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ABSTRACT 
Background: Ordinary and Conventional circuit breakers in medium-voltage transmission systems provide a safe handling of 
short-circuit faults if the short circuit power of the grid is limited. Due to much delayed turn-off times, the circuit breakers can 
provide only a minimum level of protection. However, during a short circuit problem, significant level of voltage sag can be noticed 
locally in the medium-voltage grid. Sensitive loads like computers and other microprocessor based systems will fail even if the 
voltage returns within few seconds. A semiconductor circuit breaker, however, is able to switch fast enough to keep voltage 
disturbance within the acceptable limits. This paper presents a brief model for designing a solid-state circuit breaker (SSCB) in 
electric distribution systems by using MATLAB/SIMULINK. In this paper, a 22-kV power distribution feeder with a specific load 
having the SSCB was situated. This proposed circuit breaker is modeled as a thyristor controlled type SSCB. Detail of the power 
circuit and its firing control part was demonstrated in graphical diagrams using elements of the MATLAB’s Power System Block set 
(PSB). Test against a specific fault conditions to verify its use was carried out. The results showed that, with an ordinary sensing 
method to monitor voltage and current of the protected feeder, the SSB can interrupt fault effectively. 
 
KEYWORDS:   

 

INTRODUCTION 

 

Due to the growing of demand of electric power, the distribution system is expanding widely and 

continuously. This result in a high level of short-circuits currents in the system. Therefore, the electrical 

distribution cost such as devices, their cost of installation, operation and their maintenance increases gradually. 

Moreover, the high level of short circuit fault current becomes the serious problem in the system. It may damage 

the electric devices or show its effect on machine operation. Continuity of power supply systems is very low 

because of the operation of protective devices under faulted conditions. A solid-state circuit breaker [1-3] is able 

to switch as fast as voltage or current sensing devices can response to the faulty signal. In this paper, a simple 

thyristor-based circuit breaker is reviewed. Modeling of this circuit using Power System Block set [4] 
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considering the requirements of a solid-state switch integrated with a 22-kV medium voltage distribution feeder 

is demonstrated. Based on the characteristics of the thyristor, the triggering signal generation for firing control is 

explained. It shows that solid-state breakers provide very fast interruption and can be used in modern medium 

voltage power distribution systems. 

Development of the solid-state breakers has a very long history. In literature, solid-state circuit breakers are 

always embedded into two major useful categories in the electrical power system devices. They are solid-state 

transfer switches and solid-state fault current limiter. At present, electric power distribution systems are 

expanding widely. This results in the high level of feeder current and short circuit current. Therefore, the cost of 

electric distribution such as devices, installation of units, operation and maintenance increases gradually. 

Moreover, the high level of short circuit current becomes a serious problem. It may damage the electric devices 

or affect the machines operation. The reliability of system is also decreased because the operations of protection 

devices expand the outage area. To solve these problems, recent studies revealed the application of Solid State 

Fault Current Limiters (SSFCLs). A vast portion of solid-state breaker applications can be found in literature. 

The principle of fault current limitation by using a resonant LC circuit was proposed by [5]. This research has 

investigated the phenomena of reduction in fault current by the insertion of a resonant LC circuit into the 

transmission line. The device consisted of a capacitor and a thyristor-switched inductance, tuned to the supply 

frequency. Thyristor switches were operated at zero-current-crossing condition to eliminate the generation of 

power system harmonics.  

A related study determined the effect of components and network parameters on the current limiter 

operation, the experimental results demonstrated that the device can reduce both transient fault current and 

steady-state fault current significantly. Recent development of SSFCLs has been proved its advantages and 

performance. The fault-current limiter with thyristor-controlled impedance (FCL-TCI) was proposed by M. M. 

A. Salama, H. Temraz, A. Y. Chikhani [6]. The FCL-TCI helps in improving the steady-state stability limit, by 

providing an effective reduction of short circuit current during the fault event. Effects on improvement of 

stability limits and reduction of short-circuit current are shown using the experimental models. 

 

1. Conventional Medium Voltage Circuit Breakers: 

Conventional (mechanical) circuit breakers are used to provide the protection of the power system from any 

fault. the classical circuit breaker consists of fixed contact and a moving contact, called the electrodes. These 

contacts can be switched ON and OFF manually whenever it is desired, or automatically when it is controlled by 

another circuit or when a short circuit appears. These contacts usually remain closed to allow the current to pass 

through, and when a fault occurs, the trip coils in the circuit breaker gets energize, and the movable breaker 

contacts will pull apart causing the circuit breaker to open. By the time, an arc occurs, which initially has a 

minor impact on the current by delaying the current interruption process, and generates heat which might cause 

system damage or damage in circuit breaker itself.  

