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ABSTRACT

This research involved the design and modification of an existing fish feed extruder which was
subjected to evaluation in order to produce floatable fish feeds. It was observed that the
temperature of the extruded feed was on the average of 70°C with moisture content of 25% wet
basis. The modifications incorporated into the existing extruder included the water pump, sprockets
and chain, circuit box containing essential electrical components and temperature sensors. The
volume of hopper, weight of hopper, diameter of the screw auger, power required to drive the
screw auger, volume of the extruding barrel, forces and weight acting on the chain, speed for
driving the larger and smaller sprocket, length of the sprocket chain, weight of screw for each
revolution, total load acting on the screw, torsional moment of the screw and diameter of shaft
were designed. Another modification was the incorporation of a system that could raise the barrel's
internal temperature for five different temperatures between 90°C and 130°C. The functional
efficiencies of the existing and modified extruder were 56.52 and 91.30% and their throughput
capacities were 0.53 and 1.24 kg/hr respectively.
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1. INTRODUCTION

Extrusion is a process by which moistened,
expansible, starch and/or proteinous materials
are plasticized and cooked in a tube by a
combination of moisture, pressure, temperature
and mechanical shear. Extrusion process is a
combined unit operations which includes feeding,
mixing, cooking, kneading, shearing, shaping
and forming. Extruder barrel consists of three
main zones [1]. Extrusion of feed is a
combination of heat; shearing and pressure build
up in the presence of water. The superiority of
extrusion over conventional steam conditioning
and ring die pelleting include: better formulation
flexibility, higher versatility in physical size and
shape, greater water stability and physical
integrity, and greater fat absorption capacity. The
principal advantages of extrusion over traditional
food and feed production methods, includes the
following; adaptability, product characteristics,
energy efficiency, low cost, high productivity,
automated control as well as high product
quality. Extrusion process enhances the feed
efficiency and prolongs the shelf life of the feed
[2]. The major advantages of pelletization of
foods and feeds using extrusion are improved
digestibility due to gelatinization of starch,
ingredient separation prevention during handling
and transit and the physical integrity and
chemical composition of the pellets which are
maintained for extended periods during storage,
handling, and transportation [3]. During
extrusion, raw material is cooked and plasticized
in the presence of moisture, temperature, and
mechanical shear resulting in texturized novel
products [4]. In the last five decades, food
extrusion has developed from a simple pressing
and forming technology into a sophisticated
cooking process, and has replaced many
conventional food processing technologies.

An extruder is a machine which shapens
materials under pressure by forcing it through a
specially designed opening. According to Harper,
[5] and Serrano, [6] " a food extruder consists of
a flighted Archimedes screw which rotates in a
tightly fitting cylindrical barrel. Raw ingredients
are pre-ground and blended before being placed
in the feeding system of the extruder screw. The
action of the flights on the screw pushes the food
products forward and in so doing, mix the
constituents into a viscous dough-like mass.

In the feed manufacturing technology, extruders
are used for different purposes, and are

classified based on their shear, heat generation
and numbers of screws [7].

2. MATERIALS AND METHODS

2.1 Brief Description of the Existing
Single Screw Extruder

The existing single screw extruder consisted of a
steel barrel, housing the extrusion worm, a
hopper located at one end of the machine while a
discharge end was equipped with a nozzle
shaped die whose sizes were varied at the other
end. The machine was powered by a reduction
geared motor and power was transmitted via belt
and pulley to the extruder worm. Two vents are
located at the compression and discharge zones
of the extrusion barrel through which extrusion
temperature can be monitored during the
experiments. The worm was designed as
autogenic i.e. such that it could generate its heat
through friction between materials and the
continually reducing screw depth. Due to the
complexity of the existing extruder and poor
quality of feed extruded from it, the extruder was
modified to produce floatable fish feed that is
hygienic for human consumption.

2.2 Evaluation of the Existing Single
Screw Extruder

Before the modification of the extruder was done,
the existing one was evaluated and observations
were made. A locally compounded feed mixture
(unextruded) with low density formulation was
obtained, compounded and tested with the
existing extruder with moisture content of 25%

wet basis. The throughput capacity and
functional efficiency of the extruder were
determined.

