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Abstract

This research work is on development of dual puepfithess bike for electricity. It is aimed at iroping
electricity generated during cycling exercise arducing the dependence on fossil fuels and itshddiet
emissions of green house gases especially carlmxiddj this can eventually lead to reduction in tisk of
global warming. In recent times, attempts have heade to harvest energy generated from human pdwere
fitness bicycles and convert it to electricity. Tdwdsting fitness bicycle designs were unable toegate feasible
electricity that can compensate for the considdirgahcial investment. Therefore, the existing figaeicycle
designs were analyzed and improvements needeckiarda of energy conversion were noted and caotéed
With this improved dual-purpose fitness bike, thectical power output of an average adult at asrage speed
of 60 rpm of cycling is about 3, 500 watts in ormaih) as against 150W — 250W reported in the liteeatThis is
an equivalent of 1.3 MW of electricity in one yewehich equals about 307,442 litres of carbon dioxdession
cut back in one year. This is considered a suliatamprovement of electricity generation over #lectricity
generated by retrofitted fitness bicycles desigeaaly in existence.

Keywords: Electricity generation; Fitness bicycle; Fossillfj&lobal warming; Green house gases.

Nomenclature
a number of conductors parallel paths inghernator

a,,a,,a; acceleration of thigh, shank and foot segmersgaetively

F Force
[ stands for subscripts, andf, thigh, shank and foot segments respectively
la armature current, which is dependent oohime parameters

l,,1,,1; length of thigh, shank and foot segment respelgt

l, crank arm length

|5 | 6 horizontal and vertical distances respecyieélthe seat from the crank spindle
p number of poles in the alternator

Pe gross output power

Te electromagnetic torque produced by theradttor
Tm mechanical torque produced by the fitndlss b

Mo position vector of the pedal during cycling session
z number of conductors in the armature

01, 91, [91 thigh angle, angular velocity and angular accel@natespectively
02 , 92 , 92 shank angle, angular velocity and angular accéderaéspectively
673,93,93 foot angle, angular velocity and angular acceleratespectively

674 , 6’4,94 crank arm angle, angular velocity and angular @ca&bn respectively

1) alternator armature angular velocity
(0] flux per pole
n efficiency of the system

1. Introduction

Human energy, such as energy generated duringisgerds a low density renewable energy which megui
appropriate technology to harvest effectively Blectrical energy that can be generated duringimyditness
session is not an exception. In order to overcdrlimitation, an improved fitness bike is needede well
designed to effectively harvest energy expendeihduwrycling exercise and convert it to electricihat can
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justify the investment on it. Although, moving batgs had always been fitted with dynamos (3W) toegate
electricity needed at night by their riders, thmiilations are (1) the electricity generated is $raald (2)
electricity generation stops the moment the bicyeng stops. In the past, many researches had baeied
out on cycling, while in recent times, due to eatin prices of crude oil and renewed concern for
environmentally friendly alternative sources of myye more researches are being carried out inathés to
produce substantial amount of electricity worth #ffort, investment and time input [2-8]. Also,atipts are
being made to harvest electricity from human podditmess bicycles in Fitness Clubs [9]. In a studyried
out by Stuart Wilson [10] at Oxford University, anerage person is capable of producing betweernmEss
and 250 watts of power during cycling sessionhinlight of fore going, there is need to improvetiom existing
fitness bikes in other to deliver substantial amafrelectricity worth the effort, investment andhé input. The
objective of this paper is to present the mathesahtnodel (kinematics) of the pedaling motion, improved
fitness bike that can be used for electricity gatien while exercising and electricity generatethwi during
pedaling session.

2.0 Methodology

2.1 Mathematical Model of the Pedaling Motion

The schematic of the leg, the bicycle diamond fravit crank arm, the coupling and the alternatastiewn in
Fig. 1. The leg-crank arm-bicycle frame is modededa five-bar planar linkage system with four nuralof
active links and one inactive link. The system ssuaned to be revolute rigid bodies in planar motigth
frictionless pinned joints. This is a two degredreedom problem. The configuration of the moddl dépend
on two coordinate8s, andé,. From Fig.1 below, we can write the position veaibthe pedal represented by its
spindle in two ways, (1) using the leg segmentd, (@) using the bicycle frame with the crank arnttaf pedal.
This gives rise to Eg.1a and Eq.1b.

