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ABSTRACT

Nowadays static UPS systems are preferred for low-power applications, although rotary UPS systems offer
some interesting advantages. The rotary UPS now having only high end applications and is not available for,
hospitals-critical loads like operation theatre and ICU’s, utility, small collocations, military applications- data
centers , telephone equipments - mobile towers, storage devices and various data centers. In this paper,
simulation investigations for a diesel rotary UPS system have been carried out using MATLAB / SIMULINK
for possible implementation of this system to feed the critical loads as described above uninterruptedly. A rotary
UPS wuses the inertia of a high-mass spinning Flywheel (Flywheel energy storage) to provide
short-term ride-through the time of power loss. The Flywheel also act as a buffer against power spikes and
sags, since such short-term power events are not able to appreciably affect the rotational speed of the high-mass
Flywheel, Flywheel-based UPS systems typically provide 10 to 20 seconds of protection before the Flywheel has
slowed and power output stops. The name Flywheel energy ride through came from the operation of Flywheel
in the rotary UPS. Flywheel is the kernel of the system described above.

Index Terms— Diesel rotary UPS, Flywheel energy storage, Kinetic Energy, rotary UPS.

I. INTRODUCTION

The need for continuous power supply increasing day by day. Critical loads are in need of continuous
power, there shouldn’t be any break. [2][9][10] However, the nature of the problem varies rapidly. In some cases,
large scale power demands need only in short term ride through and stabilization. In other cases, low power
applications for large time ride through, or, aggressive industrial loads need UPS with high peak handling or large
site distribution at medium voltage. Major function of Uninterruptible Power Supplies (UPS) is to assure power
security, whose sole purpose in life is to provide continuity and quality of power at all times. Uninterruptible
power supply (UPS) is also known as uninterruptible power source or battery/Flywheel backup. It is an electrical
apparatus that supply emergency power to a load when power interruption occurs. From the stored batteries or
from Flywheel UPS supplies power and it differs from an auxiliary or an emergency power system or standby
generator. [6] Nowadays static UPS systems are preferred for low-power applications, although rotary UPS
systems offer some interesting advantages. [5] A rotary UPS uses the inertia of a high-mass
spinning Flywheel (Flywheel energy storage) to provide short-term ride- through the time of

power loss. The Flywheel also act as a buffer against power spikes and sags, since such short-term power events
are not able to appreciably affect the rotational speed of the high-mass Flywheel, Flywheel-based UPS systems
typically provide 10 to 20 seconds of protection before the Flywheel has slowed and power output stops. [3]. An
important task for the Flywheel design is to determine power and energy storage requirements and the location of
the storage device [13]. In this paper simulation investigation relating to static UPS and rotary UPS system is
discussed with eddy current coupling and Flywheel model and the results have been reported.

Il. SIMULATION MODELING

A. Static UPS simulation

Simulation model of 63 KVA static UPS system is shown in Fig. 1. Three phase input is given to the rectifier
and the capacitor acts a battery or energy storage here. The capacitor discharges and is inverted by the inverter and
load has supplied by it. The rectifier and inverter circuit has major subsystems in the simulation part.
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Fig 1: Simulation model of static UPS

B. Rotary UPS simulation

i Simulation without Flywheel

Simulation model of 63 KVA Rotary UPS system without Flywheel is shown in Fig. 2. The observations made
are as follows:
The main is supplying continuous power to the load. It fails at 7" second. Failure of power supply is sensed
through sensors and issues a command to the diesel engine to start at 12" second and the power to the load is
restored. There was an interruption of power for 5 seconds which is not acceptable for critical loads.

Fig 2: simulation model of rotary UPS without Flywheel

il Simulation with Flywheel

Simulation model of rotary UPS with Flywheel is shown in Fig. 3. Once the mains fails at say 7" second, energy
stored in the Flywheel is transferred to the alternator and thereby to the critical loads and discharging of the
Flywheel occurs. The diesel engine gets the command to start at 12" second and the power to the load is then
restored. Time between failure and restoration, Flywheel was supplying the critical loads.

