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Abstract

A hammer mill was developed for pulverizing dried yam. The machine was evaluated using screens
of different sizes (1.5mm and 5.0mm) and different operating speeds (650 rpm and 1300rpm) to
ascertain effects of these parameters on the machine output efficiency, capacity and fineness of the
end-products. Four replicate samples were prepared namely: A — [5.0mm o screen, 650rpm
speed], B — [1.5mm o screen, 650rpm speed], C — [1.5mm o screen, 1300rpm speed] and D —
[5.0mm o screen, 1300rpm speed] respectively. The end-products were subjected to sieve analysis,
the following inferences were drawn: (i) D is most time efficient with operational time of 8.10sec
for 10Kg of dried yam, followed by C (8.60sec), A (9.15sec) and B (9.40sec) respectively for same
mass of test material,; this shows that higher operational speed and screen size enhanced the
milling time.(ii) The output efficiency (%) are in the order: C (81.50%), B (79.40%), D (77.10%)
and A (73.39%) respectively, best output efficiency was achieved at higher speed cum small screen
hole diameter.(iii) Also that the operational speed and screen hole diameter affects the machine
output capacity, as shown:D (74.07 Kg/hr), C (69.77 Kg/hr), A (65.57 Kg/hr), and B (63.83Kg/hr)
in decreasing order respectively and fineness modulus: A (0.88), D (0.84), B (0.75) and C (0.62) in
increasing order respectively. Therefore, a suitable operational speed and screen size was
ascertained and recommended for the optimum efficiency of the hammer mill.
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1.0. INTRODUCTION

Nigeria is the world’s largest yam producer, contributing approximately two thirds of the global
production with about 2,837,000 hectares land area under yam cultivation (FAO, 2013). Yam is an
important staple food crop in Nigeria, produced both for household consumption and as a cash
crop.It is an important source of carbohydrate for many people of the sub-Sahara region, especially
in the yam zone of West Africa (Akissoe et al., 2003). Yam contributes more than 200 dietary
calories per capita daily for more than 150 million people in West Africa and serves as an
important source of income to the people (Babaleye, 2003). It is not rich in vitamin A and C, as
sweet potatoes, but tends to be higher in protein and minerals like phosphorous and potassium than
any other root crops (Degras, 1993).
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According to AMCOST (2006), pre- and postharvest food crop loss among African countries is
estimated at about 40%, which is higher than the global average. Onebunne (2006), reported that
due to its perishable nature, lack of good processing equipment and methods and poor storage
facilities, high percentage of yam (about 30%) produced is wasted annually in Nigeria. Various
efforts have been made to add value to this pernicious crop in order to retain, sustain and maintain
its quality and quantity. Part of this effort is the storage of yam in pit, building structures, platform
and barn (Igbeka, 1985). Yam can be stored in these various structures for 4 to 6 months in fresh
weight (Hounhouingan, 2006).

Fresh yam can be dried as lump or sliced; this extends the shelf life to between 11-14 months
under proper storage. This makes yam less susceptible to pest and rodent attacks; makes it readily
available in the market during off- season and helps to reduce post- harvest losses (Hounhouingan,
2006). Dried yam can further be processed into flour which stores longer under proper storage and
is used in making special local delicacy called “Amala” (an elastic food paste) enjoyed in the
Western part of Nigeria and some parts of West Africa.

The process line for yam after harvest is highlighted below,
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Figure 1: Block diagram for processing yam to flour.
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Processing of dried yam into flour is a series of size reduction processes. The general term, size
reduction, includes the mechanical processes of cutting, shearing, crushing, grinding, and milling
feed grains. These processes expose more surface area for digestion without causing any
noticeable change in the chemical properties of the material. At the same time, size reduction
facilitates uniform mixing. And although uniformity in size and shape of the reduced particles is
usually desired, it is seldom attained (Rudnitski et al, 2012).

Traditionally, size reduction is done using mortar and pestle; the end product gotten is sifted with
sieve and the process repeated over again till the chaff residue is minimal. After the introduction of
the burr mill, the manually pulverized dried yam is milled into fine powder with the help of the
burr mill.

