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ABSTRACT 

The level of agricultural mechanization in the Philippines remains relatively low. 

Despite considerable advances in agriculture and agricultural technologies, most farmers are 

still using inefficient manual tools and farm operations are predominantly done manually. Land 

preparation of rice farms have higher level of mechanization while other farm operations such 

as transplanting and harvesting remain manually performed. The “walk behind hand tractor” 

is considered as the basic workhorse of many small farms in the country which makes land 

preparation of rice farms have higher level of mechanization. On the other hand, the seldom 

use “rice combine harvester”  is the machine that harvest rice crops through  three separate 

operations reaping, threshing, and winnowing but combine into a single process.  This study 

generally aims to design and develop rice combine harvester that can be readily mounted to 

and dismounted from a typical hand tractor. It specifically aims to evaluate the prototype 

through functional and measured testing based on the Philippine Agricultural Engineering 

Standards (PAES 224:2015). After a comprehensive literature review, actual evaluation of 

existing designs of hand tractors and combine harvesters and thorough consideration of the 

different mechanisms that enable the equipment to function properly, the final design of the 

hand tractor-attached harvester prototype was created using the Computer-Aided Design 

(CAD) softwares Solidworks, NX8 and AutoCAD. The developed “hand tractor-attached 

harvester” prototype is designed to cover the functions of combine harvester as well as the 

fuctions of walk behind hand tractor.  The prototype was functionally tested in MIRDC and 

field tested in PHilMech’s rice field in Science City of Muñoz, Nueva Ecija.  The prototype has 

a power requirement of 9Hp diesel engine and field efficiency of 90% surpassing the 

requirement of the standard.   Generally, a hand tractor-attached harvester prototype was 

developed and obtained efficiency that was improved to achieve a more efficient and 

consequently the optimum harvesting performance. 
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INTRODUCTION 
 

 
The Philippines is predominantly an agricultural country which is faced with the 

challenge of meeting the demands of its growing population. One of its major concerns is 

food-sufficiency through an agricultural production system that produces optimum yield at the 

minimum possible input.  

 

Such challenge was further discussed by Elepaño et al on the 2009 country report 

entitled “Agricultural Mechanization Development in the Philippines.” The report cited two 

basic challenges being faced by the agricultural sector in the Philippines and Asia in general. 

First is meeting the growing demand for food, increasing agricultural production in the face of 

less labor, less land, less water and climate change consideration. Second is increasing the 

profitability of agricultural production system and competency in the global free trades. This 

requires the agricultural products to meet quality standards and cost of production to be 

significantly reduced.  

 

Mechanization of farm operations is seen to aid in facing these challenges. Agricultural 

mechanization is basically the process of improving farm labor productivity     through the use 

of agricultural machinery, implements and tools. It involves the provision and use of all forms 

of power sources and mechanical assistance to agriculture, from simplehand tools, to animal 

draught power, and to mechanical power technologies (FAO, 2015). It plays an important role 

in helping farmers increase their crop production and income. It promotes timeliness of 

operation to take advantage of the potentials of modern crop varieties and crop intensification 

(IRRI, 1978). 
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However, the level of agricultural mechanization in the Philippines remains relatively 

low. Despite considerable advances in agriculture and agricultural technologies, most farmers 

are still using inefficient manual tools and farm operations are predominantly done manually. 

Land preparation of rice farms have higher level of mechanization while other farm operations 

such as transplanting and harvesting remain manually performed.  

 

Concerned government research and development (R&D) agencies are collaborating 

to address these pressing issues. For instance, the Department of Agriculture has 

implemented the Mechanization Program which aims to achieve an industrialized country by 

year 2016. The partnership of DA-Philippine Center for Postharvest Development and 

Mechanization (PHilMech) with the Department of Science and Technology, in particular, has 

introduced useful technologies, low-cost and innovative machinery that makes farming more 

efficient and productive.  

 

The “walk behind hand tractor” is considered as the basic workhorse of many small 

farms in many Asian countries, especially those in which lowland rice is a major crop like in 

the Philippines. While in operation, an operator walks behind to maneuver it. Two-wheel 

tractors are sometimes referred to as single axle tractor, hand tractor, walking tractor and 

walk-behind tractor. Two-wheel tractor with different attachments can accomplish many kinds 

of farm work like tillage, planting, harvesting and transportation. During the Eighth Session of 

the Technical Committee of CSAM held on October 2012, at Sri Lanka, Dr. Delfin C. 

Suministrado of the Agricultural Machinery Testing and Evaluation Center (AMTEC-UPLB) 

reported that about 49% of the two million rice farmers in the country own or use multi-purpose 

hand tractor.  
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“Rice combine harvester”, or simply combine, is the one of the popular machine to 

harvest rice crops. The name derives from its combining three separate operations comprising 

harvesting—reaping, threshing, and winnowing—into a single process. Commercially 

available rice combine harvester are mostly self-propelled which are classified either as ride–

on type combine harvester and usually bigger in size. Moreover, all the combine harvester 

are being imported from neighboring countries which they are imported with higher cost. 

