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ABSTRACT

Livestock have been used in agriculture for thousands of years supplying energy for crop

Keywords production in terms of draught power and organic manure. But due to mechanization in

. agriculture, the role of animals in crop production became less relevant. But in a country
élr:g‘r?'ci‘:ower' like India where 78% of farmers have less than 2 ha of area for cultivation, the question
Rotary m)c/J’de whether th_e use _of tractors and t!llers are economical put forward the i_mportance of
operation, draught animals in agriculture. It is assumed that one pair of draught animals develop
Dynamo. approximately 750 watts of power. If the million animals can be used, say, for about 250

- days of a year at the rate of 6 hrs per day, then the total energy available will be 45 million
Article Info mw hr. it has been estimated that average use of animal power in a year is only 100 year
Accepted: days. In this research a modified machine design and developed for the generation of the
14 June 2017 electricity with the help of draught animal in rotary mode operation and The average
Available Online: speed, draft force and power requirement of a pair of bullocks were 2.5 km/h, 730 N and
10 July 2017 0.18 kW to operate the animal driven electricity generator for electricity generation and

battery charging.

Introduction

Energy crisis in the world will be one of the
factors to impede the economic growth of
both developing and developed countries.
Agriculture sector plays a key role in the
overall economic development and social well
being of the country. It is observed that in the
last few decades, the underground water
levels have been falling down drastically and
the cultivated land area has been on the
increase due to destroying of the forests.
Hence, there is growing demand for electrical
energy for irrigation. The generation is not
growing proportionately to the growing
demand. On the other side, the available
energy is also not properly utilized for
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agricultural purposes. The farmers have to be
educated in the area of energy conservation
and proper utilization of available resources
in the country. The Electric Power Survey of
India that is done regularly helps forecast
demand of electricity and serves as an
important input for power sector planning so
as to utilize the scared resources optimally.

According to International Energy Agency
(IEA) data from 1990 to 2008, the average
energy use per person increased 10% while
world population increased 27%. And as of
2010, about 16% of global final energy
consumption comes from renewable but at the
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same time the fossil fuels (liquid, coal and
natural gas) have been the primary energy
source for the present day world which is of
non-renewable energy system. So the
renewable as well as non-renewable energy
system both is important for human
development

Electrical energy in India currently has peak
demand storage of around 14% and an energy
deficit of 8.44%. keeping this in view and to
maintain a GDP(Gross Domestic Products)
growth of 5% to 10% the government of India
has very prudently set a target of 215,804 mw
power generation capacity by march 2001
from the level of 100,010 mw as on march
2001 that us O capacity addition of 115,794
mw in the next 11 years. The average rate of
increase of energy consumption in India is 6%
per year. The power transmission network at
present covers about 45% of the villages with
about 67% of rural population. Centralized
energy sources thus have made very little
penetration in the rural areas, and even it is
penetrated, the supply position has been
highly unreliable, particularly during the
period of peak operations.

Draught animals power (DAP) play a
dominant role in our rural economy. Although
an increasing mechanization is replacing the
animal power in the villages, reducing the
total DAP, yet India has to depend on animal
energy for many years to come from
agricultural operations transport of farm
product. The draught animal power has not
been found adequate and, thus this is being
supplemented by  mechanical  power,
especially for tillage, irrigation and threshing.
It is assumed that one pair of draught animals
develop approximately 750 watts/hour of
power. If the million animals can be used,
say, for about 250 days of a year at the rate of
6 hrs per day, then the total energy available
will be 45 million mw hr. it has been
estimated that average use of animal power in
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a year is only 100 year days. Therefore it is
obvious that at present the draught animal
power is not being utilized to greater extent
there are still large number of villages in the
plain regions in general and hilly areas in
particular which have no electricity power
supply. So if we use these draught animals for
the generation of the electricity for whole year
then they provide electrical energy to the
farmers for their daily household use. Now
these draught animals will not be any burden
to the farmers due to the useful source of
electric energy. So farmers will be able to
utilize the draught animal for the generation
of electricity and store it in a battery as well
as for doing other works also such as
extraction of sugarcane juice or pulling the
bullock kart etc. By this utilization of the
animals, the problems of power would be
reduced.

