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1. Power Quality, Problems and Solutions
1.1 Electricity Generation and Distribution
1.2 Power Problems

1.2.1 Sags

1.2.2 Brownouts

1.2.3 Surges

1.2.4 Spikes and Transients

1.2.5 Electrical Noise

1.2.6 Harmonics

1.2.7 Frequency Variations

1.2.8 Blackouts and Mains Power Supply Failures

1.3 Power Continuity Plans and Uninterruptible Power Supplies

1.3.1 Critical, Essential and Non-Essential Loads
1.3.2 Power Quality Review
1.3.3 UPS Selection
1.3.4 Battery Sets, Flywheels and Fuel Cells
1.3.5 Generators
1.3.6 Alarm Monitoring, Communication and Control
1.3.7 Project Management, Logistics and Installation
1.3.8 Warranties, Maintenance and Service

1.4 Other Power Solutions
1.4.1 Standby Back-Up Power Solutions

a) Central Power Supply Systems (CPSS) For Emergency Applications

b) Standby Power Systems (SPS)
¢) Inverters
1.4.2 Mains Present Power Solutions
a) Power Conditioners
b) Automatic Voltage Stabilisers (AVS)
c) Filters and Filter Strips
d) Transient Voltage Surge Suppressors (TVSS)
1.5 Summary

2. UPS Topologies and Designs
2.1 UPS Design

2.1.1 Inverters

2.1.2 Rectifiers

2.1.3 Battery Sets
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2.1.4 EMI/RFI Filters
2.1.5 Bypasses
2.2 Static UPS Topologies
2.2.1 On-Line UPS - VFI (Voltage and Frequency Independent)
2.2.2 Line Interactive UPS - VI (Voltage Independent)
2.2.3 Off-Line UPS - VFD (Voltage and Frequency Dependent)
2.3 UPS Accessories
2.3.1 External Maintenance Bypasses
2.3.2 Parallel Kits
2.3.3 Battery Extension Packs
2.3.4 UPS and Environmental Monitoring
2.4 Rotary UPS
2.5 Summary

3. UPS Sizing and Selection
3.1 UPS Sizing
3.1.1 Load Types
3.1.2 Apparent Power - Volt-Ampere (VA)
3.1.3 Real Power - Watts (W)
3.1.4 Power Factors
a) Lagging Power Factor
b) Unity Power Factor
¢) Leading Power Factor
d) Effects of Harmonics on Power Factor
3.1.5 Crest Factor
3.1.6 Static and Dynamic Stability
3.1.7 Battery Runtimes
3.1.8 System Expansion
3.1.9 Overloads
3.1.10 Power Distribution
a) Capital Costs
b) Operating and Maintenance Costs
¢) Power Optimisation
d) Remote Management and Control
e) Access For Maintenance, Battery Testing and Replacement
f) Future Expansion
3.1.11 Resilience
3.1.12 Supplies - Phases, Voltages and Frequencies
3.2 UPS Range Selection
3.2.1 IT Applications 300VA to 3kVA
3.2.2 Network Applications 3-80kVA
3.2.3 Industrial and Enterprise Applications 10-800kVA
3.2.4 Rackmount Applications (Net-Tel) 700VA-30kVA
3.3 Summary
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4. On-Line UPS Designs
4.1 General UPS Design
4.1.1 Transformer-Based UPS
4.1.2 Transformerless UPS
4.2 Rectifiers and Battery Charging
4.2.1 Transformer-Based UPS
a) Rectifier-Chargers
b) Phase Controlled Rectifiers
¢) 6-Pulse Rectifiers
d) 12-Pulse Rectifiers
4.2.2 Transformerless UPS
a) Rectifier, Booster-Converters
4.3 Rectifiers and Harmonics
4.3.1 6-Pulse Rectifiers
4.3.2 12-Pulse Rectifiers
4.3.3 Rectifier, Booster-Converters
4.3.4 Mitigating Total Harmonic Distortion
4.3.5 Passive Harmonic Filters
a) 6-Pulse Rectifiers
b) 12-Pulse Rectifiers
¢) Input Power Factor Correction
4.3.6 Active Harmonic Filters
a) Operating Principle
b) Neutral Currents
¢) Active Harmonic Filter Characteristics and Performance Comparison
4.4 Inverters
4.4.1 Transformer-Based UPS
a) Inverter Design
b) Inverter Operation
¢) Pulse Width Modulation (PWM)
d) PWM Inverter Process
e) Single and Three-Phase Inverter Design
4.4.2 Transformerless UPS
a) Insulated Gate Bipolar Transistors (IGBTs)
b) Inverter Operation
¢) Pulse Width Modulation (PWM)
d) PWM Inverter Process
e) Single and Three-Phase Inverter Design
4.5 Static Switches
4.5.1 General Operation
a) UPS On Line - load connected to the inverter
b) UPS On Bypass - load connected to the bypass supply
¢) UPS Output Off - load disconnected
4.5.2 Types of Static Switching Systems
a) Contactor and Short Burst Thyristor Combination
b) Full-Rated Thyristor and Contactor Combination
c) Full-Rated Thyristor System
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4.6 Back-Feed Protection
4.6.1 Plug-In UPS
4.6.2 Hardwired UPS
a) Mechanical Back-Feed Device
b) Electronic Back-Feed Device
4.7 EMI/RFI Filters
4.8 Comparing Transformer-Based and Transformerless UPS
4.8.1 Upstream Supplies
a) Input Power Factor
b) Harmonics
4.8.2 Operating Environment
a) Efficiency
b) Noise Output
¢) Size and Weight
4.8.3 Purchase and Running Costs
a) Purchase
b) Running
4.9 Summary

