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Abstract 

The production of organic fertilizer was still constrained by low crushing 

capacity, especially for paddy straw.  This material has not been utilize optimally for 

organic fertilizer.  Paddy rice harvest index is about 0,5, meaning paddy rice plant 

produced straw as much as 50 percent of the total material which was yielded by paddy 

plantation.  It is a potential source for organic fertilizer.  The problem is that farmers 

could cut it into small piece in high capacity.  Several machines have been designed to 

solve this low capacity but many trouble operations found by these machines.   In this 
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research, the knives were replaced by rotary saws.  These rotary saws were connected to 

the shaft by screw mode.   

The objective of this research was to create a capable machine that could  crush 

the paddy straw and overcome the disadvantage of previous machines.  Another 

objective was to get the yield as small as possible so the decomposition process will run 

rapidly.   

This research used an engineering design method.  It was conducted through 5 

steps; they were  Definition of the problem, Gathering of  information, Generation of 

alternative solutions, Evaluation of alternatives and decision making, and  

Communication of the results.  The designed machine was drawn into technical drawing 

and then fabricated it at the Agricultural Engineering Workshop.   The rotary saws were 

rotated by a 7.5 hp-diesel engine.  The material capacity was 190.6 kg per hour at 1400 

rpm while the fuel consumption was 0.85 L/hour.   

In conclusion, the shaft to shaft transmision could be applied to the rotary saw 

crusher with a lighter fibration and smaller size.  

 Keywords:  rotary saws, paddy straw crusher, organic fertilizer 

 

 

INTRODUCTION  

 Sustainable agriculture is an agricultural practice that apply organic matter as 

much as possible to grow plant rather than chemical compounds.  It has been proven 

that the usage of chemical fertilizer intensively could decrease soil quality, killed some 

soil microorganism, and contaminate the environment primarily water source.  It can 

not be disputed that chemical application increase the agricultural production.  The fast 

population growth means the increasing demand of food.  Green Revolution was 

introduced in Europe and USA around 1960s to solve this condition.  In this program, 

the effort to fulfill the food need was conducted by the introduction high production 

plants and application of agrochemical compounds to increase the plant yield like 

chemical fertilizer and pesticides.  In Indonesia, this concept was adapted at around 

1970s and have been practiced widely at all over agricultural areas.  The production 

was increased significantly but the negatif effect also occoured that affected the human 

health and environment, like soil acidification, soil compaction, nutrients unbalanced, 

high energy consumption, environment isue,  vanishing a certain plant species, the 



enhance of insects and weeds retension to chemical compounds, and the ethics aspect 

related to soil development intensively  (Saragih,  2008 and Basedow, 2003).   

  Organic agricultural practice was introduced as an alternatif solution to eliminate the 

destruction that was caused by the heavy use of agrochemical.  One alternatif that could be 

applied is to substitute the chemical fertilizer with organic fertilizer. This fertilizer is 

made of a mixture of plant residus which has been crushed, animals feces, and 

bioactivator as an agent which could accelerate decomposition.  The addition of chalk 

would increase the pH value and makes decomposition faster (Sutanto,  2002). 

 Organic waste could be found in a lot amount around us and was still considered 

as an unuseful waste and bothered our environment.  Organic matter was biological 

material that may be converted into organic fertilizer and animal food.  If it would be 

make for fertilizer the size should be decreased as small as possible to widen the 

surface area for microorganism to fermented.  The same process should be done in 

making animal feed, the smaller the size the better the digestion process in the animal 

stomach (Lembaga Pengembangan Teknologi Pedesaan, 2011).  Plant residues crushing 

machines have been created start from the capacity of 230 kg/hour to 1200 kg/hour.  

Basically, the main components of the machines were hopper, crushing knives, power 

transmission, frame/body, and power unit.  Hopper was a which fungtioned as a storing 

box and feed the crushing cylinder with plant residues and crushing knives which 

fungtioned to crush the organic materials become as small as possible.  The shape of 

the knive was similar to  blade shape and they were connected to the shaft by welding.  

