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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background of Study 

 

 

Mass-produced Uninterruptable Power Supply (UPS) first appeared on the market in 

the 1970s, addressing the need on continuity and quality of supply of electrical 

power to the large computers system [1]. In the 1980s, UPS covers a diverse range of 

products and then UPS became one of vital electrical equipment in various sectors. 

Nowadays, UPS was not only used in power plant, petrochemicals, and oil and gas 

sector but are also in small or home offices (SOHO). In manufacturing sector, UPS 

was specially designed to provide continuous and high quality power to the critical 

process loads, such as Distributed Control System (DCS), Programmable Logic 

Controller (PLC), critical process alarms, Safety Interlock and/or Shutdown system 

(SIS), Advanced Process Control (APC) computers, custody transfer flow meters, 

process stream analyzers, gas detection system, fire protection system, critical 

telephone circuits, and emergency lighting [2]. In the face of main power failure due 

to whatever reason, UPS system is expected to deliver the required power to the 

critical process load without any interruption or break in the supply.  

In February 1999, a technical document 62040-3 was published by IEC to 

clear on the uncertainty of UPS associated terminologies, UPS topologies and the 

method used to measure their performance. CENELEC, the European standardization 
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committee, later adopted the IEC standard to ENV 500091-3. Both standardization 

bodies decided that there are three (3) types of UPS topologies which are Passive 

Standby, Line Interactive and Double Conversion [1]. Their complexity are different, 

as well as their performance. The selection of UPS topologies and its configuration 

for each installation varies, determined by the balance between cost and 

performance, power rating and also the acceptable level of the various form of risks.  

Sometimes, N + 1 redundancy are used in the UPS system to handle 

contingency of UPS unit failure [3,4]. By having two UPS connected in parallel 

mode will increase the reliability of the power supply. However, each UPS in the 

parallel UPS system must be able to function individually to attain true redundancies 

which include better stability and robustness.  

 

 

1.2 Problem Statement 

 

 

IEC 62402 defines obsolescence as the transition from availability, from the original 

manufacture, to unavailability and permanent transition from operability to non-

functionality due to external reasons [5].  

Most industries are now facing the challenges related with an increased 

quantity of aging equipment with several installed equipment already reaching 25 to 

40 years of service or manufacture life. Even though the equipment are operating at 

low load and it is anticipated to have longer useful life, but unavailability of spare 

part support and mergers of original equipment’s manufacturer (OEM) will lead the 

parts or equipment in obsolescence status. Obsolescence issue is unavoidable for 

industrial equipment especially instrumentation equipment which installed in the 

1980s’. Equipment can become obsolete due to several factors as below:- 

a) Advancement of technology, evolving or design improved, 

b) Lack of feasible market for the replacement required for failure parts, 

c) Manufacture failed to keep cost in control relative to the cost of their 

competitors in making a similar product, 

d) Company merger and resulting a new focus, 

e) Better profit with new product [6]. 
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 Availability of spare parts replacement, availability of support from OEM and 

equipment performance in service are the mains factors to determine HIGH, 

MEDIUM or LOW categories of next maintenance action.  Equipment which is 

classified HIGH is having low score on the main factors and equipment requires an 

immediate maintenance action such as upgrading or replacement to ensure 

operational continuity and reliability. The MEDIUM category corresponds to aging 

equipment but still supported by OEM which requires detail monitoring and 

management plan especially on spare part support. For the LOW categories, only 

requires continuous monitoring at certain interval.  

Existing UPS are subjected to the obsolescence’s issue due to OEM is no 

longer in business. Users from various sectors are left without support in term of 

spare part and technical support requirements. Existing UPS performance are fall in 

HIGH category as the performance of the UPS is poor. Few tripping happen and one 

of the tripping initiated the Plant Emergency Shutdown System. Monitoring on the 

abnormalities of the UPS was performed as per Appendix A. Thus, UPS replacement 

is one of action taken to overcome above problem. What is more, the load connected 

to the existing UPS are very critical and need the UPS replacement work conducted 

without power interruption to the load. It is a difficult work especially when it 

involves AC System. Compared to DC UPS System which requires controlling only 

voltage parameter, AC UPS System requires additional parameters to be monitor 

which are phase, phase rotation and phase difference [7].  