5. UPS Reliability and Levels of Resilience
5.1 UPS Reliability Measures
5.1.1 Mean Time Between Failure (MTBF)
5.1.2 Mean Time to Repair (MTTR)
5.1.3 Availability
5.2 Single UPS Installation
5.3 Parallel UPS Configurations
5.3.1 Parallel-Redundant Systems (N+x)
5.3.2 Parallel-Capacity Systems (N)
5.3.3 Parallel Conversion and Closed-Loop Communications
5.3.4 Decentralised and Centralised Control
5.4 Parallel UPS Operation
5.4.1 Parallel-Redundant Systems
a) Normal Operation (supply present)
b) Battery Operation (supply failure)
¢) Supply Restoration
d) UPS Module Fault Condition
e) Overload
f) Emergency Bypass
2) Dual Input Supplies
5.4.2 Parallel-Capacity Systems
5.4.3 Parallel Operation Accessories
a) UPS Group Synchroniser (UGS)
b) Parallel Systems Joiner (PSJ)
5.5 Parallel UPS Installation Options
5.5.1 Common and Separate Battery Sets
5.5.2 Decentralised and Centralised Static Bypass Systems
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5.5.3 Maintenance Bypasses

5.5.4 Power Distribution and Redundant Power Supplies
5.6 Series-Redundant UPS Systems
5.7 Automatic Transfer Switches (ATS)
5.8 Sample Reliability and Availability Calculations

5.8.1 Single UPS Module

5.8.2 Synchronised UPS

5.8.3 Parallel-Redundant UPS

5.8.4 Synchronised Parallel-Redundant UPS Groups
5.9 Summary

6. Batteries and Alternative Back-Up Solutions
6.1 UPS Battery Sets
6.1.1 Nickel-Cadmium (Ni-Cad) Batteries
6.1.2 Lead-Acid Batteries
a) Open-Vented (Wet Flooded) Batteries
b) Valve-Regulated Lead-Acid (VRLA) Batteries - AGM and Gel
6.2 UPS Battery Pack Installation
6.2.1 Internal Battery Sets
6.2.2 External Battery Cabinets
6.2.3 Battery Stands
6.2.4 Rackmount Systems
6.3 Battery Set Sizing
6.4 Battery Life, Performance Optimisation and Testing
6.4.1 Battery Design Life
6.4.2 External Battery Testing
a) Impedance Testing
b) Electro-Chemical Testing
6.4.3 Performance Optimisation
a) Reduced Usage
b) Improved UPS Battery Management
¢) Predictive Testing
6.5 Battery Monitoring
6.6 Storage
6.7 Disposal
6.8 Future Developments
6.8.1 Flywheel Energy Storage Devices
6.8.2 Fuel Cells
6.8.3 Super Capacitors
6.9 Summary

