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ABSTRACT

The increasing energy demand, unemployment in dpired countries like India, Increase awarenesseuoipfe
towards health are some of the driving forces lfer development of humanly powered machines. Thehimadnclude
manually powered brick making machine, chaff cuytlieur mill etc. the one of the component amonglatse flywheel
motor and its mechanism which being subsequent#y trs drive respective process. Hence this pag=ept an literature

survey on design and analysis of CAD based mod#ywheel motor by using quick return ratio one tnagism.
KEYWORDS: Quick Return Ratio-One, Flywheel Motor, Analysis
INTRODUCTION

During 1979-99, Modak J.P. developed a human paWeriek making machine for the manufacturing otksi
(Modak J.P. J.P. 1982, 1994, 1997, 1998) And since then various processes are energigadebohuman power such as
wood turning, cloth washing, chaff cutté,[ potter’s wheel, flour mill etc. All these mackmare operated by the human
power with one common mechanism among them- Thevhiidgl Motor. The Machine consists of flywheel motor
driven bicycle mechanism with speed increasingiggamhich drives the shaft of process of process through clutch
and torque amplification unit (Gupta 1972).[Since ever increasing fuel crises, energy cribesy schedules of load
shading, unemployment justify the need of humangred machines, the constants efforts are beingneantsly made to
optimize the various parameters of these machineassto provide the ease for the operator and qoes#ly make
efficient use of human energy. In an attempt, gaper presents the exhaustive literature survetherflywheel motor

throwing lights on the experimentation done on fhael motor with double lever inversion for optimigiits performance.
FLYWHEEL MOTOR THE CONCEPT

Any machine, to power it by human energy, the maxmpower requirement should be 75 Watts. Any machin
or process requiring more than 75 Watts and if @seds intermittent without affecting and prodwetn also be operated
by human energy (Alexandrove 1988].[This is possible with the provision of intermati energy storing unit which
stores the energy of human and supply periodicallyequired rate to process unit, this is calledhasnan powered
flywheel motor.” Modak J.P. and his associates waoeking on flywheel motor from 1977. A manually h brick
making machine was first of its kind in which malyi@nergized flywheel motor is used for first tirfd. Essentially the
flywheel motor consists of flywheel, which is beidgven by a human through a simple bicycle medrarand pair of

speed increasing geafd.[The schematic of flywheel motor is as shownigufe 1.
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M-Mechanism (o1-A-B-02-010
BSC-Big sprocket chain drive.
SSC-Small sprocket chain drive.
GSR-Gear of speed Rise.
PSR-pinion of speed Rise.
FW-Flywheel.

CH-Chain.

CS-Counter shaft.

FS-Flywheel shaft.

Figure 1: Schematics of Flywheel Motor

A rider pedals the mechanism “M” converting theilbstory motion of thighs into rotational motion abunter
shaft “C". This countershaft “C” connected to flyedi shaft “FS with speed increasing transmission consistingaif gf
speed geardl]. Driver pumps the energy in flywheel at energie reonvenient to hind|. In this way, the muscular energy
of human is converted into kinetic energy of flywhéy this man machine and for its efficient usésinecessary to
optimize its parameterd]

DESIGN CONSIDERATION IN FLYWHEEL MOTOR

At the beginning, the flywheel motor was not basecany design data, rather it was built only onittstitution

of human §]. Later with the numerous experimentation the giesiata is made available which is discussed below.
Modification in Existing Bicycle Mechanism

Modak J.P (1985) has established the relationséipéden the useful torques developed at the crarfikrasion
of crank position during its revolutiob]] Modak J.P. also observed that out of 360° rotatf pedal crank, only from
30°-115° of crank position from top dead centarssful. The rest of the period of crank positi@n 0°-30° and 115°-162°
is not effectively used and from 162°-360° is coetply idle. Even when both the cranks are constttive useful driving
angle is found to be 1545][ Consequently for maximum utilization of operatanergy Modak J.P. suggested three
modified mechanisms namely Quick return ratio dbeuble lever inversion and Elliptical sprocké&l.[Based on his
mathematical modeling he concluded improvement786,138%, and 18% in human energy utilization foidRueturn
ratio one, Double lever inversion and Ellipticat@gket respectively. This performance of variousyble drives then was
experimentally verified by Modak J.P, ChandurkaiCKet, al (1987) and found almost matching withotké&cal

