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ABSTRACT

The wear of tillage tools is a major source of economic constraints to local farmers. Estimating
wear in the field is time consuming and expensive. Abrasive wear testing machines developed in
advanced countries are not available in Ghana. This makes the study of wear related problems at
laboratory levels difficult in the country and most third world research laboratories. The main
objective of this study was to develop and evaluate equipment for testing the abrasive wear of
tillage tools in the laboratory. The equipment consists of a circular soil bin, support frame,
power transmission system and arm-subassemblies. The equipment was evaluated using a cast-
steel ploughshare in soils from KNUST (Anwomaso Research Farm, 69% sand), Wenchi (67%
sand), Ho (73% sand), Mampong (68% sand) and Akatsi (83% sand), all in Ghana. The wear
experiment was arranged in a completely randomized design with the soils from the five sites as
the treatment. Each treatment was replicated five times. The wear rate of soils from Akatsi and
Ho showed increasing trend with increasing moisture content while that of Wenchi and Mam-
pong showed a reverse trend up to 13% and 15% moisture content, respectively. The soil from
Akatsi produced the highest wear of 4.11g. The wear in the soils from Ho, Mampong, Wenchi
and KNUST were 3.16g, 2.90g, 2.88g and 1.369, respectively with the least wear from the
KNUST soil. This confirms the long held belief that the wear rate of tillage tools is directly re-
lated to the sand content of the soil. The abrasive wear characteristics of the soils showed strong
correlation between massloss and dimensional loss of the ploughshare.
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INTRODUCTION

Most agricultural operations are carried out on
the field and are subjected to friction and wear
of material that have accompanied man since
his very beginning (Mehulic et al., 2005). Wear
is defined as damage to a solid surface, gener-

ally involving progressive loss of material, be-
cause of relative motion between that surface
and a contacting substance(s) (Gurumoorthy et
al., 2007). Wear is generally described as oxi-
dative, single-cycle or repeated-cycle deforma-
tion, abrasive, adhesive or erosive (Allen and
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Ball, 1996). Abrasive wear, which is detach-
ment of the material from surfaces in relative
motion, caused by diding of hard particles be-
tween the opposing surfaces, is the most impor-
tant due to its destructive character
(Chattopadhyay, 2001). A study conducted by
Tugrul and lcoz (2005) found the wear of
ploughshare, cultivator and harrows to be 150
g/ha, 135 g/ha and 90 g/ha, respectively. This
indicates that among these tillage tools the
ploughshare experiences the most abrasive
wear in soils. The ploughshare wear not only
affects its working life but directly changes its
initial shape, which is one of the most impor-
tant factors influencing ploughing quality
(Horvat et al., 2008). Rapid ploughshare wear
has been identified as a mgjor constraint facing
farmers in Ghana (Bobobee, 1999). The wear
rate of all sharesis higher in soils with increas-
ing sand fraction. The main factors affecting
wear rate include chemical composition, hard-
ness, and soil physical factors, with sand con-
tent and share hardness being the most domi-
nant (Bobobee et al., 2007).

Agriculture still remains the backbone of
Ghana s economy. The sector employs 56% of
the population and contributes 28-33.7% of the
national Gross Domestic Product (GDP)
(MoFA, 2011). Thus any factor which leads to
inefficiency in this sector will have a serious
influence on the economic well-being of the
country. According to Bahyan (2006), farmers
and equipment operators often complain about
the high wear rate of tillage tools, which result
in high downtime and replacement costs. The
economy of Turkey loses 4.4 million dollars
annually due to wear of tillage tools (Bayhan,
2006). Other researchers indicate that Canada s
economy also loses 3.9 billion dollars annually
(Yu and Bhole, 1990), while South Africa and
Australia are estimated to lose several millions
of dollars due to the wear of tillage tools
(Ferguson et al., 1998; Quirke et al., 1988).