In most industries, UPS system placed indoor, in Electrical Substation where 

space to install the UPS unit is a premium. Hence, installation of new UPS on the 

same foot print is unavoidable, this condition makes an AC UPS replacement work 

exceptionally challenging. At the same time, AC UPS replacement work must be 

executed safely to the personnel at site, surrounding equipment and environment. 

 

 

1.3 Objectives of the Study 

  

 

The objectives of this research were focused on  

a. Identifying appropriate switching equipment for the changeover process.  
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b. Design a portable transfer switch (PTS) to provide a temporary power supply 

to the critical load during UPS replacement work. 

c. To prepare the changeover procedure using PTS in order to attain an 

interruption free to the connected load during UPS replacement work. 

 

 

1.4 Scope of Study 

 

 

The scopes of study were focused on:  

a. To comprehend on the configuration and operation of UPS for each topology, 

b. To study and analysed performance of switching equipment, kind of 

disturbance in power supply and requirement of UPS load, 

c. To propose a circuitry of portable transfer switch (PTS), this will act as a 

temporary power supply to the critical load, 

d. To verify the switching equipment circuitry by performing simulation using 

Power System Computer Aided Design (PSCAD), 

e. To prepare the switching procedure using PTS for Double Conversion with 

redundancy AC UPS replacement.  

 

 

1.5 Significance of Study 

 

 

The significant of this research is replacement of existing UPS which having 

performance problem, obsolete spare parts and no OEM support with the new UPS 

can be executed. The replacement work was conducted with interruption free to the 

load. This study will provide information on the operation of Double Conversion 

with redundancy AC UPS, characteristic of solid state transfer switch (SSTS) under 

difference phase angle and impedance, and results from simulation on the switching 

equipment. With above information, it can be used as one of method to replace the 

existing and obsolete UPS with new ones. 
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1.6 Expected results 

 

 

This research will disclose the potential of PTS as valuable temporary power supply 

and SSTS as appropriate switching equipment for critical load. In addition, able to 

identified safe and apposite method to set up the PTS into UPS system and using 

internal SSTS for the changeover process are the main point that contributed to the 

expected results. Therefore, changeover process from main power supply to the 

alternate power supply can be conducted smoothly and safely. At the same time, this 

project contributes on cost saving to the plants as PTS parts are inexpensive and 

easily available in market. However the most important saving is recovering cost 

from the consequences due to interruption of the critical load such as production line 

go out of control, creating hazardous situation for on-site personnel and expensive 

material waste. The value might reach more than the expectation.  

 

 

1.7 Thesis Structure 

 

 

This project thesis is organized as follows:- 

Chapter 1 covers the background of the study, problem statement, objective of 

the project, project scope, significance of project and expected results from the 

research and experiment.  

Chapter 2 presents the literature review of previous case study on the UPS 

replacement without interruption, SSTS performance and parallel inverter. 

Information on the UPS topologies, switching technology and power quality 

disturbance were enlightened in details in this chapter. 

Chapter 3 deliberates on the methodology of works; start with design a new 

UPS, portable transfers switch (PTS), simulation circuit and hardware circuit. 

Relevant calculation and information related to the UPS and PTS design were 

clarified in this chapter. In addition, power requirement of the UPS load such as 

DCS and PLC were gauged to ensure loads were not interrupted during 

changeover process.   
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Chapter 4 report and discuss on the result obtain from pre-test of PTS, 

simulation of switching equipment using PSCAD and hardware output. The 

results from simulation and hardware output were compared to identify the 

appropriate switching equipment for the changeover process.   

Chapter 5 explicates the changeover procedure for the UPS replacement work, 

starts from removal of existing UPS to the installation of new UPS. The 

procedure is very important reference document to ensure correct step are 

conducted at each stage so that changeover conducted without interruption to the 

load. 

Chapter 6 will go through about conclusion and recommendation for future 

study. Reference cited and supporting appendices are given at the end of this 

report while the documentation CD also available and attached on the back 

covers of this project report for future reference.  



