from 1450 to 2350 rpm, the chopper specific-energy increased from 3.81 to 5.93, from 4.5 to 6.46 and from 5.19 

to 6.86 kW.h/Mg by using free, fixed-curved and fixed-curved knives type respectively at all tested feeding-mechanism speeds.  
 

INTRODUCTION 
 

Recently, rice straw became very important 

residues for animal fodder processing because of scarcity 

of the animal fodders in summer season.  The farmers 

compress rice straw into bales and storage them. The rice-

straw bales were chopped to be used to animal-fodders or 

compost processing. The baling method of rice straw on-

field helps farmers to save the straw from weather changes, 

makes handling and transportation easier, facilitates its 

easy and safe storage and maintains its quality, Steele et al. 

(2009). Abo-Elasaad (2016) mentioned that the chopping 

rice-straw is very necessary as a pretreatment for different 

purposes. The chopping treatment was done to convert the 

straw into small pieces, which were suitable for animal 

feeding and compost processing. The rice-straw chopping 

can be done using varying types of chopping machines, but 

the productivity of these chopping machines is still little, 

not covering the manufactures needs, in addition to the 

high operation and production cost of the chopping 

process. Handling rice-straw bales in the processing places 

required more labor to remove rice-straw bales twines and 

feed it to chopping machines, leading to increase the 

production costs. Sugandi et al. (2018) mentioned that one 

of the alternatives to utilize rice straw as a pre-material to 

make compost. The results indicated that the rice straw 

should be cut into small size of 5 - 10 cm. It was found that 

the average diameter, length, moisture content and bulk 

density of rice straw are 0.4 cm, 70.8 cm, 34.6 % wet basis 

and 160.6 kg/m
3
. AL-Gezawe et al. (2016) found that the 

maximum chopping-length average value of rice straw of 

7.1 cm was obtained by using hammers-type at speed of 

560 rpm. Meanwhile, the minimum chopping-length 

average value of rice straw of 1.54 cm was obtained by 

using knives and hammers-type at speed of 1040 rpm. 

Okasha (2016) recorded that increase the cutting drum-

speed from 1200 to 2000 rpm, increase the cutting 

efficiency from 87 to 91.6, from 82.9 to 85.5 and from 82.4 

to 84.9 % at moisture content of 8, 10 and 12 % 

respectively, and increased the chopper productivity from 

0.41 to 0.49 Mg/h at the moisture content of 8 %. Yehia 

and Omran (2018) found that increasing cutting speed 

from 800 to 1400 rpm, decreased the cutting-length 

average 7.16, 7.53, 7.51, 6.38 and 7.98 % for tree-branch 

diameters of 30, 40, 50, 60 and mixed respectively for all 

tree-branch moisture contents and clearances. Metwally et 

al. (2006) indicated that increasing cutting-drum speed 

from 0.75 to 1.88 m/s, increased the chopping length about 

24.1 and 60.5 % for serrated and straight-edge shapes 

respectively. It was found that the minimum chopping-

length of 1.0 cm was obtained at feeding speed of 0.28 m/s 

using cutting knives of serrated-edge shaped. El-Fatih et al. 

(2010) indicated that increasing the cutting drum-speed 

from 56.6 to 70.7 m/s, the power requirement increased 

from 2.15 to 3.4, from 3 to 4.2 and from 4.3 to 6.71 kW at 

3.5, 2.5 and 0.9 cm concave-hole diameters respectively. 

Radwan et al. (2016) reported that increasing chopping 

drum-speed from 1150 to 1628 rpm, increased the power 

requirement from 1.74 to 3.27, from 1.92 to 3.37, from 

2.15 to 3.47 and from 2.35 to 3.84 kW at different feeding 

rates of 159.49, 201.60, 283.15 and 336 kg/h respectively. 

