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Abstract— The Voltage sags are always seen as a huge threat 

to the various devices in electric power system as well as to 

the domestic and commercial equipments. Voltage sags 

affects the productivity of the industrial sectors causing them 

a huge loss. There were many solutions and electronic 

equipments have been proposed to mitigate such kind of 

voltage sags. The series parallel connected Dynamic Sag 

Correctors (DySC) is evaluated which provides significant 

protection against the sag problems at greatly reduced cost. 

The Dynamic Sag Corrector (DySC) features that its size and 

weight is reduced as compared to the other protective 

equipments. DySC is basically rated from 1.5 KVA one phase 

to 2000 KVA three phase. This paper presents detailed 

discussion of DySC configurations and its operating 

principles and it is compared with other sag mitigating 

devices. It also provides the basic conditions under which this 

new category of product can be applied. 
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I. INTRODUCTION 

The electric utilities and the users of electric power are 

becoming increasingly concerned about the quality of electric 

power they received. The term power quality has become one 

of the most prolific buzzwords in the power system since the 

late 1980s.The research studies indicates that the voltage 

sags, transients and momentary interruptions constitute 92% 

of all the Power Quality problems which are occurring in the 

distribution systems. In fact it is seen that the voltage sags 

occurring in the system causes huge damage to the industrial 

loads consisting of sensitive electronic equipments, even 0.25 

sec of voltage sag is sufficient to interrupt the industrial 

manufacturing process which may result them to cause huge 

financial loss. Voltage sag is generally characterized 

according to its depth and duration of time. Voltage sag is not 

the complete interruption of power it is the temporary drop in 

voltage below 90 percent of the nominal voltage level. Most 

of the time sags do not go below 50 percent of the nominal 

voltage level and they generally lasts from 3 to 10 cycles. 

Generally voltage sag is defined as the drop in voltage from 

10% to 90% of the RMS Voltage and it has the time duration 

of 0.5 cycles to 1 minute. As the industrial and commercial 

sectors are greatly influenced by the voltage sags, it is cleared 

that such kind of voltage sags cannot be ignored. 

        There are two important causes of voltage sags: First 

is external cause on the utility’s lines upto the consumers 

facility and second one is internal cause within the 

consumer’s facility. A utility continuously tries to provide the 

most reliable and consistent electric power to the consumers. 

In the normal utility operations many things causes voltage 

sags in power system. The common causes of external 

voltage sags are storms, bad weather conditions, falling of 

trees on distribution lines and start up of heavy loads at 

neighboring facilities. The internal causes of voltage sags 

mainly include the starting of major loads on the loaded 

feeder, grounding or wiring problems. 

      There are many power electronic based devices 

which are to mitigate the voltage sags. The frequently studied 

voltage regulator topologies can be categorized into two basic 

groups: First is inverter based regulator and the second is 

direct ac-ac converters. Generally the series connected 

devices are the voltage source inverter based regulators and 

they remove the sag by injecting the required voltage in series 

with grid. There are many such series devices topologies 

which eliminate sag events. The Dynamic Voltage Restorer 

(DVR) is most commonly used SD topology. There are many 

configurations of DVR depending upon the applications. But 

it has been seen that DVR topology is not a cost effective 

solution for mitigation of long duration sags as it includes the 

series transformer which makes DVR bulky, heavy and 

costly. In order to overcome such drawbacks the 

Transformerless SD topology named as Dynamic Sag 

Correctors (DySC) is proposed. The DySC Configuration 

mitigates the voltage sags, transients and momentary loss of 

power. The implementation of Transformerless DySC 

configuration constitutes the rating of 1.5KVA single phase 

to 500KVA three phase. And for rating above 500KVA upto 

2000 KVA a series transformer is injected with the device. 

The features of the Dynamic Sag Corrector are: 

i) It is Transformerless ii) It is single stage power conversion 

device iii) It minimizes the stored energy iv) cost effective.  