During a fault period, high current starts flowing through the breaker contacts. The contacts of the circuit 

breaker start to separate and cause the area between the two breaking contacts to increase. The heavy fault 

current will lead to an increase of the current density, and hence the temperature rises (heat). The heat produced 

in the dielectric medium, which can be either air or oil, will result in the ionization of the air, or vaporization 

and ionization of the oil, which makes them to act as conductors. Therefore, an electric arc will occur in 

between the contacts due to the large potential difference and hence, it provides a resistive arc path. The current 

remains uninterrupted till the arc disappearance. The arc resistance depends on three things. First, the arc 

resistance increases with the length of the arc. Second, decreasing the number of the ionized particles in the arc 

between the contacts will increase the arc resistance. And the last one, decrease in cross section area of the arc 

will increase the arc resistance. Hence, a high arc resistance refers to low current flow between the electrodes. 

 

2. Solid State Circuit Breakers: 

In order to achieve safety, high availability and high power quality of the system during a short circuit or an 

overload condition is required. SSCBs have been designed to keep the system disturbance level. The SSCB is a 

breaking device with solid state devices connected in the feeder circuit, in order to protect the power system 

components from faults during abnormal operating condition [7-8]. The SSCB is a very new technology which 

can be used to implement multiple functions and to offer several advantages as listed: 

 

 Limits the fault current  

 If any problem occurs in any one of the modules in the SSCB, the damaged one can be replaced by a 

spare module, rather than replacing the entire circuit breaker in the complete switch. Therefore, the maintenance 

and testing of the circuit breaker will be simplified with least time wasting. 

 SSCB provides no arcing and switch bounce. 

 SSCB offers higher reliability than a MCB. 
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 SSCB is able to switch in a range of microseconds, where it takes millisecond for the mechanical circuit 

breaker to operate. 

A. Semiconductor Devices used to design a SSCB 

A solid-state breaker is a breaking device in which a zener diode, silicon controlled rectifier, or solid-state 

device is connected to sense the fault when load terminal voltage exceeds a safe value. Until recently, a few 

alternative to the old electromechanical and magnetic circuit breakers existed. Designers were made to 

experience with such undesirable characteristics as arcing and switch bounce (with their corresponding noise 

and wear), while accommodating large unwieldy packages in their large power systems. solid state switching 

technology applied to this traditional device has resulted in circuit breakers free from electrical arcing and also 

from switch bouncing, that offer correspondingly very higher level of reliability and longer lifetime as well as 

faster switching periods.  

A typical solid state circuit breaker will switch in microseconds, as opposed to milliseconds or even 

seconds for a normally used mechanical version. New solid state products currently on the market utilize many 

benefits associated with power MOSFETs to deliver a product far superior to earlier silicon versions. These two 

types of solid-state breakers are schematically presented in fig.1. Power MOSFETS offer a very low voltage 

drop, low EMI, with faster switching times and good thermal stability of the key parameters. 

 

 
Fig. 1: structure of solid-state circuit breakers 

 

The switching losses of these power electronic devices can be considered as a minor issue in the application 

of the SSCB [13]. However, the behavior of SSCB during the conduction and the generated losses has an 

essential impact on the losses. The losses of IGBT on its on-state losses are significantly higher than the losses 

of a thyristor based semiconductor device. IGBT has the advantage of automatically limiting the current to a 

certain value, whereas the current in thyristor-based devices are not limited, while turn-off capability is 

restricted. Bidirectional voltage blocking capability and bidirectional current conducting paths are needed for an 

AC SSCB. In order to select an AC switch, different aspects and topologies are considered. So, the considerable 

factors are: 

 

 Withstanding voltage 

 Load current capability 

 Turn OFF behavior 

 Conduction losses 

 Breaker Availability 

 complexity and Cost 

 

3. MATLAB’s Power System Block set: 

Interconnections of electric circuit components and electromechanical devices such as motors and generators 

form the electrical power system. The power systems themselves are basically nonlinear. Although certain cases 

can be treated as linear system, it is limited to a very small area of applications. Engineers working in this 

particular field are continually requested to enhance the overall system performance to meet its various 

progresses. Requirements for an increased efficiency have forced the power system engineers to employ power 

electronic devices and their sophisticated control systems into their work. Furthermore, it is the fact that the 

system is nonlinear so often. The only way to understand it with less effort and cost is employ computer-based 

simulation. There are hundreds of commercial software available for simulation of electric circuits (e.g. PSPICE 

software [14], ATP/EMTP tool [15], MATLAB’s SIMULINK [16]-[18], etc.). MATLAB is one among those 

tools that contains several versatile built-in features in their various TOOLBOX.  

A common attribute of this TOOLBOX is the use of power electronics devices and their control systems to 

achieve some valuable objectives. The power system blockset was designed to provide a potential tool that will 

allow engineers to easily build models that simulate power systems in various manners. The power system block 

set uses the GUI based environment, allowing a model to be built using simple building procedures. Not only can 
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the circuit topology be drawn quickly, but the analysis of the circuit can include its interactions with mechanical, 

thermal, control, and other rules. 

