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Abstract—A hammer cum burr mill developed, and its performance was evaluated using yam and cassava flakes. The machine 

consists of a hopper, hammer mill unit, a conveyor, attrition mill unit, the frame and 2 horsepower prime mover. To evaluate the 

performance of the machine, two experiments were conducted. In the first experiment, varying speeds of 750, 1270 and 1800 

rpm at a constant machine load of 0.5 kg were used.  In the second experiment, varying machine loads of 0.5, 1.0, 1.5 and 2.0 kg 

at a constant speed of 1270 rpm. The moisture content of yam and cassava flakes were kept constant at 12.5% dry basis. The 

results of the research showed a polynomial relationship between speed and milling efficiency in the cassava experiment as well 

as the capacity in both the yam and cassava experiments. While a linear relationship was observed between speed and milling 

efficiency in the yam experiment and same observation was made between the machine load and milling efficiency as well as 

machine capacity in both the yam and cassava experiments. The optimum milling efficiencies of 93 and 85% were recorded at 

respective speeds of 1270 and 750 rpm for cassava and yam. The optimum efficiencies were achieved at a machine load of 0.5 

kg. The hammer cum burr mill was tested and found suitable for milling of cassava and yam flakes into flour (“elubo”). It can 

also be used for plantain flour and other related food materials. Therefore, it is recommended for the use of farmers and 

agricultural processors. 
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1. Introduction 

 Size reduction is an important phase in food production 

technology. The form of reduction depends on the type of 

produce or the requirement from the consumers of such 

produce. At times, size reduction may require more than one 

size reduction machine, that is more than one machine or 

principle is used before the desired fineness is achieved. If the 

size reduction process is carried out to the fullest extent 

(reducing the harvested crop to desired finest particle) then 

the process is known generally as milling [1].  
 

Processing of agricultural produce frequently requires size 

reduction of solid materials for different purposes. Size 

reduction may help other processes like expression, extrusion 

and extraction. It may also reduce the period for heat 

treatment in blanching and cooking [2]. The generic term 

used for size reduction is comminution and it includes 

different operations like crushing, grinding/milling, mincing 

and dicing. Breaking of hard material along cracks or defects 

in their structure is achieved using diverse forces. The types 

of forces commonly used in the process of food reduction are 

compressive, impact, attrition/shear and cutting forces [3].  
 

A burr mill is a mill used to reduce the size of small food 

products between two revolving abrasive surfaces in a 

clockwise direction and separated by a distance usually set by 

the operator. It is also called attrition mill. The machine 

usually includes a revolving screw that pushes the food 

through. The main principle of the burr mill is the crushing of 

the crop between two plates that are rubbed together. The 

plates have grooves cut on one or both faces of the plates. 

The use of burr mills and hammer mill are widespread and 

they have greatly eased the tedious task of pounding grains 

and food flakes manually. Dry products of root crops are 

usually milled separately using the hammer mill and the burr 

mill to achieve the optimum particle size.    
 

To improve the effectiveness of milling operation in food 

processing with optimum reduction of the cost and time, 

some of the milling machines or principles can be combined 

to a single-unit operation in which the works of the hammer 

and the burr mills can be performed simultaneously in a 

single operation. This study is therefore on the design, 

fabrication and performance evaluation of hammer cum burr 

mill.  
 

1.1 Research Objectives 

The objectives of this study are: 

1. to design hammer cum burr mill. 

2. to fabricate and assemble the components of the machine. 

3. to evaluate the performance of the machine.  
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2. Related Work 
 

Reduction of particle size like milling is a necessity for 

agricultural produce for further processing or utilization [4]. 

The physical and mechanical properties of materials often 

determine the degree and rate of reducing agricultural 

materials to an appropriate texture.  Features of materials like 

fibrousness, friability, heat-sensitivity, wetness, fatty or sticky 

nature and density are some of the most common challenges 

in milling operation [3]. Size reduction is also used to 

transform solid nature of materials to slurry to vary its 

rheological characteristics. Particle size of agricultural 

produce can be controlled by using different screens and 

clearances. The type of mill used for size reduction also has a 

major impact on the quality and yield of produce. 
 

The major machines involved in milling are roller mill, disc 

mill, burr mill and the hammer mill [5]. The roller mill 

consists of two or more steel roller revolving towards each 

other in opposite direction to pull particles of food through 

the space between the rollers. There are various types of disc 

mills ranging from single disc mills, double disc mills to pin-

disc mill.  
 

Hammer mill is an essential machine in the pharmaceutical 

and food processing industries [6]. It can be used to crush, 

pulverize, shred, grind and reduce material to suitable sizes.  

