
COMPONENTS OF FLYWHEEL
ENERGY STORAGE SYSTEM

What are the components of a flywheel energy storage system?

A flywheel energy storage system consists of bearings,a rotating mass,a motor-generator,and a frequency

inverter. Fig. 14.4 shows the main components of a flywheel energy storage system . The design of the

components influences the overall efficiency,and can help in reducing power transmission losses.

How does a flywheel store energy?

The flywheel stores energy by spinning at high speedsand releases it when needed by converting kinetic

energy into electrical energy . A power electronic converter is the link between the flywheel motor and the

power supply system. The kinetic energy stored in the flywheel is presented in Eq. (1).

What is a flywheel energy storage system (fess)?

Think of it as a mechanical storage tool that converts electrical energy into mechanical energy for storage.

This energy is stored in the form of rotational kinetic energy. Typically,the energy input to a Flywheel Energy

Storage System (FESS) comes from an electrical source like the grid or any other electrical source.

Could flywheels be the future of energy storage?

Flywheels, one of the earliest forms of energy storage, could play a significant role in the transformation of

the electri-cal power system into one that is fully sustainable yet low cost.

What are the advantages of Flywheel energy storage system?

Flywheel energy storage system has many merits, such as high power density, long lifetime, accurate

implementation to monitor the load state of the power system, and insensitivity to the ambient temperature.

The flywheel energy storage research began in the 1980s in China.

How to connect flywheel energy storage system (fess) to an AC grid?

To connect the Flywheel Energy Storage System (FESS) to an AC grid,another bi-directional converteris

necessary. This converter can be single-stage (AC-DC) or double-stage (AC-DC-AC). The power electronic

interface has a high power capability,high switching frequency,and high efficiency.
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Download scientific diagram | Components of

flywheel energy storage system, reproduced with

permission from Elsevier [47]. from publication:

Critical Review of Flywheel Energy Storage System 

The ???ywheel is utilized to store energy in

rotational kinetic form. The alternator with

appropriate excitation provides electrical power

output that can be used to supply the required load.

3 Design Components of System . The design

components of the ???

A description of the flywheel structure and its main

components is provided, and different types of

electric machines, power electronics converter

topologies, and bearing systems for use in 
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Future of Flywheel Energy Storage Keith R.

Pullen1,* Professor Keith Pullen obtained his 

Flywheel Components and Resulting Designs The

Rotor and Containment  A Flywheel System

Con???gured for Electrical Storage Reproduced

from Amiryar and Pullen.3 Joule 3, 1394???1403,

June 19, 2019 1395 

The core element of a flywheel consists of a rotating

mass, typically axisymmetric, which stores rotary

kinetic energy E according to (Equation 1) E = 1 2 I

?? 2 [J], where E is the stored kinetic energy, I is the

flywheel moment of inertia [kgm 2], and ?? is the

angular speed [rad/s]. In order to facilitate storage

and extraction of electrical energy, the rotor must be

part of ???

The FESS structure is described in detail, along with

its major components and their different types.

Further, its characteristics that help in improving the

electrical network are explained. The applications of

the FESS have also been ???
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Thanks to the unique advantages such as long life

cycles, high power density, minimal environmental

impact, and high power quality such as fast

response and voltage stability, the flywheel/kinetic

energy storage system (FESS) is gaining attention

recently. There is noticeable progress in FESS,

especially in utility, large-scale deployment for the

electrical grid, ???

The flywheel schematic shown in Fig. 11.1 can be

considered as a system in which the flywheel rotor,

defining storage, and the motor generator, defining

power, are effectively separate machines that can

be designed accordingly and matched to the

application. This is not unlike pumped hydro or

compressed air storage whereas for electrochemical

storage, the ???

Thanks to the unique advantages such as long life

cycles, high power density, minimal environmental

impact, and high power quality such as fast

response and voltage stability, the flywheel/kinetic

energy storage system (FESS) is gaining attention

recently. There is noticeable progress made in

FESS, especially in utility, large-scale deployment

for the ???
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Description of Flywheel Energy Storage System 2.1.

Background The ???ywheel as a means of energy

storage has existed for thousands of years as one

of the earliest mechanical energy storage systems.

