
ENERGY STORAGE FLYWHEEL TRAM

Flywheel systems for energy saving of light railway vehicles are still in

development and a recent agreement between Alstom Transport and

Williams group,  including both metro trains and trams. The term ''energy

storage devices'' refers to batteries, flywheels, EDLCs and HES devices.

HES devices are very promising for future railway 

This is achieved by collecting energy in the flywheel over time and then

releasing the energy quickly, at rates that exceed the abilities of the

energy source.  Kinetic Energy Storage Systems (KESS) are based on an

electrical machine joined to a Flywheel.  Tram on board TECHNICAL

DATA. Electrical Data Power: 310 kW Stored Energy: 2.77 kWh

In this frame, the flywheel application seems to be

978-1-5386-4011-1/17/$31.00 c 2017 IEEE one of the attractive

realizations [4, 5, 6]. The flywheel electrical accumulation storage fulfills all

operation requirements correctly and moreover, the flywheel electrical

energy storage is ???

The energy consumption of a tram with a flywheel system is compared to

the consumption of a conventional tram without an energy storage device

and a tram with a storage device based on supercaps. Finally, the

influence of the grid feed-in power limit on the energy savings is analyzed.
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This piece resulted from a challenge within the staff to write a collaborative

post on emerging energy storage technologies. I left Chemistry back in

high-school but one technology that for long has fascinated me lead me to

volunteer to the project: the flywheel. It seemed a good justification to

study why these ancient mechanisms haven''t lost of the industry.

Preliminary results confirm the feasibility of the energy saving concept

indicating a significant potential for the hybrid energy storage devices and

subsequent energy re-use of 4000???6000 kWh 
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A review of energy storage types, applications and recent developments.
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Flywheel energy storage. Flywheel energy storage, also known as kinetic

energy storage, is a form of mechanical energy storage that is a suitable

to achieve the smooth operation of machines and to provide high power

and energy ???

Flywheel Energy Storage Course or Event Title 6 ??? Salient Information

???High energy density (energy stored per unit weight or volume)

???Very high cycling capacity, long life, minimal maintenance  tram,

WMATA, France 22 22 ??? Manufacturers for Transit System Applications

- VYCON

A review of flywheel energy storage technology was made, with a special

focus on the progress in automotive applications. We found that there are

at least 26 university research groups and 27 

bus, energy storage in trolleybus or tram, flywheel, heat engine flywheel,

hydraulic accumulator, mechanical energy storage, overall efficiency of

energy storage, peak  flywheel energy storage systems produce the

additional power to satisfy the demand their ???

The flywheel energy storage operating principle has many parallels with

conventional battery-based energy storage. The flywheel goes through

three stages during an operational cycle, like all types of energy storage

systems: The flywheel speeds up: this is the charging process. Charging

is interrupted once the flywheel reaches the maximum 
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kinetic energy through the principle of the conservation of energy. Older

flywheel technologies were developed with steel laminate disks whereas

newer systems are being developed from high-strength carbon fibre

composites suspended by magnetic bearings. Flywheel trams exist in two

primary forms: hybrid and zero-emissions.

In real life, there are many cases where on-board energy storage is

implemented, for instance, Brussel metro and tram lines and Madrid Metro

line in Europe, values of energy savings up to 27.3???36.3% [13, 14].  As

the wayside ESS has less restrictions on the storage device volume, the

flywheel energy storage technology has become a reality.

An overview of system components for a flywheel energy storage system.

Fig. 2. A typical flywheel energy storage system [11], which includes a

flywheel/rotor, an electric machine, bearings, and power electronics. Fig.

3. The Beacon Power Flywheel [12], which includes a composite rotor and

an electric machine, is designed for frequency 

The common on-board energy storage technologies include flywheel

energy storage, battery energy storage, capacitor energy storage, and fuel

cell energy storage. The flywheel energy storage technology is not mature

enough at present, and the safety and rotation force problems restrict the

flywheel energy storage technology in the tram [ 1 ].

A battery system charging control method in which multiple battery packs

are connected directly in parallel, which can limit the charging current of

each battery pack and ensure that it does not exceed the limit. Pure

battery-driven trams often use battery packs in parallel due to power and

energy requirements. Because there is no isolation between each group,

current circulation is ???
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Flywheel Energy Storage System (FESS) Revterra Kinetic Stabilizer Save

money, stop outages and interruptions, and overcome grid limitations.

Sized to Meet Even the Largest of Projects. Our industrial-scale modules

provide 2 MW of power and can store up to 100 kWh of energy each, and

can be combined to meet a project of any scale.

Flywheel energy storage has simple structure and high reliability, but it

occupies a large space and is not suitable for integration on the train.

Additionally, braking energy storage technology includes battery energy

storage  Once the coil springs reach full energy storage or when the tram

vehicle braking concludes, the coil spring set 

For instance, mechanical energy storage technology is based on the slope

of a tram carrying rocks or sand in an electric car equipped with a

motor-generator  Shimada R (2005) Novel applications of the flywheel

energy storage system. Energy. Elsevier Ltd, pp 2128???2143. Google

Scholar Tan P, Jiang HR, Zhu XB et al (2017) Advances and 

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 

In this paper, state-of-the-art and future opportunities for flywheel energy

storage systems are reviewed. The FESS technology is an

interdisciplinary, complex subject that ???

possibilities. In this frame, the flywheel application seems to be one of the

attractive realizations [4, 5, 6]. The flywheel electrical accumulation

storage fulfills all operation requirements correctly and moreover, the

flywheel electrical energy storage is fully ecological. The braking kinetic
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energy
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A flywheel-storage power system uses a flywheel for energy storage, (see

Flywheel energy storage) and can be a comparatively small storage

facility with a peak power of up to 20 MW. It typically is used to stabilize to

some degree ???

Flywheel powered trams can be particularly convenient in cities for they

dispense with overhead electrification. Notwithstanding this fact, today

there's only one commercial case to refer, in the Stourbridge line in

London.  Flywheel energy storage systems using mechanical bearings

can lose 20% to 50% of their energy in 2 hours.[27]

Flywheel Energy Storage System (FESS) has the advantages of high

instantaneous power, high energy storage density, high efficiency, long

service life and no environmental pollution. In this paper, the FESS

charging and discharging control strategy is analyzed, and the active

disturbance rejection control (ADRC) strategy is adopted and improved.

Flywheel Energy Storage (FES) systems refer to the contemporary

rotor-flywheels that are being used across many industries to store

mechanical or electrical energy.  satellite energy storage, trams and trains,

etc. Since FES systems can be designed with as many individual

flywheels as necessary, the power capacity can be adjusted simply by 
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