7 

 

CHAPTER 2 

 

 

 

 

LITERATURE REVIEW 

 

 

 

 

2.1 Introduction 

 

 

This chapter starts with literature review of previous case study on the UPS 

replacement without interruption. Understanding aforementioned researchers are 

important as guidance for this study to move on. Literature review on UPS 

topologies and transfer switch are discussed here in. More detailed information on 

transfer switch was also presented and literature review on power quality was 

deliberated in last section. 

 

 

2.2 Related Work 

 

 

Our high tech world has become more and more reliant to the continuous and 

availability of electrical power. All the intelligent technologies such as Automated 

Process Control (APC) depend on the power that is free from interruption or 

disturbance. The consequences such as production line go out of control, creating 

hazardous situation for on-site personnel and expensive material waste are possible 

to happen due to program and data corruption by electrical power interruption. Due 
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to that, many studies were conducted and implemented around the world to achieve 

high availability and reliability of UPS system. At the same time, several designs 

were also established to ensure interruption free during UPS replacement work if 

require system upgrading. 

Interruption free UPS replacement work was conducted in NTT Facilities, 

Inc, Japan using portable transfer switch (PTS) which consist of insulated gate 

bipolar transistor (IGBT), magnetic coil (MC), phase detector, control block, button 

switch and pilot indicator. Replacement work was executed by Yoshida et al., 

(2003).  Single line diagram of the replacement work is shown in Figure 2.1 below. 

The decent features for above design are automatic phase detection and transfer 

function, checking the connected terminal phase function and portability. 

The replacement procedure was established to ensure interruption free to the 

load can be materialized. The results shown, transfer time is about 40 microsecond 

and disturbance free within the transfer time. However, extra circuit breaker is 

required in existing UPS, new UPS and power distribution unit (PDU). Additional 

cables are also prerequisite materials for the UPS replacement work. Shown in 

Figure 2.2 were current and voltage waveform of the UPS and power distribution 

unit during the changeover process.   

 

Figure 2.1 Single Line Diagram for UPS replacement 
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Figure 2.2 Current and voltage waveform [7] 

 

Anaya-Lara, O. and Ache, E (2002) studied on the effectiveness of three 

power controllers namely distribution static compensator (D-STATCOM), the 

dynamic voltage restorer (DVR) and the solid state transfer switch (SSTS).  

PSCAD/EMTDC was used to perform the modelling and analysis for above 

controller. The aimed of extensive simulation is to enhance the reliability and quality 

of power flows in low voltage distribution network. For SSTS as shown in Figure 

2.3, experiments without SSTS and with SSTS were conducted to access the 

effectiveness of SSTS. Result shown that with SSTS the voltage at the load is driven 

back to the pre-fault value very rapidly right after fault occurred as shown in Figure 

2.4.  

 

Figure 2.3 Schematic diagrams for SSTS [8] 
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Figure 2.4 Voltage of waveform at the load when SSTS is in operation [8] 

 

Tuladhar, A. et al (1997), developed a control technique to operate two or 

more single phase inverter modules in parallel without interconnection. The main 

ultimatum of parallel inverter is to achieve high reliabilities and flexibility which 

making the UPS system very noteworthy to user as it can be used in various 

application.  

The proposed system is wireless system which each UPS module having own 

control loops to allow independent inverter to share load in proportion to their 

capacity. AC power line is the only interconnection between the two modules. When 

there is load change, each inverter will respond automatically, proportionate to its 

power rating. It can be achieved by introducing artificial droop in the inverter 

frequency and voltage.  

Simulation was performed on two inverter modules which in parallel 

configuration. Each module are having different power rating, connected together 

and supply power to the nonlinear load as seen in Figure 2.5. From the simulation, 

the real power (P) is perfectly shared between the modules while the reactive power 

(Q) sharing is not strictly proportional [9]. The discrepancy of the reactive power (Q) 

is because on the line impedance between the inverter modules.  

Based on above related work, the researcher make an excellent effort to 

design a switching circuit, changeover procedure, perform simulation on power 

controller to ensure no issue on voltage and current can be seen by sensitive load.  

Changeover 
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The approaches of this study are adapting changeover procedure which was 

conducted at NTT Facilities, Inc., Japan and simulation based on studied conducted 

on SSTS performances.   