 

4. Power System Block Model Of A Solid-State Circuit Breaker: 

 

 
Fig. 2: Control structure of the SSCB 

 

Current designs of distribution feeder protection depend on expulsion fuses, which have to be reset manually. 

Recent studies the application of Solid State Fault Current Limiters and its benefits (SSFCLs) [19] – [25]. An 

SSCB is used to protect sensitive loads by interrupting the system supply if there is a system fault on the supply 

feeder. The solid-state circuit breaker is designed using thyristors because the switch requires a continuous 

current carrying capability and a short time over current rating value equal to the feeder faults level. Thyristors 

have a short time rating of 16-kA and also have low level of conduction losses. The thyristors in the feeder are 

usually energized by continuous and synchronized firing control signal. On detection of any voltage sags, these 

firing pulses are stopped to break the current. Fig. 2 explains the control structure of the SSCB. 

MATLAB’s power system block set (PSB) is a Graphical User Interface (GUI) based tool for simulation 

works based on power systems with power-electronic control. To create the SSCB as described previously, a set 

of two thyristors connecting in anti-parallel manner is required. It can be represented in a SIMULINK model 

using power system block set as shown in Fig. 3. Line-In and Lineout are two power ports connected to the 

supply and the load side, respectively. Control bw and Control fw are two signal ports that transfer the firing 

signals to the lower and upper thyristors, respectively. The SSCB block is controlled by signals from a firing 

controller. Fig. 4 shows a combination of the proposed SSCB with some other PSB models to simulate a 

medium-voltage power feeder operating under a certain fault condition. 

 

 
Fig. 3: SIMULINK model for an SSCB 

 

 
Fig. 4: SIMULINK Model for an MV Power Feeder with a SSCB 
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5. Firing Control: 

 

 
Fig. 5: SIMULINK model for a firing controller 

 

To generate a firing signals to turn ON the thyristor switches, a saw-tooth signal with a DC reference signal 

are compared. The resultant pulse signal is used in the SSCB block. The firing control block diagram designed 

in SIMULINK is given in Fig. 5. 

 

6. Voltage Detection Scheme: 

Firing schedule to the SSB has only one objective. It is to allow full current to flow to the load. The firing 

angle for this case is fixed as zero degree. When a fault occurs, the short-circuit current must be interrupted as 

quickly as possible. To switch off the SSCB, the firing angle is set to 180 degree. To change the command value 

to the firing control unit requires a voltage sensing device. In this model, RMS voltage detection is used to 

monitor the voltage sag of the system load. Fig. 6 shows the block diagram of RMS voltage detection used for 

the SSCB application. 

 
Fig. 6: RMS voltage detection 

 

7. Simulation Results: 

A 22-kV medium voltage distribution feeder serving a load of 200 kW, 150 kVAR is designed in 

SIMULINK environment as shown in Fig. 7. It takes that a short-circuit event occurs at time t = 0.16 s. The test 

case condition performs with a time span of 0.2 s. 

 
Fig. 7: SIMULINK model of the test feeder 
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Fig. 8: Load voltage (kV) 

 

It takes almost the first cycle for the RMS value reaching its actual RMS voltage. When the fault occurs at 

time t = 0.16 s, the load voltage gets dropped to a value close to zero as shown in Fig. 8. The RMS value for the 

load voltage can be presented as shown in Fig. 9. 

 

 
Fig. 9: RMS load voltage (kV) 

 

 
Fig. 10: Source current (A) 

 

The RMS value is sent to a compare constant block where it is compared with a pre fixed value. During 

faulty conditions the comparator gets a differed RMS value. At that time, it sends a message signal to the firing 

unit. The firing unit then sends a triggering signal to the switches. 

To verify that the SSCB can interrupt the fault current effectively, the currents supplied by the source and 

drawn by the load are recorded during this process. Fig. 10 explains the current drawn by the load during normal 

loading condition. 

 
Fig. 11: load current (A) 
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The load current responses can be represented shown in Fig. 11. The maximum positive peak current is 

over 40 A. It can be seen that the SSCB can successfully interrupt the fault current. Zeroing the load current in 

the figure can support this reason. In addition, the firing command shows the change of the SSB status from turn 

on to completely turn-off for interrupting the fault current. During the fault the load current has no DC 

component in it. 

 

Conclusion: 

This paper presents detailed information to formulate a solid-state circuit breaker (SSCB) in electric power 

distribution systems by using GUI-based environment of MATLAB/SIMULINK. Here, a 22-kV power 

distribution feeder with a load having the SSCB for protection is situated. Test against a certain fault condition 

to verify its use is carried out. As a result, with an appropriate sensing method to monitor voltage and current of 

the protected feeder, the SSCB can interrupt fault instantaneously. 
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