2.2.1 Determination of throughput capacity of
the existing single screw extruder

Based on the fact that researchers extrude feed
of weight between 0.21 kg and 0.52 kg per unjt
time to determine the throughput capacity and
functional efficiencies of extruder, 0.46 kg mass
of thoroughly mixed unextruded feed materials
was weighed with an electronic weighing balance
of model JA-5000 and fed into the hopper while
the total time taken for the extrudate to
completely exit from the die of the extruder was
taken with the aid of a stop watch. This was used



to calculate for the throughput capacity of the
extruder according to Akinfiresoye et al., [9].

Ctzg 1)

Where, C; is the Throughput Capacity of the
extruder (kg/hr), Q is the Quantity of extrudate
exiting the extruder (Output) (kg) and T, is the
Total time taken for the extrudate to exit the
extruder (hr).

2.2.2 Determination of functional efficiency of
the existing extruder

Also, 0.46 kg mass of thoroughly mixed
unextruded feed materials was fed into the
hopper while the total weight of the extrudate that
finally came out at the die of the extruder was
taken. This was used to calculate for the
functional efficiency of the extruder. It was
calculated according to Akinfiresoye et al., [9]

y=1 x 100 )
Where

17 is the Functional Efficiency of the extruder
(%), lis the total mass of extrudate fed into
the extruder /Input (kg) and Q is the total
mass of extrudate exited from the extruder/
Output (kg).

2.3 Description of the Modified Extruder

The extruder consist of three switches: one for
the electric motor which is a three-phase gear
motor it supplies power to the system, another to
the temperature controller switch which controls
the temperature of the extruding barrel and can
also pre-set the working temperature of the
barrel and lastly, there is the switch which
controls the on and off switch of both the heater
and water pump. When the switches are
switched on from the main switch board, the
three-phase line light would glow. The drive is
connected via a sprocket and chain that supplies
power to the main driven shaft/screw.

2.4 Special Design Features of the
Modified Extruder
These included the followings:
a. Water pump: The water pump was

incorporated into the modified extruder to
ensure the adequate circulation of hot
water round the extrusion area of the
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barrel for effective heat transfer via the
water jacket.

b. Sprockets and chain: The sprocket and
chain replaced the belt and pulley system
in order to reduce slippage and power loss.

c. Circuit box: A circuit box containing
essential electrical components for the
regulation of the temperature of the boiling
chamber and the extrusion process was
incorporated into the modified extruder.

d. Temperature sensors: It was included in
the modified extruder in order to automate
and regulate the temperature of the
system.

e. Electric motor: The variable reduction
gear electric motor used in the existing
extruder was replaced with a 300 rpm
electric motor according to Fayose et al.,
[10] when she selected the 300 rpm
electric motor as opined by Fellows [11]
who suggested that, for typical screw
speeds of between 150 and 600 rpm,
speeds should be selected for food
extruders. The Gearbox is made high-
precision gear hobbing machines and
comprehensive quality control to ensure
that it provides highly accurate gear
engagement, smooth  running and
minimum noise.

2.5 Design Considerations and Analyses
of the Modified Extruder

The existing extruder modified in this study was
guided by challenges associated with it. Other
pertinent considerations were basic engineering
principles and innovations. Hence, factors that
governed the modification and subsequent
selection of materials for the extruder were (i) the
incorporation of a system that could raise the
barrel's internal temperature for five different
temperatures of 90°C, 100°C, 110°C, 120°C and
130°C, (ii) incorporation of 3 mm and 4.5 mm die
(iii) incorporation of water pump (iv) hygiene, (v)
ease of cleaning, (vi) low labor and maintenance
cost, (vi) availability of raw materials for
construction, (vii) safety, (viii) costs, (ix) ease of
automation, (x) thermal compatibility, (xi)
simplicity of fabrication and dismantling, (xii)
resistance to corrosion, rust and wear, (xi)
rigidity, strength and reliability.