Coupling
l Alternatol

|

N Sy

Fig 1: Schematic of the leg, bicycle diamond fraomypling and alternator
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r, =(l;sing, +1,sing, +1,sind,)i - (I, cosp, +1, cosb, +1,cosb;) | (1a)
: Tl : : i :
r, =(gsinm+l; smE +1,sing,)i — (I cosm+I, cosE -1,cos6,) | (1b)

Differentiating Eg.1a and Eq.1b above twice andpdifiying will give the expression for the acceléoat of the
leg segments, and given as Eq.2a, Eqg.2b, and Eq.2c.

1,67 cosB, +1, (6" cosb,) +1,8,sind,
+1,67 cosd, 1,8, sind, - 1,67 cosd,
|,67 sing, —1,6% sind, +1,07 siné ,
_{1 1 >0 22'2 -2 3% Sbs }|2(—Sln02)
P -1,6, cosg, —1,6, sing, +1,6, coss, 2
= a
! (-1,sin@,)(-1, cosb,) —1,(cosf)l, (-sind,)
1,67 sing, - 1,67 sing, +1,67 sing,
-1,8, cosf, -1,07sind, +1,6, cosh,

}I ,(cosb,)

Il(—sinel){

1,62 cosB, +1,(6? cosb,) +1.,6, sinb
—ly(cosg)y 22 T T T e
+1,6; cosg, —-1,6,sing, —1,6, cosl,

6, = . : (2b)
(-1,sin@,)(-1, cosb,) —1,(cosg)l, (-sind,)

S—

2
, 1—(:“sin64j (.]6, sine,

3

1%

2
+ (I 0, 00504)2 1—(:“sinﬁ4j

3

6, = (20)

2
l, .
|2 1—(4sm84j
|3

The force developed by the lower limb segmentsvisrgin Eq.3. below

i=3
F=ma, +ma,+ma, =) ma, (3a)
i=1
F=m@d,+m,+m, b, (3b)
The mechanical torque Tm, developed at the pediadigp
T, =F(,sing,) (4a)
T =I1,siné(mb, +méb, +m, 6,) f4b

2.2 The Development of the Dual —purpose Fitneks Bi

The dual-purpose fitness bike can be constructerdnifying an adult bicycle by removing the fromidathe
back tyres and replacing them with specially desibstands to fit into the frame constructed forghgpose.
The crank wheel of the bike is connected to theradttor through a coupling system. The couplingesyds a
reducing/increasing gearing system that has oraeitglratio of 25. The whole assembly is placecadrame
constructed from a 2" by 1” pipe to form a rigidseaThe alternator is connected to the load through
inverter/charger system which connects to the baltenk for the storage of electrical power.
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2.3 Electricity Generated during Cycling Session

Mechanical power generated by the Fitness Bikeaissferred to the alternator to generate elegtribibugh the
coupling system as shown in Fig. 2.

Dual Purpose | Coupling Inverter/

Fitness Bike > System > Alternator Charger | Load
Battery
Bank

Fig 2: Block diagram of Dual-purpose fitness bike électricity generation.

Mechanical PowerR,,, developed at the crank spindle is
P,=T.6, (5)
Electrical powerPg, generated by the alternator is given by:

P. =El, (6)

Z
where E = bz dw
278
It follows therefore that

_ bz _
PE —ﬁq)aja —TECL) @)

o P2y -
w 27’
Where G = bz )
278
From EQ.8, it is observed that,

i) For a particular machine with a set of alternatarameters, if the number of polpsnumber of
conductors in the armature,and the number of parallel pathsare kept constant, electromagnetic
torque, T, is proportional to armature curreh,

i) Therefore, to increase the electromagnetic tordgeits is either need the number of pofeare
increased, and/or the number of conductors in theture,z, are increased and/or the number of
parallel pathsa, are decreased.

