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Abstract— Electricity as one of energy forms has still
significant disadvantage; it cannot be effectivelystored.
Mostly, there is necessary, for a regulation procss to
transform it into another energy form, which is loaded with
solutions of technical and economic issues of engrg
transformation. One of the prospective technology rbm
total transformation ones can be the Flywheel Energy
Storage — FES, which is possible to meet the criteriof
Uninterruptible Power Supply - UPS. FES has the potial
to become a viable option compensation for traditioal
electric storage technologies or regulatory powerosirce.

|. INTRODUCTION

Rotary accumulators, at the current technologeatl|
appear to be a competitive alternative to otheesypf
storage technologies or regulated electrical paoerces
to ensure the supply of electricity to the conswmier
order to cover supply of the required load with dlhextric
quality parameters — a high performance modulaiartr
is shown in Fig. 1.
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Fig. 1. UPS system working with FES, http://www.pawikru.com/

The flywheels are accumulating electricity in fooh
the kinetic energy of rotating masses. The rotatimass
can serve as a short-term backup power sourceenfjgn

necessary covered load can be defined as Crituadl |-
CL, for which the degree of supply security is "2"
uninterruptable load.

The current most frequently used method
backup power is primarily by batteries
generators. In terms of time the battery is used fo
uninterrupted power to the load until it is secuted
diesel-generators.

Maintaining energy parameters, although it is thenm
task of such sources, must be also provided avedgli
quality parameters. For AC appliances these pammet
are represented by frequency or voltage compliarittén
the required limits. Fig. 2 shows the case of FES for
the frequency regulation in a electricity distribut
network of NYISO Company, which ensures the
necessary regulatory power between sources andifoad
New York — Fig. 3.
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Fig. 2.FES for providing frequency regulation -
"http://beaconpower.com
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Fig. 3.New York distribution system (DS) and its connectih
neighbouring systems - ,http://www.nyiso.cam*

For flywheels use speaks their better operating

in the event of failure of the main power sourcecharacteristics with regard to higher efficiencgmpact

Currently, they founded utilisation as backup reses as
UPS systems, which are particularly important fo
telecommunications systems, data centres, etc. T

device functionality at a higher temperature
[gi;euaranteeing reliable operation.

range
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The issue of assessing the suitability of FES udhén manufacturer of the flywheel. However, it can beoal
DS supply is shown on the basis of FES utilisatiwodel calculated the ultimate tensile strength of relevant
in micro network when platform MATLAB / Simulink is material from which it is produced:
used. The aim was to eliminate the existing lackeaf

data from the FES operation. | o
C()max =k.— ; (7)

Il. THE TRANSFORMATION PROCESS OFES r

FES is composed of a rotating flywheel and inductio | (7)k is the safety factor. The flywheel may be in the
machine, which works simultaneously as a motor angerating periodr charged or discharged at a constant
generator (M-G). During normal operation, it conSer gneeq or at a speed increase or decrease. Speee cou

electricity from the grid into kinetic energy. IBoessary, changes [2] are exponential and it can be exprefsed
the stored kinetic energy is converted back intatekity discharge in the given period by:

using a generator — Fig. 4.

hax t<T
wt)= Ko, (8)
e’ t=T
DS % {(} # L:—IA @ FES @hax
] Ko is the conversion factor of the mechanical tortyue

electricity. For commercially available flywheel$het
period T, during which the flywheels operatesatay iS
usually always known. If not available, it can be
approximately determined by the rules of dependence

_ _ ~ between the moment and inertia of the flywheel gowe
The mathematical model of transformation of eleityri  output:

into kinetic energy and back is derived on basehef

Fig. 4.The principle function of FES

equation for kinetic energy in the rotating mask The J aﬁ]
value of the kinetic energy of the container body i Tiax = —— 9
determined by its mass and velocity: 2Pnax

N . .

=5m (2) The flywheel power, with exponential speed change,

can be derived from (10), in respect of each time:
In case of the flywheel the kinetic energy stonmedhie
rotating mass and the velocity of the mass is detexd Prax t<T
by the angular velocity of the radius, whereby (1) goes pP= K (10)
into the shape: o
”setr‘“ﬁaxe t 2 T
E :l(mr_w)Z 2) Another important parameter is the efficiency oé th
2 flywheel. The efficiency can be expressed by power

losses, which are needed to maintain the speedheof t
same angular velocity. The total kinetic energythien YWheel at the nominal speed or in the standby endthe
power losses, which are necessary to maintain the

proportional, besides to the rotational speed, @isthe : X
moment of inertia) of rotating masses, which in case of aﬂ%‘/v{r?:ecl\;grztlm)d/\%éne?dp%v?er? g%?gg:g Iigormcgrﬁpﬁg%

cylinder is: may be noted effectiveness of conventional UPSryst
(batteries), which typically ranges from 95 % t0%§3].