2.5.1 Determination of angle of inclination of
the hopper

The angle of inclination of the hopper was
determined according to Fasimirin, [12]



©=10°+a 3)

Where, © is the Angle of inclination and a is the
Angle of repose, Angle of repose (a) for fish feed
by (El-sayed et al., 2014) is 27°i.e. a = 27°, © =
10°+ 27° - The Angle of inclination, © is 37°

2.5.2 Determination of hopper volume

Volume of hopper =§ xh (A + Ay + VA x Ay)
(4)
Where,

V is the Volume of hopper, h is the Height of
hopper, A; is the Area of upper base and A,
is the Area of lower base. The Volume of the
hopper is 3.8 x10°m?®

2.5.3 Determination of weight of fish feed
hopper

This is calculated using equation 3 according to
Akinfiresoye et al., [9].

Weight of fish feed= M, x g 5)

Where,

M, = Mass of fish feed in the hopper and g =
Acce

leration due to gravity. The weight of fish
feed that can be accommodated into the
hopper at once is 33.6N.
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2.5.4 Determination of screw auger diameter

This is also calculated using equation 4
according to Akinfiresoye et al., [9].

D?= ¢ (6)

- 60mSnypc

Where, Q is the Capacity of the extruder, S is the
Screw pitch, n is the Speed of convey, p is the
unit density of the material (Feed) and c is the
loading factor depending on the inclined angle to
the horizontal D = 0. 106m i.e., the Diameter of
Auger is 106 mm.

2.5.5 Determination of power required to
drive the screw auger

This is calculated using equation 5 according to
Fayose et al., [10].

= 2= (W, + Sin B) (7)

1
n
Where, P is the Power to drive the screw auger,
Q is the Capacity of the auger, L is the Length of
the Auger and I} is the Extruder's Efficiency. W,
is constant which is 4 for slow-flowing abrasive
material Odesola, (2016) = 5 hp. Based on the
calculated value, 5 hp electric motor is selected
with speed of 300 rpm according to Fayose et al.,
[10].

Plate 1. The existing fish feed extruder
Source: [8]
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Plate 2. Pictorial view of the modified extruder
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Fig. 1. Exploded view of the modified fish feed extruder

2.5.6 Determination of volume of extruding Where,
barrel

According to Akinfiresoye et al., [9],
Where,

Volume of cylinder,
D is the Diameter of the barrel, L is the Length of

Vp = mr? x L (8) the barrel and V, is_ the Volur_'r31e 3of barrel. The
volume of the barrel is 6.6 x 10~ m”.



2.5.7 Determination of forces and speed
acting on the chain

According to Fayose et al., [10],
Fo= o 9

Where, F, is the Tangential Force (N), P is the
Power transmitted (watts) and V. is the Speed of
chain.

TP

V=—
60

Where,

(10)

T is the Number of teeth in the Sprocket, P is the
Pitch of chain in meters, N is the Speed of the
Sprocket, V is the Speed of chain, V4 = V, =
0.375 m/s and F, = 10,666.67 N.

2.5.8 Determination of chain length

This is calculated from equation 9 and 10
according to [13].

L=KP (11)

(12)

T1+T2 2 T2 -T1
K= +_x+[ 12P

2 P 2m 4 x

Where,

T, is the number of teeth on the smaller sprocket,
T, is the number of teeth on the larger sprocket,
P is the pitch of the chain, x is the centre of
distance, K is the number of chain links Length of
chain, Lis 1.5 m, F,=T,=0.082 N, Fs =T, =
5.12 N and
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Total weight acting on the chain is 5.20 N
2.5.9 Determination of weight of screw

This is also calculated using equation 12
according to Akinfiresoye et al., [9].

Weight of Screw for one revolution =

Where, Mg is the Mass of the Screw and g is the
acceleration due to gravity. The Weight of Screw
for one revolution is 2N. So for the Screw of 13
revolutions, total weight is 26N

2.5.10 Determination of total load acting on
the screw

According to Odesola, [14],
L=Ly+ Ly (15)
Where,

L is the total load applied, L, is the weight of
sprocket and the total force acting on the chain
and L, is the Weight of material fed into the
hopper at once and the weight of the screw and

I—1 =Vvsp"'-rf (16)

Where, W, is the Weight of Sprocket, T; is the
Total force acting on the chain
L2=Wm +WSC (17)

