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ABSTRACT 

Study focus on the design and development of a 

forage shredding machine, used by farmers to shred 

farm waste which otherwise would have been burnt 

or allow to decay. These shredded waste are used to 

feed the animal. Recently, there has been increasing 

clashes between herdsmen and farmers across the 

country because herdsmen normally lead their 

cattle’s through farms in the villages thereby 

destroying the farm by feeding on the crops. Also, a 

lot of accidents have been caused by cattle, when 

crossing roads in the urban centers. The materials to 

be processed are separated at the partition table – 

hopper, while the forage material is fed into the 

shredding chamber, while the forage is inside the 

chamber, the drum carrying the moving blade is set 

into rotary motion by the electric motor provided via 

the belt drive. The scissors-like action of the blades 

causes the materials (forage) to be shredded and 

forced out below the slotted holes created on the 

lower hosing and out through the discharge channel. 

This developed model is simple, efficient and 

requires less time and cost effective when compared 

to the existing available model. The assembly was 

checked for sturdiness and was found to be reliable. 

The machine is very easy to operate and maintain. It 

will drastically reduce environmental degradation, 

bush burning and routine clashes caused by the 

migratory practice of the pastoral nomad. It also 

serve as a source of feedstuff supplies for both 

pastoral nomad and livestock farmers, thus improving 

the country’s livestock feeding management and 

leading to increased meat and dairy production. The 

test result shows high cutting performance efficiency 

of 85,5% for dry grass. 
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I. INTRODUCTION 

Forages are plant materials (mainly plant leaves 

and stem) eaten by grazing livestock, the crops are 

mowed, dried and stored as hays, chopped and stored 

wet as silages, or fed directly to cattle as pasture or as 

freshly chopped forage. Diary farmers are findings it 

hard to feed their animals, while the majority uses 

grass as the main source of fodder for livestock’s. 

The prolonged dry season in Nigeria has left farmers, 

with little option, but to use dry forages and crop 

residues from last planting season. 

Dry forages including grass, and legume hays, 

fibrous crops residues, such as stover of maize, 

sorghum and millet and cereal straws, of rice, wheat 

are dry and hard. The dry forages could be palatable 

when shredded into lengths of few militates. 

Diary animals have found usefulness in the 

following aspects of human endeavor; 

- For the production of milk 

- They are used for the production of beef  

- The skin of these animal e.g. cattle could be 

used for the production of bags, leather 

shoe.  

- The horns and hooves can be artificially 

worked upon and used as handles of ash 

trays, and other ornamental purposes. 

- The bones are good source of minerals, 

mainly calcium, phosphorus, sodium and 

magnesium. 

- The faeces serve as good source of farm 

yard manure to crop growers. 

- It serves as a good source of income to 

farmers through sales of products and by-

products. 

- Foreign exchange earnings of a nation may 

be improved through proper diary animal’s 

production.    
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The aim of the study is to develop a forage 

shredder for cattle farmers. This design will be 

achieved by: 

i) Producing a design concept that will be 

easy to fabricate. 

ii) Fabricate a forage shredder that is 

portable for the farmer.  

iii) To evaluate the performance of the 

fabricated machine. 

 

II. STATEMENT OF PROBLEM 
Recently, there has been increasing clashes 

between herdsmen and farmers across the country 

because herdsmen normally lead their cattle’s 

through farms in the villages thereby destroying the 

farm by feeding on the crops. Also, a lot of accidents 

have been caused by cattle, when crossing roads in 

the urban centers. There is also the need to design 

and manufacture machines that will help to shred 

plant waste and forage crops as fodder for livestock 

in order to reduce the menace accomplished with the 

clash between herdsmen and farmers, hence the 

study. The development of forage shredder will assist 

farmers in shredding farm waste which otherwise 

would have been burnt or allow to decay. 

Furthermore, it will create job for the designers and 

fabricators of the machine and to the farm workers 

who will operate the machine. Also when put to use, 

herdsmen will not walk long distances looking for 

where the cattle will graze, and it will eliminate 

disputes between herdsmen and farmers will be 

reduced to its minimum. 

  

III. LITERATURE REVIEW  

It is a common practice in Nigeria and other sub-

Saharan African countries for the nomadic Fulani’s 

and pastoralist to allow the animal graze freely in the 

fields. In some cases, the animal rearers collect the 

crop residues home to feed the animals directly or 

after chopping into smaller sizes, using machete and 

sharp knives. In Nigeria, the nomadic Fulani’s move 

their cattle to the southern part of the country in the 

dry season, in search of pasture and water for their 

animals and move up the north in the wet season, to 

avoid tsetse fly infection. The migratory practice of 

the nomadic Fulani’s is usually associated with 

environmental degradation, incessant bush burning 

and unpleasant consequence to the communities. A 

drastic increase in animal body weight in the wet 

season when there is abundant fresh grasses and 

abundant drinking water can be noticed. However, in 

the dry season, when green grasses and water are not 

sufficient for the animals the resultant consequences 

is the loss in body weight, hence the little or no 

availability of milk and other diary product, and high 

cost of meat in the market. It has been established 

that the animals can utilize not only the leaves, but 

also the stovers if they reduced into smaller sizes. 

Cutting the stovers of the crop residues will therefore 

increase the rate of consumption by animals [1]. 

