SPARK’2016

Energy Recovery Using Flywheel By Means Of Regenerative Braking – A Review
Yogesh V. Thombre   KDKCOE, Nagpur     9850990628     yogeshthombre04@gmail.com

Sandip S. Bag            KDKCOE, Nagpur     9028414348    sandipbag95@gmail.com

Prashant T. Tagde     KDKCOE, Nagpur    9850300958   tagde.prashant141@rediffmail.com

Abstract– The system presented in this paper allows the direct transfer of kinetic energy of a vehicle’s motion to a flywheel and vice-versa. This paper presents a unique flywheel-based regenerative energy recovery, storage and release system. It can recover and store regenerative energy produced by braking a motion generator with intermittent rotary velocity such as the axels of electric and hybrid gas-electric vehicles during frequent coasting and braking. Releasing of the stored regenerative energy in the flywheel is converted to electricity by the attached alternator. 
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I. Introduction
             The present research involves the review of a flywheel-based regenerative braking system (RBS), This particular RBS can store the kinetic energy produced by intermittent energy sources otherwise would be lost because the recovered regenerative energy by these sources is often too small to be saved. This unique regenerative braking system (RBS) allows 
the recovered regenerative energy to be converted into electric energy by 

an integrated flywheel/alternator unit
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 in which the “rotary motion generator” may be the spinning axel of an electric vehicle during coasting and braking, or an electric motor. The inertia clutch in the system engages the flywheel/alternator unit to the input shaft at a constant or accelerated rotary speed of the motion generator. The same clutch disengages the same unit from the input shaft of the motion generator at a reduced speed or after complete stop turning of this shaft. The disengaged flywheel/alternator unit, though spins at reduced speed, can continue to produce electricity. A “speed boosting” device such as an epicyclic gear train with a combination of “sun,” “satellite” and “rim” gears is introduced in the RBS to boost the spinning speed of the flywheel for maximum storage of the kinetic energy. A unique electric charging system has been developed and it is attached to the RBS for “electric energy storage, distribution, and management system”. This system can save any level of electricity generated by the recovered reegenerative energy by the RBS using a trickle charge controller and a bank of ultra capacitors. It accumulates the input energy to a level that is high enough to be charged to the principal energy storage of the power plants, or to the batteries of an electric vehicle. 

II. APPLICATIONS OF THE RBS IN REGENERATIVE ENERGY RECOVERY AND STORAGE 

A. In Power Output Of Electric And Gas Electric Hybrid Vehicles: 
            Many view electric vehicles (EVs) to be the ultimate means of sustainable ground transportation. Indeed, relentless efforts have been made by the automotive industry to design and produce energy efficient EVs long before the turn of the century. A disappointing fact, however, is that the market share of EVs remains dismal mainly because of the achievable low cruising speed and short cruising range of these vehicles can be produced at affordable prices with the current technology. The gas-electric hybrid vehicle (HEVs) which is designed to achieve much higher gas mileage and produce low emissions but can otherwise perform in par with most gasoline –powered vehicles are well accepted by consumers in this country. The “rotary motion generator” of EVs and HEVs is their wheel axels. The current technology uses the spinning wheel axels to drive the motor-converted alternator to generate electricity to charge the batteries of the vehicles during coasting and braking. Generation of electricity ceases after the wheel axels stop turning upon the completion of braking of the vehicle. With the separate flywheel/alternator unit in the RBS, generation of electricity continues after the complete braking of the vehicle. 

        The laws of both thermodynamics and vehicle dynamics are used to account for the regenerative energies associated with the coasting and braking of a vehicle at any given time t as expressed in Equation Equation (3) 

     Ptotal (t) = dt d [KE(t)+ PE(t)] + Paero(t) + Ptire(t)+ other terms (3) 

where ,KE(t) is the kinetic energy of the vehicle during coasting and braking at time t, PE(t) is the potential energy during the same time, Paero(t) is the power required to overcome aerodynamic resistance, and Ptire(t) is the power required to overcome the resistance of the tires of the vehicle over the road surface. 

         We envisage that the potential energy PE(t) in Equation (3) may become significant for vehicles coasting on rolling hills. In such cases, both the kinetic and potential energies may be expressed as: 

KE(t) = [MV(t)2]/2 (4a) 

PE(t) = (Mg)Δy (4b) 

in which M = the mass of the vehicle with payload, V(t) = the velocity of the vehicle during the coasting or braking at time t, g = gravitation acceleration, and Δy = the slope of the road surface with a “+ve” sign for downward slope and “- ve” sigh for upward slope. 

The terms Paero(t) and Ptire(t) may be significant factors in recovery of regenerative energy of vehicles, and the “other terms” in Equation (3) account for all other power consumptions in the recovery process, which may include mechanical friction of components in the drive and power transmission systems.

B. Flywheels As Mechanical Energy Storage Devices 
             A flywheel is a mechanical device that is commonly used to store kinetic energy associated with its rotation at high speed. 

Figure 2 shows two popular geometry of flywheels: the uniform cross-section wheels in the middle and the thick-rim flywheels to the right. The kinetic energy that can be stored in a flywheel spinning at an angular velocity ω may be computed by the following 
expression : 
KE = ½Iω2 (5) 

where I is the mass moment of inertia of the spinning wheel. Equation (6) is used to compute the mass moment of inertia for flywheel with uniform thickness: 

I = ½ MR2 (6) 

with M and R being the mass and the radius of the wheel respectively. 

