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Abstract- before, choosing for various power quality 

solutions, it is important to understand the 

characteristics of power quality disturbances, their 

frequency of occurrence & their impact on facility 

operation in order to choose the most effective 

mitigation device.  The Static Voltage Regulator (SVR) 

is one of the newest high capacity solutions which 

address the most frequent type of power disturbance 

and the voltage sag. SVR is the latest generation of 

power quality management solutions. Using the 

sophisticated, maintenance free power electronics & 

micro-controller based systems the SVR maintains the 

load voltage between 90% & 110% of the nominal 

voltage for most voltage anomalies from the power 

source. The SVR performs this voltage boost within 

quarter to half of a cycle. This paper enlightens the 

technology behind the “SVR along with the transient 

protection system” and summarizes expected and 

realized performance results. 
Index Terms- Transients, Surge Protection Device, 

Static voltage regulator etc. 

 

I INTRODUCTION 

As the modern static voltage regulator is the voltage 

regulator with fast response time to the voltage 

changes but the limitation of transient availability in 

the load voltage reduces the quality of power thus 

there is a scope for providing the transient protection 

to the static voltage regulator. 

The existing protection to the voltage regulators 

includes MCB or MCCB, which has greater tripping 

time and not able to protect the equipment from the 

transients or surges in the power supply. Thus, there 

is a need to develop a protection circuitry for 

transient or surge protection for better power quality. 

II. SYSTEM DESIGN 

Due, to the limitations of MCB or MCCB for 

transient protection in static voltage regulators it 

necessitates the usage of surge protection devices for  

 

 

 

 

 

Figure 1: System Model 

Static voltage regulators. The figure 1 shows the 

implementation of system model. The input power 

supply to the static voltage regulators is provided 

through the surge protection device. The input power 

supply may contain transient or surges in it. The 

function of the surge protection devices is to protect 

the load from these types of transient or surges. Thus, 

when any type of transient or surges arises in the 

input power supply the surge protection devices 

automatically shut down (trip) the static voltage 

regulator which ultimately cuts the power supply to 

reach to the load. As soon as, the static voltage 

regulator switched off, the uninterruptible power 

supplies (UPS) supplies power to the load. The UPS 

charges through the static voltage regulator in the 

normal conditions. After particular interval of time 

when the surges or transients are completely removed 

from the input power supply the SPD turns on the 

static voltage regulator. Thus, static voltage regulator 

again supplies power to load. UPS stops supplying 
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power to load and starts charging through static 

voltage regulator. 

Due to the emerging technologies in the field of 

Power Electronics, the Load Tap Changer Voltage 

Regulator provides steady static voltage Regulator 

(SVR). The SVR has emerged as a new technology to 

provide ride through support for facilities in the event 

of transients under voltage / Over- voltage conditions 

like sags and surges. The SVR through the use of 

Static Tap Changers simply regulate the output 

voltage to 220/230 +/- 5% for an input voltage 

changes from 140VAC to 290 VAC. The SVR tap 

changers are designed to respond instantaneously by 

selecting the appropriate voltage tap on a sub cycle 

basis. 

 

The Main Components of SVR are: 

1) Booster Transformer with its secondary winding 

connected in series with the Distribution line. 

2) A Regulator transformer with tapped secondary 

winding which is connected through taps SCR 

Switches to the booster transformer primary and 

the crowbar switch.[1] 

The static voltage regulator, though the use of static 

taps changers, simply regulates the voltage to 

equipment operational levels. Unlike conventional 

load tap changes, static tap changes are design to 

respond instantaneous by selecting the accurate 

voltage tap on a sub cycle basis, without the necessity 

to progress through a series of lower voltage taps. 

The SVR consists of three phase cells and a control  

 
Figure 2: Static voltage Regulator and bypass and isolation switches one-line [1]

and communication cabinet as seen in figure1 each 

phase cell of SVR is comprised of booster 

transformer (2) with its secondary winding connected 

in series with the distribution line, regulator 

transformer (1) with a tapped secondary winding 

which is connected through tap SCR switches (3) to 

the booster transformer primary and the crowbar 

switch (4). 

The SVR is operated in its feed through or no boost 

mode until the source voltage is above 90% of its 

nominal value. In this mode, the crowbar SCR switch 

is closed and all the tap switches are open. The SVR 

microprocessor based logic will sense the 

instantaneous under voltage level, when the source 

voltage sag has been occurred, and determines which 

tap SCR switch to turn on. The source voltage and 

the voltage tap are inversely proportional to each 

other. Thus, voltage tap will be selected and 

connected to the booster transformer primary as soon 

as the crowbar SCR switch is turned off. The tap 

voltage will show up in the booster transformer 

secondary side and will boost the source side voltage 

to the level above 90% of its nominal value. Until, 

the SVR is operated in the regulating or boost mode, 

the logic continuously evaluates the source voltage 

level on a half cycle to half cycle basis and may 

select another tap to maintain the output voltage 

within 90% to 100% of its nominal value.  The logic 
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turns off the tap switch when the source voltage 

returns to the normal range, verifies the tap switch is 

in fact open and then turns on the crowbar switch, all 

within the quarter of cycle. The hard wire logic 

ensures the allowance for SCR recovery time in order 

to properly respond to specific system conditions, 

each single phase static tap changer operates 

independently to give the required boost to each 

phase.  