Agriculture is now one of the most important 

sectors and it plays a vital role in the Nigerian 

economy. In order to further develop this sector 

technology has become one of the main components. 

Typically, dealing with the agriculture sector can 

entail difficulties relating to a number of factors. 

Consequently, to overcome such problems, farmers 

are being encouraged to adopt innovative technology 

that suits their farms. Survey was carried out through 

product study, market study, literature review and 

user study etc. quality function development was 

prepared were the customer voices were converted 

into technical voice. 

Basher et al. [2] reported that maize residue 

consists of 54% of stalk, 20% leaves, 21% cobs and 

13% husk. Husk is the most digestible of the maize 

plant, other parts being lower and more variable. Dry 

matter digestibility ranges from 40% to 70% and 

protein content from 2.0% to 7.5% for various parts 

of maize plant.  

Ajinkya and Handel [3] in their research work 

carried out project on Methodology for Design & 

Fabrication of Portable Organic Waste Chopping 

Machine. Organic waste is fed uniformly through 

feeding drum and tray. Then the Shaft rotated at 1440 

rpm through electric motor by means of pulleys 

makes the chopping drum to cut the waste by the 

effect of impact shear obtained from the shearing 

blades[4]. The cut is also made inside the chopping 

house due to the effect of tensile, friction, and impact 

effect in chopping process[5]. Then the cut pieces 

pass through the concave holes of the sieve & come 

out of the machine[6]. The sieves of different sized 

holes can be used. 

The design of experimental set-up for establishing 

empirical relationship for chaff cutter energized by 

human powered flywheel motor [7]. This machine 

used to chop the forage into small pieces for easy 

consumption by the animals. In the human powered 

flywheel motor concept, the bicycle mechanism for 

converting and transmitting human energy through 

paddling to rotational kinetic energy of flywheel is 

hereby proposed [8]. The energy stored in the 

flywheel can be used for actual cutting process. The 
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driver paddles for 1 minute and it was noticed that 

the flywheel shaft reached a speed of 350 RPM with 

a gear ratio of 1:2. The paddling was stopped after 

one minute and the set-up was checked for its free 

running. The flywheel shaft came to rest after 25 

minutes. It proved that the alignment of bearing and 

other parts of the experimental set-up was 

satisfactory. Fiber extraction machine. This is 

basically removing fiber from husk [9]. This machine 

consists of 3 phase 5 hp ac motor which is directly 

coupled to driven shaft. The driven shaft is enclosed 

in a casing which is designed in such a way that only 

dust is removed and fiber comes out of rectangular 

duct at lower side of casing. The driven shaft is 

supported by two bearings and has blades which are 

designed by modifying the blade design of coconut 

husk decorticating machine. The areca fiber obtained 

was of good quality with diameter varying from 0.39 

± 0.12mm and length varying from 5-6cm. Thus this 

machine will be helpful for rural entrepreneurs and 

farmers. 

Despite, the large quantity of maize being 

produced in Nigeria, the potentials of its residue as 

feed is yet to be exploited. The residues are either 

burnet or buried in the soil in the form of manure for 

the next farming season [10]. It has been discovered 

that for small scale livestock farmers who practice 

integrated crop livestock farming, feeding of animals 

with chopped forage is more economical than free-

grazing.  

The chopped crop residues can be fed directly to 

animals. However, they have very low nutrient, low 

digestibility because of high fiber content, increase in 

the energy used by animals. The chopped crop 

residue, however, provides sufficient roughages as 

major components for animal feeds preparation, 

which can be enriched with protein, vitamins and 

mineral matters [11]. 

 

IV. Size Reduction Machines  

Over the years, various machines have been used 

for reducing the size of materials, so that they can be 

used for either further process or recycling purposes. 

Example of materials that have undergone size 

reduction include paper, plastic and agricultural 

products. Machines that have been used to reduce 

some of the above mentioned materials include: 

A modified thresher for ensiling rice straw by 

shredding: A specific modification was done by 

Ajuwa et al. [7] to convert the function of the 

thresher to be suitable for shredding the green rice 

straw to be prepared after that as silage. The 

threshing machine was mainly designed for threshing 

the small areas of rice crop characterized for mini 

farmers. This may be due to its light mass and 

consequently can easily move among fields. The 

threshing capacity is about 600kg/hr. In other for the 

function of the thresher to be converted for shredding 

green rice straw, some modifications were done 

which include: the thresher drum was replaced by a 

special cylinder for shredding the green rice straws. 

Its diameter was 28cm, so as to keep the dimension 

of the thresher [12]. The frame of shredding cylinder 

was manufactured by 1.5mm thick shredding knives 

type U was employed. This is shown in Fig. 1.  

 To ensure the fixing of these knives on the 

circumference of cylinder, 15 knives were first fixed 

on equidistant on the Iron slide by 4cm width, 72cm 

long and 2mm thick. Six groups of knives were 

formed and were constructed on the cylinder by an 

angle 110 from the longitudinal axes of cylinder to 

orientate the shredded rice straw to the outlet 

opening. Moreover, 6 paddles were distributed on the 

cylinder circumference from the outlet side to deliver 

the shredded straws out. The spiral however of the 

upper concave was removed. While, the lower 

concave (wire mesh) was covered by Iron sheet 1mm 

thick to ensure good shredding of straw and not 

penetrate through the wire mesh. The clearance of the 

lower concave was controlled by means of orifices 

and belts[13].  