The main objective of this paper is to generate
electricity with the help of animal power in
rotary mode and to store the generated
electricity in the batteries.

Materials and Methods

Draught animals

In India bullocks are main draught animals.
Bullocks have very good characteristics as
draught animals, yet they are far from being
employed to their full capacity. A pair of
bullock pulls the tongues in the machine in a
circular motion. Bullocks can walk for 4-5
hours continuously. These animal powers are
normally more available and affordable to
people in rural areas and fragile
environments.

Modified mechanical gear unit

While earlier studies based on animal power
made use of gear reduction units in which the
gear reduction obtained was considerably
less. It was felt that such a conventional gear



Int.J.Curr.Microbiol.App.Sci (2017) 6(7): 990-1001

reduction unit could not be used for the
generation of electricity by animal power as
electricity generated would not feasible
economically and performance wise. So, it
was desired to use a modified mechanical
gear unit, which would be more feasible
option for study. The details of this modified
mechanical gear unit are given. This unit gave
a speed ratio of 1:30.875 in second stages. In
third stages, finally gave the speed ratio of
1:617.5 at the input of the alternator due to
attach the belt and pulley arrangement.

Mechanical link

Mechanical link of mild steel material having
52 mm diameter and 230 mm length with
extended extra strong GI pipe of 3000 mm
length and 4.5 mm wall thickness.

Speed increaser

Speed increaser is a four set of spur gears
housed in a frame of mild steel angles having
690 mm x 690 mm at the top and 780 mm x
780 mm at bottom. It is having 4 numbers of
stages with gear ratio of 1:4.5. Input shaft of
the speed increaser having 50 mm diameter
and 600 mm length of mild steel material is in
vertical position whereas output shaft having
50 mm diameter and 450 mm length of mild
steel material of the same is also in vertical
position. The shafts are supported with taper
roller bearings at top and bottom. Bearings
are fastened on tie-bars which are welded on
frame. Speed increaser is specially used for
transmitting and converting low-speed high
torque to high-speed low-torque.

Gears

Four sets of spur gears transmit the power
among parallel shafts. The spur gears are
made of cast iron (Sut = 320 N/mm2) having
module 5 mm. the spur gears has 68 teeth
while the spur pinions has 15 teeth. The
pressure angle is 20 degree and outside
diameters are 350mm and 85mm respectively.
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The speed ratio of 1:4.5 is obtained in single
stage.

Belt and pulley system

The final speed increasing is done by using
belt and pulley system. One pulley of
228.6mm (9 inch) was mounted on the output
shaft of the speed riser and counter pulley was
mounted on car alternator having 76.2mm (3
inch) thereby stepping up the speed in the
ratio 1:3 when connected with belt. According
to Indian Standard Code (IS: 2494-1974), the
A type of belt is selected which has power
ranges 0.7 kW — 3.5 kW.

Magnetic alternator

The alternator is a device used to convert
mechanical energy into electrical energy. In
this experiment, the input pulley is powered
by the output shaft of the gear unit with the
help of belt and pulley arrangement. The
relative motion between magnetic field and
armature induces electromotive force which
further causes the establishment of electrical
potential, i.e. voltage. This alternative current
(A.C.) produced is conveyed to output wires
with the help of commutator of alternator.
The output capacity of the alternator is
1KVA. Single phase, 50 HZ AC alternator
was used for this system.

In this experimental study we select the car
alternator to generate electricity. Lucas-TVS
car alternator of 12V and 95 AH is used. Car
alternator needs high rpm to work efficiently.
It produces constant voltage but current
depends on rpm and produce high as rpm is
high.