 A conventional hammer mill machine with a semi-circular 

screen was reported by [7]. The efficiency of the mill was 

influenced by the moisture content of the materials and the 

operating speed of the mill. Relationship between drum speed 

and machine efficiency under different grain moisture 

content, hammer thickness and concave clearance was 

reported by [8] [9].  
 

3. Experimental Method 
 

3.1 Machine Description and Operation 

The hammer cum burr mill (Figure 1 and 2) comprises of the 

hopper, the hammer unit, the conveyor, the burr unit and the 

frame. The hammer unit consists of twenty hammers of 

100mm in height and 16 mm thickness and a shaft of 30mm 

diameter. While the burr unit consists of two plates, the burr 

control shaft and the burr chamber. The dry materials are fed 

into the mill through the hopper and simultaneously milled to 

the desired particle size of flour (“elubo”) by crushing the 

materials in the hammer unit while the crushed materials are 

further milled into the desired fine particle size of “elubo” by 

the bur unit. The mill is powered by 2 horsepower electric 

prime mover via belt and pulley transmission system. 

  
Figure 1: Isometric View of the Hammer Cum Burr Mill 

 
Figure 2: Section View of the Mill 

 

3.2 Design Methodology   

The design of component-units of the hammer cum burr mill 

was carried out using the specific functions of each 

component units as factors for design considerations.  

 

3.2.1 Capacity of the Hopper 

Volume of the Hopper, V (m
3
) 

 

           (1) 

 

 
For dry cassava tuber, the density ranges from 810 to 870 

kg/m
3
 at 12% moisture content [10]. 

Therefore, the capacity of the hopper for cassava flake in 

mass (kg) 

 

           (2) 

 

 
For dry yam tuber, the density ranges between 700 to 910 

kg/m
3
 [11].  

Therefore, the capacity of the hopper for yam flake in mass 

(kg)  

 
 

3.2.2 Shaft Selection 

The diameter of the shaft was determined using equation 3 as 

expressed by [12]. The shaft was therefore selected based on 

the available standard that is closed to the determined 

diameter. 

 

           (3)

    

Where; d is the shaft diameter in meter, M
b 

is the maximum 

bending moment in Nm, M
t
is the maximum torsional moment 

in Nm, K
b 
is the combined shock and fatigue factor applied to 

bending moment = 1.5, K
t 
is the combine shock and fatigue 

factor applied to torsional moment = 1.0, Ss is the ultimate 

stress of mild steel without key way = 55MN/m
2

.  

Calculated shaft diameter = 27.45mm.  

Therefore, shaft of 30mm was selected. 



Int. J. Sci. Res. in Multidisciplinary Studies                                                                                                Vol.9, Issue.8, Aug 2023   

© 2023, IJSRMS All Rights Reserved                                                                                                                                            3 

3.2.3 Determination of Power Requirement  
The power required for operation by the machine was 

determined using equation 4 as expressed by [13]. 

 

             (4)

  

Where P is the power in Watt, n is the shaft speed in rpm and 

T is the torque required to turn the shaft at the circumference 

of the driven pulley in Nm.  

 

Power required to drive the shaft = 1.31kW 

Assuming 10% power loss due to friction, total power 

required = 1.441 kW 

Therefore, a prime mover of 2 horsepower (1.50 kW) was 

selected. 

 
3.2.4 Power Transmission System 
The mechanisms and systems in the machine are driven via 

the v-belt and pulley arrangement from 2 horsepower prime 

mover of 1420 rpm.  

With the power rating, a belt of type A cross-sectional 

symbol was selected [14].  

 

3.3 Performance Test Procedure 

To evaluate the machine performance, two experiments were 

carried out for both yam and cassava flakes. In the first 

experiment, varying operating speeds of 750, 1270 and 1800 

revolution per minute at a constant machine load of 0.5 kg 

were used. In the second experiment, varying machine loads 

of 0.5, 1.0, 1.5 and 2.0 kg at a constant operating speed of 

1270 revolution per minute. Each experiment was repeated in 

three replicates and the varying speeds were achieved using a 

variable pulley arrangement. The moisture content of yam 

and cassava flakes used was 12.5% dry basis. The moisture 

content was determined using a grain moisturemeter; the 

weight of the samples of the yam and cassava flakes was 

measured with the use of an electronic weighing balance and 

the milling time was taken by using a stop-watch. The milling 

efficiency and the machine capacity were respectively 

determined using equations 5 and 6. The particle size of the 

milled cassava and yam products were analyzed using sieve 

particle size analysis. 

 

Throughput capacity, Ct is expressed by [15] as  

 

Ct      

              (5) 

 

Where; Ws is total weight of sample input (kg). T
a 
is average 

milling time (hr).  