 

Performance were studies under the effect of 

different levels of feed rate, shredding cylinder speed, 

concave clearance ratio and bulk density of the 

shredded green rice straw. The most important results 

showed that at higher shredding efficiencies of green 

rice straw, the silage characteristic might be 

improved. 

 

V. DESIGN ANALYSIS AND 

CALCULATIONS  

Power Selection 

A 5.5hp (4100W) engine with a speed of 2000rpm 

was therefore selected for this design, assumptions 

cannot be totally avoided. This assumed power and 

speed stated could be adjusted after testing the 

designed machine. 

 

The power of the engine is then given by the formula 

𝑃𝐸 =
2𝜋𝑁𝐸𝑇

60
   …………………… .3.1 

Where NE = speed of the engine (rpm) 

 T = torque transmitted (Nm) 
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VI. DESIGN ANALYSIS FOR SHAFT 

Shaft design involves primarily, the determination 

of the correct shaft diameter that will give a 

satisfactory strength and rigidity when the shaft is 

transmitting power under various operating and 

loading condition. The shaft chosen for this design is 

a solid shaft. Shaft are usually subjected to torsion, 

bending and axial loads. 

(a) Torsion 

 For a solid circular shaft of diameter, d, the 

maximum shear stress is. 

𝜏 =
16𝑇

𝜋𝑑3
=

16𝑇𝑟

𝑗
   …………… . .3.2 

By the assumption that failure is based on 

the maximum shear stress theory or Guest’s theory 

used for ductile material such as mild steel (Hall et al. 

1983), which states that the maximum shear stress in 

the shaft is given as  

𝜏𝑚𝑎𝑥 =
1

2
 𝜍𝑏

2 + 4𝜏2  …………… .3.3 

b) Bending  

The bending stress Sb (tension or 

compression) is given as   

𝜍𝑏 =
32𝑀

𝜋𝑑3
=

 𝑀𝑌 

𝐼
  ………… .3.4 

 

c) Axial Loading  

The tensile or compressive stress is given as  

𝜍𝑎 =
4𝐹𝑎
𝜋𝑑3

   ………… . .3.5 

 

d) Combined Torsion and Bending  

The maximum combined shear stress theory in the 

shaft due to applied twisting and bending moment is 

given as  

𝜏𝑚𝑎𝑥 =
1

2
 𝜍𝑏

2 + 4𝜏2  …………… .3.6 

 

Substituting equation 3.2 and 3.4v in 

equation 3.6, we have  

𝜏𝑚𝑎𝑥 =
1

2
  

32𝑀

𝜋𝑑3
 

2

+ 4  
16𝑇

𝜋𝑑3
 

2

 

𝜏𝑚𝑎𝑥 =
16

𝜋𝑑3
 𝑀2 + 𝑇2    ………… .3.7 

If the fatigue and combined shock factor is 

applied to bending (kb) and torsional (kt) moment is 

introduced, equation (3.7) becomes 

𝜏𝑚𝑎𝑥 =
16

𝜋𝑑3
 (𝐾𝑏𝑀)2 + (𝐾𝑇𝑇)2 

𝑑3

=
16

𝜋 𝜏𝑚𝑎𝑥

 (𝐾𝑏𝑀)2 + (𝐾𝑇𝑇)2    ………… .3.8 

Where:  𝜏 = torsional shear stress, N/m
2
  

   T= Torsional moment, Nm 

  Mb = Bending moment, Nm 

  𝜍 = Bending stress, N/M
2
 

  d = Diameter of shaft, m 

  fa = Axial load, N 

kb = Combined shaft and fatigue 

factor applied to bending moment 

kt = combined shock and fatigue 

factor applied to torsional moment. 

 

The criteria used for selecting shaft factor is given in 

Table 1   

 

Table 1. Criteria for shaft selection factor  
For stationary shaft  Kt Kb 

1) Load gradually applied  
2) Load suddenly applied 

1.0 
1.5-2.0 

 

 
1.0 

1.0=1.5 

1.5-3.0 

1.0 
1.5-2.0 

 

 
1.5 

1.5-2.0 

2.0-3.0 

For Rotating shaft 
1) Load gradually applied  

2) Load suddenly applied (minor shock) 

3) Load suddenly applied(heady shock)  

Source: Alan et al [8] 

 

ASME code for commercial steel shafting are: Ss 

(allowable) is 55MN/m
2
 shaft without keyway. Ss 

(allowable) is 40Mn/m
2
 for shaft with keyway. 

 

The design of shaft for torsional rigidity is based 

on the permissible angle of twist which depends on 

the particular application and varies to about 0.30 for 

machine tool shaft and about 30 for line shaft. 