Dynamo system

In 1866, Werner von Siemens discovered the
electro-dynamic principle, which today forms
the basis for our electricity generation. If you
move an electric conductor, such as a wire, in
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a magnetic field, this creates an electric
voltage in the wire. If you connect the ends,
current flows. This is the principle used to
create electricity in generators. In the example
above, the magnetic field (red) rotates and
thus creates alternating voltage in the yellow
conductors. Technicians call this a “dynamo”.
This principle is utilised in the same way by
both bicycles and the rotating axes of turbines
in power plants. A typical dynamo consists of
one or more permanent magnets with a coil
rotating inside their poles. The stationary part
of the device is called the stator, while the
rotating bit is known as the armature. When
the coil is spun in the magnetic field produced
by the permanent magnets, the magnetic flux
starts to vary through the coil, creating an
electric field which in turn drives the charge
carriers through the wire, generating an electric
current (Fig. 1.

Stabilizing unit

The produced current is stabilized and
supplied to the main circuit. Also the required
voltage is maintained through Automatic
stabilizer.

Battery

In this experiment a typical 12V and 40AH,
100AH, 150AH, 180AH, Lead-acid
automotive battery is used. An automotive
battery is a type of rechargeable battery that
supplies electric energy. It shows 12.6 volt at
full charge and at fully discharged: 11.8V.
Charging time depends on the capacity of that
battery and the resting voltage of that battery
when you begin to charge it. If battery is 50%
or more full, it takes less time to charge.

Fabrication and procedure

The fabrication of speed increaser was done
very carefully because there are five vertical
shafts which are supported by taper roller
bearing. The bearing covers were fitted with
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the help of nut and bolt on the mild steel ties,
which are welded on the frame at top and
bottom. Collars are provided at bottoms of
shaft to support the load on bearings.

Gears are fitted by means of nuts by drilling
two holes on the shafts and on gear houses.
There are four step gear transmission system.
The first gear of 68 teeth was mounted on first
shaft at 20 mm from the collar which meshes
with the second gear having 15 teeth mounted
on second shaft at 20 mm above from the
collar. The third gear having 68 teeth was
mounted on second shaft 50 mm above the
second gear and meshes with the fourth gear
having 15 teeth which was mounted on third
shaft at the same height. The fifth gear having
68 teeth was mounted on third shaft 50 mm
above the fourth gear and meshes with the
sixth gear having 15 teeth which was mounted
on the fourth shaft at the same height. The
seventh gear having 68 teeth was mounted on
fourth shaft 50 mm above the sixth gear and
meshes with the eighth gear having 15 teeth
which was mounted on fifth shaft at same
height. The pulley of 228.6 mm was mounted
on fifth shaft at 200 mm from the bottom
which drive the another pulley of 76.2 mm
mounted on alternator and alternator was
fabricated on the frame with the help of
mechanical linkage. Authors selected the car
alternator for generating electricity which has
the ideal speed of 2000 rpm — 6000 rpm.
Animal have very low speed (v = 1m/s) [1-5].
When animal rotates at radial distance (r) of
2.5 m from the main shaft (first gear) then the
distance at one revolution is 15.7 m (2% & X
2.5). And the distance cover in one minute by
animal is 1x60=60 m. Hence the initial rpm is
3.82 (60/15.7). Due to compatibility and
resources available author selected the gears
used in sugarcane juice machine of speed
ratio 4.5. Four stage gear system was used.
Output rpm is increased by using pulley and
belt which has speed ratio 3. So the rpm of
output gear according to S SRatan (2004).
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Before staring the experiment the alternator
was connected with battery and ampere meter
was jointed in series. The mechanical link Gl
pipe was fitted with the first shaft of speed
increaser by means of elbow and nut-bolt at
one end and another end was coupled on
belan with the help of GI wire such that the
centre of belan coincide at 2500mm of
mechanical link. The speed increaser was
fixed in the pit of 780mmx780mmx300mm.
When the man started moving into the
circular path and also the belan along with
mechanical link rotated the first shaft of the
speed increaser.

