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ABSTRACT 
This investigation was mainly carried out to develop an efficient power unit for fodder cutting using human power as a source of 

energy. In dairy the major problem is the fodder scarcity in dry season. The cost of fodder decides the economics of dairy business. It 
means that available fodder should be used without any wastage.  Fodder cutting machines available are electric motor driven and 
hand driven. But today there is a huge scarcity of electricity almost everywhere in India. To overcome this, the proposed fodder 
cutter driven by human powered flywheel motor unit can replace the electric power driven cutting units.  This fodder cutter can be 
operated without fatigue and smoothly for a longer period if hand operated fodder cutter replaced by pedal operated. Also it is true 
that hand muscles are weaker than the leg muscle. This human powered flywheel motor unit was tested under three studied variables 
namely gear ratio (1:2, 1:3 and 1:4), flywheel speed (300,400, 500 and 600 RPM) and number of blades (2 and 3). 
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REZIME 
Ova studija se bavi razvojem efikasnosti pogonske jedinice sitnilice za hranu koja koristi ljudsku snagu kao pogonsu snagu. 

om sušne sezone. Troškovi hrane odlučuju ekonomiju mlečnih poslovanja. To 
znači da se stočna hrana koja je na raspolaganju treba koristi bez gubitka.  Dostupni uređaji za sitnjenje stočne hrane su pogonjeni 
električnim motorima i ljudskom snagom. Ali danas postoji velika oskudica električne energije, skoro u celoj Indiji. Da bi se 
prevazišao ovaj problem, predložen je uređaj za sitnjenje stočne hrane vođen ljudski pogonjenim zamajcem motorne jedinice, koji 
može da zameni pogonske jedinice vođene električnom energijom. Ovom sitnilicom stočne hrane može da se upravlja bez umora i 
glatko na duži period, ako se ručni pogon zameni pedalom. Isto tako poznato je da su mišići ruku slabiji od nožnih mišića. Ovaj 
ljudski pogonjen motorni zamajac je testiran sa tri  promenljive varijable, odnosno prenosnim odnosom (1:2, 1:3 i 1:4), brzinom 
zamajca (300,400, 500 i 600 o/min) i  brojem sečiva (2 i 3). 

Ključne reči: Sitnilica stočne hrane, ljudski pogonjen zamajac motorne jedinice (HPFM), prerađivačka jedinica.

INTRODUCTION 
In livestock production, proper feedstuff is a very important 

aspect as it is a limiting factor in rearing of animals to meet the 
increasing demand for milk and other dairy products. It is a 
common practice, in India and other countries to allow the cattle 
to graze freely in the pasture or fields, in most of the cases after 
harvest. In some cases farmers collect the crop residues to home 
and feed the cattle directly or after chopping it into 2-3 pieces 
using axes or sharp knives. But this traditional method of 
chopping is tedious, time consuming and quite dangerous to the 
operator. In addition it has low output and lack of uniformity.  If 
the fodder and other grasses are properly collected and chopped 
into fine and uniform pieces of 25- 35 mm long, it is easy for 
consumption by the animals and will ensure optimum utilization. 
Thus there will no wastage of fodder. 

The fodder choppers available are electric powered and hand 
operated. But due to scarcity of availability of electricity 
particularly in rural and tribal area, it is necessary to adopt 
sustainable alternative energy source for low cost mechanization 
of chopper. It is well known that hand muscles are weaker than 
leg muscles. The person may generate four times more power as 
compared to hand cranking. Since the thigh or quadriceps is the 
largest and powerful muscles of the human body. It makes sense 
to make use of thigh or leg muscles for generating as much as 
energy from human body. 

MATERIAL AND METHOD 
A person can generate four times more power (0,184 kW) by 

pedaling than by hand-cranking. At the rate of 0,184 kW, 
continuous pedaling can be done for only short periods, about 10 

minutes.  However, pedaling at half this power (0,092 kW) can 
be sustained for around 60 minutes (Willson, 1986).   Pedal 
power enables a person to drive devices at the same rate as that 
achieved by hand-cranking, but with far less effort and fatigue. 
Over the centuries, the treadle has been the most common 
method of using the legs to produce power.   Treadles are still 
common in the low-power range, especially for sewing 
machines. Ordinarily, pedaling a stationary bicycle is a form of 
exercise performed for pleasure or to keep fit. It is gratifying if 
during such exercise the much needed power is also being 
supplied for cutting. 