Power transmission used a belt-pulley, while the power unit could be generated by a 

gasoline or diesel engine.  Power unit size was chosen based on the work load that 

would be done.  The bigger the load the bigger the power unit should be used. Lembaga 

Pengembangan Teknologi Pedesaan (LPTP) Surakarta has fabricated an organic waste 

crusher with a capacity of 725 kg/h powered by a 24-HP diesel engine.  This machine 

has 6 knives.  PT. Agro Tunas Teknik fabricated a crushing machine with a capacity of 

1200-2000 kg/hour rotated by an engine of 10.5 HP and fuel consumption 1.5 litres to 

2,0 litres per hour.  The main problem of these two machines was that the material 

often plugged beteween knives and concave.  If it happened the engine stopped and it 

took much time to remove the plugged-material.  Paddy straw and palmoil empty fruit 

bunch were the most difficult materials to be crushed using knife-crushes.  These two 

plant residues have long fiber so that they are difficult to be crushed.  Pohan (2008) 

stated that palmoil empty fruit bunch  contained long and strong fiber.  These fiber was 



very difficult to cut and took a long time to decompose.  The fiber tended to be plugged 

between the knives and concave when were being cut.  In case of too much load to the 

machine the engine stopped.  The knives could break due to the age where knives are 

connected to the shaft by welding  (Appendix 1).   

 A palmoil empty fruit bunch crusher was designed to overcome this difficulties. 

Eleven rotary saws were replaced the knives used at the previous machine.  Rotary saw 

was usually used at the saw mill or building material to process log wood into several 

sizes replaced the knives.  There were 11 rotary saws put at a shaft and among them 

were placed eleven spacers (Appendix 2).  The spacers  also fungctioned as flywheel 

that kept the moment inertia.  The hopper  with trapezium shape was installed so that 

the palmoil empty fruit bunch was directly sawed by the rotary saws.  The yield fell 

into a  bucket in small size.  It worked successful and could cut another hard plant 

residus like cassava and acacia.  But, it could not be used for plant residues with long 

fiber like corn and paddy.  They plugged around the saws (Tunggal et al, 2011).  Based 

on this experience, the arrangement of the rotary saws and the concave were modified 

to destroy paddy straw. The distance between one rotary saw and another was 10 cm 

and the there were 5 metal rods welded to the below side of the concave.  On the left 

and right side of every saw were installed 2 cm plates in thickness used bolts to 

strengthen saws.  The cylinder was rotated using a 7.5 HP diesel engine by belt-pulley 

transmission.  The concave was used as a base in destroying the plant residues.  In this 

design, paddy straw was successfully changed into fine size.  The maximum cylinder 

speed that could be reached was 1300 revolution per minute (RPM).  If the speed was 

over 1300 RPM the belt would vibrate very hard and was dangerous for operator 

(Appendix 3).  The result of this research were the effective capacity was 206,2 kg/h, 

the size was irregular both in size and shape, total weight of the machine 112 kg, diesel 

fuel consumption 0,9 liter  per hour, and the average speed was 812 RPM (Tunggal and 

Panggabean, 2012).   

 Direct transmission has higher efficiency compared with the others, especially 

when the power source rotates the permanent load.   In this mode of transmission the 

shaft of the power source was connected in-line with the functional part of the machine.  

The example for this connection was a generator set where the shaft of the engine was 

directly connected to the shaft of the dynamo.  Learned from this case, it was possible 

to be applied to the crushing machine with a modification.  In this experiment, the 

connector used a rubber conveyor that usually used for coal transportation.  The 



connecter consisted 3 pieces rubber conveyor with 40 cm in length and 15 cm in width.  

At the engine part and crushing cylinder placed a round metal sheet with 1 cm in thick 

and 15 cm in diameter.  There were 6 holes to connect the three rubber to the round 

metal sheet.  Rubber sheet was chosen because it was elastic and could compensate a 

shock. 

