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 This paper introduced the essential development of an innovative hand tool harvester is 
required to improve and facilitate the harvesting process since harvesting the tuber of 

Dioscorea hispida is time tedious and difficult while the existing hand tool is heavy. 

Using digital gauge, tuber extraction force was measured in order to be fed into the 
Computer Aided Design (CAD) simulation. Three materials were chosen which were 

commonly available in market namely Plain Carbon Steel, Aluminum Alloy and Cast 
Carbon Steel. This modeling software is very helpful to manage the model and simulate 

the workability of the designed equipment through analysis of stress and displacement 

mode. This was done using SolidWorks CAD software. Further analysis was conducted 
to select the best material for the selected design based on stress analysis and factor of 

safety. The results from field experiments showed that the bent type hand tool required 

less force to extract the Dioscorea hispida in comparison to the traditional hoe. A force 
reduction at approximately of 10 % was achieved by the newly proposed design as well 

as fabrication from material which is lighter and stronger. 
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INTRODUCTION 

 

Dioscorea hispida is one of the Discorea spp 

(Yam) species and characterize as a climbing plants 

with glamorous leaves and twining stems, which 

helix readily around the stem. Dioscorea hispida is 

commonly found in secondary forest and grow under 

shaded areas or near streams which is known by the 

local or vernacular names such as Ubi Gadong 

(Nashriyah et al., 2010). Dioscorea hispida which 

entitle Ubi Gadong in Malaysia one of the most 

economically important agriculture in yam species, 

which serves as a fast food for a millions of people in 

tropical and subtropical countries (Hahn, 1995; 

Udensi. 2008; Hudzari et al., 2011). Figure 1 shows 

the tuber of Dioscorea hispida. This plant is 

classified as a wild creeping and climbing plant 

which can grow up to 20 meters in height (Hahn, 

1995).
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Fig. 1: The tubers and stem for Dioscorea hispida during field harvesting. 

 

Methodology: 

The reverse engineering concept was applied 

where it initially involved extraction of the design 

layout of the tool, development of schematic drawing 

and wireframe model, design modification in a CAD 

environment, design simulation and finally the 

completed drawing for fabrication purposes (Hudzari 

et al., 2011; Hahn, 1995). Conceptual designs of the 

tools were developed and these designs were 

important in product development (Sarah, 2008; 

Sapuan et al., 2006; Sapuan et al.,2005). The finite 

element method (FEM) is a numerical technique for 

finding approximate solutions to partial differential 

equations (PDE) and their systems, as well as 

integral equations. In simple terms, FEM is a method 

for dividing up a very complicated problem into 

small elements that can be solved in relation to each 

other. It is practical application often known as finite 

element analysis (FEA) (Hudzari et al., 2012). The 

main features of FEA method are the entire solution 

domain is divided into small finite segments (hence 

the name finite element) and over each element the 

behavior is described by the displacement of the 

elements and the material law. All elements are 

assembled together and the requirement of continuity 

and equilibrium are satisfied between neighboring 

elements while provided that the boundary 

conditions of the actual problem a satisfied a unique 

solution can be obtained to the overall system of hour 

algebra equation (Ssomad, 2013). Stress is generally 

defined as the average for (F) per unit area (A).The 

solution matrix is sparsely populated. 

 

RESULT AND DISCUSSION 

 

Table 1 shows the mechanical properties of 

selected materials that were tested for finite element 

analysis. First are Aluminum Alloy (201.0-T7 

Insulated Mold Casting), second Cast Carbon Steel 

and third Plain Carbon Steel. All mechanical 

properties are uploaded from database of SolidWork 

simulation express. It’s were purposely to determine 

the highest strength of selected material for hand 

tool. From table 1 the lightest material is Aluminum 

Alloy (201.0-T7 casting mold Insulated ss) with 

value of 3.14054kg while the volume is 

0.00112162m
3
. The heaviest material is Cast Carbon 

Steel (SN) with value of 12.0077 kg with volume of 

0.00153945 m
3
. 

 
Table 1: Material, mass, volume and density of design for innovative hand tool. 

Material Mass Volume Density 

1.Aluminum  Alloy 

(Insulated Mold Casting ) 
3.14054 kg 0.00112162 m3  

2800 Kg/m3 

2.Cast Carbon Steel  12.0077 kg 0.00112162 m3 10706 Kg/m3 

3.Plain Carbon Steel 8.74864 kg 0.00112162 m3 7800 Kg/m3 

 

3.1 Relationship between Weight and Force 

Requirement for Harvesting Dioscorea hispida 

Tubers: 

The data is plotted by using second polynomial 

regression equation, the relationship between 

harvesting force and tubers weight showed high 

significance with value of 0.86. Figure 2 shows the 

relationship between weight and force requirement 

for harvesting of tuber of Dioscorea hispida. The 

bent type hand tool was used in this experiment. 