Fig. 3: Simulation model of rotary UPS with Flywheel
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I1l. RESULTS AND DISCUSSIONS

A. Static UPS

Fig. 4 represents three phase output of a static UPS. The green, red and blue waveforms indicate the three
different phase voltage wave forms. The output waveform shows continuous distortion. When static UPS is unable
to supply exact current, there occur clipping of voltage waveform, hence load distortion occurs (Fig. 4).

Fig. 4: Three Phase Output Distortion

The harmonics present in the output of static UPS is shown in Fig.5. The total harmonic destruction was
obtained by the FFT analysis using SIMULINK.

The THD result obtained is 21.55%, which is quite high. The rectifier at the input to a static UPS converts AC to
DC and creates harmonic distortion that will reflect back to the grid supply. Additional expense is required to filter
out these kinds of harmonics.

Power capacitors are one of the most unreliable components in electrical design. A static UPS requires
capacitors for the correction of power factor, input harmonic distortion and output harmonic distortion
suppression. These capacitors are prone to fail which significantly reduces the reliability of a static UPS system.
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Fig. 5: Total Harmonics in Static UPS
First waveform in Fig. 6 is the input supplied while the last three waveforms represent the load current distortion in

static UPS. The rectifier at the input to a static UPS converts AC to DC and creates harmonic distortion that will
reflect in the output.
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B. Rotary UPS

i Without Flywheel

In this type of operation the system is without connecting the Flywheel, whenever power fails interruption
occurs and after few seconds the diesel engine starts, the starting time is the time of interruption and power to the
critical loads are not supplied during this period.

The operation of the system is described in section Il; the simulation results obtained in Fig. 7 are discussed as
follows:

It is observed that whenever power fails (here at 7" second) there is no current flow in the circuit, speed decreases
to the minimum level, stator current distorts, no supply is provided for the critical loads till the generator starts.
Here, from 7" to 12" second the supply remains zero and no power is supplied to the critical loads. The power
interruption occurs and there is no continuity of power in the circuit.

Waveform A represents the mechanical output of the diesel engine, which is zero till 12" second and after 12"
second it increases and stabilizes after few seconds.

The waveforms B and C represents the terminal and field voltages of the diesel engine respectively. Till 12"
second it is zero and, after 12" second, when the diesel engine starts, it goes to its desired value and settles.
Waveform D represents the speed of the machine (load) which is in the power system, the speed decreases to zero
after 5 seconds and gradually increasing after the starting of diesel engine.

The last waveform E represents the mechanical power output from the Flywheel. The Flywheel output is always
zero in the system since no Flywheel is connected.

Fig. 7: Simulation result of rotary UPS without using Flywheel

ii. With Flywheel

In this type of operation the system is connected with the Flywheel, whenever power fails the control is given to
the Flywheel and the stored KE is transferred to the alternator and it supplies the critical loads for a small amount
of time. By this time diesel engine starts (the power back up) and it supplies the critical loads or the system of
loads. The Flywheel will be continuously running and energy is stored in as KE (kinetic energy). This energy is
transferred through eddy current coupling to the alternator and to the critical loads.
Fig. 8, shows the results of the system with Flywheel, Here the Flywheel is operated in 7" second and operated till
the diesel generator restores the power (i.e.,12" second) and it provides continuous energy supply to the critical
loads.
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Fig. 8: Simulation Results of rotary UPS with Flywheel

Fig. 9 shows the three phase output of the rotary UPS with Flywheel system. It is observed that there are no
distortions in the output and there are no harmonics present in it.

Fig. 9: Three phase output of rotary UPS with Flywheel

IV. CONCLUSIONS

Flywheel storage systems have been used for a long time. Material and semiconductor development are offering
new possibilities and applications previously impossible for Flywheels. The fast rotation of Flywheel rotors is
suitable for direct generation of high voltage. Thus for Flywheel applications, the motor/generator part has a large
upgrade potential. In this paper design of a rotary UPS is discussed with eddy current coupling and Flywheel
simulation model. Flywheels are now a days using only for large power applications. In this paper, we have
proposed that it can be used for low power applications as well. Simulation results show that in static UPS there is
distortion in load, and there is no continuity. The critical loads always will be suffering from interruption in static
UPS system. The use of Flywheel and rotary UPS makes the system uninterrupted, continuous, harmonic less and
zero distortion.
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