POWER ELECTRONICS IV

UNINTERRUPTIBLE POWER SUPPLY
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Introduction:

This assignment is based on UPS – uninterruptible power supply and its operation, types and control of power.

When electrical utility power fails or drops to an unacceptable level, uninterruptible power systems (UPS) are key in saving and protecting valuable computer data. UPS equipment provides power conditioning, power regulation and, in case of power outages, provides the crucial backup power needed for an orderly shutdown of computer processes and files.  UPS are also used for emergency power supplies for Hospitals, data centres, municipalities, industrial and commercial centres to supply power in case of power failure from main supply authority.

Uninterruptible power supply

All UPSes include core circuitry that manipulates electricity, converting it from the AC power produced by the utility company to DC power stored in the battery, and back again for use by your equipment via an inverter. The exact type, nature, size and quality of this circuitry depend on the type of UPS, and more specifically the make and model you have chosen. 

Most modern UPSes are microprocessor-controlled. There is actually a small computer embedded within the UPS itself that controls the key functions of the UPS. This includes detecting AC power failures, handling switching between power sources, monitoring the status of the battery, controlling the status indicators and so on.

Types of UPS:

The different types of UPS are Standby UPS (Standby power supply), Line-Interactive UPS, Online UPS and Ferroresonant Standby UPS as shown bellow:
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Fig 1 - Block schematic of a standby UPS. 
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Fig 2 - Block schematic of a line-interactive UPS.
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Fig 3 - Block schematic of an online.

[image: image5.png]DELTA.

L BATIERY IERTER




Fig 4 - Simplified block schematic of a delta-conversion online UPS. 
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Fig 5 - Block schematic of a ferroresonant standby UPS

These UPSes are available for different Power output range such as: Standby UPSes are usually available in a size range of up to about 1000 VA. The line-interactive UPS is an improved design that is commonly used in units for home and business use, available in sizes up to 3,000 VA or so. It is superior to the standby UPS, but it still has a transfer time like standby UPS. Online UPS are typically used only for large servers, and for backing up multiple pieces of equipment in data centres. They are available in sizes from about 5,000 VA up to hundreds of thousands of VA and even larger. Ferroresonant standby UPSes are usually available in a size range of up to about 15,000 VA, making them suitable for even the largest servers

For this assignment I will describe the basic method of operation for Online UPS.
Online ("True") UPS
The online UPS, sometimes called a true UPS. In the online UPS the primary power source is the UPS's battery, and utility power is the secondary power source! Under normal operation the online UPS is always running off the battery, using its inverter, while the line power runs the battery charger. For this reason, this type of UPS is sometimes also called a double-conversion or double-conversion online UPS. This design means that there is no transfer time in the event of a power failure.  A computer powered by an online UPS responds to a power failure in the same way that a plugged-in laptop PC does: it keeps running without interruption, and all that happens is that the battery starts to run down 
The disadvantage of the online UPS is its inefficiency. All the power going to the loads is converted from AC to DC and back to AC, which means much of the power is dissipated as heat. This is happening all the time, not just during a power failure, and while running equipment that draws a lot of power. To combat this shortcoming, a new design called a delta-conversion online UPS was created.
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- Simplified diagram of a high-power double-conversion (on-line) UPS (bridge rectifier on the input).
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Efficiency vs. Load for a typical 1.5 kVA UPS Efficiency

Now let’s analyses one of the major component on UPSes, the Inverter:
Fourier series for output voltages of inverter waveforms. 

The Fourier series for a periodic function vo (ωt) can be expressed as 
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For an odd quarter-wave symmetry waveform:
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Therefore, vo(ωt) can be written as:
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(i) Square-wave:
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(ii) Quasi square-wave:
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(iii) Notched waveform (Harmonics Elimination PWM): [image: image15.png]
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The harmonics may be reduced to improve the output waveform using sine pulse with modulation (SPWM). The output voltage is controlled by means of varying the pulse widths to simulate a sine wave classical method.

However, the triangle comparison method uses:

· A reference sine wave to set required magnitude and frequency

· A high frequency triangular waveform to determine the switching times. This is done by superimpose these waveforms.
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Regular sampling

– Asymmetric and symmetric
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Modulation index:
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MI is related to the fundamental (sine wave) output voltage magnitude. If MI is higher, then the sine wave output is high and vice-versa.

If 0< MI< 1, the linear relationships holds: V1 = MI x Vin, where V1, Vin are the fundamental of the output voltage and the input DC voltage respectively.
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The presence of harmonics upstream of a UPS is due to its basic design, i.e. the fact that it draws power from the upstream AC system via a rectifier/charger. The function of the rectifier/charger is to charge or float charge the battery at a constant voltage and to supply the power demanded by the inverter. The most common type of rectifier/charger is based on a Graëtz bridge with SCRs (see figure below), combined with a very high-impedance smoothing inductor (or choke) such that the output current Id is perfectly smooth, DC.
waveform of the input current
The input currents of each phase, supplied by the source, are made up of rectangular waveforms (I1, I2, I3) in figure below, containing harmonics. Each SCR conducts the current for one third of a cycle. The line currents I1, I2 and I3 each stay on, in turn and for one third of the cycle, the value and waveform of the Rectified current Id, which is a direct current if the smoothing impedance is considered infinite. If, at the same time, the source impedance Zs is assumed to be equal to zero, the current immediately reaches the value Id when an SCR starts to conduct.
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 Diagram of rectifier/charger

UPS uses filter to reduce harmonics such as the one shown below:

[image: image22.png]L-C Output filter _ Load

I, &,

BT N W

Vel T|| 5





Total harmonic distortion (THD)

THD is the measure of the quality of inversion, and should be as low as possible. The THD is the ratio of Rms of all harmonics to the Rms of fundamental of an inverter.

For a three phase voltage source bridge inverter (VSI) as shown on circuit above the THD is about 0.30 or 30%.

In particular, these harmonics produce:

- Current distortion (THDI approximately 30%) and voltage distortion (THDU). The higher the source impedance, the higher the THDU;

- An increase in the rms value of the current;

- A reduction in the power factor.

For more information on UPS and power electronics technology please check the references shown below:
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