At the starting the rpm was very low hence
the alternator was not responding but as well
as speed was increasing the alternator started
to generating power. The rpm and generated
volt & current were taken after every four
minutes. In this experiment seven automotive
batteries of 12V 40AH, 100AH, 150AH,
180AH were charged with animal power
system. The batteries were charged from
different states of charge i.e. 25%, 50%, and
75%.

Rotary power transmission unit

The unit has bevel and spur gears to raise the
slow moving speed of animals (average 2
rpm) to 20 rpm. Output shaft of bevel and
spur gear transmitted power to the input shaft
of gearbox. The gear box unit consists of a
box of size 970 mm x 560 mm x 510 mm
made out of 10 mm thick M.S. Plate. In the
gear box one input shaft, two intermediate
and one output shaft with helical gears were
arranged in such a way that they raised
rotational speed of bull gear to 20 times
(speed ratio 20: 1). The gears were made of

994

EN 353 material. The pitch of gear was 6 mm.
At the end of output shaft of gearbox V-
groove pulley of 600 mm diameter was
provided and connected with the V-groove
pulley of 100 mm diameter mounted at the
alternator. This gave the speed ratio of 6:1
between pulley of alternator and outer shaft of
gearbox. System resulted about 2400 rpm of
alternator, when animals made one revolution
around the rotary track. A wooden beam of
length 4.2 m was used at the input shaft of the
power transmission system to give drive to
gearbox through animal power.

An alternator 24 Volt- 45 amperes was used
to generate electricity. The alternator was
driven by 100 mm diameter pulley fitted on
the output shaft by the driver pulley of 600
mm mounted at the output shaft of gearbox.
The relative motion between magnetic field
and armature induces electromotive force,
which further causes the establishment of
electric potential, i.e. voltage. This alternating
current (AC) produced was conveyed to
output wires with the help of commutator of
alternator. The electricity generated by
alternator was supplied to two batteries and
the same is stored in the battery in the form of
chemical energy. This stored chemical energy
gets converted into electrical energy to give
useful work when the electrical load is
applied between the two terminals of the
battery. Two batteries model AMCO, ABP
1600 P, 17 plates, 12 V, 150 Ah were used to
store the electric generated by the alternator.
The two batteries were charged to know the
specific gravity of batteries at full charge. At
full charge specific gravity of battery was
1250. The charged batteries were discharged
by lightening 4 nos 100 watts bulbs for 5
hours and specific gravity of batteries was
measured. The discharge batteries were used
to charge with animal driven electricity
generator. The specific gravity of battery was
measured at the start of experiment and after
each hours of operation.
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Installation
The gear reduction unit is installed
underground on a cement concrete

foundation. The main driving shaft of the gear
system was welded to a long iron beam. The
bullocks are hitched to this beam at the time
of operation. The alternator was place near
the output shaft of the gear reduction unit. It
is fixed on a solid foundation on the ground
by using nuts and bolts to screw it firmly on
two iron strips which acted as the foundation
for the alternator.

The power transmission unit was installed on
a flat surface with RCC. The alternator was
placed near the output shaft of the gearbox
unit. It was fixed on RCC foundation using
nuts and bolts to secure it firmly. The
bullocks were hitched to beam at the time of
operation. A pair of Malvi breed of bullocks
was used for this study.

The body weights of animals used to operate
the rotary power transmission system was
measured using an electronic weighing
machine (capacity 0-1000 kg). The average
heart girth, average body length, average
height and body weight of the experimental
bullocks No.1 was 1460 mm, 1480 mm, 1320
mm and 460 kg respectively and that of
bullock No. 2 was 1570 mm, 1660 mm, 1380
mm and 498 kg respectively. 21x micro
logger and load cell (0-1000N) was used to
measure the pull force of the bullocks
operating the rotary power transmission unit.
The load cell was mounted between the beam
and yoke through the rope. The values of pull
were recorded after every 5 min. The angle of
line of pull (50) and angle of inclination of
rope (200) with the line of travel were
determined by use of abeney level. The
speeds of operation, bull gear rev./min were
recorded at the start and after every hour of
work. The horizontal component of pull
resulted draught force value. Speed of
bullocks was determined by recording the
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time to travel one circle in rotary test track.
The power requirement was calculated by
using the equation,