III COMPARATIVE RESULTS 

A. Change in Static voltage regulator output voltage 

with respect to input or source voltage for 

resistive load 

Table 1: Output and input voltage of SVR for 

resistive load 

Resistive Load 

 

Input / Source 

Voltage(Volt) 

Output / Load 

Voltage(Volt) 

Average 230.0 222.8 

Minimum 195.0 210.0 

Maximum 265.0 237.0 

Lower 

Limit 
195Volt (-15%) 218.5Volt (-5%) 

Upper 

Limit 
265Volt (+15%) 241.5Volt (+5%) 

 

 
 

Graph 1: Input and output voltage variations with 

resistive load 

B. Change in Static voltage regulator output voltage 

with respect to input or source voltage for 

inductive load. 

Table 1: Output and input voltage of SVR for 

inductive load 

Inductive Load 

 

Input / Source 

Voltage(Volt) 

Output / Load 

Voltage(Volt) 

Average 230.0 223.6 

Minimum 195.0 211.0 

Maximum 265.0 237.0 

Lower 

Limit 
195Volt (-15%) 218.5Volt (-5%) 

Upper 

Limit 
265Volt (+15%) 241.5Volt (+5%) 

 

 

Graph 2: Input and output voltage variations with 

Inductive load 

C. Change in Static voltage regulator output voltage 

with respect to input or source voltage for 

capacitive load 

Table 3: Output and input voltage of SVR for 

capacitive load 

Capacitive Load 

 

Input / Source 

Voltage(Volt) 

Output / Load 

Voltage(Volt) 

Average 230.0 223.6 

Minimum 195.0 212.0 

Maximum 265.0 237.0 

Lower 

Limit 
195Volt (-15%) 218.5Volt (-5%) 

Upper 

Limit 
265Volt (+15%) 241.5Volt (+5%) 
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distribution line, regulator  
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Graph 3: Input and output voltage variations with 

capacitive load 

D. Behavior of Static Voltage Regulator for 

Transients / Surge Voltages  

1) Acceptance Criteria (Pass/Fail): The Static 

Voltage Regulator should supply the transientor 

surge voltage to load i.e. Load voltage shall be 

free from “Transient / Surge Voltage”.  

2) Sample No. 09 and 10 failure analysis: The surge 

applied for serial no. 09 and 10 was not protected 

by SVR because the particular SVR is designed 

for 10KV and less then 10KV surge or transient 

voltage protection. 

Table 4: SVR performance for various transient 

voltages 

Sr. No. Transient (KV) Result (Pass/Fail) 

1 1.0 Pass 

2 2.5 Pass 

3 3.5 Pass 

4 4.0 Pass 

5 4.5 Pass 

6 5.0 Pass 

7 7.0 Pass 

8 8.5 Pass 

9 10.5 Fail 

10 11.0 Fail 

 

IV CONCLUSION 

The results obtained as output voltage of SVR are 

within a band of +/- 5% which is acceptable voltage 

band for various precise electronic devices various 

types of surge voltages can occurred in electrical and 

electronics systems. They differs mainly w.r.t. there 

duration and amplitude depending upon the cause, 

surge voltage can last for a few 100 microseconds, 

hours or even days. The amplitude ranges from a few 

millivolts to some ten thousand volts. Lightning 

strikes are a special cause of surge voltages. Direct 

and indirect strikes can result not only in high surge 

voltage amplitudes but also particularly high and 

sometimes large current flows, which then have very 

serious effects. Thus, for the protection of such 

transient voltage a “surge voltage device” circuit is 

implemented at the output of SVR. 

The device connected to the SVR is protected from 

the over and under voltage from the power supply in 

the range of +/- 15 % band along with transient 

voltage protection which may appear in power supply 

voltage. 

V FUTURE SCOPE 

The existing setup of a “Static Voltage Regulator 

with transient protection” is designed for transient 

voltage protection up to a 10KV transient voltage. 

The particular circuit will protect the system from the 

input voltage variations with +/-15% and maintained 

the voltage to system within +/-5% tolerance band. 

And protect the system from a transient of a 

magnitude up to a 10KV. If the trans ient magnitude 

exceeds above a 10KV the particular circuit will not 

detect the same and it will pass to or through the 

system which may results in a system failure or 

damage to the particular system. 

Thus, a system or a circuit can be designed which 

will be able to protect the voltage variations to the 

load along with the transient voltage protection of a 

magnitude greater than the 10KV. Also the surge 

protection device can be designed which can protect 

the consumer appliances from the transient voltages 

or the surge voltage due to the lightning direct stroke 

or indirect stroke. As mainly the consumer appliances 

are protected through the ELCB (Earth leakage 

circuit breaker) and MCB (i.e. the single phase, 230V 

AC, 50Hz supply is provided to the domestic 

consumers) thus the surge voltage which will appear 

in a supply system for a very short duration will not 

be detected and protected by the existing ELCB and 

MCB thus need to add a surge protection device. 
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