 

Figure 2.5 Two inverter modules in parallel configuration 

 

 

2.3 Overview of UPS Topologies 

 

 

IEC 62040-3 defined three types of UPS topologies, classified in term of their 

operation; they are Passive Stand-by, Interactive Line and Double Conversion [1, 

10].  

 

 

2.3.1 Passive Standby UPS 

 

 

Passive Stand-by configuration is illustrated in Figure 2.6. The inverter and battery 

are connected in parallel with main power supply, and acts as a backup power supply 

throughout emergency mode. There are two operating modes for Passive Stand-by 

UPS which are normal and emergency mode.  

In normal mode, the load is supplied by AC main power supply via a filter or 

conditioner. It is to eliminates certain disturbance and provide voltage regulation. AC 

main power supply also charge the battery through rectifier. In this instance, the 

inverter is on passive standby. At the time AC main power supply fail or goes 
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outside of range, the battery and the inverter ensuring the continuity in the supply of 

power to a load by performing a switching manually. Throughout the emergency 

mode, the load continues received a power supply from the battery for the duration of 

back up time or until the AC main power supply returns to within the range. Then, 

UPS operated in normal mode.  

Advantages of the Passive Standby UPS are simple design, low cost and 

small in size. The disadvantages include the lack of real isolation of the load from the 

upstream distribution system, no regulation of output voltage, no regulation of the 

output frequency and long switching times [1]. Generally, the performance is 

acceptable for some application but not for large and complex groups of sensitive 

loads. Other name for above topologies is off-line UPS. 

 

Figure 2.6 Block diagram of Passive Stand-by UPS 

 

 

2.3.2  Line Interactive UPS 

 

 

In the line interactive topology, shown in Figure 2.7, power to the load was drawn 

from the AC main power supply. At the same time, AC main power supply charge 

the battery through rectifier. In the case of main power failure, the direction of power 

flow to the load has to reverse whereby battery will feed the power through bi-

directional converter to the load. The standards define two operating modes for this 

topology which are normal mode and emergency mode.  
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In normal mode, the load is supplied with conditional power [11]. The 

inverter operates to provide output voltage conditioning and at the same time 

charging the battery, with the output frequency dependent. When AC main power 

supply goes outside of specified tolerance, the inverter and battery maintain the 

continuity of power supply to the load within specific time frame throughout the 

emergency mode. The static switch 1 disconnects the AC power supply to prevent 

back feed from the inverter. The UPS runs on the emergency modes. Lack of 

effective isolation, poor protection and no regulation of output frequency are main 

disadvantages of this topology. However, lower costs than a double conversion UPS 

at equal power rating is main advantages of this topology. 

 

 

Figure 2.7 Block diagram of Line Interactive UPS 

 

 

2.3.3 Double Conversion UPS 

 

 

For double conversion UPS as illustrated in Figure 2.8, the inverter is connected in 

series between the AC main power supply input and the load. Load will receive a 

quality power continuously through inverter. Three operating modes are defined by 

standards: normal, emergency and bypass mode. 

In normal mode for double conversion UPS, the current of electric power 

from the input entrance from the electrical system will go through the rectifier, 

inverter and further the load [12]. At the same time, the current charging the battery 
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in float mode as a backup. At the point of electric power or AC input supply voltage 

are outside of UPS present tolerance, inverter and battery will continuous support the 

load. At this point, UPS running on the emergency mode for estimated back up time. 

When AC input supply return to acceptable range, load will supplied thro 

rectifier/charger-inverter or back to normal mode. 

 

 

Figure 2.8 Block diagram of double conversion UPS 

 

Advantages of double conversion UPS is having a bypass line. In bypass line, 

the main component is static switch. Function of static switch is to ensure 

instantaneous transfer of power input supply from inverter output to the bypass AC 

input. In the event of internal fault or battery back-up time run out, load will be 

transfer to the bypass AC input without interruption. High price is the only 

disadvantage of the above system.  

