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Introduction
Feed production requires careful management and the process 

of production. Feed generation for animals, poultry or oceanic 
life includes a scope of exercise, which incorporates granulating, 
blending, pelleting and drying operations.1 There is high feasibility 
of the utilization of various forms of farm and agro-industrial wastes 
and by-products in the formulation of complete feeds for livestock, 
poultry and aquatic life.1–3 If feed is not properly mixed, ingredients 
and nutrients will not be properly distributed which mean that it 
will not meet the expected targeted nutritional composition.4,5 Feed 
production requires careful management in the process of production. 
Feed generation for animals, poultry or oceanic life includes a scope 
of exercise, which incorporates granulating, blending, pelleting and 
drying operations.1,6

According to Chikwado,7 the processing and densification of 
finely ground and mixed ingredients of animal feed into high density 
and durable pellets are pertinent to enhance homogeneity of feed and 
thereby improve animal growth, free flowing agglomerates (pellet), 
handling, storage and transportation. 

According to Chikwado7 and New8 the mixing device is to achieve 
a uniform distribution of the components by means of flow, which is 
generated by mechanical means. After mixing, the feed is extruded 
and pelletized. In Nigeria, farmers face a plethora of problems in 
raising the livestock, aquatic life and poultry due to lack of access to 
quality feed at the right time and the cost implication. They are unable 
to procure the required machines to increase their production rate. The 
rate of poultry production does not meet the total human population 
growth and demand in the country due to the high cost of acquiring 
feeds at the market value.1,9 The feed mixing can be done manually 
and mechanically. The manual method of mixing feed entails using 
a shovel mix and characterized by low output, less efficient, labour 
intensive and can be hazardous to the health of the animal. The 

mechanical method of mixing is achieved by using mechanical mixers 
such as tumbler mixer, horizontal trough mixer, vertical screw mixer, 
etc.1 The aim of this work is to develop a horizontal feed mixer that is 
highly efficient, cost effective which solves problems associated with 
manual mixing during livestock feed production. This will provide 
a base for commercial production of feed mixers in Nigeria using 
locally available materials with low cost of procurement.

Methodology
The design calculations which was used for design and fabrication 

of the horizontal livestock feed mixer was hereby presented. 

Volume of mixing chamber 

The mixing chamber shown in Figure 1 is a cylinder. The volume 
V of the cylinder is given by:

		

2

4
d

V hπ=                                                        (1)

Where

d is the diameter of the circular base (0.60m) and h is the height of 
the cylinder (1.10m). From equation 1, the volume is given as;

		

20.60
3.142 1.10

4
V = × ×

		
30.311 V m=

Torque of shaft 

According to Khurmi and Gupta,10 shafts may be designed on the 
basis of rigidity and strength. When subjected to twisting moment 
only, the torque developed in the shaft is given by equation 2. 
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Abstract

In Nigeria, agricultural livestock production is lagging in efficiency thus resulting in 
low production output. Livestock feed need to be mixed very well, in other to achieve 
the best quality out of the livestock. There is gradual advancement from the past mixing 
method done manually to mechanization of livestock feed production process. In this 
study, a horizontal livestock feed mixer with a capacity of 100kg was designed and a 
model of it was fabricated. The aim is to provide a base for commercial production of 
feed mixers in Nigeria using locally available materials with low cost of procurement. 
The machine was designed based on its power requirements, tension of belt, load on 
shaft pulley and belt tension, shaft diameter and weight of mixing drum. The materials 
are selected based on their flexibility, chemical compatibility, availability simplicity 
and low maintenance cost. The performance evaluation of the machine was carried 
out to determine the mixing efficiency using different feed capacity at different time 
intervals and percentage recovery rate on the feed rate. The mixing time and degree 
of mixing was observed to increase with increase in feed weight. The horizontal feed 
mixer developed is highly efficient, cost effective and solves problems associated with 
manual mixing during livestock feed production.
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Where;

 T is the torque, τ is the maximum shear stress (N/m2) and d is the 
diameter of the shaft (m).
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F is the force acting on the body (N) and A is the cross-sectional 
area of the body (m2)
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		   F mg=                                                               (5)

Where;

m is the mass of the body (kg) and g is the acceleration due to 
gravity (m/s2)

		    m density volume= ×                                       (6)

The density is 1042kg/m3,11 hence the volume of the cylinder is 
calculated as 0.311m3.

 Therefore,
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From equation 2, the shaft torque is calculated as

		

33.142 1 1241.95  0.6
16
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=

The torque of the shaft is 794.75Nm

Power transmission 

Power transmitted by the shaft is given by:

		

( )2
        

60
N

p T
π

=                                               (8)

Where; 

P is the power rating of the electric motor (Watt), T is the torque 

transmitted in Nm and N is the number of revolutions per minute 
(Assume the number of revolution per minute is 100)

		

 794.75 2 3.142 100
   

60
p
= × × ×

P= 8323.68 W

P = 8.32368 kW

Using a power factor of 1.2, the required power is calculated 
as 9.988kW. Hence, a 10kW electric motor will produce sufficient 
motion for the belts and shafts. 