  

 

file:///I:\Documents%20and%20Settings\soran\Local%20Settings\Temp\Report.htm%23201.0-T7%20Insulated%20Mold%20Casting%20(SS)
file:///I:\Documents%20and%20Settings\soran\Local%20Settings\Temp\Report.htm%23Cast%20Carbon%20Steel%20(SN)
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Fig. 2: The relationship between weight and force requirement for harvesting of tubers of  Dioscorea hispida 

 

As in Figure 2, to determine the force reductions 

for comparing between bent type and traditional hand 

tool is, let say; 

The force used is; 

1000N then the weight that can harvest by 

traditional hand tool is 1.5kg while by using bent 

type hand tool is = 1.7kg so; 

(1.5 / 1.7) X 100% = 88% 

    ~ 90% 

The percentage of force reduction by using bent 

type hand tool is approximately at; 

100% – 90% = 10% 

 

From the regression formula, which expresses 

relationship between force for harvesting and weight 

of tuber in sandy clay loam area, the following 

equations were obtained;  

Y = 615.17x
2
 
 
- 468.24x + 241.28 (1) 

With R
2
 = 0.86                              (2) 

Where Y is force for harvesting Dioscorea 

hispida tuber (in Newton),  

X is weight of Dioscorea hispida tuber (in 

kilogram) and 

R
2
 is regression squared. 

This regression formula is used to determine the 

maximum force for simulation in FEA. Edible tubers 

(Dioscorea spp.) that are normally collected, varies 

from 3 to 10 kg. For the experiment on simulation of 

FEA, the weight of tuber selected is 10 kilogram. So 

from the equation (1) the force requirement for 

harvesting 10 kg tubers is; 

= (615.17 * 100) - (468.24 * 10) + 241.28 

= 57075.88 N 

= 57.75 KN 

To determine the efficiency on predicting the 

force requirement for harvesting the Dioscorea 

hispida tuber, the Regression analysis tool package 

form Microsoft Excel is used and the output 

summary is shown in Table 2. Levine mentioned that 

all three criteria below must be followed to 

determine the regression efficiency of the multiple 

regression must be above than 0.8 while the 

significance statistic must be lower than 0.05 and the 

t-statistic must be is larger than 1.96 and 1.64 for 

alpha 0.05 and 0.10 respectively (Levine et al., 

2001).

 
Table 2: Statistical summary output for relationship of force harvesting with weight of Dioscorea hispida 

Regression Statistics     

 

 
 

 

Multiple R 0.86       

R Square 0.74       

Adjusted R Square 0.73       

Standard Error 183.71       

Observations 19.00       

ANOVA(analysis  of 
variance )        

                 Df SS    MS            F Significance F   
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Regression 1.00 1641545.45 1641545.45 48.64 

 

   2.24E06 

 

 

Residual 17.00 573769.29 33751.13     

Total 18.00 2215314.74         

  Coefficients 
Standard 
Error 

                               
t Stat P-value Lower 95% Upper 95%  

Intercept -230.59 113.52 -2.03 0.06 

         -

470.09   8.90  

X Variable 1 721.77 103.49 
          
6.97 0.00 

          
503.42  940.12  

 

From Table 2, the multiple Regression value is 

0.86 while the significance statistics (significance F) 

is lower than 0.05 which indicate 2.24E-06. The 

absolute value of t-statistic (t-stat) is 6.97 which are 

larger than 1.96 and 1.64 for alpha 0.05 and 0.10 

respectively. This proved that using second 

polynomial regression equation, the maximum force 

that used for simulation in finite analysis is 

acceptable and accuracy. The Dioscorea hispida 

tubers are harvested from three different area 

whereas at Kampung Kudat, Kampung Bukit Diman 

and Ladang UniSZA Gong Badak Terengganu, 

Malaysia. The soil type for this experiment area is 

sandy clay loam which represents 30% clay, 10% silt 

and 60% sand while from the regression formula, 

which expressed relationship between force for 

harvesting and weight of tuber in sandy clay loam 

area, is; Y=615.17x2 - 468.24x + 241.28 with R
2
= 

0.86 where; Y is force for harvesting Dioscorea 

hispida tuber (in Newton), X is weight of Dioscorea 

hispida tuber (in kilogram) and R
2
 is regression 

squared. 

 

Conclusion: 

In conclusion, the Dioscorea. hispida tubers 

traditional harvester design was improved by means 

of shape alteration. The bent form was chosen as the 

best form for the hand tool. The Aluminum Alloy 

material was selected to be applied to the hand tool 

solid model for being light in weight. FEA was 

successfully implemented on the solid model of the 

hand tool harvester in CAD system. The FEA 

simulation predicted the stress distribution under the 

applied pressure due to the harvesting process. In 

comparison to other materials the Aluminum Alloy 

showed the least stress value during Dioscorea 

hispida tuber harvesting process. Finally, a prototype 

was fabricated for testing the hand tool during the 

harvesting process, which demonstrated a portable 

and easy to use hand tool. Further use of technology 

such as mechanization and lighter material is still an 

open opportunity for future research. 
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