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ABSTRACT 

A Grain damage prediction model was developed for a motorized stationary dehusker sheller. In order to 
develop an optimization grain damage model for this machine, performance evaluation tests were carried out 

in two sets, first, to generate data for the development of the models and secondly for validation of the 

developed models. Each experiment was a factorial design involving four crop and machine variables, speed, 
S, feed rate, F, concave clearance, C and Moisture content, M, each at three levels, replicated three times. The 

layout was in a completely randomized block design. Dimensional analysis and the theory of axial threshing 

were used to develop the model. In evaluation of the Damage model RMSE, Bias, d and SB values of 0.453, 
0.121, 0.907 and 0.0144 were computed respectively. These minimal deviation values coupled with high value 

of 0.907 for the index of agreement, established validity of the prediction. Concave clearance variable has the 
least sensitivity in the grain damage prediction model. 
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1. INTRODUCTION 

Maize remains the most popularly grown and 

consumed cereal across a range of ecological zones 

of Nigeria (Iken et al., 2002; Baffour et al., 2014). 

It has added potential for addressing the food 

security challenges presently faced in West and 

Central Africa as a result of increasing effects of 

urbanization (Baffour et al., 2014). Maize accounts 

for 15-20 % of the total daily calories in the diets of 

people in more than 20 developing countries mainly 

Latin America and Africa. In the developed 

countries such as United States (USA) and Europe, 

it is an important feed grain for livestock and 

poultry because of more efficient conversion of its 

dry substance to meat, milk and eggs. USA 

approximately converts 60 % of its maize crop to 

animal feed (Pingali and Pandey, 2000). After 

harvest, Maize has to be de-husked and shelled to 

obtain grains for any other further processing 

activity. 

Threshing is the first and most important 

postharvest operation for grain crops. It involves, 

among other things, the detachment of grain kernels 

from the heads, cobs or pods as the case may be. 

Traditional methods are laborious, the output is low, 

high losses are also recorded (Enaburekan, 1994). 

The output in terms of dehusking-shelling of Maize 

cobs was reported to be 30 kg/hr with 8.3% grain 

damage in the traditional system - dehusking by 

hand and beating with wooden sticks (Singh et al., 

2011). Mechanical or power threshers have been 

introduced and are popular in most developing 

countries to overcome those difficulties 

(Enaburekan, 1994). The ideal threshing unit 

(processor) is the one that produces a perfect 

threshing of maximum crop throughput with 

optimum grain separation, while it preserves the 

natural shape and quality of the grain and minimize 

grain loss (Miu, 1995, Miu and Kutzbach, 2000). 

Threshing, as it applies to maize crop, is commonly 

referred to as shelling. In some sheller designs, the 

husks have to be separately removed before feeding, 

whereas in others, the whole head including the 

husks are fed into the sheller. These are referred to 

as dehusker shellers. The Institute of Agricultural 

Research (IAR), Ahmadu Bello University, Zaria, 

developed a maize dehusker sheller which has, over 

the years, undergone modifications to improve on 

its performance. Currently, the machine has wide 

patronage by farmers in the North Western states of 

Nigeria. It was however observed that the maize 

grain losses, more especially from the cob thrower 

outlet, are above acceptable limits (Nalado, 2007). 
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The purpose of modeling a physical system is to be 

able to better understand the fundamental 

mechanism of that system and to establish the 

optimum conditions for the design, construction and 

operation of the system. Optimum conditions are 

those that produce the most favourable or most 

beneficial result from a system (Gajda and Biles, 

1978). Thus it was recommended that mathematical 

models should be developed to be used in predicting 

sheller performance and to optimize the dehusking-

shelling process of the machine for minimum 

scatter losses, minimum damages, maximum 

capacity, shelling and cleaning. The aim of this 

work, therefore, was to develop an optimization 

grain damage model for this rugged dehusker-

sheller. 

 

 

2. MATERIALS AND METHOD 

 

Performance evaluation tests were carried out in 

two sets, first, to generate data for the development 

of the models and secondly for validation of the 

developed models. Each experiment was a factorial 

design involving four crop and machine variables, 

speed, S, feed rate, F, concave clearance, C and 

Moisture content, M, each at three levels. During 

performance tests, values of 750, 850 and 950 rpm; 

30, 40 and 50 kg/min; 35, 40 and 45 mm and 9, 12 

and 15 % were used as speed, feed rate, concave 

clearance and moisture content (wet basis), 

respectively. The layout was in a completely 

randomized block design (3x3x3x3=81 treatments) 

and replicated three times in each of the model 

development and validation experiments.  The 

analysis of variance is shown in Table 1. 