𝜃 =
584𝑇𝐿

𝐺𝑑4
………… .3.9 

Where  θ = Angle of twist, degree  

 L = length of shaft, m 

 G = Torsional modulus of rigidity, 

N/m
2
 

The torsional moment acting on the shaft is given as 
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𝑇 =
𝑘𝑤 × 103 × 60

2𝜋 𝑟𝑝𝑚

=
 955 × 𝑘𝑤 

𝑟𝑝𝑚
 ……………3.10 

 

But for a belt driven machine such as this design, 

torsional moment is determined as 

𝑇 =  𝑇1 − 𝑇2 𝑅       𝑁𝑚 …………… 3.11 

Where R = Radius of pulley (m) 

   T1 = Tension on the right side  

   T2 = Tension on the slack side 

 

Design Analysis for Pulley  

The peripheral speed of the pulley is 

determined by  

𝑉𝑃 =
𝜔𝐷𝑃

2
    𝑂𝑅    𝜔𝑅𝑃    ………… 3.12 

Where DP = Diameter of pulley  

    RO = Radius of pulley  

   𝜔p = Angular velocity of pulley (rad/sec) 

 

The pulley speed is equal to the belt speed. 

Assuming there is equal belt slippage, the velocity 

(peripheral) ratio is constant i.e.   

𝑉𝑝 = 𝑒 

𝑉1 = 𝑉2 𝑎𝑛𝑑 𝑎𝑙𝑠𝑜 𝜔1𝐷1 = 𝜔2𝐷2 

𝜔1

𝜔2
=

𝐷2

𝐷1
= 𝑖  ………… 3.13 

Where, ¡ = speed ratio of the belt drive  

 

Assuming there is belt slippage during drive 

which leads to a reduction in the expected speed of 

the drive shaft, the speed ratio with allowance for 

slippages is given by  

  

𝑖 =
𝜔1

𝜔2
=

𝐷2

𝐷1

 𝐼 − 𝐸 ………… 3.14 

Where E= slipping coefficient normally 

ranging from 0.005-0.03. In order to prevent a belt 

drive from complete slipping due to loading, the 

smaller pulley D1 is chosen as D1 = 58Mm
1/3

 (mm) 

where, Mm = Torque at the higher speed shaft. The 

larger pulley diameter D2 obtained from equation 

(3.13) D2=D1 (I-E). 

These two equations for D1 and D2   are used to 

design pulley diameters for this machine. 

 

 

VII. DESIGN ANALYSIS FOR BELT DRIVE 

Belts are used to transmit power from one shaft to 

another by means of pulleys which rotates at the 

same speed or at different speeds. In selecting belt, it 

is usually common to take the following into 

consideration; diameter of the pulley, the pulley 

center distance, power transmitted, belt speed and 

belt cross sectional area. 

The power transmitted by a belt drive is a function 

of the belt tensions and belt speed. Belt drive 

operation depends on the friction between the belt 

and the pulley. The belt must be given a certain 

amount of pre-tension T0, to develop adequate 

tension. 

 𝑇0 = 𝜏𝑜𝐴𝑏 -------------------- (3.14) 

Where Ab = cross sectional of the belt  

𝜏𝑜  = stress in cross section of the belt  

Power = (𝑇1 − 𝑇2)𝑉𝑏  watt ----------- (3.15) 

Where T1 = belt tension on the tight side, (N) 

T2 = belt tension in slack side, (N) 

Vb = belt velocity (m/s) 

 If the thickness of the belt is known and the 

width is unknown, the stress S2 for flat belt is 

determined by  

𝜏1 − 𝑀1𝑉𝑏

𝜏2 − 𝑀2𝑉𝑏
= 𝑒𝜇𝛼   ………… 3.16 

Where 𝜏1 = Maximum allowable stress, N/m
2
 

 𝜏2 = Stress in slack side of belt, N/m
2
 

M1 = Mass of 1m of belt, kg 

 Vb = Belt velocity, m/s 

 μ = Coefficient of friction between belt and 

pulley 

α = Angle of wrap of belt on pulley, 

(radian). 

Typical values of the coefficient of friction for some 

belt material is given in Table 3.2 

 

Table 2: Typical Values of Coefficient Of Friction N 
 Belt material  Coefficient of friction  

Cast Iron or steel Leather  0.4 

Cast Iron or steel Rubberized canvas 0.25 

 wood   leather  0.5 

For any type of pulley     Any type   0.15-0.20  

Source: Source: Alan et al [8] 

 

Area of the belt for this case of the unknown width is  

obtained as  

𝑇1 − 𝑇2

𝜏1 − 𝜏2
= 𝐴1  ……………… 3.17 

 

Where A1 = required cross sectional area, m
2
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The required belt width (bB) is therefore given as  

𝑏𝐵 =
𝐴𝑅𝐸𝐴

𝑇𝐻𝐼𝐶𝐾𝑁𝐸𝑆𝑆

=
𝐴𝐵

𝑡𝐵
  ……………… . .3.18 

 

The minimum tension on tight side of the 

belt depends on the allowable stress of the belt 

material. The maximum tension on the slack side, T2 

is determined by  

𝜏1 − 𝑀1𝑉𝑏
2

𝜏2 − 𝑀2𝑉𝑏
2 = 𝑒𝜇𝛼 /𝑠𝑖𝑛0.5𝜃    ………… 3.19 

But   𝑀2 = 𝑒𝑏𝑡𝐵
 

Where bB = width of belt  

 tB = thickness of belt  

 m2 = mass of 1m of belt  

 vb = Belt velocity  

 ρ = Belt density, kg/m
3
 

 f = Coefficient of friction between belt and 

pulley  

 α = Angle of wrap, rad 

 θ = Groove angle for the V-belt  

 

The quantity M2 vb
2
 is due to centrifugal force, which 

tends to cause the belt to leave the pulley and reduces 

the power that maybe transmitted. 