Also, the specific energy increased from 13.19 to 25.34, 

from 11.38 to 20.00, from 8.99 to 15.69 and from 8.40 to 

14.37 kW.h/Mg at the same previous feeding rates. The 

research objective is to determine the affecting factors of 

design a rice-straw bales chopper to reach the straw lengths 

suitable for the animal feeding and compost. 
 

MATERIALS AND METHODS 
 

Materials: 

Modified rice-straw bales chopper: The rice-straw bales 

chopper before modification was developed by (Abo-

Elasaad, 2016). Fig. 1. shows views of the rice straw-bales 

chopper after modification.  The rice-straw bales chopper 

after modification consists of the following parts: 

Frame: The frame of the bales chopper after modification 

was made of an iron sheet with 0.5 cm thickness. The 

frame has three parts: horizontal part, inclined part and 

brackets. The horizontal part length, width and height are 

165, 90 and 29 cm respectively. The inclined part length, 

width and height are 90, 47 and 175 cm respectively with a 

tilt-angle of 75 degree with horizontal part. Two brackets 

were bolted with two sides of frame inclined part. The two 

brackets made of iron with 0.5 cm thickness, 82 cm length 

and 50 cm width.  The second chopping-mechanism 

mounted on the two brackets by bearings.  
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Feeding mechanism: The feeding mechanism before 

modification (feeding platform) was modified to give 

continuous and uniform feeding of rice straw to a cutting 

unit. Also, the feeding mechanism height was designed to 

suit the human-body anthropometric dimension. The 

feeding mechanism parts are: 

(a) Feeding conveyor: The length, width and thickness of 

feeding conveyor were 120, 80 and 15 cm respectively. 

The feeding conveyor mounted on the frame of machine 

by two U-arms and stands. The U-arms and stands made of 

iron angle with a cross-section of 5 x 5 x 0.3 cm. The U-

arms have a width of 25 cm and a height of 20 cm. Each 

stand has a total length of 100 cm.  

(b) Feeding claws: The feeding claws fitted on the front of 

feeding-conveyor for catching and dragging the rice-straw 

bale and feed it toward cutting mechanism. The feeding 

claws consists of claw discs and claw drum. 

Chopping unit: 

Fig. 2 shows a sketch of the chopping unit. The 

chopping unit was modified to minimize the cutting length 

and increase machine efficiency. The chopping unit 

consists of two drums as following: 
 

 
Fig. 1. The modified rice straw-bales chopper views 
(1) Feeding mechanism, (2) Power transmission-unit, (3) Chopping 

unit,  (4) Outlet duct, (5) Frame and (6) 20-hp electric motor. 
 

(a) Cutting drum: The cutting drum was made of steel 

pipe with 16, 84 and 0.5 cm diameter, length and thickness 

respectively. Twenty-eight free cutting-knives were used. 

The free cutting-knives are made of steel with 0.7 cm 

thickness, 14 cm length, and 5 cm width. Four free cutting-

knives were bolted between two flanges. The thickness and 

diameter of each flange are 0.7 and 24 cm respectively. 

The cutting fixed-knives bar was made of U-angle with 83 

cm, 4 cm and 0.2 cm length, width and thickness 

respectively. The fixed knives (U-shape) were made of 

steel with 10 cm, 4 cm and 0.3 cm length, width and 

thickness respectively. The cutting fixed-knives bar fixed 

toward the cutting-drum direction with 1.5 cm clearance 

between each free and fixed knife.  

 (b) Chopping drum: The chopping drum mounted on the 

machine frame behind the cutting-drum. The horizontal 

and vertical distances between cutting and chopping drums 

are 36 and 19 cm respectively. The chopping drum was 

made of steel pipe with 16, 84 and 0.3 cm diameter, length 

and thickness respectively. Thirty-two free cutting knives 

and sixty-four fixed curved knives mounted on the 

chopping drum. The free cutting-knives were made of steel 

with thickness of 0.7 cm, length of 16 cm and width of 5 

cm.  Also, fixed-curved knives are made of spring steel 

with thickness of 0.3 cm, length of 15 cm and width of 5 

cm. Eight fixed-curved knives were bolted around two 

flanges. Each free cutting-knife has two fixed curved-

knives. Four free-cutting knives and eight fixed-curved 

knives were bolted with the two flanges. The two flanges 

are made of iron steel with outside and inside diameter and 

thickness of 24, 18 and 0.8 cm respectively. The flanges 

arranged on the chopping drum at equal spacing of 7 cm. 