 
Table 1: ANOVA for a 34 Factorial Experiment in a 

Randomized Complete Block Design 

 

Source   Degrees of Freedom,             

Replication, R  r-1 = 2  

Speed, S  s-1 = 2   

Feed rate, F  f-1 =2   

Concave clearance, C c-1 = 2   

Moisture content, M m-1= 2  

S*F   (s-1)(f-1) = 4 

S*C   (s-1)(c-1) = 4  

S*M   (s-1)(m-1) = 4  

F*C   (f-1)(c-1) = 4  

F*M   (f-1)(m-1) = 4  

C*M   (c-1)(m-1) = 4  

S*F*C   (s-1)(f-1)(c-1) = 8  

S*F*M   (s-1)(f-1)(m-1) = 8  

S*C*M   (s-1)(c-1)(m-1) = 8  

F*C*M   (f-1)(c-1)(m-1) = 8 

S*F*C*M               (s-1)(f-1)(c-1)(m-1) = 16 

Error    (sfcm-1)(r-1)           =160 

Total    rsfcm-1                   = 242  

 

The grain damage was computed using the 

relationship given by Behera et al., (1995), as 

follows: 

 

    
 

   
             … (1) 

 

Where: Dg = Damaged grain, %; G = Weight of 

visually damaged grain isolated in 100 grams of 

threshed sample, g. 

 

 Dimensional analysis using Buckingham’s Pi-

theorem was used to develop prediction equations.  

It was used to obtain functional relationship 

between parameter and the independent variables as 

decribed by Ain (2001) and Gibbings (2011). For 

modeling of grain threshing and separating 

processes, the following general assumptions are 

taken into consideration (Miu, 1995; Miu et al., 

1998a; Miu et al., 1998b; Miu and Kutzbach, 2000; 

Miu and Kutzbach, 2008): 

  

a. The material throughput is constant; material 

moves through the threshing space as a 

continuous stratum; 

b. The material to be processed is homogenous, 

i.e., the husks-cob are uniformly distributed 

within the cob mat; 

c. The material is homogenous in any cross 

section of the threshing space; 

d. The mass of material is continuously distributed 

in the threshing space and its volumetric 

density is a continuous function of position and 

time; 

e. Material velocity is a continuous function of the 

position over the length of the threshing space; 

f. The radial reactive forces due to grain 

separation do not influence the material 

movement.  
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The Universal mathematical model of grain 

threshing and separation developed by Miu (1995) 

and validated by Miu and Kutzbach (2008) was 

considered fit for describing the process 

performance and various variables influencing the 

shelling process. The percentage of un-threshed 

grain    is given by: 

 

                …           (2) 

 

Where:    = shelling rate, m
-1

;   = shelling space, 

m. 
 

At the end of the threshing space (x=L for axial 

unit), the damage percentage     thus becomes: 

 

    = (1 -       )            …          (3)  

 

Where:      damage percentage, %;    = damage 

rate, m
-1

;  = the threshing length, m. 

   

Model performance evaluation was done using bias, 

root mean square error (RMSE), square bias (SB), 

index of agreement, d, the slope and coefficient of 

the determination (r
2
) using the following 

relationships (Wilmot 1982): 

 

Bias = 
   

 



N

i

ii MP
1

)(   …          (4) 

 

RMSE =  
 

 

2

1

)(



N

i

ii MP     …               (5) 

 

Where: P and M are predicted and observed values 

of the dependent variables respectively; N is the 

number of observations.  

 

Square bias, SB was calculated using the 

relationship given by Kobayashi and Salam (2000): 

 

SB = 
2)( OP      …           (6) 

 

Where P  and  O  are the average predicted by the 

model and measured values, respectively. The index 

of agreement, d, represents the ratio of the mean 

square error and the potential error (Wilmot, 1984) 

and is defined as: 

 

    
        

  
   

        
 
           

 
             …                (7) 

 

Range of d is similar to that of r
2 
and lies between 0 

(no correlation) and 1 (perfect fit). To test the 

significance of b (slope), the residual mean square 

was computed as Gomez and Gomez (1984): 

 

  
    

    
     

 

   

   
   …                    (8) 

 

Where:   
   = the residual mean square;   = 

square of deviates of y;   = square of deviates of x 

   = product of x and y deviates;  -2 = the degrees 

of freedom. 

 

 The t value,   is computed as: 

 

   
 

 
     

   

                          ….                (9) 

 

To test the hypothesis on the intercept, the t value is 

computed as: 
 

    
    

       
 

 
 

    

   
 

    …                    (10)  

 

Where:   = estimate of slope regression parameter; 

  = intercept of the line on the Y axis;    = 

specified value of the intercept depending on the 

research problem. 

 

Sensitivity analysis was used to determine how 

“sensitive” a model is to changes in the value of the 

parameters of the model and to changes in the 

structure of the model the sensitivity coefficient 

(dimensionless) for a particular independent 

variable is calculated from the partial derivative of 

the dependent variable with respect to the 

independent variable (Hamby, 1994).  