The density of belt materials is given in Table 3 

 

Table 3: Density Of Belt Materials  
Materials of belt  Mass density (kg/m3) 

Leather  1,000 

Rubber 1,140 

Cotton or fabric belt  1,220 

Source: Khurmi and Gupta [9] 

 

Length of belt is determined by the formula 

𝐿𝑏

= 𝜋 𝑅1 + 𝑅2 + 2𝑥

+
 𝑅1 − 𝑅2 

2

𝑥
  ………………… .3.20 

Where  

 R1 = radius of motor pulley  

 R2 = Radius of shaft pulley  

 X = centre distance between the two pulleys  

Centre distance, 

𝑥 = 2𝜋 (𝐷1 + 𝐷2) × 𝐷1   …………… .3.21 

 

Analysis for Angle of Wrap 

 

β 

 

 

 

  

 

Fig 3.1 Angle of Wrap   

                                               

 

 

 

 

 

 

 

 

Fig 1 Belt drive 
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The angle of wrap for an open belt maybe determined 

by the relation below: 

sin 𝛽 =
𝑅2 − 𝑅1

𝑥
 

𝛼 = 180° ± 2𝛽 

∴ 𝛼1 = 180° − 2𝛽
= 180°

− 2 sin−1  
𝑅2 − 𝑅1

𝑥
 ……………… 3.22 

∴ 𝛼2 = 180° + 2𝛽
= 180°

+ 2 sin−1  
𝑅2 − 𝑅1

𝑥
 ……………… 3.23 

Where R2 = Radius of larger pulley  

     R1 = Radius of smaller pulley  

     X =  Centre distance between pulleys  

      β= semi –groove angle  

   α = Angle of wrap for smaller and larger 

speed  

 

Belt Speed 

The belt speed (vb), which is also the peripheral 

speed of the pulley is given by the equation. 

 Vb = ωR -------- (3.24) 

Where ω = Angular speed of pulley  

 R = Radius of pulley  

The equation (3.24) is used to compute the peripheral 

speed of both pulleys. 

A v-belt (rubberized fabric) was chosen for the 

design, considering its advantage over the other types 

of belts such as: 

1) The operation of the belt and pulley is smooth. 

2) The v-belt drive gives compactness due to the 

small distance between centre of pulleys. 

3) The drive is positive, because slip between the 

belt and the pulley groove is negligible. 

4) It can be easily installed and removed. 

5) The belts have the ability to cushion the shock 

when machines are started. 

6) High velocity ratios are obtained from V-belt. 

 

VIII. DESIGN CALCULATIONS 

The detail calculations of the design as well as the 

application of the derived formula is as shown below 

 

Selection of Engine Pulley  

As earlier stated, a 4100W (5.5HP) engine 

of 2000rpm was selected. The choice for the diameter 

of engine pulley is determined as follows. 

Torque at the driving shaft (motor shaft) is 

obtained thus: 

Efficiency of engine selected is 96% 

 i.e. ηE= 0.96 (see table below) 

Actual power due to efficiency of 96% is  

Motor power, PE = 4100 X 0.96 

       = 3936W  

Angular velocity, ωE can be calculated from rating of 

the engine. 

 Engine rating N = 2000rpm 

𝑏𝑢𝑡 𝜔𝐸 =
2𝜋𝑁

60
=

2𝜋 × 2000

60
= 209.47 𝑟𝑎𝑑/𝑠𝑒𝑐 

Hence  

𝑇 =
𝑃𝐸

𝜔𝐸
=

3936

209.47
 

𝑇 = 18.8𝑁𝑚 

 

The kinematic relations in power transmission is 

shown in Table 3.6 

 

Table 4.  Kinematic Relations In Power Transmission  
Types of 

transmission  

Speed 

ratio 

Transmitted 

power (Kw) 

Efficiency ηm   

Worm gear drive  

Chain drive  
Belt drive 

Friction drive  

8.1-80.1 

up to 8.1 
up to 6.1 

up to 7.1 

Up to 60 

Up to 120 
Up to 50 

Up to 20 

0.50-0.80 

0.92-0.96 
0.94-0.96 

0.55-0.96 

 

The diameter of motor pulley used for this project is 

assumed to be 150mm. 

 

IX. Selection of Shaft Pulley 

A velocity ratio of 3:5 (1:0.6) is required to be 

maintain  

𝑁2

𝑁1
=

𝐷1

𝐷2
 

Where N1 – is the speed of the driver (electric motor) 

in r.p.m  

 N2 – is the speed of follower (shaft) 

𝑁2

𝑁1
= 𝑉. 𝑅 = 0.6 

𝑁2

2000
= 0.6 

 

𝑁2 = 0.6 × 2000 

 

= 1200𝑟𝑝𝑚 

 

The angular velocity of the shaft pulley Ws, is  
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𝜔𝑠 =
2𝜋𝑁

60
=

2𝜋 × 1200

60
 

 

𝜔𝑠 = 125.68𝑟𝑎𝑑/𝑠𝑒𝑐. 
 