For example, the potter's wheel was used as a

rotatory object  Structure and components of a

flywheel. 2.2.1. Flywheel Rotor '' 

A overview of system components for a flywheel

energy storage system. The Beacon Power

Flywheel [10], which includes a composite rotor and

an electrical machine, is designed for frequency

regulation

Figure 1: An overview of system components for a

flywheel energy storage system. 2.1 Overview

Figure 2:  [102] P. Tsao, An integrated flywheel

energy storage system with homopolar inductor

motor/generator and high-frequency drive, Ph.D.

thesis, University of California, Berkeley (2003).
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It reduces 6.7% in the solar array area, 35% in

mass, and 55% by volume. 105 For small satellites,

the concept of an energy-momentum control system

from end to end has been shown, which is based on

FESS that uses high-temperature superconductor

(HTS) magnetic bearing system. 106 Several

authors have investigated energy storage and

attitude 

Pumped hydro energy storage (PHES) [16], thermal

energy storage systems (TESS) [17], hydrogen

energy storge system [18], battery energy storage

system (BESS) [10, 19], super capacitors (SCs)

[20], and flywheel energy storage system (FESS)

[21] are considered the main parameters of the

storage systems. PHES is limited by the

environment, as it 

2. Description of Flywheel Energy Storage System

2.1. Background The ???ywheel as a means of

energy storage has existed for thousands of years

as one of the earliest mechanical energy storage

systems.
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Flywheel energy storage systems (FESSs) are

formidable solutions in energy storage, boasting a

range of advantages that position them as a

competitive alternative.  Integrating these energy

storage components minimizes voltage

disturbances, frequency variations, and heat-related

issues, ensuring enhanced reliability and efficiency

in power 

The hybrid energy storage system showcases

significant advancements in energy management,

particularly in peak shaving capabilities

demonstrated over a 15-year simulation period, as

illustrated in Fig. 6. Incorporating flywheel energy

storage reduces the deterioration of the battery's

state of health (SoH).

Electrical energy is generated by rotating the

flywheel around its own shaft, to which the

motor-generator is connected. The design

arrangements of such systems depend mainly on

the shape and type 
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Flywheel Energy Storage System (FESS), as one of

the popular ESSs, is a rapid response ESS and

among early commercialized technologies to solve

many problems in MGs and power systems

[12].This technology, as a clean power resource,

has been applied in different applications because

of its special characteristics such as high power

density, no requirement ???

Energy storage technology is becoming

indispensable in the energy and power sector. The

flywheel energy storage system (FESS) offers a fast

dynamic response, high power and energy

densities, high efficiency, good reliability, long

lifetime and low maintenance requirements, and is

particularly suitable for applications where high

power for short-time ???

Flywheel Contents show Flywheel Flywheel Material

Components of Flywheel Flywheels Advantages

Over Batteries Advantages of Flywheel

Disadvantages of Flywheel A flywheel is an inertial

energy storage device. It absorbs mechanical

energy and serves as a reservoir, storing energy

during the period when the supply of energy is more

than the ???
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Thus, it is necessary to integrate energy storage

systems formed by a single technology or in a

hybrid way (two or more technologies) that improve

their performance, efficiency, and lifetime [8, 9 

The flywheel energy storage system (FESS) offers a

fast dynamic response, high power and energy

densities, high efficiency, good reliability, long

lifetime and low maintenance requirements, and is 

Flywheel energy storage: The first FES was

developed by John A. Howell in 1883 for military

applications. [11]  LTES is made up of two

components: aquiferous low-temperature TES

(ALTES) and cryogenic energy storage. In ALTES,

water is cooled/iced using a refrigerator during

low-energy demand periods and is later used to

provide the cooling 
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Fig. 1: Cross section view of a typical flywheel

energy storage system. High energy conversion

efficiency than batteries, a FESS can reach 93%.

Accurate measurement of the state of charge by

measuring the speed of the flywheel rotor. Eliminate

the lead acid proposal issues of chemical batteries.

Shorter recharge time, deeper depth of discharge 

Energy storage systems (ESS) provide a means for

improving the efficiency of electrical systems when

there are imbalances between supply and demand.

Additionally, they are a key element for improving

the stability and quality of electrical networks. They

add flexibility into the electrical system by mitigating

the supply intermittency, recently made worse by an

???
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