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ABSTRACT 

A flywheel is a heavy rotating mass which acts as a reservoir of energy, placed between the power source 

and the driven machine. Whenever there is excess or deficit of energy in power source, the speed of the driven 

machine will fluctuate. This fluctuation of speed can be controlled by the flywheel within a certain range.  In this 

work, minimizing the weight of a flywheel has been performed and thereby energy conservation is achieved. 

Several traditional methods like dynamic programming have been used in the past, to solve such problems. But 

traditional techniques have some drawbacks. For example, there is a chance that the solutions may get fascinated 

within local minima. Thus, there is still a need for a versatile algorithm to solve various optimization problems. In 

this work, Flower Pollination Algorithm (FPA), one of the recent non – traditional optimization techniques is used 

to solve the above mentioned problem. The results obtained by FPA approach is compared with that of the results 

presented in the literature and, in most cases FPA results are better in terms of precision and convergence. 
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INTRODUCTION 

Design of products and processes so as to satisfy the customer needs is an important aspect in any 

engineering discipline. But many factors interacting in complicated ways affect the performance of any engineering 

product, process, or system. Thus a lot of scope still exists in the modeling and optimization of design problems. 

The decision variables involved in many engineering design problems may be either continuous values or restricted 

to a set of discrete values. The use of standard-sized components or parts such as bolts and nuts, bearings etc leads 

to discrete values. Decision variable may be either real or integer values. In real life applications, we come across 

mixed discrete-continuous problems with well-defined objective functions subjected to a set of limitations in many 

different engineering fields.  

In this paper, a recent bio inspired optimization algorithm namely flower pollination algorithm is used to 

minimize the weight of a flywheel. A flywheel is mostly used in automobile engines to store rotational energy. 

They resist changes in rotational speed due to its noteworthy Moment of inertia. The energy stored in a flywheel is 

proportionately the square of its rotational speed. The stored energy is increased by the increase in rotational speed 

as a result of applying torque to a flywheel. Similarly, a flywheel applies torque to a mechanical load by releasing 

the stored energy and thus the rotational speed is decreased. 

In automobile engines, the flywheel plays a major role by providing energy for the compression stroke of 

the pistons. The excess energy received during the working stroke or power stroke will be enormous. Flywheel 

stores that excess energy during power stroke by increasing the rotational speed. This excess energy will be 

supplied to the remaining strokes such as exhaust stroke, suction stroke and compression stroke of the cycle. Also 

in power presses, flywheel stores the excess energy from motor and releases the entire energy in fraction of time in 

order to complete operations such as punching, shearing, and forming. The constant energy supplied by the 

constant speed motor will be stored in a flywheel and this enormous energy stored in the flywheel is used to punch 

holes or shear the sheets. Therefore saving the material of flywheel by reducing the overall weight saves 

considerable cost and energy involved. Thus energy conservation is possible by reducing the weight of the 

flywheel. 

LITERATURE REVIEW 

The theory and applications of various traditional optimization techniques along with recently developed 

techniques such as Genetic Algorithm, Simulated annealing and neural network based fuzzy optimization 

techniques to solve design optimization problems have been discussed in. Sabarinath et al used two important 

metaheuristic algorithms namely Particle swarm optimization (PSO) and Differential Evolution (DE) for 

minimizing weight of a belt pulley system, minimizing the power loss of worm gear mechanism and minimizing 

weight of a helical compression spring. Eby et al used injection island genetic algorithm for optimizing flywheel 
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design based on Specific energy density (SED -rotational energy per unit mass). Ha et al. performed optimum 

design of composite rim flywheel by considering the thickness of each composite rim as design variables for 

maximizing total stored energy (TSE). Azarm formulated the single objective design optimization i.e., weight 

minimization of flywheel and solved the same using consol – optcad. The same problem was then solved using 

genetic algorithm by Appala Naidu et al and kondaiah et al and better results are reported. In this paper, the same 

problem is solved by using one of the recent bio-inspired algorithms namely flower pollination algorithm (FPA) 

and the results are compared with those of GA and traditional methods. Yang developed this algorithm and 

nowadays it has been implemented to solve variety of problems in various fields such as Economic Load Dispatch, 

Reactive Power Dispatch, Wireless Sensor Network, design optimization etc 

PROBLEM FORMULATION 

Objective Function: The objective function considered in this work is the minimization of the weight of the 

flywheel (WF). The weights of rim (WR), hub (WH) and spokes (WS) are combined together to get WF. 

f = WF = WR+WH + s.Ws 

It is assumed that one-eighth of the weight of hub and spokes is equal to the weight of the rim concentrated at 

the mean radius of the rim. 