II. POWER QUALITY PROBLEMS 

The research study and survey by power quality experts 

indicates that almost 50% of power quality problems are 

related to the grounding faults, grounding loops, ground 

current and various ground associated issues. Here are the 

some of the symptoms which indicates the power quality 

problems. 

i) Frequent malfunctioning of a electronic 

equipment ii) Circuit breakers trip without being overloaded 

or short circuit condition iii) Automated system stops with no 

any apparent reason.iv) Electronic devices fails or fails to 

operate on frequent basis etc.As the technology nowadays is 

advanced, the organization of the worldwide economy has 

evolved towards the globalization and the profit margins of 

many activities tend to decrease. The increased sensitivity of 

various majority processes to power quality issues turns the 

availability of electric power with quality as a crucial factor 

for competitiveness in every activity sectors. Following are 

the mostly seen power quality problems which makes the 

system unreliable and inoperative. 

 

A. Voltage Sag: 

As define in IEEE standard voltage sag is decrease in rms 

value of voltage level between 0.1 pu and 0.9 pu at power 
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frequency, for duration of 0.5 sec to 1 minute. The basic 

causes of the voltage sags are faults on transmission and 

distribution network          ( mostly on parallel feeders), faults 

in installation at consumers premises, connection of heavy 

loads or starting of large motors etc. 

 
Fig. 1: Voltage Sag 

The impact of voltage sag mainly includes 

malfunctioning of electronic devices mainly microprocessor 

and microcontroller based systems like PLC’s; ASD’s which 

may lead to the process stoppage. Tripping of various 

electromagnetic/ electromechanical relays and contactors etc. 

B. Voltage Swell: 

The voltage swell can be introduces as the term inverse to 

voltage sag (dip). Voltage swell is the momentary increase in 

rms value of supply voltage from 1.1pu to 1.8 pu at power 

frequency for the duration from 0.5 cycle to 1 minute. It 

mainly occurs due to the sudden energizing of capacitor 

bank/load on the same feeder, badly regulated transformers 

mainly during off peak loads etc. 

 
Fig. 2: Voltage Swell 

C. Harmonic Distortion: 

The harmonic distortion is the non sinusoidal components 

generated in the system whose frequency is multiple integer 

of fundamental frequency. The basic causes of harmonic 

generation are the non linear loads in power system. Such as 

arc furnace, Welding machines, rectifiers, ASD’s, SMPS, and 

various power electronic equipments. 

 
Fig. 3: Electrical Waveform with harmonic distortion 

D. Voltage Fluctuation: 

Voltage fluctuation is the oscillation of voltage value, its 

amplitude modulated by a signal with frequency of 0 to 30Hz. 

Its causes are the arc furnaces, staring/stopping of heavy 

motors and oscillating loads. One of the most observes 

consequence of voltage fluctuation is the flickering of 

lighting and screen and giving the impression of unsteadiness 

of visual perception. 

 
Fig. 4: Voltage fluctuation 

III. MITIGATION TECHNIQUE FOR VOLTAGE SAG  

A. Dynamic Sag Corrector (Dysc): 

The Dynamic Sag Corrector was originally evaluated in 1998 

for mitigation of sags in system. It is basically a power 

conditioning device which is connected in series parallel 

mode and it provides statically significant protection against 

the sags at greatly reduced cost which would provide 

substantial value to the end-use customers. The DySC 

basically targets voltage sags as well as the transients, and 

momentary loss of power, which together constitute 92% of 

the problems encountered by the typical industrial customer. 

The Dynamic Sag Corrector is typically rated at the 1.5-kVA 

single phase to 500-kVA three phase in a transformerless 

implementation, and up to 2000 kVA as a uniquely 

configured with the series transformer connected device.  

           The DySC is small in size and lower in cost as 

compared to the existing solutions because it is 

transformerless and single-stage power conversion device 

which optimally matches protection time to the system 

characteristics. A static bypass switch is connected in DySC 

configuration high is normally closed until the sag event 

occurs so the operating efficiency of this device is maximum 

The three types of Dysc configurations are explained here as 

follows. 

1) Single phase Mini DySC 

2) Three phase proDySC and  mega DySC 

3) MegaDysc Combination 

1) Single phase Mini DySC: 

The single–phase DySC (MiniDySC) is basically obtained 

from a patented voltage boost circuit. It is known that the 

single-phase inverter is configurable to operate in voltage 

boost or bypass mode, and it  is also capable of providing 

100% boost to incoming ac line voltage which  allows it to 

correct for  the deep voltage sags down to 50%. Further, the 

inverter dc bus provides the ability of handling the deeper 

voltage sags down to 0 V. The ride-through under these 

conditions is generally limited by the amount of stored 

energy.  
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Fig. 5: Basic single phase DySC topology 

The static bypass switch plays a significant role in 

DySC configuration which remains under normal power line 

conditions. When the system voltage varies from the desired 

waveforms, the static bypass switch is turned off and the 

IGBT based inverter starts operating. The tyristor 

commutation is initiated by the injected inverter voltage. The 

missing voltage on the input side is calculated, and becomes 

the reference voltage for inverter voltage regulator. The 

inverter supplies only the missing voltage and the circuit is 

configured to add such missing voltage to the input voltage to 

provide the required compensation. The time required to 

detect the sag, commutate the thyristors, and begin the 

compensation is less than 1/8 cycle. 