Fx5

p=-=
3.6

@)

Where, P = power in KW; F = draught force,
kKN and S = Speed, km/h

For rotary power transmission drive it is
important to determine torque as well as the
number of revolutions (rpm). Accurate torque
measurement can provide data for optimizing
control and diagnosis of rotary drive systems.
For measurements of accurate torque, speed
and power output at the output shaft of gear
box a DATUM electronics torque transducer
(Model DAO3TSP-D), Range-0- 200 N-m
was used. The set up for measurement of
torque is shown in figure 2. During the test,
values of torque, speed and power output at
the output shaft of box, rpm of bull gear and
pulley mounted at armature shaft of alternator
were recorded. The physiological parameters
of working bullocks such as heart rate,
respiration rate, rectal temperature and fatigue
symptoms were recorded at the start of work
and after every hour of work. A work rest
cycleof2hW-—-1hRest—2h—1hrest—2h
work was followed to measure the
physiological ~ responses  of  bullocks.
Observations on physiological parameters
were taken by following standard methods i.e.
Heart rate (beats/min): By sensing
palpitation/min of the animal at coxyoal
artery at the rear of tail.

Breathing rate (breaths/min): By counting
nos. of air exhaled/min by the animal. Rectal
temperature (0C): By inserting a clinical
thermometer in the anus 50 mm inside. The
sequence of observations on visual fatigue
symptoms were recorded as per the fatigue
score card (Upadhyay, 1987).
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Variables under study

The different variables considered under
study were observed at using of A.C.
Alternator. The variables are listed below:

Independent variables

These variables consider under different
applied Output loads ie.
15,20,30,45,60,75,90,105,120 watt for A.C.
Alternator.

Dependent variables

> Input Power (P;)
» Output Power (Py)
> Current (1)

» Voltage (V)

» Speed (S)

» Efficiency (1)

The power and efficiency on different loads
are calculated by following equations-

rirrzfr(kg}xzpaad(km.-"hr}x

Input Power (P;) = R 246
(4)
Output Power (P,) =V I cos 6 (5)
Eiiency () <2222 5 x 200
(6)

Experimental method

This chapter deals with all the materials,
instruments and equipments used to conduct
the project. The basic component which has
been used for conversion of rotary mode of
animal power to electrical energy is the
mechanical gear unit. In this unit, a series of
spur gear and bevel pinion have been used to
achieve speed step-up of 1:30.875 at output
shaft. This output shaft was connected to the
alternator input through belt and pulley
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arrangement, which have been used to
achieve total speed of step-up of 1:617.5. We
have installed this set-up properly and animal
driver had been made to operate a pair of
bullocks with 2.4 kmph mean peripheral
speed in rotary path.

After this we obtained the value of average
draft, which was created by the draught
animal power by using dynamometer. The
output shaft speed was found in rpm by using
tachometer, also found voltage and current by
using digital multimeter at the output of the
alternator on both no load and different load
conditions.

It was stabilized and maintained the required
voltage by using automatic stabilizer, which
was directly connected to output of the
alternator through copper wire.

Results and Discussion
Electricity generation

It was feasible to generate the electricity by
using draught animal power in rotary mode of
operation. In this system, mechanical gear
unit and pulley arrangement were used to
obtain an overall speed ratio of 1:617.5. The
maximum power was found to be 135 watts at
59 kg. This was the maximum load the
animals could pull with increased symptoms
of physiological physical distress. The output
power to input power ratio i.e. efficiency of
the system was found to be 50%.