The chopping-fixed knives bar was bolted with double 

solid-concave underneath the chopping-drum in front of 

outlet duct by 1.0 cm clearance between each chopping-

knives group (free fixed-curved knives) and fixed knife. 

The chopping-fixed knives bar was made of iron plate with 

83 cm length, 4 cm width and 0.3 cm thickness.    

 

 
Fig. 2. Sketch of the chopping unit. 

 (1) Cutting drum, (2) Cutting fixed-bar, (3) Chopping drum,  

(4) Chopping fixed-bar and (5) Double solid-concave.  
 

Double solid-concave: The double solid-concave was 

made of galvanized steel-sheet with 0.2 cm thickness, 89 

cm width and 100 cm length. The double solid-concave 

has radii of 38 and 23 cm respectively. The double solid-

concave was bolted underneath the chopping unit. The 

clearance between the cutting and chopping knives and 

double solid-concave was changed from 2.5 to 1.0 cm.   

Outlet duct: The outlet duct was made of an iron-sheet 

with thickness of 0.2 cm. The inlet opening of the outlet 

duct has length of 80 cm and width of 30 cm. Meanwhile, 

the outlet opening of the duct has 60 cm length and 20 cm 

width. The depth of the outlet duct is 30 cm.  

Electrical motor: Three-phase electrical motor of 20 hp 

(15.4 kW) and 1500 rpm was mounted on the frame to 

drive the modified machine using pulleys, v-belts, gears 

and sprocket wheel drives 

Power transmission units: The power was transmitted 

from the electrical motor by pulleys, v-belts, gears and 

sprocket wheel drives. Table.1 shows tested power-

transmission pulley diameters and speeds. 

 

Dimensions in cm. 

Dimensions in cm. 
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Table 1. Test chopping-drum shaft pulley diameters, cutting knives speeds, feeding claws handle-shaft pulley 

diameter and speeds and feeding-mechanism speeds. 

Chopping-drum pulley 

diameter, cm. 

Knives speed, rpm 

(m/s). 

Feeding claws handle-shaft 

pulley diameter and speeds. 

Feeding mechanism speed, rpm 

(m/s). 

10.7 2350 (55.37) 30 cm and 65 rpm 18 (0.42) 

12.3 2050 (48.30) 35 cm and 58 rpm 15 (0.35) 

14.4 1750 (41.23) 40 cm and 51 rpm 13 (0.31) 

17.3 1450 (34.16) 45 cm and 44 rpm 11 (0.26) 
 

Rice straw-bales specifications: The specifications of 

tested straw bales were as follows: 

- The bale length ranged from 100 to 120 cm. Meanwhile, 

the width and height of bale were 50 and 40 cm 

respectively. 

- The bale density ranged from 55.46 to 65.5 kg/m
3
. 

- The rice straw-stem length in bale before chopping 

ranged from 30 to 40 cm. 

- The bale mass ranged from 13.5 to 15.6 kg. 

- The bale moisture content ranged from 15.3 to 17 %. 

Methods: 

Studied factors: 

Experiments were executed to evaluate the 

performance of the modified chopper and determine the 

optimum operation factors. The rice straw-bales chopper 

was modified and tested in Rice Mechanization Center 

workshop, Meet El-Deeba, Kafr El-Sheikh Governorate 

through two sequence years of 2018 and 2019. The studied 

factors were as follows: 

(a) chopping-drum speed: Four different speeds of 

chopping-drum of 1450, 1750, 2050 and 2350 rpm 

(34.16, 41.23, 48.3 and 55.37 m/s) were tested. 