In determining the wear of the tillage tools,
most field wear tests have been found to be
expensive and time-consuming (Tylczak et

al.,1999). As a result of this, a number of labo-
ratory soil bins have been developed and in-
gtalled in certain countries (Al-Janobi and
Eldin, 1997). These soil bins for basic and ap-
plied research are located in research centres
and companies that manufacture agricultural
equipment. However, it turns out that none of
these facilities are found in Ghana. The objec-
tive of this study was to develop and evaluate
abrasive wear test equipment for ploughshares
and other soil-engaging implements and tools.
The equipment was evaluated by investigating
the wear of a cast-steel ploughshare using soils
from five different agricultural production areas
of Ghana.

MATERIALSAND METHODS

Sites

The sites where the soil samples were taken for
the experiment and their textural classes are
described in Figure 1 and Table 1. Soil samples
were taken to a depth of 40cm from the ground
surface because this is the depth within which
normal conventional ploughing operations are
carried out. The sites were; KNUST An-
womaso arable farms located at latitude 6
4156.75 N, longitude 131 25.85W and alti-
tude 274 m above sea level, Mampong located
a latitude 7 219.84N, longitude 1
2348.60 W and an altitude of 401m above sea
level, both in the semi-deciduous forest agro-
ecological zone of the Ashanti Region. Akatsi
is located at latitude 6 840.50 N, longitude
049 22.05 E and on an dtitude of 57m above
sealevel and Ho, which is located at latitude 6
36 0 N, longitude 0 28 0 E and on an alti-
tude of 158m in the coastal savannah zone in
the Volta Region. Wenchi is located at latitude
74517.82 N, longitude 2 529.31 W and on
an atitude 278m above sea level in the forest-
transitional zone of the Brong-Ahafo Region.

Design of the wear equipment

The objective for designing the equipment was
to construct and use it to test the wear of
ploughshares in the laboratory. The characteris-
tics of the equipment are to allow the share to
move in the soil under controlled conditions.
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Fig. 1. Siteswher e soil sampleswere taken
Table 1: Physical properties of soilsunder study
Site Depth (cm) % sand % silt % clay Textural class
Ho 0 20 72.81 9.38 17.81 Sandy loam
20 40 70.45 12.85 16.70 Sandy lo am
Akatsi 0 20 83.02 14.98 2.00 Lo amy sand
20 40 81.70 14.30 4.00 Loamy s and
Mampong 0 20 67.33 6.95 17.81 Sandy clay loam
20 40 51.66 26.34 22.00 Sandy cl ay loam
Wenchi 0 20 66.26 6.36 27.38 Sandy clay loam
20 40 60.40 31.60 8.00 Sandy c lay loam
KNUST 0-20 68.92 21.06 10.02 Sandy loam
20 - 40 57.98 19.98 22.04 Sandy clay loam

Source: Laboratory analysis of soil samples
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According to Al-Janobi and Eldin (1997), soil
bins can be straight or circular depending on
the type of study, space, energy requirement
and financia constraints. Upon careful consid-
erations, the soil bin was designed to be circu-
lar. The eguipment operates according to the
working principles given by Yu and Bhole
(1990) and Bahyan (2006). The main compo-
nent of the equipment are; soil bin, roller,
sweeper, share holder, a rotating arm and shaft,
a standing frame as well as the power transmis-
sion system. The design criteria included de-
sign for ease of operation. The choice of con-
struction materials for the various parts of the
equipment was based on availability, cost and
efficiency.

The following eguations (Equations 1 - 10)
after Khurmi and Gupta, (2003) and Manuwa
et a, (2011) were used for the design of the
equipment. The belt length selected was calcu-
lated from equation (1), below:
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where,