The angular velocity of the spinning flywheel ω is maintained by applying torques that is equal to T = Iα in which α is the angular acceleration of the spinning wheel [8]. 
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Figure 2. A Spinning Flywheel

III. CONCEPT DESCRIPTION

          Kinetic Energy Storage System or Flywheel Energy Storage.
           The idea behind this concept is to capture and store the mechanical or rotational kinetic energy of the wheels in the same form, in a heavy rotating mass or the “flywheel”. This way, if a mechanical variator is used for transmission there won’t be any losses associated with the energy transformations as energy is being transmitted in mechanical form throughout. 
IV. FLYWHEEL BASED REGENERATIVE BRAKING SYSTEMS

             A flywheel simply is a heavy rotating mass which stores kinetic or rotational energy as a function of its moment of inertia and angular velocity. Over the ages, flywheels have found an application in various kinds of machines, like the potter’s wheel, punch press, steam engine etc. They are used for their ability to 

1. Smoothen out rotations and Provide continuous energy. 

2. Store large amounts of energy and release at a very high rate if and when needed. 

              The energy storage ability of high inertia/ high speed flywheels has been exploited to a good amount in the past. Using flywheels provides the advantage of a high power (storing and releasing both) ESS, compared to conventional batteries. Due to which, Flywheel Energy Storage (FES) systems are being used to replace electrochemical batteries in the field of power supply for Uninterrupted Power Supply (UPS) systems, grid power storage requirements and pulse power requirements. In comparison, the application of FES in the field of transportation has been more of a recent phenomenon. Safety issues with rotating steel flywheels namely disintegration and dislocation in their housing, coupled with high windage and other losses had but barred their development in the transportation sector. With the arrival of new materials with higher specific tensile strength such as Composite materials, better technology in transmission( better CVTs), bearings (e.g., magnetic bearings) and vacuum housing systems, FES for vehicular applications is being revived. 

FES has been applied as Standalone propulsions systems (instead of traditional engines), as auxiliary propulsion units in hybrid vehicles, and as regenerative braking units in the transportation sector. Most of the systems implementing flywheel storage have regenerative braking functionality to varying 

from idle stop operation to providing short burst of acceleration, to propelling the vehicle in different load conditions. 

In the next section a brief history of flywheel energy storage systems in transportation is presented followed by review of Flywheel RBS. The chapter concludes by presenting a brief summary of transmission technology for Flywheel RBS. 

V. WORKING

How does a flywheel store energy? 

          Physics defines it as a simple mathematical equation: MV2 where M = the physical mass of the flywheel and V = the velocity of the spinning mass. In plain English, that means it is a heavy, high-speed rotating disc that builds up kinetic energy (the force that causes movement) as it spins, and further, it stores exponentially more energy the heavier it is and the faster it rotates. 

How does flywheel storage work in a vehicle? 

          The transfer of energy in both directions (captured from the driveline during coasting and braking, and released to the driveline for boost) is managed through a CVT (Continuously Variable Transmission) gear box. Packaged inside a single housing is a shaft-mounted flywheel that is connected via a chain/gear or belt/pulley drive to a series of discs and rollers (the CVT). 

During braking and coasting, the flywheel spools-up             (accelerates as it spins) and absorbs a storehouse of otherwise wasted energy (heat from friction brakes). During power delivery, as the vehicle begins to accelerate, the pent-up energy in the flywheel is released and it turns the shaft. The rollers within the CVT can change position across the discs and either retard or augment the torque of the spinning flywheel shaft much like a conventional step-up or step-down gear box. This “gearing” is necessary, because unlike aircraft, and to a certain extent watercraft, which travel at a relatively constant load and speed, earth-bound vehicles travel at regularly and greatly varying speeds and loads as they negotiate traffic and topography. 
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VI. ADVANTAGES OF FLYWHEEL SYSTEMS

• Compact weight and size -- The entire system (the CVT, the flywheel and the housing) is conversion of energy from mechanical to electrical to chemical, and then back again. It’s a fundamental of the Second Law of Thermodynamics: transforming energy from one form to another introduces losses. Battery-electrics are approximately 34 percent efficient. Flywheel drives are all mechanical and suffer no conversion losses. Most of the energy loss that does occur comes from normal friction between moving parts. These systems are about 70 percent efficient. 

• Lower cost -- Smaller size and weight and reduced complexity make these arrangements about one quarter the cost of a battery-electric system. 

VII. DISADVANTAGE OF FLYWHEEL SYSTEMS

• Less range --The power stored by these systems has much less potential vehicle range than normal battery-electric hybrid units. 

• Complex construction --To maintain high efficiency, flywheel storage units require high strength materials, nearly friction-free magnetic or “vacuum” bearings, and sometimes, multiple individual flywheels. 

VIII. CONCLUSION

High efficiency at whole working speed range. 

No chemistry included, thus no environmental pollution and great recycling capability. 

Vision for race and stock cars 

            In motor sports applications this extra boost energy is used to improve acceleration. 

            KERS by means of FES are currently under development both for F1 motor sport and road hybrid vehicles. Same technology can be applied to road hybrid cars to improve fuel efficiency, especially in city traffic Road vehicles with electric or hybrid drive utilizing regenerative braking. Vision for stock car is in convenient hybrid system with high energetic efficiency and dynamics. Flywheel storage technology provides boost acceleration and braking force. 
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