The initial torque and rotational speed of shaft
were 19 N-m and 54 rev/min details are
shown in table 1. However the torque reduced
as the rotational speed increased from 54 to
470 rev./min. Due to higher initial torque the
draft force produced by the animal was higher
and speed of operation was lower at the start
of work..The draft force of animals reduced as
the torque reduced. Power output was
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maximum 0.28 kW at 345 rev. /min of output
shaft of gearbox. Draft force and speed of
bullocks were 748 N and 2.6 km/h at 345 rev.
/min of output shaft of gearbox.

Due to the higher ratio of the teeth of the two
cranks the speed steps up in the rotary power
transmission system and so the speed of
armature pulley of alternator (Table 2). The
table revealed that the rotational speed of
alternator increased from 1680 rev./min to
2375 rev./min as the speed of bullocks
increased from 2.15 to 3.10 km/h. As speed of
bullocks reached at 2.55km/h the alternator
gave the 1970 rev./min. and produced 26 V,
which was sufficient for charging of two
battery of 12 V. but when the armature run at
below 1795 rpm the alternator produced about
24V and from this voltage batteries were not
charged properly due to drop of voltage in
electrical circuit. So, for proper charging of
battery, the animal speed must be above the
2.45 km/h.

Considering the limitation of speed, the
animals were operated in sustained working
following the work rest cycle of 2 h work -1 h
rest — 2 h work — 1 h rest — 2 h work in day.
During the operation of rotary power
transmission system to generate voltage for
charging of battery the bullocks gave average
speed of 2.50 km/h and power output of 0.20
kW under sustained working of 6 h in a day.
The animals were not fatigued as they scored
16 points, 4 points below the fatigue limit i.e.
is 20 points.

The average power output at the output shaft
of gearbox was 0.26 kW at 350 - 400
rev./min. The torque output at this speed
varied from 6-8 N-m. A pair of Malvi breed
of bullocks gave average power output of
0.48 kW at the 345-410 rev./min of shaft.
Substitution of input and output power in
equitation (3.3) resulted power transmission
efficiency of system as 50 % (Table 3).
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It was feasible to generate the electricity by
using draught animal power in rotary mode of
operation. In this system, mechanical gear
unit and pulley arrangement were used to
obtain an overall speed ratio of 1:617.5. The
maximum power was found to be 135 watts at
59 Kkg. This was the maximum load the
animals could pull with increased symptoms
of physiological physical distress. The output
power to input power ratio i.e. efficiency of
the system was found to be 50%.

The system was tested by means of human
power for three times and it was recognized
that the initial force (torque) to rotate
alternator at idle speed was very low, it can
easily operated by using single hand. Before
staring the experiment the alternator was
connected with battery and ampere meter was
jointed in series. The mechanical link GI pipe
was fitted with the first shaft of speed
increaser by means of elbo and nut bolt at one
end and another end was coupled on belan
with the help of GI wire such that the center
of belan coincide at 2500mm of mechanical
link. The speed increaser was fixed into the
pit of 780mmx780mmx=300mm. The bullock
pair was harnessed with traditional means.
When shephered applied force the bullocks
started moving into the circular path and also
the belan along with mechanical link rotate
the first shaft of the speed increaser. At the
starting the rpm was very low hence the
alternator was not responding but as well as
speed was increasing the alternator start to
generating power.

Bullocks were need to applied force time to
time to maintain average speed. The rpm and
generated volt and current were taken after
every four minutes. First time the battery was
50% discharge i.e. 12V 75AH (approx as
indicated by hydrometer) and it took
approximate 4 hours to charge fully
(hydrometer indicate 12.6V). Second time
battery was 45% discharge and it took four
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hour and some minutes. The experiment done
at 60%, 65%, 70%, 75%, and 80% and 85%
state of charge and time taken to charge fully
had taken. Parallelpy the time required to
discharge the battery at different percentage
when 150 watt AC load was subjected to
battery through inverter had taken. The
experiment had done 9 times using same
bullocks and animal had taken care regularly.
At single time 360Watt DC load was
subjected to fully charge battery and time
taken to discharge it 50% was two hours and

7 minutes. The animals’ effort and speed
depend on the load subjected and force
applied by shepherd. Animal speed is change
very quickly and abruptly. It is very difficult
to taking speed reading continuously because
animals got puzzled. The readings are taken
after every four minutes within one hour and
results are shown in graphs. Speed vs. Time
graph shows that average speed of alternator
is mostly changes, but it is within the ideal
working range of alternator.

