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ABSTRACT 

 
Sorghum stalk cutting performance in terms of cutting energy requirement and cutting efficiency has 

been investigated using a laboratory pendulum-like oscillating impact test rig. The stalk was fixed in a stalk 

holder to simulate a free-standing stalk in the field. A blade was attached to the lower end of the oscillating 

arm which cut the stalk at 90
o 

cut angle.  Knives of various weights ranging from 1.00 to 4.85 kg were tested in 
cutting the stalk base at 20 and 120 cm. Cutting energy showed negative linear correlation with knife weight 

while cutting efficiency showed positive correlation with the parameter.  There was decrease of 2.36 and 9.91 

Nm cutting energy requirement and increase of 20.65 and 40.07% cutting efficiency for every 1 kg increase in 
knife weight at 20 and 120 cm cutting height respectively, from the ground level. The optimum values of knife 

weights were 3.42 and 1.85 kg for cutting at 20 and  120 cm respectively, corresponding to cutting energy of 
20.50 and 36.50 Nm and efficiency of 98 and 96 %.  

Keywards: Sorghum stalk, impact cutting, bevel angle, energy, efficiency. 

I   INTRODUCTION

Sorghum (Sorghum bicolar L. Moench) has a 

variety that grows up to 3m height 

(Mohammed, 1992). Apart from the unlimited uses of 

the grain. the long stalks are utilized in the northern part 

of  Nigeria, more especially in rural areas, for building 

small huts, roofing,  fencing while the shreds are 

used as livestock feeds in cooking fuel (Gwani, 

1986). Traditionally, sorghum is harvested by 

impact cutting of the standing plants at the base 

while arranging them in rows for windrowing after 

which the heads (panicles) containing the grain are cut for 

further processes. Cutting by impact using these tools are 

employed due to characteristic large thickness of the 

stem which may be up to 40 mm diameter at the base 

(Oke, 1984). This harvesting method is performed in a 

ben t posture position using such tools as hand hoes, 

cutlasses and knives which constitutes high drudgery,  time 

consuming and of high energy demand (Gwani, 1986). 

A sorghum harvester that simultaneously cut the 

panicle and the stalk base in line with the traditional 

practice was developed (Mohammed, 1992). 

The principle of impact cutting is being 

increasingly applied in power lawn, weed 

cutters, forage harvesters, shredders and 

grain harvesters such as wheat, rice, and 

barley due to its simplicity in construction, 

low maintenance cost and ability to cut both 

small and large diameter stalks (McRandal 

and Mc Nulty,  1978).  The factors 

affect ing cutt ing performance in  t erms of 

energy requirement and cutting efficiency 

are mainly the blade and the stem 

characteristics (Mohammed, 1991; Yiljep and 

Mohammed. 2005). Feller (1959) gave the 

blade factors as: knife bevel angle, knife 

approach angle, sharpness, weight and speed. 

The stem factors include height, diameter, 

moisture content, density, shear strength, 

bending strength and deflection characteristics 

(Prased and Gupta.1975: Oke, 1983).The 

energy required for the cutting unit of stalk 

may  be categorized as: friction in the moving 

parts of the machine and air friction; kinetic 

energy required to accelerate the chopped 

material against the stationary parts of the 

machine, and energy required to cut the stalk 
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(Smith and Miller, 1952). Blevins and Hansen 

(1956); Richey (1958); Liljedahl et al. (1961); 

McRandal and McNulty (1978) also 

considered energy expanded in stubble 

deflection.  

 The aim of this study is to establish 

the relationship of knife weight with cutting 

energy requirement and cutting efficiency

.

2  MATERIALS AND METHODS

2.1 Experimental Material  

Stalks of physiologically matured sorghum 

plants of the same diameter were selected and 

cut to equal lengths of two meters to keep both 

stalk diameter and height constant. The 

experiment was conducted the same day to 

minimized variation in crop moisture 

content and material properties. The same 

variety of fara-fara sorghum KSV-13 was 

used throughout the experiment to eliminate 

the effect of varietals difference. Knives 

made of high speed saw blade, 4min thick 

and sharpened to bevel angles of 35 and 40
0
 

using grinding machine and smoothened with 

a hand stone were employed for the 

experiment. Various knife weights from 0.5 to 

10 kg were used. 

 

2.2 Measurement of Stalk Dimensions, 

Weight and Moisture Content 
A vernier caliper (Model: Mityatoto S.D) with 

0.05 cm divisions and 15cm maximum 

reading was used in measuring the minor and 

major stalk diameters at 5cm above the 

ground level. While a Stanley steel tape with 

0.1cm divisions was used in measuring stalk 

height and height of cut. 