Nevertheless, combine harvesters are one of the most economically important labor-saving 

inventions in agriculture.  With this, the combine harvester could be more economical if serve 

as an attachments to a hand tractor.  This would significantly increase the utilization of a hand 

tractor without sacrificing the three separate operations in rice harvesting. 

 

This study will not only introduce a new concept in agricultural mechanization but will 

develop a new technology that will further increase the utilization of hand tractor in farm areas 

and potentially reduce the cost of farm mechanization. As such, the main objective of this 

study is to design and develop a rice combine harvester that can be readily mounted to and 

dismounted from typical walk behind hand tractor as well as to evaluate its functionality and 

performance. 
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MATERIALS AND METHODS 

 

Benchmark Activity 

The commercially available P.I. Farm (Lakas Kuliglig) hand tractor (SK 160 Model) 

and thresher (LK-120 Model) as well the ACT hand tractor (TITAN Model) and thresher (MINI 

Model) were some of the agricultural equipment that were evaluated and documented. Actual 

operations of these equipment were performed to observe their functionality. Furthermore, 

some of the units of threshers and reaping assemblies were disassembled and reassembled 

to identify the design features to be incorporated to a hand tractor and further understand the 

involved mechanisms of operation. Figure 1, 2 and 3 are some of the agricultural equipment 

that were benchmarked.  

 

 

 

 

 

 

 

 

 

Conceptual Drawing 

The design of the “hand tractor-attached harvester” prototype was conceptualized 

after an intensive literature review and thorough consideration of the results of the 

benchmarking activity. The rice combine harvester mechanism of the prototype was based 

mostly from the documented models of thresher of ACT Machineries. Additional features and 

attachment mechanisms were incorporated to effectively integrate the combine harvester unit 

a. PI Farm thresher (LK-120 

Model) 
b. Reaping Assembly c. ACT hand tractor (TITAN 

Model) 

Figure 1. Benchmarked parts and mechanism for harvester 

Assembly 
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to the hand tractor unit. The final design of the hand tractor-attached harvester prototype, 

shown in Figure 2, was created using different Computer-Aided Design (CAD) softwares 

namely Solidworks, NX8 and AutoCAD. 

 

 

 

 

 

 

 

 

 

 

 

 

Fabrication 

 The fabrication of the “hand tractor-attached harvester” prototype was done at the 

Metalworking Shop II (MWS II) of the Metals Industry Research and Development Center. 

The ACT hand tractor (TITAN Model) was chosen as the walk behind hand tractor.  The said 

model purchased directly from the local supplier.   Standard parts such as blades, pillow 

blocks, chiains, blades, belts and pulleys were purchased locally as well.   The fabricated 

parts include pick-up reel, cutter bars, crop auger, crop conveyor, thresher, shaking screen, 

blower, and grain auger and grain conveyor.  Most of the parts are made up of mild steel 

plates and bars except the cutters in the cutter bar which are hardened steels.  Figure 3 shows 

some of the fabricated part of the prototype. 

 

Figure 2. Concept design of the hand tractor-attached harvester as rendered from Solidworks. 
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Functional and Field Testing 

 

 The developed hand tractor-attached harvester prototype was subjected to preliminary 

testing to determine its functionality, the possible problems to be encountered during 

operation and the adjustments deemed necessary. After which, series of actual field testing 

were conducted to assess its performance. The field testing were carried out following relevant 

Philippine Agricultural Engineering Standards (PAES) specifically PAES 224:2015. This 

standard describes the specifications and methods of test to be done on mechanical walk-

behind rice combine harvester.  As require by the standard, the field condition and crop 

condition were checked first prior the test.  The test filed was located PhilMech’s rice field in 

Science City of Muñoz, Nueva Ecija.   The topography of the land is generally leveled with an 

area of 600 meter squared.   The planted rice variety was Inbred NSIC 160 with an average 

population of 126 per meter squared an average plant height of 643.75 millimeters.  Each 

planted rice has seven (7) tillers in average.   The Figure 4 shows actual operation of the 

prototype during one of the field tests. 

a. Fabricated auger b. Fabricated thresher c. Fabricated conveyor 

Figure 3. Fabricated parts of the harvester 
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RESULTS AND DISCUSSION 

The developed prototype, shown in Figure 5, has ten (10) main components. The 

forward mounted engine of the hand tractor unit serves as the prime mover as well as the 

counter-balanced behind the two drive wheels.  The pick-up reel is composed of three (3) 

horizontal reel bars called bats/battens with fourteen (14) vertical teeth or tines per bat, to grip 

the plant stalks. Its rotational movement pushes and guides the crops down towards the cutter 

bar.  This cutter bar is made up of blades also known as mowing fingers that cut off the crops 

at its base by its repetitive opening and closing movement mechanism. The cut crop is feed 

by a tube fused with a helical shaft know as crop auger to the crop conveyor.  The main 

purpose of this crop conveyor is to carry the crop to the thresher.  The thresher is consists of 

a peg type drum comprising of hay paddle assembly with round spikes welded into its base.  