Table.1 Variation in torque and rotational speed of output shaft of gearbox with the draft force
and speed of bullocks

Bullock Draf Powe Torqu Rotationa Power Efficienc
s speed t r e | speed of outpu y
(km/h) (N) (kW) (N-m) shaft t %
(rpm) (kW)
0.68 1165 0.22 19 54 0.10 45
1.40 926 0.36 15 145 0.18 50
2.60 748 0.54 11 345 0.28 51.8
2.80 630 0.52 9 385 0.27 51.9
3.00 558 0.51 8 410 0.25 49.2
3.15 470 0.45 6 425 0.22 48.9
3.32 340 0.37 4 445 0.18 48.64
3.40 325 0.27 2 470 0.14 51.85

Table.2 Speed steps up in rotary power transmission system and produced voltage operated with

a pair of bullocks

Speed of Rotational Rotational Speed of Voltage
bullocks speed speed at armature produced
(km/h) of bull gear O/P shaft of pulley of V)
(rpm) gearbox(rpm) alternator(rpm)

3.10 22 410 2375 30

2.75 19 370 2140 28

2.55 17 340 1970 26

2.45 16 330 1910 25

2.35 16 310 1795 25

2.25 15 300 1730 24

2.15 14 290 1680 23
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Table.3 Speed steps up in rotary power transmission system and produced current operated with
a pair of Malvi breed of bullocks

Speed of Rotational Rotational Speed of Current
bullocks sped speed at armature produced
(km/h) of bull gear output shaft pulley of (A)
(rpm) of gearbox alternator(rpm)
(rpm)
3.10 22 410 2375 0.90
2.75 19 370 2140 0.85
2.55 17 340 1970 0.72
2.45 16 330 1910 0.58
2.35 16 310 1795 0.44
2.25 15 300 1730 0.36
2.15 14 290 1680 0.30

Fig.1 Electric dynamo
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Fig.2 Pull and speed recording of bullock by using 21 X micrologger and load cell
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Fig.3 Block diagram of animal powered electricity generator
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Speed vs. Current shows that at low rpm at
starting of animal motion it is not generating
current, but as well as rpm is increasing and
reaches to ideal working rang alternator
producing high value of current.

Experimental result shows that animals take
very little time to get their average speed of 0.8
m/s to 1 m/s. But still alternator is not
generating current as expected and specified by
company due to very quick and abrupt changes
in animal speed (Fig. 1). Voltage vs. RPM
proves to be completely unchanging as expected
and alternator generates constant voltage of 12V
as specified after reaching ideal speed. State of
Charge vs. Charging Time shows that battery
takes more time to charge as less as state of
charging is low for charging same amount.
Fully charged battery shows 12.6V. Fully
charged battery takes the approximately 2 hours
and 7 minute to discharge 50% when 6 bulb of
60Watt DC is loaded. Since alternator takes
initial current to energize the battery must not
be discharge completely. Lighting Time of 6
CFL bulb of 25W AC for different state of
discharge is shown in graph. Results shown in
the experiments that battery and inverter have
more than 80% efficiency as expected. Finally
result was found that at least 4 hrs (6pm —
10pm) the home will be lighted using that
system. In conclusion, the average speed, draft
force and power requirement of a pair of
bullocks were 2.5 km/h, 730 N and 0.18 kW to
operate the animal driven electricity generator

for electricity generation and battery charging.
The batteries are fully charged after 8 hours of
operation of animal driven electricity generator.
It was also found that the mechanical efficiency
of animal driven electricity generator was 45%.
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