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power quélity such as fast respor S o
stability, the flywheel/kinetic energy storage syst

noticeable progress made in
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utility, large-scale deployment for

ywheel energy storage systems: state of the art and
opportunities Xiaojun Lia,b,, we survey di erent
design approaches, choices of subsystems, and the
e ects on performance, cost, and vacuum pump,
catcher bearings, and a cooling system. 2.2.
Flywheel/Rotor The ywheel (also named as rotor or
rim) is the essential part of a FESS.

Abstract???Flywheel energy storage is considered
. in this paper for grid integration of renewable energy
sources due to its inherent advantages of fast
response, long cycle life and ???exibility ??7?
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i o 3 The main components of a typical flywheel. A typical
¥ g;' :é:; gj system consists of a flywheel supported by
Ry rolling-element bearing connected to a

motor???generator.The flywheel and sometimes

Battery String-5224
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~Easy configuration and maintenance

motor???generator may be enclosed in a vacuum
chamber to reduce friction and energy loss..
First-generation flywheel energy-storage systems

use a large steel flywheel rotating on mechanical
??7?

vvvvvvvvvvvvvvvvvvvvvv It reduces 6.7% in the solar array area, 35% in

e w 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 ???

Future of Flywheel Energy Storage Keith R.

- .- . Pullenl1,* Professor Keith Pullen obtained his
n °_ & energy storage. Based on design strengths typically
A s 50-60KWH used in commercial ???ywheels, s A Flywheel
- System Con???gured for Electrical Storage
ATy Reproduced from Amiryar and Pullen.3 Joule 3,
i 1394???1403, June 19, 2019 1395
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1 Introduction. Among all options for high energy
store/restore purpose, flywheel energy storage
system (FESS) has been considered again in recent
years due to their impressive characteristics which
are long cyclic endurance, high power density, low
capital costs for short time energy storage (from

seconds up to few minutes) and long lifespan [1, 2].

This paper presents a design of flywheel energy
storage (FES) system in power network, which is
composed of four parts: (1) the flywheel that stores
energy, (2) the bearing that supports the

The cost to build and maintain such a system can
be substantial. This paper presents a unique
concept design for a / kW-li inside-out integrated
flywheel energy storage system. The flywheel
operates at a nominal speed o 40,000 rpm. This
design can potentially scale up for higher energy
storage capacity. It uses a single composite rotor to
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tion of a ???ywheel that can power a 1 kW system
is considered. The system design depends on the
???ywheel and its storage capacity of energy.
Based on the ???ywheel and its energy storage
capacity, the system design is described. Here, a
PV-based energy source for controlling the
???ywheel is taken.

The core element of a flywheel consists of a rotating

mass, typically axisymmetric, which stores rotary
kinetic energy E according to (Equation 1) E=12 |
?? 2 [J], where E is the stored kinetic energy, | 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 ??7?

Energy storage flywheel systems are mechanical
devices that typically utilize an electrical machine
(motor/generator unit) to convert electrical energy in
mechanical energy and vice versa. Energy is stored
1075KWHH ESS in a fast-rotating mass known as the flywheel rotor.

The rotor is subject to high centripetal forces

m ' requiring careful design, analysis, and fabrication to
= .
T ensure the safe ???
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Featured Application: This article covers the design
and operation of a low-cost test rig as a strategic
tool to aid the development of burst containments
for flywheel energy storage systems.

magnetic bearings, power system quality, power
system reliability, design of flywheel. 1.
INTRODUCTION A Flywheel Energy Storage (FES)
system is an electromechanical storage system in
which energy is stored in the kinetic energy of a
rotating mass. Flywheel systems are composed of
various materials including those with steel flywheel
rotors and

1 Introduction. Among all options for high energy

B | store/restore purpose, flywheel energy storage
system (FESS) has been considered again in recent
years due to their impressive characteristics which
are long cyclic ???
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potential energy dense, efficient storage system.
Many characteristic features can be implemented to
increase the efficiency for lunar applications where it
is import to minimize energy waist. 1.2 Flywheel
Energy Storage Systems Flywheels are not a new
concept and are used for many mechanical

systems.

PDF | This review presents a detailed summary of
the latest technologies used in flywheel energy
storage systems (FESS). This paper covers the
types of | Find, read and cite all the research

Energies, 2021. This review presents a detailed
summary of the latest technologies used in flywheel
energy storage systems (FESS). This paper covers
the types of technologies and systems employed
within FESS, the range of materials used in the
production of FESS, and the reasons for the use of

these materials.
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The flywheel is the simplest device for mechanical
battery that can charge/discharge electricity by
converting it into the kinetic energy of a rotating
flywheel, and vice versa. The energy storage

Rotor Design for High-Speed Flyheel Energy
Storage Systems 5 Fig. 4. Schematic showing
power ???ow in FES system ri and ro and a height
of h, a further expression for the kinetic energy
stored in the rotor can be determined as Ekin =1 4
????h(r4 o ???r 41)?? 2. (2) From the above
equation it can be deduced that the kinetic energy of
the rotor increases

The energy crisis in Uganda has caused a sharp
decline in the growth of the industry sector from

10.8% to 4.5% between 2004/5 and 2005/6. This
crisis has escalated the power disruptions, which
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Keywords: energy storage systems (ESS);
???ywheel energy storage systems (FESS); power
electronics converters; power quality improvement
1. Introduction Energy storage systems (ESS) can

be used to balance electrical energy supply and
demand. The process involves converting and

Ejiﬂl storing electrical energy from an available source
ﬂ%ﬂ into another
THJ:._." i
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1 INTRODUCTION. Pure Electric Vehicles (EVs)
are playing a promising role in the current
transportation industry paradigm. Current EVs
mostly employ lithium-ion batteries as the main
energy storage system (ESS), due to their high
energy density and specific energy [|.However,
batteries are vulnerable to high-rate power
transients (HPTs) and frequent ???

??7? The G3 flywheel can provide 25W-hr/kg system
specific energy, 85% round trip efficiency for a 15
year, LEO application ??? A sizing code based on
the G3 flywheel technology level was used to
evaluate flywheel technology for ISS energy
storage, ISS reboost, and Lunar Energy Storage
with favorable results.
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