Meanwhile, the cutting-drum speed was constant at 

1260 rpm (26.4 m/s). 

(b) Feeding-mechanism speed: Four different speeds of 

feeding-mechanism of 0.26, 0.31, 0.35 and 0.42 m/s 

were tested.  

(c) Types of chopping-drum knives: Three different 

types of chopping-drum knives (free, fixed-curved and 

free fixed-curved) were tested.  

Measurements: 

(1) Straw cutting length average: The average of cutting 

length was measured from chopped rice straw sample of 

100 g for each treatment. The four categories of < 3 , 3 – 6 

, 6 - 12 and  >  12 cm were measured, according to the 

different rice-straw uses  (Arkoub, 2010).   

(2) Productivity of chopping machine: The productivity 

was calculated using the next equation (Mady, 1999). 
 

 
Where: (P) The productivity of chopping machine, Mg/h, (W) Mass 

of the rice straw-bale, Mg and (t) Time of chopping bale, h. 

(3) Machine power-requirement and specific-energy: 

The required power of the modified machine with and 

without load was calculated using the next equation 

(Kurt, 1979): 

 
Where: (P) Machine power-requirement in kW, (I) Line current-

intensity in A, (Cos) Power factor (equal 0.85), (V) Voltage 

being equal to 380 V, ( 3 ) Three-phase coefficient current 

(equal 1.73) and () Motor mechanical-efficiency (assumed 

95 %). The machine specific-energy was calculated using the 

next equation:  

 
 

 

RESULTS AND DISCUSSION 
 

Effect of tested factors on the straw-cutting length 

average.                                      

Fig. 3 shows effect of chopping-drum speed on the 

straw-cutting length average at different feeding-

mechanism speeds and type of knives. The results 

indicated that by increasing chopping-drum speed, the 

straw cutting-length average decreased. Meanwhile, by 

increasing feeding-mechanism speed, the straw cutting-

length average increased at all type of cutting knives.  The 

maximum cutting-length average of 9.12 cm was obtained 

by using free-knives type at chopping-drum speed of 1450 

rpm (34.16 m/s) and the speed of feeding mechanism of 

0.42 m/s. Meanwhile, the minimum value of cutting length 

average of 3.31 cm was obtained by using free fixed-

curved knives type at the chopping-drum speed of 2350 

rpm (55.37 m/s) and feeding-mechanism speed of 0.26 

m/s. The decrease straw cutting-length average by 

increasing chopping drum-speed is due to increase number 

of chopping knives peats to rice stalks per unit time. 

Meanwhile, by increasing feeding-mechanism speed 

increased straw cutting-length average this is due to 

increase rice-straw feeding rate. 
 

 
Fig. 3. Effect of chopping-drum speed on the straw 

cutting-length average at different feeding-

mechanism speeds and type of knives. 
 

Effect of tested factors on the chopping productivity.  

Fig. 4 shows effect of chopping-drum speed on the 

chopping productivity at different feeding-mechanism 

speeds. The results revealed that by increasing chopping-

drum and feeding-mechanism speeds, the chopping 

productivity increased. The maximum chopping 

productivity of 1.2 Mg / h was recorded by using 

chopping-drum speed of 2350 rpm  

(55.37 m /s) and feeding - mechanism speed of 0.42 m /s at 
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all cutting-knives type. While, the minimum chopping 

productivity of 0.92 Mg/h was recorded by chopping-drum 

speed of  1450 rpm (34.16 m /s) and feeding-mechanism 

speed of 0.26 m/s at all cutting-knives type. Increasing of 

chopping productivity by increasing chopping-drum and 

feeding-mechanism speeds is due to decrease of chopping 

time and increase of rice-straw chopped mass. 
 

 
Fig. 4. Effect of chopping-drum speed on the 

chopping productivity at different feeding-

mechanism speeds. 
 