The diameter of shaft pulley can be obtained from 

𝑁2

𝑁1
=

𝐷1

𝐷2
=

1200

2000
=

150

𝐷2
 

𝐷2 =
150 × 2000

1200
= 250𝑚𝑚 

 

Selection of Belt And Belt Design  

a) Belt speed Design  

The peripheral speed of the belt (vb) from equation 

(3.24) 

𝑉𝑏 =
𝜔𝐷

2
 

For the engine pulley 

𝑉1 =
𝜔𝑒𝐷1

2
=

209.47 × 0.15

2
= 15.71𝑚/𝑠 

For the cutting shaft pulley  

𝑉2 =
𝜔𝑠𝐷2

2
=

125.68 × 0.25

2
= 15.71𝑚/𝑠 

Hence at minimum slip or with no slip  

𝑉1 = 15.71𝑚/𝑠 

 

b) Angle of wrap for both shaft and motor pulley   

 D1 = 150mm = 0.15m 

 D2 = 250mm = 0.25m 

 R = D2/2 = 0.25/2 = 0.125m 

 r = D1/2 = 0.15/2 = 0.075m 

 

The angle of wrap for the engine pulley α 1 from 

equation         (3.22) 

𝛼1 = 180° − 2𝛽

= 180° − 2 sin−1  
𝑅2 − 𝑅1

𝑥
  

 The angle of wrap for the shaft pulley 𝛼2 

from equation (3.23) 

𝛼2 = 180° + 2𝛽

= 180° + 2 sin−1  
𝑅2 − 𝑅1

𝑥
  

 

From centre distance between pulleys Cs in equation 

(3.21) 

𝑥 = 2  𝐷1 + 𝐷2 × 𝐷1 

𝑥 = 2 (150 + 250) × 150 

𝑥 = 2 6000 

𝑥 = 2 × 244.94 

𝑥 = 489.88𝑚𝑚 = 0.48988𝑚 

 

Hence, the angle of wrap for the engine pulley α 1   

𝛼1 = 180° − 2 sin−1  
0.125 − 0.075

0.48988
  

𝛼1 = 180° − 2 5.86  

𝛼1 = 168.28° 

 

Hence, the angle of wrap for the shaft pulley α 2 

𝛼2 = 180° + 2 sin−1  
0.125 − 0.075

0.48988
  

𝛼2 = 180° + 2 5.86  

𝛼2 = 191.72° 

 

 

c) Belt length  

The length of belt between motor and shaft pulleys 

can be obtained from equation (3.20) 

𝐿𝑏 =
𝜋 𝐷1 + 𝐷2 

2
+ 2𝑥 +

 𝐷1 − 𝐷2 
2

4𝑥
 

𝐿 =
𝜋 250 + 150 

2
+ 2 × 489.88

+
 250 − 150 2

4 × 489.88
 

𝐿𝑏 = 1613.18𝑚𝑚 = 1.61318𝑚 

d) Belt Tension  

 The belt tension between the motor pulley 

and the shaft pulley is obtained by using equation 

(3.19) 

𝜏1 − 𝑀1𝑉𝑏
2

𝜏2 − 𝑀2𝑉𝑏
2 = 𝑒𝜇𝛼 /𝑠𝑖𝑛0.5𝜃   

 

θ = Groove angle = 40
0
 for v-belt 

From Table 2, coefficient of friction between belt and 

pulley, μ = 0.25 

From table 3, Density of belt material is 1,140kg/m
3
  

From table 4; 

Width of belt (b) = 13mm 

Thickness of belt selected Tb=8mm 

 

Determination of the pulley that governs the design 

for the motor pulley, 

𝑒𝜇𝛼 /𝑠𝑖𝑛0.5𝜃  
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𝛼1 =
168.28 × 𝜋

180
= 2.937 

∴  𝑒0.25×2.937/𝑠𝑖𝑛0.5(40) 

= 𝑒0.73425 /0.3420  = 𝑒2.146  = 8.55. 
 

For the shaft pulley  

= 𝑒𝜇𝛼 /𝑠𝑖𝑛0.5𝜃  

𝛼1 =
191.72 × 𝜋

180
= 3.346 

∴  𝑒0.25×3.345/𝑠𝑖𝑛0.5(40) 

= 𝑒0.8365/0.3420  = 𝑒2.446 = 11.54 

Therefore, the motor pulley governs the design  

𝜏1 − 𝑀1𝑉𝑏
2

𝜏2 − 𝑀2𝑉𝑏
2 = 8.55 …………… 3.36 

Where M= Mass of belt per unit length  

𝑀 = 𝐵 × 𝑇𝑏 × 𝜌𝑏  

'𝑀 = 0.013 × 8 × 10−3 × 1140;  𝑀 =
0.11858𝑘𝑔/𝑚 

𝑉𝑏 = 15.71𝑚/𝑠 

𝑀𝑉𝑏
2 = 0.11858 × 15.712 = 29.27𝑁 

From equation (3.15), P= (T1-T2) Vb 

p= 4100W, Vb = 15.71m/s 

𝑇1 − 𝑇2 =
𝑃

𝑉𝑏
 

𝑇1 − 𝑇2 =
4100

15.71
 

𝑇1 − 𝑇2 = 260.98;       𝑇1 = 260.98 + 𝑇2 

Substituting into equation (3.36) 