The fast and continuous rotation of the drum separates the paddy from the panicles and other 

non-grain materials.  The threshed grains are sieved by the shaking screen and making them 

fall into a collecting tank below it.  With the aid of draught of air produced by blower across 

shaking screen, impurities lighter than the grains are blown away.  Through the spiral - type 

Figure 4. Field testing of the hand tractor-attached harvester prototype in PhilMech, Nueva Ecija. 
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screw conveyor known as the grain auger and the grain conveyor itself, the grains are 

conveyed to sacks.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The prototype was first subjected to 

preliminary test at the MWS II, 

MIRDC compound to determine its 

functionality. This basically observed 

the movement of the parts of the ten 

(10) main components. The 

specifications of the prototype 

were determined after the 
Figure 6:  cross sectional view of the hand tractor-

attached harvester prototype 

Figure 5:   Hand tractor-attached harvester prototype and its parts. 
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functional testing as shown in Table 1. After all the parts were found to be functional, the 

prototype was brought to the field for actual testing and evaluation of its performance. 

Results of field testing were compared to the standard based on PAES 224:2015.  

Comparison of results versus the standard are summarized in Table 2.  

 

Table 1: Specifications of the hand tractor-attached harvester prototype  

Specifications / Physical Characteristics 

 Dimensions 2.90 X 1.45 X 1 m    

Weight 150 kg. 

Power 9 hp diesel engine 

Fuel Consumptions (L/h) 0.68 

 

 

Table 2: Performance evaluation of the hand tractor-attached harvester prototype 

PARAMETERS PAES 224:2015 TRIAL1 TRIAL2 

Noise Level, db (A) 95 maximum 82.0 82.0 

Purity Determination (%) 90% minimum 91.0 93.1 

Header Loss (%) 5% maximum 7.20 8.85 

Separation Loss (%) 1.3% maximum 0.45 0.04 

Blower Loss (%) 1.2% maximum 0.10 0.11 

Net Percentage Cracked Grains (%) 5.0 maximum 4.33 4.33 

Field Efficiency (%) 75% minimum 91.76 88.24 

 

Table 2 shows that both Trial 1 and 2 achieved the almost all the requirements of PAES 

224:2015 except for the header loss parameter.  The header loss is the amount of fallen grain 
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to the ground.  The prototype overshoot slightly to the 5% maximum requirement of the 

standard.  However, based on the same standard, the header loss could be attributed to 

quality of planted rice as well as the weather condition (e.g. windy, too hot).   Other grains 

losses such as blower loss due to air coming from the blower, and separation loss from the 

shaking screen, are minimal as against the standard.  On the same thing, the percentage of 

cracked grains is also minimal as well as the noise produced by the equipment.   On the other 

hand, the prototype is slightly higher in purity determination which refer to counted impurities 

or all matters other than grains that mixed to the grains such as leaves, paddy stalks or weeds.   

Finally, the field efficiency of the prototype is significantly higher than the required.  The field 

efficiency is the ration of actual field efficiency over the theoretical field efficiency.  The formula 

and computation of this field efficiency is   given by the standard. 

 

 

SUMMARY AND CONCLUSION 

 

 In an effort to contribute to the improvement of the agricultural mechanization of the 

country, this study was implemented to introduce and develop a rice combine harvester that 

can be readily mounted to and dismounted from a common hand tractor. It was able to develop 

a hand tractor-attached harvester prototype, determined the functionality of the prototype 

through preliminary testing, and evaluated the performance of the prototype through a series 

of field testing based on existing Philippine Agricultural Engineering Standards (PAES) for 

mechanical walk behind rice combine harvester. Results showed an average of 90% field 

efficiency which suggests that the performance of the prototype is comparable to the existing 

commercial rice combine harvester. Furthermore, the obtained efficiency suggests that the 

prototype be improved to achieve a more efficient and consequently the optimum harvesting 

performance. 
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RECOMMENDATIONS 

 

  There are two recommendations commenced for the improvement of this study.  One 

is to conduct at least two (2) more field test to further validate the results though it was not 

specified on PAES on how many  test should be conducted to a ratified results.  Secondly, 

performance of endurance test to determine the durability of the machine parts and measures 

for repair and maintenance.  
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