Comparing the three topologies, the most expensive and reliable is double 

conversion UPS. Regardless of price, double conversion UPS are irreplaceable in 

some applications. In the applications that need the main power supply to be 

continuously provided, without any interruption such as in petrochemical plant, 

chemical plant, nuclear plant and etc., double conversion UPS is the only appropriate 

because their transit time is near as null. 
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2.3.4 Double Conversion UPS with Redundancy 

 

 

In this study, block diagram of existing UPS was shown in Figure 2.9. The UPS 

system was classified as double conversion UPS with redundancy. The configuration 

not only allows a significant increase of the system’s reliability, availability but also 

improves the total power capability in regard to overload and short circuit. There are 

four input of power supply namely UPS 1, UPS 2, alternate bypass and maintenance 

bypass. All units are put in parallel mode.  

During normal operation in UPS 1 and UPS 2, rectifier coverts the AC power 

to DC power and the output of the rectifier is continuously supply power to the loads 

via inverter and closed static switch. At the same time, battery will be charged by 

rectifier output. Battery act as energy storage tank, which is continuously kept in a 

fully charged condition by the rectifier output as long as AC power is available. Both 

UPS 1 and UPS 2 were in synchronous mode. Thus it’s have a same priority and 

each UPS equally sharing the total load, 50% each. 

Meanwhile alternate bypass line was in stand-by mode, connected to the load 

with open static switch. In the event of deviation in the inverter output voltage or 

frequency which outside the permissible tolerance due to fault, the static switch shall 

initiate uninterrupted transfer of the load form UPS 1 or UPS 2 to the alternate 

bypass supply. Loads were transferred immediately by the action of solid state 

transfer switch. In case of rectifier failure, battery will take over by supplying the 

power to the load. Therefore, continuity of power flow to the load is very high.  

 Maintenance bypass mainly used either for maintenance or during total power 

failure of UPS 1 and UPS 2 including battery. It is considered as a last resource of 

input power supply to the load. Load transfer are executed manually, whereby 

maintenance bypass switch shall be in ON position when all switches of input power 

to UPS 1, UPS 2 and maintenance bypass in OFF condition. Under this mode, the 

UPS 1 and UPS 2 is in the condition of voltage free and allows maintenance to be 

carried out safely without exposure to live components.  
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Figure 2.9 Block diagram of Double Conversion UPS with redundancy  

 

The main attractiveness of redundancy UPS are availability and reliability. 

However the requirements to achieve flexibility so that it can meet to all various 

demanding applications are stated below:- 

1. Parallel inverter shall have separate system on the critical control. It’s means 

that all inverters must be independent to each other. This will ensure the 

operation are truly redundant in operation 

2. Load sharing between inverter should achieve with minimum scale of 

communication. 

3. The system should be modular and easily expendable [13]. 

Main power supply 

Alternate power supply 
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2.4 Transfer Switches 

 

 

According to National Electric Manufacture Association (NEMA) standard SG-50-

620, switch is a device for making, breaking or changing the connection in the 

electrical circuit. Different type of switches have a different function, however main 

function of switches used in the electric distribution system are for opening and 

closing of an electric circuit [14]. Switches are also providing protection to the 

equipment and it can be operated manually, automatic or a combination of automatic 

and manual. The brief function for common switches was shown in Table 2.1 

 

Table 2.1 Function of common switches 

Switch Function 

Circuit breaker (CB) A switching device that capable for making, carrying 

and breaking the electrical circuit under normal and 

short circuit conditions.  

  

Contactor A switching device that capable for making, carrying 

and breaking the electrical circuit under normal and 

overload. Not capable for breaking under short circuit 

condition. Meant for frequent operation such as for 

motor starter.  

 

Isolator A switching device that capable for making, carrying 

and breaking the electrical circuit under normal 

condition only. Not for frequent operation and can be 

manual or motor operated. 

 

Earth Switch A switching device for earthing, capable to carry short 

circuit current under specified time frame. 
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2.4.1 Automatic Transfer Switch (ATS)   

 

 

Automatic transfer switch (ATS) is wide spread technologies used for switchover the 

essential loads from preferred to standby power supply. ATS are operated using relay 

logic or programmable logic controller (PLC) to monitor the status of preferred 

source for fault condition. Upon recognizing a particular fault within the preferred 

source, the relay or PLC was configured to switch in the standby source. Normally, it 

takes about 2 to 10 cycles or 40ms to 200ms for the transfer. There are two types of 

transfer scheme namely break before made and make before break.  