          DySC does not depend upon the stored energy to 

compensate missing voltage. It actually draws the power from 

input line whenever the missing voltage magnitude is upto 

50% or less than that. These smallest Dysc configurations 

exclude the sufficient energy storage to compensate the 100% 

missing voltage for the 3 cycles. This will allow the 

MiniDySC to protect against the failure and the interruptions 

of power up to the first utility reclose operation following a 

fault, a prevalent type of power quality event in the high-

lightning suburban areas. 

2) Three phase proDySC and mega DySC: 

For the lower power like three-phase four-wire applications 

up to 500 kVA, the single-phase DySC configuration is 

adapted to realize a three-phase protection functions in the 

ProDySC. For the higher   power levels up to 2000 kVA, a 

series transformer is coupled to the device which provides a 

more reliable solution and resembling other solutions in the 

market such as solid state voltage regulator (SSVR),     

Dynamic voltage regulator (DVR).These units operates by a 

transformer which is connected in series with the system 

which injects the required voltage by using a inverter circuit 

to compensate the voltage sag. Most of these devices corrects 

the voltage sags down to 50%. However the DySC can handle 

the deep voltage sag and can provide the ride-through if 

adequate energy storage is provided.  

 
Fig. 6: 

 There is one limitation of existing series-connected 

DVR type of device is the requirement for a “low-impedance” 

current path on the utility side to allow the load current path 

to be completed. At the higher power levels, it is not clear that 

the balance of load on the “cleared” side of the circuit breaker 

will provide a current path to the sustain the operation of the 

load. The higher power DySC units on the other hand, can 

operate either under the deep voltage sag situation or with an 

open upstream breaker. Such configurations operating for 

higher power are nothing but the configurations of Mega 

DySC which is explained in the next content. 

 
Fig. 7: The Mega DySC series shunt circuit provides a load 

current circulation path 

3) Mega Dysc Combinations: 

The applications which requires the ultra reliable utility 

power, the only solution for them is the use of multiply 

redundant sources such as UPS, generators, and multiple 

distribution feeds. This becomes ironic when one considers 

that the utility transmission grid is having extremely high 

availability, with the only occasional voltage sag to mar its 

near perfect  record. But at distribution level, the availability 

is much lower, since the local faults can cause a localized 

downstream outage to occur. The use of independent 

distribution feeds with the help of static transfer switches are 

not sufficient to solve such kind of problems of sags and 

interruptions. As the implementation cost of such solutions is 

high and with its poor performance it is rarely adopted in the 

system. Thus we are proposing here an innovative technique 

to combine a fast vacuum transfer switch with a dynamic sag 

corrector to provide most reliable and available power. The 

MegaDySC, with its internal load current circulation path, 

can maintain the  load voltage through the transfer interval. It 

should be noted that the series connected device, such as the 

DVR, is not able to provide such kind of function. The DySC 

will also mitigate for the transmission–level voltage sags, 

which would appear on both the independent feeders. 
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Fig. 8: 

     Thus it can ne stated that the DySC configuration 

can be used as a utility interface for the longer energy storage 

devices having advantage that the energy sources does not 

require fast transient response. 

IV. CONCLUSION 

The Dynamic Sag Correctors are obtaining great response 

since 1980s.Nowadays DySC units are installed in large 

critical process, industries, including semiconductors, 

automotive, optical fibers, and computer numerical control 

machining. DySC units are smaller in size, low in cost, less 

maintenance and provide high level of protection. It provides 

corrections for sag lower than 50% as well as protection from 

momentary loss of power. The operating efficiency of DySC 

unit is greater than 99%, while its response time is less than 

1/8 cycle, and it is cleared that it will have a long operating 

life of at least 10 years. 
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