 

Milling Efficiency, Sm is expressed by [15] as   

    

             (6) 

 

Where Ws is weight of sample collected after milling (kg), 

Wm is weight of input sample. 

 

4. Results and Discussion 

4.1 Effect of Machine Speed on Milling Efficiency 

 The results of the evaluation tests as presented in Figure 3, 

showed that the performance of the hammer cum burr mill 

was greatly influenced by the operating speed and the 

moisture content of the cassava and yam flakes as previously 

reported by [9] in a burr mill study. The milling efficiency 

decreased from 85% to 77% when the operating speed 

increased from 746 rpm to 1812 rpm at a moisture content of 

12.5%. This is in conformity with [8] in a study on the effect 

of some operational factors of a hammer mill. But it is 

contrary to [9] that reported that milling efficiency in a burr 

mill increased with an increase in operating speed. The results 

obtained portrayed a linear dependence of the milling 

efficiency with the operating speed with coefficient of 

determination, r
2
 of 0.9864 for yam flakes while the 

relationships between the two parameters that can be 

described as polynomial with coefficient of determination, r
2
 

of 1 was recorded for cassava flakes. 
 

 
Figure 3: Effect of Machine Speed on the Milling Efficiency 

 

4.2 Effect of Machine Speed on Machine Capacity 

As observed from the result in Figure 4, machine capacity 

increased from 7.5 kg/h to 10 kg/h at a constant feed input of 

0.5 kg and average moisture content of 12% for cassava 

experiment when the operating speed increased from 746 rpm 

to 1812 rpm. This is also similar to the study by [8]. While 

the machine capacity decreased with an increase in operating 

speed and later increased with an increase with further 

increase operating speed. The result obtained showed a linear 

dependence of the machine capacity with the operating speed 

for cassava flakes while a polynomial relationship between 

the two parameters was recorded for yam flakes. 
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Figure 4: Effect of Machine Speed on the Machine Capacity 
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4.3 Effect of Feed Input on Machine Capacity and Milling 

Efficiency 

The evaluation results as presented in Figure 5 showed that 

the milling efficiency decreased from 98% to 37% when the 

feed input increased from 0.5 kg to 2 kg in the cassava 

experiment at optimum operating speed of 1269 rpm. and 

from 60 % to 18 % in the yam experiment at optimum 

operating speed of 746 rpm. This is in conformity with a 

study by [16] that reported a similar trend on the effects of 

pool volume on wet milling efficiency. This inverse but linear 

relationship is with coefficient of determination, r
2
 of 0.9575 

for cassava experiment and 0.9854 for yam experiment. A 

linear relationship was also observed in Figure 6, where 

machine capacity increased with an increase in feed input at 

respective optimum operating speeds of 1269 and 746 rpm at 

respective coefficient of determination, r
2
 of 0.9394 and 0.9 

for both cassava and yam experiments. 

 

 
Figure 5: Effect of Feed Input on the Milling Efficiency 

 

 
Figure 6: Effect of Feed Input on the Machine Capacity 

 

4.4 Effect of Machine Speed on Particle Size of Yam and 

Cassava flour 

As presented in Figure 7, the particle size of the cassava flour 

decreased with an increase in operating speed. This is 

contrary to [8] that is similar to the result of the yam 

experiment in which the particle size of the yam flour 

increased with an increase in the operating speed of the 

machine. Both experiments were carried out at constant feed 

input of 0.5 kg. This result also showed that the trend of the 

relationship differs from one product to the other. The 

relationship between the operating speed and the particle size 

in the cassava experiment can be described as linear with 

coefficient of determination, r
2
 of 0.9602. While the 

relationship in the yam experiment was also linear, but 

inverse with coefficient of determination, r
2
 of 0.9949.   
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Figure 7: Effect of Machine Speed on the Particle Size of the Flour 

 

5. Conclusions 
 

A hammer cum burr mill was designed, fabricated, tested and 

found suitable for milling of dry solid agricultural crops like 

cassava and yam flakes to the desired fine particle size in a 

single operation. From the result of the evaluation test, it can 

be concluded that, the performance of the hammer cum burr 

mill is highly influenced by the operating speed and the 

moisture content of the cassava and yam flakes; a good 

correlation exists between the operating speed and the milling 

efficiency in both cassava and yam experiments at optimum 

feed input of 0.5 kg. There is also a good correlation between 

the feed input and the milling efficiency at the optimum speed 

of 1269 rpm in the cassava experiment and 746 rpm in the 

yam experiment as well as between the speed of operation 

and the particle size (fineness) of the milled product (flour) in 

both cassava and yam experiments at optimum feed input of 

0.5 kg 
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