  

Materials and Method 

Method 

 This research was conducted by Problem-Solving Methodology, that consisted of the 

following steps:  Definition of the problem, Gathering of information, Generation of  

alternative solutions, Evaluation of alternatives and decision making, Communication of the 

results 

1. Definition of the Problem. 

One of the main problems in organic fertilizer production is the crushing 

process.  Many types of crushers have been created and fabricated by companies but 

weakness found at junction between shaft and knives.  The knives were jointed to the 

shaft by welding.  They often broke because the weld-joint was not so strong could 

not resist the impact of the plant residue.  The other problem that was found the 

knives would be blint due to usage.  By this experience, it could be concluded that 

there were two main problems found at the knife-type crushers, they were joint part 

and sharpness of the knives. 

2. Gathering Information. 

There was a competition between farmers and big plantation to obtain 

chemical fertilizers (Urea, TSP, and KCl).  The perennial crops like rubber and 

palmoil needed much fertilizers to grow.  The acreage for these crops grew very fast.  

As a result, some of the fertilizers that should be used for paddy was bought by 

perennial crop farmer.  On the other hand, paddy farmers have not used to apply 

organic fertilizer. 

3. Generation of  alternative solutions. 

 Concept Generation is the use of creativity-stimulation methods, the application of 

physical principles and qualitative reasoning, and the ability to find and use 

information.  Experience helped greatly in designing the machine. Road map of  my 



previous researches gave much inspiration. The ability to generate high-quality 

alternative solutions is vital to a successful design. 

4. Evaluation of alternatives and decision making  

The evaluation of alternatives involves systematic methods for selecting the best 

among several concepts, often in the face of incomplete information.  Several 

alternatives were discussed and then chosen the best one based on possibilities like 

machine efficiency, machine weight, strength, safety, and ergonomics factors. 

5. Communication of the results. 

The purpose of the design is to satisfy the needs of a customer or  users.  For this 

reason,  the finalized design must be properly communicated.  The communication is 

usually by oral presentation to the sponsor as well as by a written design report. 

Materials 
 

Materials that were used There were two main parts of the machine, they were 

stuctural and functional parts. 

1. Structural Part. 

   The structural parts of the machine were: 

a. Frame 

 Frame was made of a rectangle iron with 2.0 mm in thick and 1.5 inch of sides.  

Welding was used to joint one piece of metal to another.   

b. Concave 

Concave was a part of the machine  that acted as a “housing” of the rotary saws.  It 

was formed in cylinder shape made of 3 mm metal sheet.    The cylinder was divided 

into two parts in the same size.  One-half at the top functioned to flow plant material 

to the next knife, and one half at the below part functioned as an anvil to destroy the 

plant material.  At the right end of the cylinder, the crushed plant thrown out through 

an outlet. 

c.   Hopper. 

Hopper is a box-type tunnel where the plant residue was loaded and felt into crushing 

chamber.   

d. Outlet  

 Outlet is a hole where the plant residues tha has been crushed throws out. It is 

located at the below right side of the cylinder.     

2. Functional Part 



Functional parts of the machine were: 

a. Crushing cylinder. 

 Crushing cylinder was a chamber where plant residues was torned into small 

pieces.  A screw shaft functioned as the heart of the rotary saws.  Every rotary saw had 

a hole at the center and the shaft was inserted to this hole.  An arrangement was form 

when 11 rotary saws were inserted.  

b. Bearing. 

 Bearing was a machine element that eliminated shearing force between two moving 

parts.  Two bearings were used at this machine, one was installed at the left side and 

the second was installed at the right side next to flange.   

c. Power transmission. 

The power transmission used was not any power transmission types commonly used at 

any machine.  It consisted of two meta flange with 1 cm in thick and 15 cm in 

diameter. Three strenghten sheet rubber with 30 cm in length and 10 cm in width were 

connected the flanges.   

d. Engine. 

 Diesel Engine was chosen as a power source to rotate cylinder.   

3. Test of the crusher 

 A test should be done before machine used.  First, it was tested without load to 

ensure that all component worked well.  Before the engine was cranked, check all parts of 

that machine like loosing nut, lubricant, radiator, fuel, and air cleaner whether they were 

in proper condition.  After that cranked the engine and pay attention to the strange noise 

when the engine was running.  If there was a strange noise it meaned a nut or bolt might 

be not fastened properly and fastened it.  The test could be continuoed when the machine 

was ready. 