Where, W, is the weight of material fed into the
hopper at once and W, is the weight of Screw

L1is6.77 N

Larger sprocket

\

T, +T,=F,+F, (13)  From equation 14, Lois 59.6N,
Akifiresoye ot [ L=L;+ L, =6.77N + 59.6N = 66.37N.
|5=n.1il._n| sprocket - o ‘—_’:-_‘?—W“‘?/
el ’ I
= - -~ a"/ i 0z .‘R\
AN | /:= I
.,h_ﬁ_:_?_ -

Fig. 2. Schematic drawing of the chain
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Total weight on screw
Fig. 3. Total weight on Screw
2.5.11 Determination of torsional moment of screw
M= F;R (18)

Where, Fiis the Tangential Force at the pitch radius and R is the Pitch Radius. The torsional moment
of the screw is 400 Nm.

2.5.12 Determination of bending moment

Bending Moment Diagram

6.77T N 59.6 N Force Diagram

375 m

09.86 N 23N 0.75 m

—————
s
=)

I
I
I
I
I
I
I
I
I
Shear Force }
I
I
I
I

Diagram

Bending Moment

Diagram
i //\

6] 01 o)
|
|
|
I
I
L

22.34m My =22.34 Nm

Fig. 4. Bending moment diagram



Starting from point A

A=-6.77x0=0Nm
B =-6.77 x 0.1 + (-209.86 x 0) = -0.677 Nm
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C=-6.77 x 0.2 + (-209.86 x 0.1) + (276.23 x0) = -22.34 Nm
D =-6.77 x 0.575 + (-209.86 x 0.475) + (276.23 x0.375) — (59.6 x0) = +0.01 Nm
E =-6.77 x 0.95 + (-209.86 x 0.85) + (276.23 x 0.75) — (59.6 x0.375) = 0.0 Nm

2.5.13 Determination of shear force

Li=6.77N lr_;=596_\'
v
A B C D E
» N
I~ 7
o ol 0.375m < |
0.1m 0.1m
R;‘ RB
-209.86 N 27623 N

Fig. 4. Force diagram

Starting from point A
At point A

A=-6.77N

B=-6.77N-209.86 N=-216 63 N
C=-216.63 N +276.23 N=59.6 N
D=59.6 N-59.6 N=0N

2.5.14 Determination of shaft diameter
According to Okunola, [15],

d® = Z5(KeMy)? + (KMy)? (19)
Where, d is the Diameter of shaft ( 40 x 10°
N/mz), Os is the Allowable shear stress, Kgis the
Combined shock and fatigue factor for bending,
K is the Combined shock and fatigue factor for
twisting or torsion, M; is the Maximum twisting
moment and M, is the Maximum bending
moment. The Shaft diameter is 37 mm.

2.5.15 Determination of power required to
pump water
Pw = pgQH (20)
Where, p is the density of water (kg/ms), g is the
acceleration due to gravity (m/s®), Q is the flow
rate of water (m*s) and H is the total pumping
head (m). The power required to pump water is
0.55 W (0.00055 KW).

2.6 Mode of Operation of the Modified
Extruder

To commence the experiment, all the switches
were switched on, to make sure that the extruder
runs freely without any hitch. On the extruder, is
the hopper with a speed control plate which is
used to control the quantity of feed that enters
the extrusion chamber or serves as flow rate.
The control plate is opened to the desired
position. When the extruder is loaded with the
formulated feed, the working temperatures of the
heater was pre-set. The drive for both the water
pump and the heater was switched on, which
was allowed to run. When the pump is switched
on, the heated water flows in counter direction to
the flow of the feed in the barrel. This helps to
maintain the temperature of the extrudate while
extrusion continues until the extruded feed
comes out from the die.

Before the machine was powered, the boiling
chamber was filled with cold water and the
heater was switched on to boil the water.
Thereafter, the machine was then powered
hence; the water pump was triggered into action
for continuous flow of water. The feed material
after mixing with little quantity of water, was
passed through the hopper into the machine
which was powered by the electric motor in
which power was transmitted via chain and
sprocket mechanism. Hot water flows in a cycle



from the boiling chamber into the water jacket
through the water pump down into the extrusion
chamber. This continues until, the barrel become
heated up. The friction action of the stabilizing
material between the extruder screw and the
barrel wall increases the temperature in the
chamber.