Effect of tested factors on the machine power 

requirements and specific energy. 
Figs. 5 and 6 show effect of chopping-drum speed 

on the machine power-requirements and specific energy at 
different feeding-mechanism speeds and type of knives. 
The results revealed that increasing chopping drum and 
feeding mechanism speeds, the machine power 
requirements and specific energy increased at all cutting 
knives-type. The maximum values of power requirements 
and specific energy of 8.24 kW and 6.86 kW.h/Mg were 
achieved using free fixed-curved knives type at chopping-
drum speed of 2350 rpm (55.37 m/s) and feeding-
mechanism speed of 0.42 m/s. While, the minimum values 
of power requirements and specific energy of 3.51 kW and 
3.81 kW.h/Mg were obtained by using free knives type at 
chopping-drum speed of 1450 rpm (34.16 m /s) and 
feeding-mechanism speed of 0.26 m/s. The increasing of 
the chopping-drum speed increased the torque on the 
cutting knives-shaft. While, increasing speed of feeding 
mechanism led to increase the resistance of rice-straw 
faced to cutting knives. Therefore, it was found an 
increment in the power requirements.  

 

 
Fig. 5. Effect of chopping-drum speed on the 

machine power requirements for different 

feeding-mechanism speeds and type of 

knives. 
 

 
Fig. 6. Effect of chopping drum-speed on the 

machine specific-energy for different 

feeding-mechanism speeds and type of 

knives. 

 
 

CONCLUSION 
 

The optimum operation factors were the chopping-

drum speed of 2350 rpm (55.37m/s), type of cutting knives 

of free fixed-curved and feeding-mechanism speed of  0.26 

m/s. The results data after using the optimum factors were 

the straw cutting length-average about 3.31 cm, the 

chopper productivity of 1.06 Mg/h, the power requirements 

about 6.43 kW and specific-energy 6.09 kW.h/Mg. 
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 دراست بعض العىاهل الوؤثرة في تصوين آلـت فـرم بـالاث قـش الأرز

 ابىحباجتهصطفى هحود 
1

براهين يحيى إ ،
2 

 ابىالأسعادلال عبد الحلين ج و
2

 
1

 ج.م.ع. -جاهعت الونصىرة  -كليت السراعت   -قسن الهندست السراعيت 
2

 ج.م.ع. -الجيسة  -هركس البحىث السراعيت   -هعهد بحىث الهندست السراعيت 
 

انًخخهفت أًْٓب صُبػت اِػلاف  ٌؼخبز قش اِرس يٍ أْى انًخهفبث انشراػٍت انخً أيكٍ الاسخفبدة يُٓب يؤخزاً فً انؼذٌذ يٍ انًضبلاث

ٔانسًبد انؼضٕي بؼذ أٌ كبٌ أْى يصبدر حهٕد انبٍئت فً يصز. ٌخى حضًٍغ انقش فً شكم ببلاث ببنحقم حخى ٌسٓم حذأنّ ٔحخشٌُّ نحٍٍ 

غ انًُخش انًزاد حصٍُؼّ. اسخخذايّ ػهى يذار انؼبو. اسخخذاو انقش فً صُبػت اِػلاف أٔ انسًبد انؼضٕي ٌخطهب حقطٍؼّ بأطٕال يحذدِ حخُبسب ي

( يٍ حٍذ صٓبس حغذٌت يُخظًت ٔصٓبس فزو رُبئً انًزاحم بسكبكٍٍ 6102نذا كبٌ انٓذف يٍ ْذِ انذراست حطٌٕز آنت حقطٍغ انقش )أبٕاِسؼبد 

يؼٓذ بحٕد انُٓذست حى حصٍُغ ٔاخخببر اَنت انًطٕرة فً يزكش يٍكُت اِرس بًٍج انذٌبت ـ  حت خزٔس يٕصّ نخضًٍغ َبحش انفزو.يخُٕػت ٔفخ