126.66 + 𝑇2 − 29.27

𝑇2 − 29.27
= 8.55 

126.66 + 𝑇2 − 29.27 = 8.55 𝑇2 − 29.27  

126.66 − 29.27 + 250.26 = 8.55𝑇2 − 𝑇2 

347.87 = 7.55𝑇2 

𝑇2 = 46.05𝑁 

𝑇1 = 260.98 + 𝑇2 

𝑇1 = 260.98 + 46.05 

𝑇1 = 307.03𝑁 

Hence, maximum torque from motor to 

cutting unit is obtained from equation (3.11) 

𝑇𝑡 =  𝑇1 − 𝑇2 𝑟 =  𝑇1 − 𝑇2 
150

2
 

 307.03 − 46.05 
150 × 10−3

2
 

𝑇𝑡 = 19.57𝑁𝑚 

Cutting force: 

Torque = FR 

Force (cutting) = Torque  

                      R 

But,  

R = D2 = 0.25 = 0.125m 

        2    2 

F = 19.50 

       0.125        =156.56N 

 

Design Calculation for Shaft  

In designing the shaft the following assumptions 

were made: 

i) The weight of the shaft is negligible  

ii) The length of the shaft is 500mm 

 

The schematic diagram of the shaft, support and 

pulley are is shown in Fig 2. 

 
 

Fig 2 schematic diagram of the shaft, support and 

pulley

 

 

 

 

 

 

 

 

 

a) Determination of shaft Diameter  

𝑊 = 𝑇1 + 𝑇2 = 307.03 + 46.05 

𝑊 = 353.08𝑁 

∴ 𝑀𝑏 = 𝑊 × 𝐿 

𝑀𝑏 = 353.08 × 0.5 

𝑀𝑏 = 176.54𝑁𝑚 

𝑎𝑙𝑠𝑜 𝑤𝑒 𝑘𝑛𝑜𝑤 𝑡ℎ𝑎𝑡 𝑇𝑡 = 19.57𝑁𝑚 

Therefore the diameter of the shaft can be 

determined from the equation (3.8)  
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𝑑3 =
16

𝜋𝜏𝑚𝑎𝑥

 (𝐾𝑏𝑀𝑏)2 + (𝐾𝑡𝑇𝑡)2 

𝜏𝑚𝑎𝑥 = 40𝑀𝑁/𝑚2 

𝑑3

=
16

𝜋 × 40 × 106
 (1.5 × 176.54)2 + (1 × 19.57)2 

𝑑 = 0.099𝑚 

𝑑 = 9.9𝑚𝑚 𝑠𝑎𝑦 10𝑚𝑚 

Hence, the closest to 9.9mm is 10mm which 

is the diameter of the shaft to be used for this project 

so that the machine can be rigid. 

 

C) Determination of angle of Twist of the shaft from 

equation (3.9) the angle of twist is given as  

𝜃 =
584𝑇𝐿2

𝐺𝑑4
 

Where  L = 0.5m 

  d = 10mm = 0.01m 

  G = 80MN/m 

 

Therefore, the angle of twist 

𝜃 =
584 × 19.57 × 0.52

80 × 106 × 0.024
=

2858.15

12.8
 

𝜃 = 223.3° 

 

Design for Key and Keyway 

At the point of attachment of the pulley to 

the shaft, the pulley must be keyed to the shaft. A 

square key is chosen for the design. 

Width of a square, key bk = 1/4d (from equation 3.25) 

     

 = ¼ x 20 = 5mm 

For a square key, width of key is equal to the 

thickness. 

 Length of key, LK = 1.571.d (from equation 

3.34) 

Lk = 1.571x20 = 31.42mm 

 

X. DESIGN OF THE HOPPER 

The hopper can be divided to form two 

plane figures; A trapezium and a rectangle, so the 

volume of the hopper can be calculated from. 

V = (A1+A2)h 

Where v = volume of the hopper, m
3
 

 A1 = Area of trapezium section, m
2
 

 A2 = Area of the rectangular shape, m
2 

 h = height of the hopper = 0.114m 

but A1 = ½ (a+b)h = 

= ½ (0.312+0.514) 0.148 = 0.061m
2
 

A2 = lxb = 0.475x0.514 

= 0.244m
2
 

Therefore v = (0.061+0.244) 0.114 

= 0.0348m
3
 

V = 34.8 mm
3
 

 

Design of Housing  

The housing covering the cutting chamber is 

cylindrical  

Volume of the housing, v = Πr
2
h 

Where r = radius of housing = 0.145m 

 h = height of the housing = 0.33m 

Therefore, 

v = Πx0.145
2
x0.33 

= 0.0218m
3
 

Weight of the housing Wh = ρvg 

Where ρ = density of material (for mild steel = 

7850kg/m3) 

V = volume of housing = 0.0218m
3
 

g = acceleration due to gravity  

Therefore,  

Wh= 7850 x 0.0218 x 9.81 

= 1678.8N 

 

Design of the Hammers 
The hammers are rectangular in shape, fifty-

two (52) in number and are firmly attached to the 

shaft with bolts and nuts. 