Presently, the manual pulverization with the mortar and pestle is no more practiced, with the
invention of hammer mill, which is used in pulverizing dried yam mechanically before the process
is completed with the use of burr mill. In other words, a typical dried yam milling shop is equipped
with a hammer mill and a burr mill with a diesel engine in between them for power supply to each
of the machine one after the other (personal findings). These mechanical means of pulverizing
dried yam saves times and energy and better end product is gotten than the old traditional means.

Various hammer mills have been developed for different purposes ranging from post harvest
processing to stone grinding for civil construction works. Various hammer mills have been
developed for different purposes ranging from post harvest processing to stone grinding for civil
construction works. Nasir (2005) developed a multi-purpose hammer miller for cereals and dried
cassava tubers and evaluated the performance based on operational time using cereals and dried
cassava flakes. Ngabea et al (2015) fabricated a magnetic sieve crusher to remove metal objects
from the test materials. Xuan et al (2012) developed a hammer mill with separate sieving device
and evaluated the machine based on the sieve performance.

Efforts to improve milling process would be further boosted through this research by establishing a
suitable operational speed and screen size for optimum output result of end-product. The hammer
mill used for this research was designed and fabricated for pulverizing dried yam.

2.0. MATERIALS AND METHODS
2.1. MACHINE DESCRIPTION

The hammer mill used for this research was designed and fabricated for pulverizing dried yam
with a modification in the mechanism by incorporating sets of rollers with the hammers and an
interchangeable screen.

The hopper is made up of 2.5mm mild steel plate. It has a composite shape and a cover for safety
of the operator and to prevent the dried yam from falling during operation. A mild steel solid shaft
of 35mm diameter supported by pillow bearings was used. A V-belt (type B) was used on a single
groove cast iron pulley to transmit the power from the electric prime mover.
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The sieves were made of 5.0mm thick mild steel with two screen sizes (1.5 and 5.0 mm)
constructed for the testing. Angle iron bars of 50 x 50mm were used for the frame supports to give
the need rigidity to shock and vibration.

5:The screens used on the machine
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The mechanisms of the machine

Figure 2: Pictorial views showing the machine, sieves and the mechanism arranged from top
to down respectively.
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2.2. Materials

Dried yam lumps (White yam “D. rotundata”) were sourced from Ijeru market, in Ogbomoso
South Local Government Area of Oyo state for the performance evaluation. It was subjected to
further drying; a moisture content of 8.68% dry base was achieved. A weighing scale of accuracy
+0.01kg was used for weighing each portion of the test material, a tachometer to determine the
operating speed of the machine when loaded, collecting bowls for collecting the crushed sample, a
stopwatch to record the time of operation at each instance and polythene bags for storing the end
product for safe keep.

2.3. Methodology

Two screens of diameters 1.5 mm and 5.0mm Screens of size 1.5 and 5.0 mm were made to have
large difference in screen size. A Chinese Steelman 5.0 hp prime mover with 1430 rpm with
adjustable speed regulator was used to vary the operating speed. From literatures, Nasir, 2005 and
Ngabea et al, 2015 affirmed the average speed for operating hammer mill as 700 and 850 rpm
respectively. Therefore, a speed slightly below (i.e. 650 rpm) was chosen as the base operating
speed; the speed was doubled (1300 rpm) to examine its effects on the output efficiency of the
machine.

10 Kg of the dried yam lump was weighed out in four portions on the weighing scale at a moisture
content of 8.68% dry basis.

The two speeds (650 and 1300 rpm) were run on the machine with the screen interchanged one
after the other and the operating time recorded. The crushed dried yam at each instance was tagged
as follow: A — (5.0 mm screen diameter with 650 rpm speed), B — (1.5 mm screen diameter with
650 rpm speed), C — (1.5 mm screen diameter with 1300 rpm speed) and D — (5.0 mm screen
diameter with 1300 rpm speed).