values f].
Flywheel Speed and Moment of Inertia

Modak J.P(1987) during the experimentation hasesliesl the maximum thigh oscillation for the averpgeson
of 165 cm stature from age group 20-22 years i§ 40With the available chain drive for existing 2Bitycle frame the
flywheel speed of 240 rpm was fair enough from pointotal speed rise from pedals to flywheel shd@ft Further with
calculation Modak J.P. (1987) has deter-mined ke ef flywheel with the objective to store the rmaMm energy
irrespective of speed fluctuations(180-240 rpi@) The Flywheel rim diameter is found to 82 cm whigives the weight
of flywheel as 150Kg and 266 Kg for 240 rpm and 18 respectively. Hence Modak J.P. (1987) sugdesie flywheel
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with 150 Kg @240 rpmf]. Further Modak J.P.(1987) has also found thating tor-que of pedal is unaffected by
increasing flywheel moment of inertia and storesesa&nergy for same frequency of thigh oscillatign [

Gear Ratio

Modak J.P. (1987) suggested the value of gear aatidx1 so as to reduce the effect of jerk indiatgaocess unit
shaft as result of energy or momentum exchangegduhie clutch engagement. If lower value of ge#ioria to be used

then flywheel speed should be maintained higher #20 rpm 7).

Quick Return Ratio-One

I;li:, - S

Figure 2: Modified Mechanism (Quick Return Ratio =1)
From figure
» OB is thigh length,
* ABislength,
* O,Ais crank length,
e  0,0;is frame.

It is modified form of mechanism called as QuicktiRe Ratio One. In the existing mechanism, theorafi
forward travel to return travel is 0.82. In the QuReturn Ratio One, the ratio is one therefore,sbcond paddle will be

immediately ready when the first one goes down.

In this, the thigh oscillation angle, thigh lengthd the leg length are kept same. In existing nr@sha the crank
length is 18.5 cm and in QRR- one it is 20 cm.

Similarly, in existing mechanism the frame length crank centre to rider’s hip joint 74 cm andvfeainclination
to vertical is 28, But in QRR-one, the frame length i.e. Crank aendr rider’s hip joint 67cm and frame inclinatiam t

vertical is 1%
Computer Aided Modeling of Flywheel Motor

CAD modeling is used by many designers to creaboehte computerized models of objects. CAD stdads
computer-aided design. Engineers, architects, areh artists utilize computers to assist in theisigle projects.
Computers allow them to visualize their designs eoufront problems before they have expended arthefesources
necessary to put them into physical form.CAD maugtakes many different forms depending on the typeroject.
Some models are simple two-dimensional representatof various views of an object. Others are elatieothree-

dimensional cross-sections that show every detajreéat depth. It is an important industrial asailved in automotive,
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aerospace, prosthetic, and artistic designs. Theot CAD modeling is maseely widespread; anything from chairs
rockets can be designed with the aid of computeggams. CAI modelinghas had a profound effect on the proce
development. First, a general idea must be madelw@ a specific problem. Ne CAD modelin¢is used to work out the

specifics of the model’s design. [9][10]

Type of CAD Modeling
Wireframe Models

Wireframe systems were developed in the early 39@0automate design drafting. Most of the early GQBED
systems used wireframe models. The very systems were only 2D and the user had to consdrawbdel point by poir
and line by line. A wireframe model is represeritgdables defining edges and points. The startt@oid the end point «
each edge are stored in the edge table. An edgebmaline or a curve. The coordinates of each pointséneed in the
point table. This representation is natural foreaigner who is familiar with mechanical drawingsgs it is the lines &
curves in a drawing which define 3D shape. A waefe model isstored very simply in a computer as a data strac

The storage space is small and the access timeskier.[11]

/]

e

Figure 3: For Wireframe Model
Solid Models

Because there is no ambiguity in using a solid rhtalespresent a real world 3D object, importance of using
solid modeling has been widely recognized. Solidlet® can support a wide range of activities, likieiiference checl
computation of volume and surface area, finite elenanalysis, etc. In general, most solid modediysgems havadopted
either constructive solid geometry (CSG) or boupdapresentation (-Rep) as representations of solids. Solid mo

may be divided in two basic classes as follc

» Decomposition modelepresent a solid as a collection of simple objéaim a ixed collection of primitive

object types, combined with a single gluing opers

« Constructive modelepresent a solid as a combination of primitiveadsolEach of the primitives is represen
as an instance of a primitive solid type. Differé¢ypiesof constructive modeling representations are-space

representation and CSG.