 Human Powered Flywheel Motor  
The concept is whenever the horse power requirement of 

processing is far in excess of the continuous capacity of a human 
being; a flywheel can be used to store human energy (analogous 
to a capacitor in an electric circuit). After enough energy is 
stored in the flywheel, then it can be made available to the 
process unit through an appropriate clutch and torque 
amplification gears. Through this concept higher demand of 
power for some processes can meet. It has one drawback; the 
process unit shaft is always in transient state of operation (initial 
sudden speed increase followed by a continuous decline in speed 
until it becomes zero). It is obvious that the processes which are 
intensive to machine speed variation as far as product quality is 
concerned can adopt this concept e.g. fodder cutting, oil 
expelling etc. The Human powered Flywheel motor comprises of 
three sub systems namely (i) Energy supply unit (peddling 
mechanism to supply power or to store energy in flywheel) (ii) 
Appropriate clutch and transmission and (iii) a process unit. 
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The complete unit consists of a bicycle mechanism, 
appropriate clutch and transmission system and a process unit 
which could be any process device needing power up to 0,736-
3,68 kW. Referring Figure 1, the rider sits on the seat and 
paddles the bicycle mechanism when the clutch is in disengaged 
position. Thus the load on the legs of the rider is only the inertia 
load of the flywheel. The Flywheel is accelerated to the speed of 
800 rpm in minutes time by a young rider of the age group of 20 
to 25 physically fit of height about 165 cm. The Flywheel size is 
95 cm rim diameter, 10 cm rim width and 2 cm rim thickness. 
Such a Flywheel when energized to the speed of 600 rpm, it 
stores energy to the extent of 3200 kgf-m. After attaining desired 
speed by flywheel, the peddling is stopped and clutch is 
engaged. The stored energy in the flywheel is communicated to 
the process unit through the clutch. Obviously the clutch is 
subjected to sever shock on account of instantaneous momentum 
transfer. This is so because as the clutches engaged, the 
Flywheel is subjected to the process load and the process unit 
consumes energy of the Flywheel. After the clutch engagement, 
the energy stored in a Flywheel gets exhausted in 15 to 20 
seconds for application tried so far (Khope and Modak, 2003). 
The capacity of such a system is in the range of 0,736-3,68 kW. 
The functional feasibility and economic viability of this system 
has also been confirmed (Deshpande et al., 2009). Schematic 
arrangement of the complete unit: 

 
 

Fig. 1. Schematic of Human Powered Flywheel Motor 
 

1-Chain Sprocket; 2-Pedal; 3-Chain; 4-Freewheel; 5, 6-
Bearings for bicycle side; 7-Gear-I; 8-Bearing; 9- Speed sensor 
for flywheel shaft; 10-Pinion-I; 11-Bearing for flywheel shaft, 
12-Flywheel; 13-Bearing for flywheel; 14-Double jaw spiral 
clutch; 15 and 16-Bearing of intermediate shaft; 17-Pinion II; 
18-Gear II; 19 and 20-Bearing for process unit shaft; 21-
Coupling; 22-Chaff Cutter blade;  23-Speed sensor for chaff 
Cutter shaft  

Experimental Design 
The aim of this investigation is to design safe and easy to 

operate human powered energy unit for fodder cutting. The 
power unit and its operating parts, chopping unit and its parts 
were fabricated and constructed at Priyadarshini College of 
Engineering, Nagpur. The photograph is shown in figure 2. 
 

 
Fig. 2. The photograph human powered fodder cutter 

The fodder cutting operation energized by human powered 
flywheel motor is complex phenomena. In this system, after the 
clutch engagement there is an instantaneous momentum transfer 
through clutch to the process unit, thereby suddenly imparting 
severe acceleration to the process unit. Input shaft and process 
unit is subjected to deceleration depending on process resistance. 
A process resistance as regards the application type is some 
exponential function of speed thereby subjecting flywheel, 
clutch and process unit to severe condition of transient phases of 
dynamics of the operation of this novel machine system. 