WH + s.Ws = 
1

8
 WR 

Therefore the simplified objective function is 

WF = 
9

8
  WR = 

9

8
 (2   f rR hR bR)gc 

 
Fig 1. Flywheel 

Constraints : 

Weight Relation (gl): It is assumed that one-eighth of the weight of hub and spokes is equal to the weight of the 

rim concentrated at the mean radius of the rim. Therefore  

(DOH
2-DIH

2)bH + 
1

2
 ksds

2 (DIR-DOH) = rR hR bR 

Where DIR = 2 rR - hR 

 
Fig 2. Stress induced in the shaft 

Shaft Stress (g2): At point C, torsional stress due to punching only is considered. Actually this stress is more than 

any other stress present at point C, with proper overload factor. The torque responsible for this stress is given by T 

= F1R 

Where F1 = Fmax sinθ[
1+cosθ

((
1

R
)

2
− sin2θ)

] 
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Fmax =  d tp Sup nOL 

The point C is under partial (half-cycle) torsional stress due to punching. Hence the mean (  m) and alternating (  

a) shear stresses are taken as 

Where 
3

16

max
IH

D

m
T

  


   

Tm = T/2 

Since  m   a , Sus  S ys 

Thus fatigue is the governing criterion 

 
Ta

Sns
+

Tm

Sus
 ≤  

1
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After simplification, the constraint is rewritten as  

Dm ≥ K2 

Where K2 = (
4TSf

π
 (

1

SUS
 +  

1

SnS
))

1

3

 

Key Stress (g3): 

Where F = 
2T

DIH
 and A = bH tk 

Thus 
τak

Sns
+ 

τmk

Sus
 ≤  

1

Sfkey
 

This constraint may be simplified to ≥ K3 

Where K3 = 
TSfney

tk
 (

1

Sus
+  

1

Sns
) 

Energy of Flywheel (g4): The total energy used per stroke is found so as to find the energy of the flywheel. The 

kinetic energy (K.E) of the flywheel rotating about a fixed center is K.E = 
1

2
 Iω2 

Since there is velocity change due to punching, change of energy is expressed as  

∆K.E )2
min

2
max(

2

1
  I   

In other words 

∆K.E = 
IV ave2Cf

rR
2  

Where Cf =  
V max − V min

V ave 
 

Vave = 
Vmax−V min

2
 

And I =
WfrR

2

gc
, V = rRω 

The energy constraint is ∆KE ≥ Ef 

In other words 

K4 rR
-3hR

-1 ≤ 1, Where  

K4 = 
Ef

9πγf Cf
1

4gc
 (

2πN

60
)

2  

Rim stresses (g5): The rim stresses are induced as a result of combining hoop tension and bending stresses. Hence 

high bending stresses are induced in the rim. Thus the maximum combined stress acting at the rim of the flywheel 

is expressed as SR = γfV2 [0.75 +
4.935rR

S2hR
]  

Where V = ω1, rR and ω1 = 
2πN

60
 

D OR = 2rR + hR 

Therefore SR ≤ Suf / SfR 

Spokes Stresses (g6): Cantilever action is dominating during the design of spokes. The punching action creates 

bending moment at the hub of the arms and the same is expressed as  

OR
Ds

OH
D

OR
DT

 M
.

).( 
  

The corresponding bending stress is    
Z

M
  S 

1
    where 
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Since each arm supports a portion of the rim, tensile forces will be induced due to its centrifugal force.

2
4

3
2 V

f
S   where V = rRω 

fs
S

uf
S

SS  21  

Stability (g7): For stability reasons, the hub length of the flywheel is generally taken greater than that of the shaft 

diameter  

DIH  ≤ bH 

The design variables rR, hR, bR, DOH, DIH, bH and ds are the dimensions of the flywheel. 

Flower Pollination Algorithm: It is estimated that 80% of plants use pollination for reproduction. Flower 

pollination is the transfer of pollen from a male flower to a female flower. Pollination may take place in the form of 

biotic or Abiotic. 90% of pollination is through insects and animals only the remaining 10 % is by wind and other 

natural causes. 

Biotic pollination may be of self-pollination or cross-pollination. Cross-pollination means pollination 

occurring between two different flowers, while self-pollination takes place in the same flower between its male and 

female parts. Biotic and cross type pollinations occur between flowers far away from each other hence they are 

equivalent to global optimization. As the pollinating agents like insects follow the Levy flight movement, it can be 

employed for global optimization. Abiotic and self pollinations can be thought of local optimization since it occurs 

in the same flower. 

Based on the concept of flower pollination, Flower pollination algorithm is (FPA) is developed. 

In order to copy the pollination characteristics of flowers, the following four rules are employed. 

Rule 1. Biotic and cross-pollination are considered as global pollination process and pollen is carried by a 

movement which obeys Levy flight movement. 

Rule 2. Abiotic and self-pollination are equivalent to local pollination process. 

