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 1. INTRODUCTION

 An uninterruptible power supply (UPS) provides emergency power when the 
mains power fails. 

 A UPS differs from an emergency power in that it will provide near-
instantaneous protection from input power interruptions.

 A UPS is used to protect critical hardware.
e.g.Computers, Data centers, Telecommunication equipment or Medical
equipment. 



Common power problems

 Voltage spike, overvoltage and voltage sag

 Momentary or sustained reduction in input voltage

 Noise, high frequency transient or oscillation

 Instability of the mains frequency

 Harmonic distortion





VA and Watts in a linear circuit



VA and Watts in a non-linear circuit



The difference between VA and watts

Watts =VA* Power Factor or VA=Watts/Power Factor
e.g 3KVA, Power Factor =0.8 , Watt =3kVa * 0.8=2400W



Three general categories of modern UPS systems
Standby / Offline

2. Types



Line-interactive
Similarly to an Offline UPS, with the addition of a built-in Automatic Voltage 
Stabilizer (AVS). Typically a line-interactive UPS is only available up to 3kVA.

Most Line Interactive UPS will provide a modified sinewave whereas more 
premium designs will provide a sinewave output.



Online / Double-conversion

 The online UPS is ideal for environments where electrical isolation is necessary or for 
equipment that is very sensitive to power fluctuations.

 Reserved for very large installations of 10 kW or more.

 Necessary when the power environment is "noisy", when utility power sags, outages 
and other anomalies are frequent, when protection of sensitive IT equipment loads is 
required.

 It is called a double-conversion UPS due to the rectifier directly driving the inverter, 
even when powered from normal AC current.

 Online UPS typically has a static transfer switch (STS) for increasing reliability.

* In this chapter, we will focus on this type of UPS.



Comparisons between above UPS

1. Offline Line / standby UPS                                                                  
(VFD – Voltage and Frequency 
Dependent)

2. Line Interactive UPS                                                             
(VI – Voltage Independent)

3. Online / double conversion UPS                                              
(VFI – Voltage and Frequency 
Independent)



 Block Diagram of Double Conversion UPS

Block Diagram of Double Conversion UPS



3. UPS Components

Circuit Description

Power Factor Correction (PFC) and EMI Filter

- Rectifier

- Inverter

- Static Transfer Switch (STS)

- Battery Charger

- Battery Discharger (Battery Booster)

- Isolation Transformer (Optional Output Stage)



Technology (Pulse Width Modulation PWM)

- The main advantage of PWM is that power loss in the switching devices is very low. When a switch is off there 
is practically no current, and when it is on and power is being transferred to the load, there is almost no voltage 
drop across the switch.

Principle of the delta PWM. The output signal (blue) is compared with the limits (green). These limits 
correspond to the reference signal (red), offset by a given value. Every time the output signal (blue) 
reaches one of the limits, the PWM signal changes state.



IGBT the standard operation with a switching pattern to build up an output sine wave 
voltage. 











PWM 



Schematic Block Diagram of a PWM UPS 



Hysteresis Control of Input Current

PFC Control Algorithm
Power Factor Correction Control

NXP Single Phase On-Line UPS Using MC9S12E128 Reference Manual 



System Concept of UPS

NXP Single Phase On-Line UPS Using MC9S12E128 Reference Manual 

Refer pdf P88,P89



Battery Charger Schematics



dc/dc Converter Schematic



PFC and Inverter IGBT Drivers



PFC Current Controller



PFC and Inverter



Schematics of Input Filter



UPS Power Stage

Input Filter



User Interface MC9S12E128 Controller Board



UPS 5KVA

12V 9Ah (20pcs)



Output Voltage 

 Pure Sine Wave and Simulated Sine Wave / Modified Sine Wave

Square wave
Square sine wave
Step sine wave
Module sine wave
Even sine wave
Pure sine wave
True Sine wave



Use of an Isolation Transformer for Online UPS
1. Voltage conversion

An isolation transformer can be designed as either step up or step down to 
convert voltages to desired levels so that the connected loads get the required 
voltage.

2. Reduce fault current supply to loads

Isolation transformer helps in reducing noise and fault current thereby ensuring 
the proper working of connected equipment. Isolated transformers make use of 
Faraday shields to get rid of noise and leakage currents.

3. Easy maintenance of UPS

An isolation transformer kept external to UPS makes maintenance of UPS easy. 
Isolation of UPS from the power source prevents risks of electrical shocks during 
the testing or service of the UPS. Hence it ensures the safety of the technicians 
doing the maintenance work.



A Three-Phase Isolation Transformer



 Battery Bank Arrangement

 Battery connected in series e.g. 12v, 7AH Battery=12x6=72V 7AH 



 Battery connected in parallel
e.g. 12v, 7AH Battery=7Ah X 6=12V 42Ah 



Capacity of Battery Bank

Formula is (Wh)*1000/(V) =(mAh). 