For break before made, it was designed in the way the power to the load will 

be cut off before load was shifted to standby power. The advantage of the scheme is 

the main power supply and standby power can never in parallel mode during the 

changeover. Expected the current will go to zero amps before standby power ON and 

feed the load. Marginally the required transfer time is exceeding the power quality 

guideline for maintaining the essential load. This may result in a plant shutdown.  

In make before break, expected the power is continuously feed to the load. 

The downside of the system is the main and bypass power supply must be in 

synchronous mode which the electrical parameter such as voltage amplitude, phases, 

frequency and phase angle must be matching. 

However, for the UPS system, two inverter units must comply to below 

requirements before implementation of make before brake:- 

1. Synchronization with other inverters or grid 

2. Equal sharing of active and reactive power 

3. Minimization of circulating currents 

4. Overload protection 

5. Strict voltage tracking 

6. Frequency of operation has to be maintained [15] 

Otherwise the output current may contain circulating current. However, in 

some case, there is still a circulating current among parallel inverter due to 

differences in the instantaneous output voltage 
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2.4.2 Solid Static Transfer Switch (SSTS) 

 

 

Power electronic switches such as thyristor were introduced in 1960’s by General 

Electric Company. It is to overcome the inherent constraints of ATS operation such 

as slow speed, bulky component and frequent contact failure. Power electronic 

switch were also designed to meet the demand for fast load transfer and meet the ride 

through capability requirement for critical loads.  

A universal switch that enables the transfer of electrical loads from AC main 

power source to another in less than half of cycle is solid state transfer switch 

(SSTS). SSTS had been long used in UPS to switch sensitive loads from main power 

to alternate power supply as fast as possible, regardless of the load type and the 

disturbance. It has excellent properties as no moving part, small, robust, microsecond 

switching times, low power consumption and potentially cheap. The most significant 

advantage over ATS is that the electrical sources are never cross connected 

unintentionally by using SSTS. In another word, SSTS can be used very effectively 

to ensure continuity of power supply to the sensitive loads and at the same time 

protect the load against voltage sag, swell and other electrical disturbance. 

 

 

 SSTS Structure and Operation 

 

 

The SSTS system as shown in Figure 2.3 consists of  

1. Switches block, S1 and S2, where two unit thyristors connected back to back 

in each switches block and located between power supplies and load 

2. Two power supplies, one supply is main power supply and other supply is 

bypass power supply 

3. A load, RL load which is sensitive to the discrepancy of voltage supply or 

regenerative load such as motor and etc. 

4. A control system which monitor the quality of power supply and initiated 

load transfer when main power supply out of tolerance.  
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Control system consist of control logic which governor the operation of the 

two block switches. The duration of operation of the switches to transfer the load and 

results from the operation will define the performance of the overall system 

especially SSTS. In other word, performance of SSTS is determined by total load 

transfer time and zero current crossing phenomena. Total load transfer time (T_tot) is 

sum of detection time in voltage detection logic (T_det) and transfer time in load 

transfer mechanism (T_tran) [16].  

The sequences of transfer start with the voltage detection system which 

responsible to monitor the quality of source voltages and issue the transfer command 

to control system when the main power supply cannot meet the load requirement. 

The system monitors maximum and minimum value of voltage waveform at the load 

every half of cycle and check whether the supply voltage within the prescribe range. 

If disturbance detected, voltage detection system initiate the transfer by sending error 

input to the gating strategy. Errors may happen which will give an impact to T_det 

due to insufficient precision of voltage measurement and smoothing filtering. A 

result from insufficient precision measurement system to the voltage detection 

system is wrong voltage direction. Error of smoothing filter will give an impact to 

the zero crossing and subsequently impact the T_det.   

For T_tran, it is depends on the gating strategy. Two common schemes for 

gating strategy namely zero-current and commutation gating strategy can be applied. 