Ly = Length of V-belt, mm; C = Centre distance
between pulleys (mm); D = diameter of bigger
pulley (mm); d = diameter of smaller pulley
(mm); Te = Equivalent twisting moment (N-
mm); M Bending moment of shaft (N-mm); T
= Torsional moment of shaft (N-mm); = Yield
stress of mild steel (N/mm?) =215N/mm? ds =
diameter of shaft (mm); M = Bending moment
(N-mm); W = Weight of Shaft (N) ; L = Length
of shaft (m); P = Power transmitted by shaft
(W); N = rotational speed of the shaft (rpm);
Ky = Combined shock and fatigue factor for
bending; K; = Combined shock and fatigue
factor for torsion; D, = compressive stress on
the frame (N/m?); A = cross-sectional area of
each support leg (angle iron) (m?); = Arc of
belt contact, (degrees); T, =Tension on tight
side of the belt (N); T, =Tension on slack side
(N); m = mass of belt/length (kg/m); V = Belt
speed (m/s); P, = Power transmitted by the belt
(kW); n = number of belts; F = Total force on
frame (N).

Construction of the Equipment

The equipment was constructed at the work-
shop of the Agricultural Engineering Depart-
ment, Kwame Nkrumah University of Science
and Technology (KNUST) in Kumasi, Ghana.
The genera manufacturing processes used in
the construction of the equipment include
marking, cutting, drilling, grinding, turning,
milling, welding, rolling, fastening, bending
and shaping. The equipment (Figs. 2 and 3) was
built in four stages; the bin support frame to
serve as a stand, the circular soil bin, arm sub-
assembly and the power transmission system.

Journal of Science and Technology ' KNUST April 2013



Table 2: Design Specifications
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Design property

Assumed Parameters

Designed Parameters

Length of belt
Diameter of shaft

Roller Pressure

Compressive stress on sup-
port frame

Power of Electric Motor

Centre Distance of pulleys
Tensionin Belts

Belt speed

Arc of contact
Speed ratio
Soil volume used

C=615, D=300, d= 100
T= 3581 x 10°*N-mm

M= 58920 N-mm

Te = 540.372 x 10° N-mm
M. = 228.612 x 10° N-mm
Kn=15,K=10

W =9.2kg, C=0.393 m,
A =0.009 m?

F = 7486.6N ,A = 0.005625 m*
T1=825N, T,=447N, V=7.54m/s

d =100 mm, D=300 mm

=173.6 ,V=7.54ms’, m=0.27
d= 100 mm, D=300 mm,
N= 1440 rpm
D=300 mm, d=100 mm, C=615
D=300 mm, d=100 mm
h= 170 mm, r,= 500 mm

L, = 1874 mm
ds=43.9mm

P=10 kPa

D. = 332.738 kPa
1440 rpm, 5.7kW

C=615mm
T,=825N, T, = 447N
V=754 ms?

=173.6
0.33
V=13.352 x 10° mm?®

The support frame was constructed by using
angle iron of size 75x75x5 mm. The top frame
has a square dimension of 1000 mm long, 1000
mm wide and a stand of 700 mm high. The
circular soil bin was formed out of a 3mm mild
steel plate. The internal diameters of the circu-
lar soil bin and the inner cylinder covering the
transmission shaft were 1000 mm and 100 mm,
respectively. The arm sub-assembly comprises
the main transmission shaft (50mm diameter),
the roller and share shafts (25mm diameter
each), 900mm arm bar, roller, scraper and the
ploughshare. The main transmission shaft was
installed in two flange bearings. The plough-
share was fixed unto the share holder by using
two bolts, nuts and flat washers. A 3-
dimensional view of (a) bin support frame (b)
circular soil bins (c) the assembly drawing are
shown in Fig.2. The assembled equipment as
used in the experiment is shown in Fig.3. Three

double-groove pulleys were used in the power
transmission system. Two of the pulleys were
of the same size (100mm) and the other was
300mm in diameter. V-belts (B type) were
used. The experimental set-up of the prototype
abrasive wear equipment showing the transmis-
sion, the external and internal components are
shown in Fig. 3.

Experimental design

The experimental design used was a completely
randomized design with five treatments namely
Ho, Akatsi, Mampong, Wenchi and KNUST
(Anwomaso) soils. Each treatment was repli-
cated five times with increasing moisture con-
tent.

Experimental procedure for wear measure-
ment
The circular soil bin was filled with soil to a
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