 

The dimensions for each hammer are; length 0.085m, 

breadth 0.035m and thickness = 0.004m 

 

Therefore the volume v = L x B x t 

=0.085x0.035x0.004 

= 11.9x10
-6

m
3
 

The total weight of hammers = ρ v g n  

ρ = 7850kg/m
3
 (for mild steel) 

= 7850 x 11.9x10
-6 

x 9.8 x 52 

= 47.60N 

 

XI. DESIGN OF THE CUTTING BLADES 

The cutting blades are two (2) in number, 

each is divided into 8 pairs to allow for proper cutting 

and they are attached to the rotary drum (which is 

also attached to the shaft) by welding. 

The dimensions for each knife are: length = 

0.16m, breadth = 0.015m and thickness = 0.004m. 

 Therefore the volume v= L x B x t 

=0.16 x 0.015 x 0.004 

=9.6x10
-6

m
3
 

The total weight of knives = ρ (vgn) 

=7850 x (9.6x10
-6

) x 9.81 x 2 



ISSN 2456-8066 
International Journal of Advanced Engineering and Management 

                  Vol.  4, No. 4, pp. 28-39, 2019 

 

 

 

Ogbeide S. O, “Development Of A Forage Shredding Machine” International Journal of Advanced 

Engineering and Management, Vol.  4, No. 4, pp. 28-39, 2019 

 
 

=1.48N 

 

Design of the Rotary Drum 

The rotary drum is attached to the shaft by 

welding and it carries the cutting blades. 

Volume of Rotary drum = Πr
2
h 

Where radius, r =0.1m 

Height, h =0.16m 

V = Π x 0.1
2 
x 0.16 

=0.00503m
3
 

The total weight of Rotary drum = ρvg 

= 7850 x 0.00503 x 9.81 = 387.08N 

 

Principle of Operation of a Forage Shredding 

Machine  

The materials to be processed are separated 

at the partition table – hopper, while the forage 

material is fed into the shredding chamber where the 

shredding blades work, the corn cob enter the swing 

hammer chamber where the milling takes place. 

While the forage is inside the chamber, the 

drum carrying the moving blade is set into rotary 

motion by the electric motor provided via the belt 

drive. The scissors-like action of the blades causes 

the materials (forage) to be shredded and forced out 

below the slotted holes created on the lower hosing 

and out through the discharge channel. 

Also the corn cob fed into the chamber 

section (partitioned form the rotary knife section) is 

continuously beaten by the set of swing hammer 

undergoing rotary motion, the hammers, continuously 

beat and disintegrate the corn cob fed into the 

hammer section until the particles are small enough 

to pass through the 4mm perforations on the lower 

housing [14]. The disintegrated corn cob can then 

mix with the shredded forage inside the discharge 

Porte and come out as homogenous mixture.  

 

XII. RESULTS AND DISCUSSION 

The machine was switch on and allowed to 

run for one minute. Then 0.2kg of dry grasses were 

weighed and then fed into the rotary blade 

compartment of the shredding machine through the 

hopper. The time for shredding and the mass of 

shredded grasses were noted. The experiment was 

repeated for 0.4kg, 0.6kg, 0.8kg and 1kg respectively. 

The results obtained are presented in Table 5.   

  

Table 5. Test Result For Dry Grasses  
S/N Mass of dry 

grass (kg) 
Mass of 
shredded dry 

grass (kg) 

Time taken for 
shredding mins 

(sec) 

1 0.2 0.175 2:03 (123) 

2 

3 

4 
5 

0.4 

0.6 

0.8 
1 

0.375 

0.475 

0.675 
0.850 

4:53 (293) 

6:26 (386) 

8:00 (480) 
10:00 (600) 

 

The plot of mass of dry grasses against time 

take is shown in fig 4.3. The capacity of the machine 

can be determined using fig 4.3. 

 Slope = dy 

  dx 

s = 1.0-0.4 = 0.6 – 0.00617kg/s  

      600-240   360 

The capacity of the machine (Q) is  

Q = s x 3600 

= 0.00167x3600 = 6.012 kg/hr  

The capacity of the machine = 6 kg/hr  

The efficiency of the forage shredding machine can 

be determined using fig 4.4 

Slope = s =      dy 

            dx  

   s = 0.85-0.2 = 0.65 = 0.8552kg/s 

1- 0.24        0.76  

 

The efficiency of the forage shedding machine  

ηs = 0.8552x100 = 85.5%. 

 

XIII. CONCLUSION 
A forage shredding machine has been 

developed using dry grasses commonly fed to small 

and large ruminants. From the test results obtained 

the machine has very high cutting performance 

efficiency for dry grass as 85.5%. This developed 

model is simple, efficient and requires less time and 

cost effective when compared to the existing 

available model. Importance is given also towards 

user friendly in operation and mainly towards safety. 

The rotating elements such like the belt, bearings and 

pulleys are covered hence it is safety to operator. The 

assembly was checked for sturdiness and was found 

to be reliable. The machine is very easy to operate 

and maintain. It will drastically reduce environmental 

degradation, bush burning and routine clashes caused 

by the migratory practices of the pastoral nomad. It 

will also serve as a source of feedstuff supplies for 

both pastoral nomad and livestock farmers, thus 

improving the country’s livestock feeding 

management and leading in increased meat and dairy 

production. 
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