Flywheel body mass is spread with different ratlthe

J:J‘rzdm:m.r2 (3)
lll. FES modeling

For computation of FES it can be used FES modals th
are available on the network. One of the exampdes i
presented in [5]. It is also possible to use thbliphed

While mass of the cylinder is dependent on theadist
| and given specific mags:

m=mpl.r? (4)

models — [4].
Moment of inertia is then: The presented model consists of two basic parte. Th
first one is a flywheel, which evaluates the voitaand
J=mplr? (5)  current of the bus-bar which is connected to tlael J@and

controls the power output from the flywheel. In ttee
The total stored energy in the flywheel expressethb  model, there is possible to enter the parametdigvare
inertia moment is: represented by the maximum and minimum angular
velocity (rad/s), power (kW), energy capacity (kW.s
1 efficiency (=), time charge (s), time of maximumwgso
Eaum == J oo (6) discharge (s) and the time of discharge from thié ha
2 power (s). The output of the model is its flywhpelver

Maximum speed is determined by the materiaputput (kW), power work output (kW.s) and angular
properties of the flywheel and is always guaranteethe  Vvelocity (rad/s). The typical discharge time of the
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flywheel, according to the manufacturers, is betwk@ to

. wref(p.u) mec (p.u mJ
30 seconds, whereby the charge of the flywheel is = P il G N o S
required from 1 to 10 minutes, depending on the I1—p oo L v, e 3
technology used by the flywheel. Viref (pu) e sM [ srmmen S
Control of the flywheel is based on energy bus-bars .05 Ve conra Z|

balance. If the value of the energy bus-bar istgrethan -

it is necessary for load, flywheel begins to chaggeess .

energy. In the absence power the flywheel is disgth Fig. 7.TheM-G model

so that a critical load can be maintained. Whenbtiek-

up source (diesel) is connected, through which the For the purpose of the FES functionality verifyirige
frequency and voltage of the bus-bar is stabilizb@é, model was applied on four different types of flywtse
flywheel goes into charging mode. Solution of dage  with performance 120, 150, 160 and 250 kW. Modelled
model mode of the flywheel based on (10) is shown ioutput discharge characteristics were compared with
Fig. 5, and the solution of charging model modshiswn  manufacturers presented ones, which are basedsbn te
in Fig. 6. measurements. Results are shown in Fig. 8.

Discharging Power Calculation 300

=—120kW Model

= ==120kW Real
250 s — =

——160kW Model

B
- 160kW Real
g 200 = 150kW Model
4 150kW Real
5 ——— — ——250kW Model | |
. %150 \\\ 250kW Real
§ 100 ~
[icrarge mey >———fr- oo =
0
0 10 20 30 40 50 60
FW 1 Discharging Curve Running Time (Sec)
FW 2 Discharging Curve
FW 3 Discharging Curve Fig. 8.The discharge characteristics of flywheels
f(u o o o o
Fwwui%r;m‘gcurve ,,‘;? ,;'?l:? 5’ n‘;g'
2000 S XY 77
Fig. 5. Thedischarge flywheel model i £33 § § LEW x 250k
“? @ "? g I:? e 2 FW x 250kW
EISW N g N § — 3FW x250kW
o | —————— «e+ 4 FW x 250kW
g 1400 — =5 FW x 250kW
Charging Power Calculation -§. 1200 OO TEEEEEEEEEA, WA EEORW
= —7 FW x 250kW
@—’ no- 1000 }oesssssesopossssssosef
0.693 g 800
o
E 600
|- S ppnp—" [————
-_' g‘ 400
Load Shape o
200
0
1] 10 20 30 40 50 60 70
Running Time (Sec)
Fig. 6.Thecharge flywheel model Fig. 9.FES Parallel connection
The speed of the flywheel rotation is calculatedtton In the event when we need available power for an
base of (6): extended period, the units should be connect iallghr
The model is then possible to answer questions-ikar
2E the time required to establish the necessary powgiut
w= 5 (11) of parallel cooperating flywheels. Fig. 9 showsvsdl

number of the parallel units with single output260 kW
which must be connected to the total power outgut o

The second part of the model is the motor—generato%OO kW, to be available for the required time.

system which performs transformation between the
mechanical and electrical systems. Most FES use
induction motors or synchronous machines with
permanent magnets. The presented motor-generatiglmo
uses a synchronous machine (Fig. 7).
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IV. CONCLUSION

The created model demonstrated the use of the FES i
conjunction with other supplying resources the vahd
network is possible. Model example was applied to
provide power for critical loads in a micro-netwot
avoid voltage loss. The use of storage elements in
micro-networks may be more effective due to the
economic advantages compared with conventional
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Fig. 10.Synchronization diesel-generator on the bus

The proposed FES model is connected via a bus with
the backup power source which is represented by a
diesel-generator that takes, over a specified tithe,
critical load supply. In this presented case, tredlelied
critical load was set to 750 kW. Function of theg#il-
generator is evident from Fig. 10. At the time afver
failure (t = 0 s), the flywheels begin to delivhetbus load
required for covering the critical load. Because filure
is longer than 5 seconds, the diesel generatditas the
start synchronized with the network in 17 secoridse
entire network is after this time powered by theseél
generator and the flywheels go into the chargingleno
From the speed course of the system — Fig. 11 anesee
that the flywheel will be charged back after 196oswls.
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Fig. 11.Speed course of the system

As a result of the continuous power supply, usimg t
FES system, the frequency is also stabilized — Flg-
red curve.
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Fig. 12.Speed course of the system

accumulation elements, because their life is atbout
times higher with increased efficiency. Using o thES

DS is considerably limited by their dischargadi In

conjunction with other regulatory means they camd fi
their place.
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