أربغ سزػبث يخخهفت نذرفٍم انفزو ًْٔ:    -0ٔقذ حى دراست يضًٕػت يٍ انؼٕايم ًٌكٍ حهخٍصٓب فًٍب ٌهً: يحبفظت كفز انشٍخ. -انشراػٍت 

كٍٍ رلاد إَٔاع نسكبكٍٍ انفزو ًْٔ: حضًٍؼّ يٍ انسكب  -6.و/د( 44,55، 5,,5، 50,65، 55,02)، نفت/دقٍقت 6541، 6141، 0541، 0541

أربغ سزػبث نضٓبس انخغذٌت ْٔى:   -5انحزة يغ سكبكٍٍ يُحٍُت يزبخت ػهى انذرفٍم، سكبكٍٍ يُحٍُت يزبخت ػهى انذرفٍم فقظ ٔسكبكٍٍ حزة فقظ.

حضًٍؼّ انسكبكٍٍ انحزة سى ببسخخذاو  5,50أقم يخٕسظ طٕل نهقش انًقطٕع   -0:اْى انُخبئش انًخحصم ػهٍٓب و/د. 1,56ٔ 1,54، 1,50، 1,62

أقصى فً حٍٍ  و/د. 1,62و/د( ٔسزػت صٓبس انخغذٌت  44,55نفت/دقٍقت ) 6541ػُذ سزػت سكبكٍٍ نذرفٍم انفزو  -يغ انسكبكٍٍ انًُحٍُت 

ػت صٓبس و/د( ٔسز 55,02نفت/دقٍقت ) 0541سى ببسخخذاو انسكبكٍٍ انحزة ػُذ سزػت سكبكٍٍ نذرفٍم انفزو  2,06يخٕسظ طٕل نهقش انًقطٕع 

و/د(  44,55نفت/دقٍقت ) 6541يٍضب صزاو/سبػت ببسخخذاو سزػت سكبكٍٍ درفٍم انفزو  0,6أقصى يخٕسظ لإَخبصٍت اَنت   -6و/د. 1,56انخغذٌت 

 0541يٍضب صزاو/سبػت ححقق ببسخخذاو سزػت سكبكٍٍ نذرفٍم انفزو  1,26و/د. بًٍُب اقم يخٕسظ إَخبصٍت نُنت  1,56ٔسزػت صٓبس انخغذٌت 

كٍهٕ ٔاث.  2,,2كٍهٕ ٔاث ، 65,,أقصً قٍى نًخطهببث انقذرة ٔانطبقت انُٕػٍت   -5و/د. 1,62و/د( ػُذ سزػت صٓبس انخغذٌت  55,02نفت/دقٍقت )

و/د( يغ  44,55نفت/دقٍقت ) 6541سبػت/يٍضب صزاو ػُذ اسخخذاو حضًٍؼّ انسكبكٍٍ انحزة يغ انسكبكٍٍ انًُحٍُت ٔسزػت سكبكٍٍ نذرفٍم انفزو 

كٍهٕ ٔاث. سبػت/يٍضب صزاو سضهج ػُذ  0,,5كٍهٕ ٔاث،  5,40و/د. بًٍُب اقم قٍى نًخطهببث انقذرة ٔانطبقت انُٕػٍت  1,56زػت صٓبس انخغذٌت س

و/د. ٔبُبءاً ػهى يب سبق  1,62و/د( ٔسزػت صٓبس انخغذٌت  55,02نفت/دقٍقت ) 0541اسخخذاو انسكبكٍٍ انحزة يغ سزػت سكبكٍٍ نذرفٍم انفزو 

يُبسبت نخضٍٓش قش اِرس نخصٍُغ اِػلاف ٔانسًبد انؼضٕي ححج انظزٔف انًصزٌت يغ يزاػبة ػٕايم بؼذ انخؼذٌم آنت فزو ببلاث انقش  فئٌ

 .بٓب انًٕصًانخشغٍم 

 