The end-products gotten were taken for particle size analysis to determine the degree of fineness
and uniformity index of the four replicates. The procedure as explained by California Test 202
(2011) was followed: 200g of the grinded replicates were weighed out and shaken through 5 set of
Tyler sieves for 5 minutes by means of tapping sieve shaker. The mesh numbers of the 5 sieves are
40, 60, 80, 100 and 150 microns from top to base respectively. The sieves are designated 1 — 5
starting from the smallest to the biggest (i.e. from 150 to 40), while the pan is designated as 0. The
following were thereafter determined,

(1) The percentage of material retained on each sieve by:

% retained in sieve = —=£ x 100 (1)
total

Where, Wiieve 18 the weight of aggregate in the sieve, Wiy 1s the total weight of the aggregate.
(i1) % cumulative retained = Rg; + Rg, + - + Rgs (2)

Where, Rg- % retained on each sieve from largest to smallest.
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(ii1) The percentage of material passing each sieve:
% cumulative passing = 100 — % cumulative retained 3)

(iv) The machine output efficiency was determined by:

machine ef ficiency = IMass OUPUL o 100 4)

mass input

(v)material loss = % (5)
Where, M, - Mass after grinding, M;,- Mass before grinding.
. . . __ mass of input material .
(vi)machine capacity = milling time X 60minutes (6)
(vii) ZFM = ZRIESm (7

Where, 2FM- Fineness modulus.

3.0. RESULTS AND DISCUSSION
1. The effect of operating speed and screen size on particle size:

High operating speed with small screen size gave the best result in terms of fineness (Figure 3).
The percentage of material retained is lowest for sample C followed by B, D and A respectively.
This conforms to the findings of Anderson, 2003 and Yancey, et al, 2014 which affirmed that the
optimal grinder configuration for maximal process throughput and efficiency of hammer mill is
strongly dependent on tip speed of the rotor, screen diameter, feedstock type and properties, such
as moisture content. Hence, in selecting the proper grinder process parameters, speed and screen
size are important factors.

2. The effect of operating speed and screen size on operation time:

The time for milling same quantity of dried yam increased in the order: D, C, A and B respectively
(table 1); showing that at larger screen size and higher speed, the operation is more time efficient.
This is in line with El Shal et al (2010) which reported that aside moisture content, factors like
screen size, speed rating, etc. also affect the residence time of feed in hammer mill operation.
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3. The effect of operating speed and screen size on machine throughput:

The machine throughput (table 1) is highest for D, followed by C, A, and B respectively in
decreasing order. This connotes that the higher the operating speed and screen size, the higher the
output capacity because of lower residency time in the machine (Yancey, et al, 2014).

4. The effect of operating speed and screen size on machine efficiency:

Based on the ratio of residue retained on the sieve during sieve analysis to fine particles, the
machine was most efficient at instance C followed by B, D and A in the decreasing order (table 1).
This conforms to Yancey, et al, (2014), which reported that the smaller the size of the screen the
finer the grains generated from the grinding machine.

Tablel: Parameters from machine testing.

Sample Mass of Milling Machine Material Material  Machine
material Time Capacity(Kg/hr) Output(Kg) Loss(Kg) Efficiency
input (Min.) (%)

(Kg)
A 10.0 9.15 65.57 7.34 2.66 73.40
B 10.0 9.40 63.83 7.94 2.06 79.40
C 10.0 8.60 69.77 8.15 1.85 81.50
D 10.0 8.10 74.07 7.71 2.29 77.10
Average 10.0 8.81 68.31 7.79 2.21 77.85
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Figure 3: Graph of the sieve analysis of the samples of crushed dried yam showing the
fineness in increasing order from top to down.
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4.0. CONCLUSIONS

Hammer mill, as a processing equipment, is more efficient if operated at the appropriate optimal
conditions. The machine throughput, efficiency, fineness of end-product and timeliness of
operation are essential to the overall performance of the machine. This research has been able to
establish that higher operational speed (1300 rpm) and smaller screen size (1.5mm) is best among
other operational instances used giving a throughput of 69.77 Kg/hr, working efficiency of 81.50%

in terms of fineness of end-product and operational time of 8 minutes 60 seconds for 10 Kg of
dried yam lump at 8.68% moisture content.
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