2.7 Experimentation Process of the

Modified Extruder

A constant feed per formulation of 0.46 kg as
weighed using a laboratory weighing balance
was fed per time into the extrusion chamber. The
moisture contents of the extrudates were also
tested for, for each temperature; by mixing the
feed materials with appropriate quantity of water.
The moisture feed were extruded at a pre-set of
90 °C. During extrusion, when the material
temperature reaches the desired temperature
such as 90°C etc. as pre-setted by the
temperature control panel and the sensor placed
into the boiling chamber, the heater triggers off
thus making the water to cool gradually but
allows the simultaneous temperature build-up
from inside the barrel to remain constant at the
desired temperature to which it has been pre-set.
Once the temperature of the barrel/extrusion
chamber reaches its peak, it begins to decrease
automatically, until it triggers on again to the
desired temperature. This process continues in a
cycle and keeps the machine temperature
constant at that desired temperature to which it is
set. The feed blend was passed through the
extruder and ejected through the die. The results
obtained were used to calculate for the
Functional Efficiency and Throughput Capacity of
the Modified extruder.

3. RESULTS AND DISCUSSION
3.1 Results

Table 1 shows the functional efficiency and
throughput capacity of the existing and modified
extruder.
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3.2 Discussions

The existing extruder had several components
incorporated into it such as the fan and radiator
which only helped in controlling the temperature
of water circulating in the extrusion chamber but
did not help in setting it at a desired temperature.
They also occupied more space thus, it was
therefore necessary to remove them so that the
modified extruder occupied lesser space. Due to
the reduction in the total space occupied, it has
made the portability and mobility of the machine
easier and less stressful. Some components
were also repositioned or replaced such as the
boiling chamber, the shafts, electric motor, belt
and pulley as well as some bearing. All these
adjustments have helped in the reduction of the
total space. Table 1 shows that the functional
efficiencies of the existing and modified extruder
were 56.52 and 91.30% and their throughput
capacities were 0.53 and 1.24kg/hr respectively.
This implies that the modified extruder was more
efficient and had lesser resident time for
extrusion when compared to the existing
extruder.

3.2.1 Analyses for the modified extruder

The results obtained for the design of the
modification of the extruder is as follows: the
volume of hopper was 3.8 x10°m®, the weight of
hopper was 33.6 N, the diameter of the screw
auger was 0.106 m, the power required to drive
the screw auger was 5 hp, the volume of the
extruding barrel was 6.6 %10 m®, the forces and
weight acting on the chain were 5.12N & 5.20N
respectively, the speed for driving the larger and
smaller sprocket was 0.375m/s, the length of the
sprocket chain was 1.5m, the weight of screw for
each revolution was 2N, the total load acting on
the screw was 66.37N, the torsional moment of
the screw was 400 Nm and the diameter of shaft
was 0.037 m.

Table 1. Functional efficiency and throughput capacity of the existing and modified

extruder
Parameters Existing extruder Modified extruder
Initial mass (kg) 0.46 0.46
Time (s) 1760 1220
Output/Final mass (kg) 0.26 0.42
Efficiency (%) 56.52 91.30
Throughput Capacity (Kg/hr) 0.53 1.24




4. CONCLUSIONS AND RECOMMEND-
TIONS

An existing single screw fish feed extruder was
evaluated and it was observed that the
temperature of the extruded feed was on the
average of 70 °C with moisture content of 25%
wet basis. It was also observed, that the
functional efficiency of the existing and modified
extruder was 56.52 and 91.30% and their
throughput capacities were 0.53 and 1.24kg/hr
respectively. Based on the evaluation and
observation of the existing extruder and its
modification, we therefore recommend that it
should be used for commercial use since the
functional efficiency and throughput capacity of
the modified extruder was 91.30% and 1.24
respectively with lesser resident time for
extrusion when compared to the existing
extruder. Also, feed producers should carry out
routine proximate analyses when a new batch of
fish feed ingredients is procured.
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