 

2.3 Weight: The weight of the blades and 

stalk samples were recorded using weight 

balance (model Avery) with an accuracy of 

0.1 g 

. 

2.4 Density: The density of the stalk was found 

by displacement method using toluene instead of 

water to avoid water absorption by the 

sample. The weight of the sample in the air 

and the weight of the toluene displaced were 

recorded and the density was calculated as given by 

(Mohammed, 2005) as follows:  

  

Where:  

  = density of stalk, kg/m
3
 

Wa  = weight of stalk in air, kg  

Wk  = weight of toluene displaced by sample, 

kg  

Sk  = mass density of toluene, kg/m
3 

 

2.5 Moisture Content : The moisture 

content of the sorghum stalk was measured 

according to ASABE standard S352 (2003) as 

reported by Yiljep et al. (2006). Three stalk 

samples of 0.5 kg each was kept in the oven 

for 24 hours at 105 
0
C. The loss in weight of 

the sample was recorded and the moisture 

content in percentage was determined. 

 

2.6 Description and Working Principles 

of the Cutting Rig 

An oscillating-impact-cutting-rig was 

designed and constructed for this study. It is 

similar to lzod impact cutting machine for 

metals. It consists of the frame, swinging 

arm, weights holder, stalk holder  and angle  

(Figs .  la  and b) .  The apparatus  works on 

the principle of a compound pendulum 

where a long arm suspended at its top end and 

has a knife fixed at the lower end is made to 

oscillate in a vertical plane. It is normally 

displaced to one side of the equilibrium 

position by an angular deflection 0
0
. By the 

principle of conservation of energy, the 

swinging arm when released is expected to 

oscillate to the other side of equilibrium line 

and deflect through an angle θ
0

0. However, due 

to frictional losses in the moving parts and 

air resistance, θ
0

0 is normally less than θ
0

1. 

There is a continuous exchange of energy of 

the swinging arm from maximum potential 

energy when the arm is at its extreme posit 

on (upswing) before it is released to swing 

down loosing potential energy and gaining 

kinetic cite to maximum kinetic energy 
when the arm is at the equilibrium line.  

The material to be cut is formally placed at the 
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point of maximum kinetic energy of the 

swinging arm and held by the stalk holder. 

When the arm is released, it gains speed till it 

meets and cuts the material placed in the path 

of the knife.

 

 
Fig, 1a:  Isometric View of The Oscillation Impact Cutter Source: (Mohammed, 2002)
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Calibration of  the Test Rig 

The test rig was calibrated to compensate for 

energy losses due to air resistance and friction 

between moving parts. This was done by releasing 

the swinging  arm from known angular 

deflections. The maximum upswing deflected by 

the swinging arm without cutting was determined. 

Using method of least squares, the regression 

equation for determining maximum angular 

upswing deflections without cutting from known 

initial angular deflection was obtained as given 

by Mohammed, 2002; Yieljep and Mohammed, 

2006.  

  

Where, 

 = maximum angular upswing deflection 

without cutting (
0
), and  

 = initial angular deflection of swinging arm 

(
0
).  

 
Fig. 1b:  Displacement of the swinging arm                                                  

Source:  Mohammed, 2002 

 

Experimental Procedure  
During the experiment, a stalk was fitted firmly 

in the stalk holder to simulate natural stand of 

stalk in the field. The holder is located at the 

lowest at the oscillating, point where the 

equilibrium line is located. The arm is the 

given an appropriate angular displacement, θ1. 

When released, it gained speed as it moved 

downwards till it attained maximum speed which 

corresponded with maximum kinetic energy 

achieved at the equilibrium position. At this point, 

the attached knife sheared off the stalk by impact. 

The cutting energy requirement and cutting 

efficiency were then determined as follows:  

Determination of cutting energy 

requirements  
The maximum upswing deflection of the 

swinging arm after cutting was recorded as θ0. 