Rule 3. Pollinators can develop flower constancy proportionate to the resemblance of two flowers involved.   

Rule 4. Changing from local pollination to global pollination or vice versa can be controlled by a probability p ∈ 

[0, 1]. 

The above said four rules are converted into updating equations from a set of updating formulae developed 

for implementing this FPA algorithm. Flower pollen gametes are passed by pollinators like insects over longer 

distances in the global pollination step. Therefore, the mathematical equivalent of Rule 1 and flower constancy is 

written as 

xi
t+1  = xi

t + L(g* − xi
t ) 

Where xi
t+1   is the solution vector (pollen) xi at iteration t, xi

t is the current best solution, γ is a scaling factor to 

control the step size. L (λ) is the parameter that corresponds to the strength of the pollination, which essentially is 

also the step size. Since insects may move over a long distance with various distance steps, we can use a Levy 

flight to mimic this characteristic efficiently. That is, we draw L >0 from a Levy distribution 








1

1)2/sin()(

S
L   

Here, )( is the standard gamma distribution valid for large steps i.e., for s>0 

Then, to model the local pollination, both Rule 2 and Rule 3 can be represented as: 

xi
t+1  = xi

t + ǫ(xj
t – xk

t) 

where xj
t and xk

t are pollen from different flowers of the same plant species. This essentially mimics the flower 

constancy in a limited neighborhood. Mathematically, if xj
t and xk

t comes from the same species or selected from 

the same population, this equivalently becomes a local random walk if we draw ǫ from a uniform distribution in [0, 

1]. Pollination may also occur in a flower from the neighboring flower than by the far away flowers. In order to 

copy this, a switch probability (Rule 4) is used through a proximity probability p to switch between global 

pollination and local pollination. 

RESULTS AND DISCUSSIONS 
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The weight minimization of flywheel problem was solved by FPA. FPA was implemented by writing a 

Matlab code on a PC compatible with Pentium IV, a 3.2 GHz processor and 2 GB of RAM (Random Access 

Memory). In this experiment, to start FPA, the population size is set to 25, the scaling factor is set to 0.1, Levy’s 

constant is set as 1.5 and proximity probability p is set to 0.8. It is evident from the literature that p=0.8 works well 

for most of the applications. Static penalty method is applied for handling the constraints in FPA. The stopping 

criterion is set as 1000. A total of 25000 fitness function evaluations are made in each run for FPA. The programs 

are executed 40 times to see the convergence characteristics of FPA. Azarm [7] solved this problem using FPS 

system of units and hence we also solved the problem using FPA in FPS system. The convergence of the results 

obtained by FPA in FPS system is shown in fig.3. But for comparing the results with already published results we 

have converted the obtained results in FPS system to SI units. The results obtained by the implementation of FPA 

after converting to SI units have been compared with the published results in Table 1. From Table 1, it is evident 

that the result converges to 6695.955 kg after 200 generations for FPA and the best value obtained for FPA is better 

than the published result of 7844 kg obtained using SOGA and highly better than the result reported for consol 

Optcad i.e., 8818 kg. Also the statistical performance of the results obtained by 40 runs using FPA implemented in 

this work clearly shows that the standard deviation is very small in the range of 0.001. It clearly indicates that both 

FPA performs well for flywheel problem with minimum number of function evaluations and converges quickly to 

the global best solution than SOGA and consol Optcad. The minimum weight of flywheel obtained by FPA is 14% 

less when compared to the weight obtained by SOGA and 24% less than that of Consol - Optcad solution. Thus the 

material cost gets reduced and energy gets conserved. 

 
Fig 3. Optimized solutions obtained using FPA 

Table 1. Flywheel design results 

Method 
rR 

(mm) 

hR 

(mm) 

bR 

(mm) 

DOH 

(mm) 

DIH 

(mm) 

bH 

(mm) 

dS 

(mm) 

W 

(N) 

Consol optcad 864 152 133 370 190 216 170 8818 

SOGA 499 204 153 305 174 216 127 7844 

FPA 587 152 127 305 216 216 127 6698 

CONCLUSION 

Energy conservation by means of reducing the weight of a rimmed flywheel used in automotive 

applications has been performed in the present work. A recent bio inspired algorithm namely Flower Pollination 

Algorithm has been used to implement the optimization by considering hub, rim and spoke dimensions as design 

vector for the objective function and the constraints considered. It is found that minimum weight of flywheel 

obtained by FPA is 14% less when compared to the weight obtained by SOGA and 24% less than that of Consol - 

Optcad solution. The problem can be converted into a multiobjective optimization problem by adding few more 

objective functions like stress induced, energy stored etc and the same can be solved by multiobjective  Flower 

Pollination Algorithm (MOFPA) as a future extension of the present work. 
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