Hence, it is highly improbable to formulate logic based 
models simulating various phases of energy transfer such as: (i) 
energy transfer phenomenon i.e. energy release from human 
body to flywheel (needs 60 seconds) however energy releases 
phenomena from the human body being highly nonlinear 
(Willson, 1986). (ii) Upon clutch engagement instantaneous (0-
10 ms) heavy momentum exchange through double jaw spiral 
clutch to process unit operating on load, inducing severe random 
vibrations in the clutch and (iii) energy transfer from flywheel 
through clutch, torque amplification gear pair and process unit. 
The gear ratio is maintained between flywheel shaft and process 
unit shaft.  The gear ratio tried in this experimentation was 1:2, 
1:3 and 1:4.  Each gear ratio would be considered as test point.  
The number of blades varied was 2 and 3, the terminal speed of 
flywheel is also varied from 300 rpm to 600 rpm with the step of 
100 rpm.  At gear ratio 1:2 the speed of the process unit is higher 
as compared to 1:4 but the torque increases as the gear ratio 
increases.  It means that at 1:2 gear ratio torque is minimum 
whereas at 1:4 gear ratio torque is maximum but the speed is 
comparatively lower. The cutting blades are mounted cutter head 
wheel and it is mounted on process unit shaft.  Cutter head is 
used for mounting two and three cutting blades respectively, for 
each gear ratio two and three blades tried with varying the speed 
of flywheel. 

The flywheel is speeded by the bicycle mechanism.  Then 
the energy stored in the flywheel is used for fodder cutting.  The 
flywheel speed increases, there is increase in the energy store in 
the flywheel.  It is decided to vary the flywheel speed from 300 
to 600 rpm.  

The speed may be increased up to 700-800 rpm but there 
would be excessive vibrations that may affect the sensors used 
for measuring various parameters.  The test sequence is from 
minimum to maximum speed i.e. 300 to 600 rpm and gear ratio 
2:1 to 4:1 whereas the number of blades 2 and 3.   

RESULTS AND DISCUSSION 
The results of human powered cutter shows that dry sorghum 

is chopped at the rate of 0.017 kg/s at 300 rpm of flywheel when 
gear ratio is 1:2. The average length of chopped material was 
found to be 20-25 mm. The cutting efficiency was worked out to 
be 81%.The chopping rate is gradually increased with the 
increase in flywheel speed. At 600 rpm of flywheel and gear 
ratio of 1:2, the chopping rate was 0.032 kg/s. 

The chopping rate at gear ratio 1:4 and flywheel speed 300 
rpm was found to be 0.25 kg/s. At 600 rpm with the same gear 
ratio the chopping rate was 0.045 kg/s. The constructed cutter 
energized by human powered flywheel motor is found to be less 
tedious, faster and safer as compared to the hand operated cutter. 
The length of chops can be varied by varying the clearance 
between blade and shear plate and by number of blade or speed 
of flywheel. 

After a one minute paddling, flywheel shaft is connected to 
cutter shaft, the cutter speed drastically decline due to the 
resistance offered by the material to be chopped and finally 
cutter stops. For this reason it is necessary to develop 
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appropriate mechanical transmission system which can smooth 
out the continuously varying speed of flywheel and will maintain 
approximately constant cutter speed over an estimated range of 
variation in flywheel shaft speed. Also the cutting rate (Cr) of 
cutter can be increased if the constant speed of cutter shaft 
would be maintained. 

The three gear ratio i.e.1:2, 1:3 and 1:4 tried. The flywheel 
shaft Pinion has 20 teeth and cutter shaft gear is varied 40, 60 80 
teeth.  Figure 3 shows Effect of gear ratio on developed torque. 
i.e. at 400 rpm of flywheel when connected to cutter shaft 
through torque amplification gear pair 1:2 the torque developed 
is 13.44 Nm. As the gear ratio increased the torque increases, at 
1:4 gear ratio the torque developed is 24.29 Nm.  

 

 
Fig. 3. Effect of gear ratio on developed torque 

 
The flywheel is accelerated to 400 rpm then paddling is 

stopped and cutter shaft connected to flywheel shaft at a gear 
ratio 1:3 where as number of blades are two, the angular velocity 
of cutter is gradually decreases as energy stored in flywheel 
consumed for cutting fodder material thereby decreasing the 
number of cuts.  Figure 4 gives the effect of angular velocity on 
number of cuts.  

 
Fig. 4. Effect of angular velocity on number of cuts 

CONCLUSION 
The lack of available electrical power is a significant issue 

and it affects daily life of those people lives in remote parts of 
India. The human powered energy unit is a reliable source of 
energy could provide solutions to critical problems. The human 

powered energy unit for fodder cutter is the most suitable for 
marginal farmer. The performance is a remarkable improvement 
over hand operated chopping since chopped size was more 
uniform. Therefore human powered fodder cutter will find its 
place of importance for dairy farmers particularly in remote rural 
and tribal area where reliability of electric power is much low. 
The parameters studied are gear ratio, number of cuts and 
flywheel speed.  
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