Gating strategy provide a suitable gating pattern for the thyristor switch before, 

during and after a load transfer based on the direction of line current. Both process 

flows of gating strategies were shown in Figure 2.10. In the commutation strategy, 

the control system does not wait for the current zero crossing; transfer will start as 

soon as possible when the disturbance occurs. However, to ensure no paralleling 

between the two sources, the transfer proceed when the direction of line current are 

at zero crossing. Meanwhile, in zero-current strategy, the initiation of transfer will 

start once zero crossing is reached which lead long transfer time. Therefore 

commutation gating strategy can be employed to achieve a faster load transfer 

compare to the zero-current gating strategy [17]. The total load transfer time (T_tot) 

are effected by  

1. Gating method where the strategy on the removal of gating signal from T1 

and triggering T2 switches 



21 

 

2. Disturbance characteristic which determines voltage difference between the 

main supply and alternate supply and the voltage drop across the incoming 

and outgoing thyristor switches during load transfer.  

3. Load type which control the voltage phase difference and line current zero 

crossing.  

 

 

(a) 

 

(b) 

Figure 2.10 Process flow for gating strategy (a) Zero-current strategy (b) 

Commutation strategy 
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In summary, when the disturbance occurs, expected transfer scenario of the SSTS 

system as per below:- 

1. Successful commutation takes place between main thyristor and alternate 

thyristor. Then the transfer time is only commutation time. 

2. Commutation between the thyristor starts but polarity of the commutation 

voltage changes. Then the transfer processes are hold until next zero crossing. 

In this case the transfer time is commutation time plus time to next zero 

crossing which highly depended to the characteristic of load.  

3. Commutation does not occurs and the transfer process is started until next 

zero crossing. Now the transfer time depends on the voltage phase difference 

and load characteristic. 

 

 

 SSTS Performance for Phase Difference 

 

 

Conventionally, SSTS in the parallel UPS system are always connected in the 

condition of voltage sources in phases and phase’s difference is negligible. In some 

situation as below, SSTS are connecting the sources in around ten degree phase 

variance:-  

1. When main power supply coming from utility system and alternate power is 

feed from local generation, this will create difference phase angle as different 

power sources. 

2. In the case of same power supply, different in feeder impedance due to 

transformer and upstream load also lead to the phase angle different. 

Phase angle variation for main power supply can be leading or lagging. By 

selecting different initial phase angle for voltage source or adding additional feeder 

impedance will introduce a phase difference. Simulation was conducted on IEEE 

benchmark STS-1 using PSCAD for the phase differences shown in Figure 2.11. In 

the simulation, main power supply is subjected to 50% voltage sag, and 

corresponded time leading and lagging cases are captured. If main supply leads the 

alternate supply, the load behaviour becomes closer to the pure resistive load with 

the respect of transfer process. The transfer processes are always be completed with 
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the successful commutation results in a negligible transfer time [18]. On the other 

hand, if the main supply lagging the alternate source, the probability of commutation 

failure increase due to negatively biased thyristors.  

 Further simulation was conducted on two types of load which RL Load and 

regenerative load. In this simulation, main power supply is subjected to the voltage 

sag from 15% to 100%. A phase difference is varied from 0 to 25 degree and main 

power supply in state of leading the alternate power supply. The corresponding time 

on the disturbance detection time and transfer time are calculated and compared. The 

results for RL load are summarized in Figure 2.12. 

 

 

Figure 2.11 Block diagram of STS-1 benchmark system [19]. 

 

 

Figure 2.12 T_tot for RL load in case of phase difference [18] 
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The reflections from above figure are 

1. The effect of phase angle difference on the SSTS is negligible except for the 

severe voltage disturbance.  

2. Even at zero phases different, the total transfer time at the 25% and 41% 

voltage sag is higher compare to the rest. When the main power supply is lead 

1.25 degree, the commutation failures disappear. In this case, the 

commutation voltage is not high enough to complete the load transfer before 

the commutation voltage polarity changes.   

3.  For voltage sag of 25%, it is requires about 6deg phase shift to make 

successful commutation and final transfer the load from main power to 

alternate supply.  

 

The results for regenerative load are summarized in Figure 2.13. The 

reflection from the figure is the effect of phase difference is not significant. For 

voltage sag over 83%, the detection time is short compare to the transfer time, and 

the process of transfer is accompanied by the regenerative mode regardless of the 

phase difference.  

 

 

Figure 2.13 T_tot for regenerative load in case of phase difference [18] 
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