For example, if you have a 1.5Wh battery rated at 5V, the power is 1.5Wh * 1000 / 5V = 300mAh.

Calculate UPS/inverter Battery Back-up Time?

Simple formula:

Backup Time (in hours) = Battery Capacity (in Ah) X Input voltage (V) / Total Load (in Watts)



Battery Type and Features / 

 Valve Regulated (VRLA) or Sealed Lead-Acid (SLA)

 this is the most common type found in modern UPS systems. They typically 
come with a 5 or 10-year design life and are best stored in a dry, climate-
controlled room at a temperature of 20-25°C.

 sealed inside a case which has a valve that vents to release gas if internal 
pressure gets too much, hence the term “valve regulated”.

 Because they are sealed, they can be mounted either vertically or 
horizontally

 suitable for use within rackmount trays or external cabinets. They 
don’t need any direct maintenance such as being regularly topped up with 
water.



 Open Vented (VLA)

 these batteries have plates that are flooded with electrolyte acid. They have 
a long design life (up to 20 years) and are typically used in large installations 
needing a high ampere-hour (Ah) rating.

 hydrogen generated escapes directly into the environment. This means 
installations using VLA batteries require more powerful ventilation systems 
and can pose a greater safety hazard.

 VLA batteries must be placed in a dedicated room with wash-down facilities in 
case of acid leaks. Because they are top-vented, they must also be kept 
upright, with the water levels manually topped up.

https://www.riello-ups.co.uk/questions/20-what-s-the-difference-between-ups-battery-design-life-and-service-life


 Lithium-Ion UPS Batteries

 higher reliability than VRLA/SLA batteries because of built-in battery 
monitoring and management systems, which check every individual cell.

 they are significantly smaller and lighter because of their significantly higher 
power density. They also have faster charge times, longer cycles, and at least 
double the service life compared to VRLA/SLA.

 generates less heat and can operate at higher temperatures, meaning 
they don’t require as much air conditioning, which can reduce cooling costs.

 far more expensive initial choice than the other options.



6. UPS Redundancy

Non-Redundant, N+0

Figure (f) shows a single UPS system which provided the means to bridge the gap for 
when utility power failed, and a generator started and powered the UPS and its 
critical load. This was a non-redundant UPS design. It met the basic requirement of 
protecting the load from utility issues and little more. If the UPS failed, the load was 
dropped.



Module Redundancy, N+1

Figure (e) shows a N+1 redundant UPS system. In this arrangement a single UPS 
system, comprised of two parallel modules, connected to a common system 
output, powers all the load. Each module is rated for N capacity and share the 
load. If the load remains at or below N, the system is redundant. The ‘+1’ 
indicates there is one more module than needed to power the load. However, if 
the load increases above N, the system will be non-redundant.

System Redundancy, N+N or 2N

Figure (f) shows a typical redundant design for UPS systems that power IT 
equipment with dual corded power supplies. In this arrangement there are two 
UPS systems, each system is comprised of one module with N capacity. 









Redundant Systems with Redundant Modules, 2N+1

Higher levels of redundancy can be achieved by using two N+1 UPS systems as 
shown in Figure (g).This is sometimes referred to as 2N+1. This system design can 
withstand a complete system failure and one module failure and still deliver full 
UPS capacity. This design is very costly and mostly used by financial companies or 
the highest mission critical installations. 









5. Associated System

 Automatic transfer switches (ATS)

is a device that automatically transfers a power supply from its primary source to 
a backup source when it senses a failure or outage in the primary source.

 Battery Monitoring System (BMS)

Remote monitoring the battery by Wire or Wireless

To monitor the impedance of the different battery mono blocks

 Central Control and Monitoring Systems (CCMS)

Remote monitoring the UPS operation and alarms (e.g. Battery Discharge, Bypass)



7. System Design Considerations

 Backup Time at Full Load (customized by user)

 Power environment: single and three-phase

 Redundant UPS, generator and two power. 

 Floor loading assessment (battery bank and isolation transformer)

 Ventilations and 7x24 air-conditioned environment

 Operation and maintenance

 Check to see if there’s an adequate electrical supply near the UPS.

 Find out the dimensions of the UPS and include any battery cabinets.

 Verify the UPS solution meets local building codes. (e.g FS regulation)

 Alarm system (central or local, fire, flooding)

 Budget



 Departmental Reference:

 General Requirements for Uninterruptible Power Supply (ESG15_Issue7)

 Uninterruptible Power Supply (UPS) Maintenance Policy Health Sector Division 
(HSD) Electrical & Mechanical Services Department



8. Risk Assessment: Report
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