Belt speed 

According to Shigley,12 the belt speed of the driving pulley from 
the motor is expressed as
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Where

 
1

V is the belt speed (m/s), D1 is diameter of motor pulley (mm), 
N1 is the speed of motor (rpm),

and π is a constant.
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  =6.76 m/s

According to Shigley,12 the belt speed of the driven pulley from the 
driven pulley of 80mm to the mixing pulley of 150mm is expressed 
as:

2 2
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The drive 

V-belt and pulley arrangements were adopted to transmit power 
from the electric motor to the shaft of the mixing unit because of its 
flexibility, simplicity and low maintenance cost. It also has the ability 
to absorb shocks and mitigating the effects of vibratory forces.13

Materials selection 

Since the components would be subjected to varying degree of 
stress, strain, force friction etc. hence suitable materials should be 
selected. Materials are selected for the purpose of serviceability, 
machinability and over all properties inclusive of design consideration. 
The properties of the materials used are favourable, cheap and readily 
available.

The machine components used in the fabrication are: stand, electric 
motor, belt, pulley etc. The mixing chamber is shown in Figure 1 while 
the hopper and shaft are shown in Figure 2, Figure 3 respectively. The 
developed livestock feed mixer is shown in Figure 4.
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Figure 1 Mixing drum.

Figure 2 The hopper.

Figure 3 The shaft and ribbons

Figure 4 The developed livestock feed mixer.

Machine tool and equipment used for fabrication 

These include: guillotine machine, standing drilling machine, 
cutting machine, electric arc welding machine, electric grinding 
machine, hammer, try square, table vice and lathe machine. 

Description of the developed feed mixer 

The machine consists of a main frame, mixing chamber (Figure 
1), hopper (Figure 2) driving shaft, mixing ribbons (Figure 3). The 
main frame is made from 2”× 2” mild steel angle bar. The angle bar is 
measured and cut into different lengths .The top part of the main frame 
is made by welding 1100mm×700mm length together. The legs of the 
frame which are 1150mm are welded to the 1100mm×700mm top part 
of the main frame. The legs are then bent at an angle of 27o. The 
welding of the bottom part of the frame made of 1250mm×800mm 
angle bar. This makes up the frame of the machine The mixing 
chamber made of mild steel of 1.5mm thickness is in cylindrical 
form is cut with guillotine machine into 1200mm length and 1100mm 
height. Two circles of diameter 600mm are cut .drilled at their centres. 
One of the circles is welded to the end of the mixing chamber while 
the other is lined with a flat bar and extensions fitted for the bolts and 
nuts.

Mixing ribbons are made by cutting and welding 16mm mild 
steel rods to the shaft. The power unit which consist of V-belt 
transmit power from the variable electric motor rated 10kW rotates 
at a maximum speed of 1450rpm and has the maximum frequency of 
3000Hz. The driver pulley is 80mm in diameter, drives two pulleys of 
200mm and 80mm keyed together with V-belt.

Results and discussion
The following materials used for formulating fish feed mixture 

were used for testing the machine:

Groundnut cake, Soya bean meal, Maize, Rice Bran, Methionine, 
Lysine, Fish premix, DCP (Dibasic Calcium Phosphate dehydrate) 
and Vitamin C. The performance evaluation of the machine carried 
out to determine the mixing efficiency through using different feed 
capacity at different time intervals and percentage recovery rate on 
the feed rate. The first step was a mixture of 20kg of fish feed and the 
result is presented in Table 1 and the relationship between the weight 
(kg) and the percentage of materials mixed are plotted as in Figure 5.

Table 1 Weight and percentage of materials mixed to achieve 20kg of fish 
feed

S/N Materials Weight of 
materials (kg)

Percentage 
weight of 
mixture

1 Groundnut Cake 4 20
2 Soya bean meal 4 20
3 Maize 4 20
4 Rice Bran 4 20
5 Methionine 1.5 7.5

6 Lysine 0.5 2.5

7 Fish premix 0.5 2.5

8 DCP 0.5 2.5

9 Vitamin C 1 5
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Figure 5 Percent weight of mixture against weight of the materials (kg).

From Table 2, the different test carried out included 20kg, 60kg, 
80kg and 100kg of feed at different intervals of 5, 10, 15, 20, 25 and 
30minutes to determine the efficiency and mixing rate of the machine. 
Results obtained show that the machine fully mixed the materials at 15 
to 20minutes. When the weight was increased to 60kg, the materials 
were fully mixed at 20minutes and at 100kg the thorough mixing was 
achieved at 30minutes. This shows that the mixing capabilities of the 
machine is effective and efficient.
Table 2 Mixing time and mixing rate of different weight of feed

S/N Mixture weight 
( kg)

Mixing time 
(minutes) Mixing rate

1 20 5 Slightly mixed

2 60 10 Fully mixed

3 80 18 Fully mixed

4 100 20 Fully mixed

	 Figure 6 shows the graph of weight of mixture with its 
corresponding mixing time. Increase in weight of mixture increases 
the mixing time and vice versa.

Figure 6 Weight of mixture and mixing time.

Conclusion
The horizontal livestock feed mixer was designed, fabricated and 

the performance evaluation was successfully carried out on the mixer. 
It is relatively cheaper than the machines available at present used for 
the same purpose in the market and its performance evaluation shows 
that it is an efficient machine. The higher the weight of mixture, the 
higher the mixing time and vice versa.

Recommendations
Further research should be carried out to allow the machine 

accommodate more volume of feeds. It is recommended that the 
developed machine be subjected to testing throughout the year for 
more performance evaluation. The machine should be fixed on an 
anti-vibration mounting in other to reduce the vibrations created 
during operation. The use of a conveyor system may be considered 
for use as this will ease delivery of materials into the mixer.
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