 The test procedure was as follows:  

1. Paddy straw was prepared as much as 50 kg at 14 percent moisture content (It was 

dried at room temperature for 1 month).   

2. Engine was cranked and let it run for about 15 minutes to make sure the engine run 

well. 

3. Paddy straw was thrown into the hopper little by little. 

4. The time needed to crush 50 kg paddy straw was recorded using stopwatch. 

5. To calculate the material capacity, devide the material that could be crushed with the 

time needed. 



  

RESULTS AND DISCUSSION 

 

A.  RESULTS 

1.  Machine Performance 

 The design of the machine was presented in Apendix 1 and 2.  To ensure the 

safety operation, check all parts of the machine if there was a loss nut.  Check also the oil 

level of the engine, fuel tank, radiator water, and air cleaner.  Crancked the engine and let 

it run for about 15 minutes.  Paddy straw was thrown into the crushing chamber little by 

little continuously.  The crushed paddy straw was come out through the outlet port and 

went into the bag.  

 The machine could operate well and there was no any trouble in this step.  The 

vibration was lower than the previous machine (Tunggal and Panggabean, 2012).  The 

maximum speed that could be reached was 2100 revolution per minute (the engine gas 

stick was at the maximum point) compared with the previous research that could rotate 

only 1300 rpm.  Fuel consumption of the engine was 0.85 litre per hour and the size of 

the paddy straw was between 2.0 mm to 6.0 mm and the dominan size was 3.2 mm 

(about 80 %).  This result fulfilled the Standar Nasional Indonesia (SNI) for organic 

matter size for good composting process.   

2. Test Results 

  Paddy straw was used in this research as mush as 50 kg.  In South Sumatera, 

this material has not been used for organic fertilizer.  Farmer just burned it if has been 

dry. Producing organic fertilizer from paddy straw has not been a common activity.  The 

test result showed that the average effective material capacity could be seen at Table 1. 

 

 Table 1.  Test result of rotary saw crusher at paddy straw 

 

No Size Total 

1 Less than 0.5 cm 21 % 

2 0.5 – 1.0 cm 28 % 

3 2.0 – 5.0 cm 15 % 

4 More than 5.0 cm 36% 

 

B. DISCUSSION 



  The main purpose was to design a plant residue crusher to change organic matter 

size as small as possible so that it took less time in decomposing process.   Based on the 

test result at 1300 revolution per minute the material capacity was 190.6 kg per hour.  

Compared with the previous machine (Tunggal and Panggabean, 2012)  the material 

capacity was lower at the same cylinder speed.  But, the maximum speed that could be  

reached was much more higher;  that was 2100 revolution per minute.  There was 64 

percent of the crushed paddy straw fullfiled the SNI for decomposition.   

 Cylinder speed and feeding speed were the main factors that affected material 

capacity.  The faster cylinder speed the higher the material capacity, and the faster the 

feeding raw material the material capacity increased.  Rubber sheet that connected 

cylinder shaft and engine functioned better than belt-pulley transmission.  It was also 

easier to crank the engine compared with the previous design.   

  In fact, farmers had understood how to make organic fertilizer and know the 

advantages of the organic fertilizer either for human or environment.  In Java Island 

paddy straw was utilized for livestock.  Different from Javaness farmers, South Sumatera 

farmers burned the paddy straw residues and gave their livestock with green grass.    The 

result of this research could also be tried as a mixture of concentrate for livestock feed.   

 

 CONCLUSION  

Shaft to shaft transmission could be applied to the paddy straw crusher and the performance 

was better than belt-pulley transmission in case of material size, cylinder speed, and more 

compact in shape. 
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Appendix 1.  Plant residue crusher 

knive type using belt-

pulley transmission 

Appendix 2.  Palmoil empy fruit 

bunch  circular saw 

crusher using belt-pulley 

transmission 
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Appendix 3.  Technical drawing of 

previous design of 

circular saw crusher 

using belt-pulley 

transmission 

Appendix 4.  Photograph of the latest 

design of circular saw 

crusher using rubber-

flange transmission 

 

 

 

 

 

 

 