Boundary modelsepresent a solid in terms of its boundary. Thenblawy of a solid is a surface that is usu
represented as a collection of faces. Faces aganpften rpresented as a bounded region of the surfac-Rep

represents a solid boundary as close skin arouwndhiject
Surface Modeling

A surface model is represented by tables of edges points, as is a wireframe model, but additiotts
wireframe, a surface model is represented by taiflésces. The face table stores information oncigidges are attach
to each face. In most conwonal CAD systems for fr-form surfaces, surface models have been used esat

representations. However, a surface model is af§ates, and as such can be ambiguous when detagihe volume o
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an object. Surface models play an important in industry, because they give an accurate degmmipf the surface of a

object. An example of a very simple surface moslahiown in Figui4.

7

Figure 4: Surface Modeling

CAD Modeling of Flywheel Motor Using PRO-E

Keeping these advantages in mind CAD model of the flywheel motor was developed usikg —E Creo
software. All the components of the flywheel motéoe such as base frame, bicycle frame, elliptipedcket, freewhee
chain drive, gears, shafts, flywheel etc are matlslparately in pt environment of ProE Creo softwar and then all the
components are assembled to get final assemblye Sétte sample pictorial views of the model depatent are show

below

= Annotations wi ot be displeyed. T [sman
e -
Model Tree C R =
[CJ ASSEMBLY.ASM
(Z) FRAME.PRT
23 SPROCKET_SHAFT.PRT
(£ SPROCKET.PRT
(C) SPROCKET.PRT
(£} OUTPUT_SHAFT.PRT
23 FLYWHEEL.PRT
3 INPUT_SHAFT.PRT
(O) BELT.PRT
3 BELTLRRT

Figure 5: Assembly Mechanism of Cad Modeling f Fabricated Human
Powered FlywheeMotor with Quick Return Ratio One by Using Prc-E

Figure 6: Practical Model of Quick Return Ratio One in Flywheel Motor
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COMPUTER AIDED ANALYSIS OF THE EXPERIMENTAL SET UP BY USING ANSYS
Introduction

This chapter covers the FEM analysis of Experimesgaup. The structural static analysis is carnat on the
cad model of the system. This analysis is carrigdfar the maximum input force applied at the ped&le cad model of
flywheel motor was prepared in PRO-E and it wasdrtgd in ANSYS v11 for meshing. Finally the modglsolved in
ANSYS v11 to obtained results for static structanahlysis.

Overview of Structural Analysis

Structural analysis is probably the most commoniegion of the finite element method. The thermmctural
(or structure) implies not only civil engineeringuetures such as bridges and buildings, but as@ln aeronautical, and
mechanical structures such as ship hulls, airb@dies, and machine housings, as well as mechareogbonents such as

pistons, machine parts, and tools.
The following structural analysis topics are avaliga
» Types of Structural Analysis
e Elements Used in Structural Analyses
* Material Model Interface
* Solution Methods

Types of Structural Analysis

The seven types of structural analyses availablthénANSYS family of products are explained beldivine
primary unknowns (nodal degrees of freedom) catedlén a structural analysis are displacementseQjhantities, such

as strains, stresses, and reaction forces, areltrared from the nodal displacements.

Structural analyses are available in the ANSYS Mhitsics, ANSYS Mechanical, ANSYSStructural, and

ANSYS Professional programs only.

You can perform the following types of structurablyses. Each of these analysis types arediscussktail in

this manual.

Static Analysis: Used to determine displacements, stresses, eter wtakic loading conditions. Bothlinear and
nonlinear static analyses. Nonlinearities can idelplasticity, stress stiffening, largedeflectidarge strain, hyper

elasticity, contact surfaces, and creep.