Dimensionless sensitivity coefficients for each of 

the independent variables were determined as given 

by Gong et al. (2006): 

 

   
  

  

   
  
  

 
     ….                  (11) 

 

Where:    
 = sensitivity coefficient of variable; N = 

reference output (dependent variable);     = mean 

value of the independent variable. 
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The sensitivity coefficient shows the relative 

importance of each of the variable to the model 

solution. 

 

 

 

 

 

 

 

3. RESULTS AND DISCUSSION 

 

Table 2 gives typical sheller grain damage values 

for model development at different variable 

combinations  at 9 % moisture content (wet basis).        

       
Table 2: Sheller Grain Damage Values for Model Development 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key: OBS - observation; SPD - cylinder speed; FDR - crop feed rate; CLR - cylinder concave clearance; MC - 

moisture content. 

OBS SPD FDR CLR MC Damage 

  rpm kg/min mm %, wb % 

1 750 30 35 9 5.10 

2 750 40 35 9 4.05 

3 750 50 35 9 2.70 

4 850 30 35 9 6.19 

5 850 40 35 9 5.30 

6 850 50 35 9 5.05 

7 950 30 35 9 7.03 

8 950 40 35 9 6.35 

9 950 50 35 9 5.28 

10 750 30 40 9 4.90 

11 750 40 40 9 3.82 

12 750 50 40 9 2.54 

13 850 30 40 9 5.92 

14 850 40 40 9 5.03 

15 850 50 40 9 4.62 

16 950 30 40 9 6.70 

17 950 40 40 9 6.10 

18 950 50 40 9 5.18 

19 750 30 45 9 4.58 

20 750 40 45 9 3.65 

21 750 50 45 9 2.30 

22 850 30 45 9 5.60 

23 850 40 45 9 4.80 

24 850 50 45 9 4.30 

25 950 30 45 9 6.55 

26 950 40 45 9 5.82 

27 950 50 45 9 4.95 



ISSN: 2449 - 0539 
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.11 NO.2, AUGUST, 2016 

Available online at www.bayerojet.com                      31 
 

The following pi terms were obtained: 

 

      C   …         (12) 

 

    = 
    

 

  
   …         (13)  

 

     
 

  
    …         (14) 

 

 

Where:    = Damage rate, m
-1

;   = Cylinder 

velocity, ms
-1

;   = Feed rate, kg s
-1

;   = Concave 

clearance, m;  = Diameter of cylinder, m;   = 

Bulk density, kg/m
3
. 

 

From the plots of pi terms, the following 

component equations were formed: 

 

 1=           
          …        (15) 

 

 1=           
        …        (16) 

 

The supplementary equation formed was 

 

  1=           
         …        (17) 

 

From analysis as described by Gibbings (2011), 

the combination of component equations by 

multiplication was valid. Substituting values and 

rearranging, the prediction equation for grain 

damage parameter is thus established: 

 

                  
   

  
 
    

 
 

  
 
    

 …   (18) 

 

In evaluation of the Damage model RMSE, Bias, d 

and SB values of 0.453, 0.121, 0.907 and 0.0144 

were computed respectively These small values of 

the evaluation parameters between the predicted 

and measured values indicate a good model 

because it shows that there exist but a little 

deviation between the predicted and measured 

values. Figure 1 shows the graph of predicted 

versus measured values of grain damage. A 

significantly high coefficient of determination (r
2
) 

= 0.960 was obtained with the regression equation: 

               . The t-test shows that the 

computed values of    =2.064 and   = 0.140 are 

less than the table value    = 2.365 even at 5 % 

level of significance. Hence the null hypothesis is 

upheld that the slope is not statistically different 

from 1.0 and the intercept is not statistically 

different from zero. This showed that there is no 

significant difference between the predicted and 

measured grain damage values. Thus the 

prediction model was validated. Computed 

sensitivity values are shown in Table 3. From the 

absolute value, it could be seen that concave 

clearance variable has the lowest sensitivity in the 

grain damage prediction model. 

 

 

Figure 1: Plot of Predicted against Measured values of grain  

damage 

 

Table 3: Sensitivity Coefficients of the Grain Damage   

             Model 
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R² = 0.901 

0.00 

2.00 

4.00 

6.00 

8.00 

2.00 3.00 4.00 5.00 6.00 

P
re

d
ic

te
d

 

Measured 

Independent variable Sensitivity 

coefficient 

 % 

Drum Speed (V) 0.15960 21.24 

Concave clearance(C) 0.01060 1.40 

Feed Rate (  ) -0. 15960 21.24 

Bulk Density (  ) 0.15960 21.24 

Drum Diametre (D) -0.13104 17.44 

Moisture Content(M) -0.13104 17.44 
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4. CONCLUSION 

 

The grain damage model for a motorized 

stationary maize dehusker sheller was developed. 

In evaluation of the Damage model RMSE, Bias, d 

and SB values of 0.453, 0.121, 0.907 and 0.0144 

were computed respectively. These minimal 

deviation values coupled with high value of 0.907 

for the index of agreement, established validity of 

the prediction. 
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