The cutting energy conserved during cutting 

of the stalk was determined by the difference 

between θ0 and θ0. Expressions for 

determining cutting energy requirement and 

peripheral knife speed were given as stated by 

Feller (1959). Prasad and Gupta (1975) and 

Mohammed (2002) and presented as in 

equations 3 and 4 below:  

E = 429.50 (cosθc - 

cosθ0)…………….(3)  

Where,  

E  = stalk cutting energy requirement 

(Nm) 

θc = maximum angular displacement after 

cutting (
0
), 

θ0 = maximum angular displacement in 

the absence of cutting (
0
), 

 

V         = 7.78(1- Cos 

θi)
1/2

…………………….(4) 

Where, 

V  = peripheral knife speed at the cutting 

position (m/s)  

θi = maximum angular displacement 

before cutting (
o
)  

 

Determination of cutting efficiency 
Determination of cutting efficiency was 

conducted as described by (Mohammed, 2002) 

where five stalks were placed in the stalk 

holder and cut and cut together at every 

swing of the arm.  The swinging arm was 

displaced at upswing side by some angle and 

then released for cutting. After the passage 

of the arm, the nature of the cutting action 

was usually combination of one,  two or a ll  

of these: completely cut stalk cross-section, 

partially cut stalk cross-section and wholly 

uncut cross section. The total percent cross-

sectional area of the stalks cut gave the 

cutting efficiency. A cutting height of 120 mc 

above the stalk holder was used to represent 

free-standing stalk without support near the 

cutting point and 20 mc cutting height to 

approach condition of a supported stalk 

(McRandal and McNutty, 1978).  

file:\\ing
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The partially cut cross-sections were 

socked in any coloured oil paint (red was used in this 

experiment) which penetrates and coloured the cut 

portions of the affected cross-section. A sharpened 

blade was used to manually complete the cut from the 

opposite side. The wholly uncut cross-section was also 

severed at the same height. A transparent paper was 

used to trace out the portions of the circumference of 

the cut and uncut sections (coloured and uncoloured 

portions) and boundary line between them for the 

partially cut cross-sections. Similarly, the wholly cut 

cross-sections were traced. A plainimeter was then 

used to determine the areas of each of the traced 

portions. Finally the cutting efficiency was determined 

s given by (Mohammed, 2002; Yielgep and 

Mohamed, 2006) as follows:  

 

Cef = ( Atwc + Atpc )/Act   

……………………………………..(5) 

Where, 

Cef = cutting efficiency (%)  

Atwc = total area of wholly cut cross section (mm
2
)  

Atpc = total area of partially cut cross-sections (mm
2
)  

Aet = combined total area of all cross-sections (mm
2
)  

 

3  RESULT AND DISCUSSIONS

3.1 Effect of Knife Weight on Cutting Energy  

The result of the relationship between knife 

weight and cutting energy requirement for the 

stalk base and the head revealed negative 

linear correlation for both cases as presented 

in fig. 2. The regression analysis of the data 

indicated coefficient of determination of 0.62 

and 0.94 respectively. The rate of decrease 

for cutting at the stalk base and top 

respectively, were 7.14 and 1.1 Nm per 1kg 

increase in knife weight. This phenomenon 

may be explained by the fact that there was 

increase in kinetic energy of the knife 

proportional to increase in knife weight. 

Since the knife speed is constant, the effect 

of frictional force and energy wasted in 

accelerating the cut parts of the stem are 

minimal (Prasad and Gupta, 1975; Yiljep et 

al., 2006). The optimum values of knife weights 

were 3.42 and 1.85 kg for cutting at 20 and  120 

cm respectively, corresponding to cutting energy 

of 20.50 and 36.50 Nm.. The statistical analysis 

indicated significant effect of knife weight 

on cutting energy requirement at 0.01 

probability level for cutting at both heights.  

  

3.2 Effect of Knife Weight on Cutting 

Efficiency  

Figure 3 shows the effect of knife weight on 

cutting efficiency where the regresson 

analysis revealed positive linear correlation 

with 0.82 and 0.86 coefficients of 

determination for cutting at the stalk at 20 

and 120 mm above the ground respectively. 

The increase in cutting efficiency were 20.65 

and 42.07 respectively for every 1kg increase 

in knife weight for cutting at 20 and 120cm. 

The corresponding cutting efficiency for the 

optimum values of knife weights at 20 and 

120 cm were 98 and 96 %

. 

.

4. CONCLUSION 

 
The following conclusion can be drawn from 

the study  

Sorghum stalk cutting energy requirement 

decreased with increased knife weight for 

both cutting at 20 and 120 mm above the 

ground with coefficient of determination of 

0.62 and 0.94 respectively.  

Cutting efficiency increased with increased 

knife weight for both cutting at 20 and 

120mm above the ground with coefficient of 
determination 0.82 and 0.86 respectively.  

There was significant effect of knife weight 

of cutting energy requirement and cutting 

efficiency at 0.01 probability level for both 

cases.  

Knife weights for optimum cutting at 20 and 

120cm were 3.42 and 1.85kg respectively 

with the corresponding cutting energy and 

efficiency of 20.5 and 36.5Nm and 98 and 

96%.
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