In order to relate the mechanical power input tdlectrical power output of the system, the edficly,n, of
the system shown in Fig. 1 is considered. Theiefiiy is the ratio of mechanical advantage (M.Athe
system which is defined as the ratio of load torffl1a] and velocity ratio which is the ratio Wween the
velocities of the driver and the follower (drivga)Lb].

a (8)

E

M.A
Unp= x100% 9
7 VR 0 ©)
Load _ Electromagetic Torque T,
where = = - =— (20)
Effort MechanicalTorque T,
and VR=_ distancenovedby eﬁort - 6, 1)
distancemovedby theloadin sametime  w
0 MA=t2d _ VR (12)
Effort
Load, T, = Effort, T, xV.Rxn =T xV.Rxn (13)

81



Journal of Energy Technologies and Policy www.iiste.org
ISSN 2224-3232 (Paper) ISSN 2225-0573 (Online) JLET}
Vol3, No.7, 2013 ISTE

From Eq.13, it can be said that

i) Load output,Tg, is directly proportional to the effort,, if velocity ratio, V.R., and efficiency,
are kept constant.
i) Load output T, is directly proportional to velocity ratio, V.Rfthe effort, T,,,, and efficiencyp,

are kept constant.
Equating Eq.8 and Eqg.13 and simplifying, we have,

xV.R
| a = |:,7T:|Tm (14)
From Eq.14 it can be concluded that,
i) Mechanical torque inpuf,, is directly proportional to armature current autp,, for a particular
experimental configuration.
i) For a particular alternator, increasing velocitja@and or transmission efficiency will increase th

output armature current.
3.0 Resultsand Discussions
Table 1 below shows the value used for the pararsaidies. Fig. 3 below is the plot of mechaniocatjtie
against crank arm rotation and the average torgqueldped is 85.44 Nm. The output power measurenguhiis
session is about 3, 500W pedaling at an averagé oftations per minute. The curve below in Figs 3
sinusoidal with no negative torque.

Table 1: Values for Parametric studies

SIN DESCRIPTION SYMBOLS VALUES USED
1 Length of thigh segment |l 0.393m
2 Length of shank segment |2 0.433m
3 Length of foot segment |3 0.203m
4 Length of crank arm l, 0.170m
5 Horizontal distance between hip and crank axis I 0.212m
6 Vertical distance between hip and crank axis l 0.693m
7 Estimated mass of thigh segment m, 7.36kg
8 Estimated mass of shank segment m, 3.27kg
9 Estimated mass of foot segment m, 1.05kg
10 Alternator 5,000W
11 Input speed 60rpm
12 Output speed 1500rpm

Fig. 3 shows that the power generated by thedefid greater than the right leg. The power is atrmero at ®
and 188 while peaked at 9aand 278. The power generated by the two legs is addithc 80 out of phase.
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Torque Developed
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—&—Tm (right leg)
180 —&— Torque (Total)

£ £
w N FoN

120 4

100

Torque (Nm)

P D PP P DD EE PO PRSP D PO
A AR SN G SR N S A A A S i 3

Crank arm (degrees)

Fig 3: Mechanical Torque Developed by both legs

4.0 Conclusions

In this paper, the mathematical model of the pedainotion, the improved dual-purpose fitness biké a
electrical energy generated during cycling seskasbeen presented. It was discovered that eliggtric
generated during cycling session can be improvexd by changing the alternator parameters. And tieub
electricity generated with this fithess bike is ab®000% improvement over the existing ones. Thisuant of
electrical energy produced thus is an equivaleidt®MW of electricity in one year which equals ab807,442
litres of carbon dioxide emission cut back in oeary This is considered a substantial improvemealeatricity
generation over the electricity generated by thmfited fithess bicycles design already in existe with
design production power output of between 150 waaits 250 watts for a single fitness bike. The quiandf
electricity generation can always be improved upeer time thus justifying the investment of money dime
on this type of exercise bikes.
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