Modal Analysis: Used to calculate the natural frequencies and nsfdges of a structure. Differentmode

extraction methods are available.
Harmonic Analysis: Used to determine the response of a structurertandracally time-varyingloads.

Transient Dynamic Analysis: Used to determine the response of a structurebitraily timevaryingloads. All

nonlinearities mentioned under Static Analysis abare allowed.

Spectrum Analysis: An extension of the modal analysis, used to calew#resses and strains due toa response

spectrum or a PSD input (random vibrations).
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Buckling Analysis--Used to calculate the buckling loads and deteentire buckling mode shape. Both linear

(Eigen value) buckling and nonlinear buckling aselkyare possible.

Structural Static Analysis

A static analysis calculates the effects of steladyling conditions on a structure, while ignorimgritia and
damping effects, such as those caused by timengigads. A static analysis can, however, inclugady inertia loads
(such as gravity and rotational velocity), and twaeying loads that can be approximated as stafigvalent loads

(such as the static equivalent wind and seismidda@a@mmmonly defined in many building codes).

Static analysis determines the displacements,s&tsestrains, and forces in structures or comperenised by
loads that do not induce significant inertia anchdiang effects. Steady loading and response comditaoe assumed; that
is, the loads and the structure's response arenasisto vary slowly with respect to time. The typé$oading that can be

applied in a static analysis include:
» Externally applied forces and pressures
» Steady-state inertial forces (such as gravity tational velocity)
* Imposed (nonzero) displacements
e Temperatures (for thermal strain)
* Fluencies (for nuclear swelling)
More information about the loads that you can apply static analysis appears in Apply the Loads.
Performing a Static Analysis
The procedure for a static analysis consists afehiasks:
*  Build the Model
»  Set Solution Controls
e Set Additional Solution Options
e Apply the Loads
e Solve the Analysis
* Review the Results.
Structural Analysis of the Experimental Set Up

As mentioned above the static structural analysexperimental set up is carried out for the maximealue of
input force applied during pedaling. The maximumcéo applied at the pedal was calculated at max RPMhe
flywheel ---- and this maximum value of force isufal to be 59.32 N thus by considering this as ifiprtte the structural
analysis for the each of the component is carrigdhad the value of maximum deflection, maximunesdy safe stress is

found out. The analysis details are shown below.
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Flywheel

ELEMENTS

Figure 9: Stress Intensity in Flywheel Due to Appkd Load
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Circular Sprocket

Figure 12: Deflection in Elliptical Sprocket

17
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Gear Box Input Shaft

5

File: input_shaft

Figure 15: Von Mises Stress Gear Box Input Shaft
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Gear Box Output Shaft or Flywheel Shaft

451474

Figure 17: Von Mises Stresses in Flywheel Shaft
CONCLUSIONS

From prepared CAD model of set up in Pro-E, stmadtanalysis is carried out for all the mechan@ahponents.
The maximum value of input force was find out on blasis of the RPM of the flywheel which is noteowth during

observation and accordingly the maximum valuesiptii force is taken as 59.32 N. and results ofysigmbre plotted.

From the figures of the analysis of the flywheglfie no 8 indicates the meshing of the flywheebnfrthe stress
analysis it is observed that the maximum deflect®0.03346mm (figure no 7) for the load 59.32 Nhwéonsidering

material of the flywheel as cast iron.

Due to loading the stresses developed in flywheelas shown in figure no 10. From the figure thexiimam
value of stress is found to be 1.11978 N/mirhis value of maximum stress is at the point @fximum deflection and

shown by the point Mx in the figure no 10.

The component will fail when the stress is at maximimit and at the deflection point when the maximstress
intensity will be 1.22461 N/mfn (figure no 9).
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Similarly the values of the maximum deflection, rimaxm stress and safe stress for each of the compmiaee

tabulated below.

St No Name of Max Max Safe
' Component Deflection (Mm) | Stress (N/Mnf) | Stress (N/Mnf)
1 Flywheel 0.03346 1.11978 1.22461
2 Circular sprocket 0.1315 1.43261 1.79162
4 Gear box input shaft 0.15988 0.71004 2.111
5 Gearbox output shaft 0.06507 0.876336 2.6245
Conclusion Table:Results of stress analysis
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