7. Generators

7.1 Generator Components and Configuration
7.1.1 Engine
7.1.2 Fuel Tank
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7.1.3 Governor
7.1.4 Alternator and Automatic Voltage Regulator
7.1.5 Exhaust and Air Cooling Systems
7.1.6 Starter Battery and Charger
7.1.7 Automatic Mains Failure (AMF) Panel
7.1.8 Electric Heater Jacket
7.1.9 Acoustic Noise Hood
7.1.10 Weather-Proof Enclosure
7.2 Generator Sizing and UPS Compatibility
7.3 Generator Operation (single and parallel)
7.4 Generator Installation
7.4.1 Earthing
7.4.2 Neutral Connections

7.4.3 Planning Authorities, Landlords, Fire Services and Insurance

7.4.4 Logistics and Siting
7.5 Generator Testing and Maintenance
7.6 Future Developments

7.6.1 Gas Turbines
7.7 Summary

8. Alarm Monitoring and Remote Control
8.1 UPS Alarm Signals
8.1.1 Audible Alarms
8.1.2 Visual Alarms
8.1.3 Basic Remote Alarms
a) Opto-Isolators
b) Volt-Free Contacts
8.2 Remote Communication and Control
8.2.1 Remote Communication
a) Serial Communication
b) Simple Network Management Protocol (SNMP)
¢) MODBUS/JBUS
d) Profibus
8.2.2 Remote Control
8.3 UPS Software Packages
8.3.1 UPS Installation Software
8.3.2 UPS Monitoring and Control Software
a) Architecture
b) Priority-Based Load Shedding and Shutdown
¢) Planning
d) Testing
8.3.3 Remote Service Management Software
8.4 Remote Shutdown
8.4.1 Emergency Power Off (EPO)
8.5 Monitoring Other Hardware
8.5.1 Maintenance Bypass
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8.5.2 Generator

8.5.3 Environmental

8.5.4 Battery Set
8.6 Summary

9. Projects, Logistics and Installation
9.1 Site Surveys
9.2 Logistics
9.3 Location and Environment
9.3.1 Physical Space
9.3.2 Floor Loading
9.3.3 Remote and Split Locations
9.3.4 Ambient Temperature
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9.3.6 Piping, Flooding Levels and Sprinklers
9.3.7 Noise Levels
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9.3.9 Health & Safety and Environmental Standards
9.3.10 Permits To Work
9.3.11 Existing Kit and Battery - Removal and Disposal
9.3.12 Storage and Acclimatisation
9.3.13 Cable Runs, Distribution and Switchgear
9.3.14 Transient Protection
9.3.15 Electro-Magnetic Compatibility (EMC)
9.3.16 Containerisation
9.4 Electrical Installation
9.4.1 Harmonics
9.4.2 Protection and Discrimination
a) UPS Connection Types
b) Maximum Input Ratings - Rectifier and Bypass
9.4.3 Residual Current Device (RCD)
9.4.4 Cable Sizing and Installation
9.4.5 Downstream Protection and Discrimination
a) Normal Operation with a Mains Power Supply Present
b) Battery Operation with no Mains Power Supply Present
9.4.6 Galvanic Isolation Options
9.4.7 Maintenance Bypasses
9.4.8 Parallel Systems Connection
a) Input Supply Rating and Cable Sizing
b) Input Supply Isolators and Circuit-Breakers
¢) Output Isolators
9.4.9 Dual Input Connection
a) Transformer-Based UPS
b) Transformerless UPS
9.4.10 Phase Balancing and Neutral Currents
9.4.11 Earthing and Bonding
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9.4.12 UPS Output Neutral-to-Earth Connection

9.4.13 Battery Extension Pack Connection

9.4.14 Transition Boxes

9.4.15 Emergency Power Off (EPO)

9.4.16 Remote Monitoring

9.4.17 Generator - UPS Interfacing
9.5 Electrical Testing and Certification

9.5.1 Earth Fault Loop Impedance Testing
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9.7 Summary

10. Warranties, Maintenance and Services
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