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The Structure of SSSCs
The key element of an SSSC is the power electronic converter, usually a DC-AC converter or inverter. 
The converter can be either a voltage source converter or a current source converter. 

In commonly employed voltage source converter-based SSSCs, the converter is switched to supply a 
required voltage to the power system. The voltage from the converter is injected in series to the line 
using an injection transformer. Even though the SSSC is duly insulated from the ground, the injection 
transformer is a source of insulation for the power electronic converter in an SSSC. The transformer 
primary is rated at the maximum voltage that the converter can supply. 

Usually, the transformer is a step-up transformer, and injects more voltage in series to the power 
system, thereby reducing the voltage rating of the converter and the DC energy source, if present.  The 
transformer carries the full line current, including the fault current. If there is a short circuit current or line 
fault, the SSSC is disconnected from the power system to protect the converter. 

https://resources.pcb.cadence.com/blog/2019-layout-tips-for-your-dc-dc-buck-converter-design
https://resources.pcb.cadence.com/blog/2019-flyback-transformer-design-tips-for-beginners








Characteristics of SSSCs
SSSCs can be used for reactive power as well as real power compensation. SSSCs generate reactive 
power by producing the compensating voltage. They can be used to supply voltage either 90° lagging 
or leading the line current. When the SSSC injects voltage that leads the line current, it is equivalent to 
a capacitive reactance connected in series with the power line, and it increases the line current as well 
as the power flow. When the injected voltage lags behind the line current, it is similar to an inductive 
reactance connected in series to the line, causing the line current and power flow to decrease. 

An SSSC can be considered a variable impedance type series compensator, as it indirectly varies the 
line resistance and line reactance by injecting real power and reactive power, respectively. Whenever 
the voltage injected is not in quadrature with the line current, the SSSC compensates for real power. A 
DC energy source is required in SSSCs for real power supply—this can be a battery, photovoltaic 
module, or fuel cell. A DC-link capacitor is connected in parallel to the DC power source to keep the 
DC voltage constant and to increase the quality of current flowing towards the power electronic 
converter. 

https://resources.pcb.cadence.com/blog/2019-dc-voltage-requirements-for-electronic-devices-on-high-speed-pcbs






The Advantages of SSSCs 
Compared to other FACTS controllers, SSSCs are superior due to the following advantages:

1. They eliminate bulky passive components such as capacitors and inductors. 
2. They can supply or absorb reactive power. The ability to offer inductive and capacitive 

operating modes symmetrically is also a benefit.
3. When connected with a DC power source on the DC side of an SSSC, they can exchange 

real power to the power system.

https://resources.system-analysis.cadence.com/blog/msa2020-how-pdn-transient-current-dynamics-affect-dc-power




Causes of Power Quality issues in Power Systems:
Because of a number of single-phase loads in the distribution system, especially domestic,
residential, and commercial in small power ratings and traction, transportation, rural distribution
systems, and so on in medium power ratings, there have been additional problems of load
unbalancing and excessive neutral current causing increased losses, voltage imbalance and
derating of the distribution system.

Moreover, switching in many electrical loads causes switching transients and inrush currents
resulting in various voltage-based power quality problems such as surges, spikes, sags, voltage
fluctuations, voltage imbalance, and so on.

These power quality problems affect other loads and system components such as protection
systems.

Some of these nonlinear loads are as follows,

• Fluorescent lighting and other vapor lamps with electronic ballasts
• Switched mode power supplies
• Computers, copiers, and television sets
• Printer, scanners, and fax machines
• High-frequency welding machines
• Fans with electronic regulators
• Microwave ovens and induction heating devices
• Xerox machines and medical equipment
• Variable frequency-based HVAC (heating ventilation and air-conditioning) systems
• Battery chargers and fuel cells
• Electric traction
• Arc furnaces
• Cycloconverters
• Adjustable speed drives
• Static slip energy recovery schemes of wound rotor induction motors
• Wind and solar power generation
• Static VAR compensators (SVCs)
• HVDC transmission systems
• Magnet power supplies
• Plasma power supplies
• Static field excitation systems.

These types of nonlinear loads draw harmonic currents and reactive power components of the
current from the single-phase AC mains.
Some of them have harmonic currents, reactive power components of the current, and
unbalanced currents in the three-phase threewire supply system.



Mitigation of Voltage Swells:
Over voltages are extremely transient phenomena occurring for only fractions of a
second, but which can never less have a negative effect on electronic equipment and can even
result in their total failure.

Although damage due to over voltage primarily occurs in industry and large community and
office complexes, the losses suffered in the private sector due to damaged TV equipment and
personal computers have also reached considerable levels.

The basic principles of over voltage protection of load equipments are,
Limit the voltage across sensitive insulation
Divert the surge current away from the load
Block the surge current entering into the load
Bonding of equipment with ground
Prevent surge current flowing between grounds
Design a low pass filter using limiting and blocking principle



1.OVER VOLTAGES mitigation devices:

Over voltage: 10% above the nominal voltage for a period of time greater
than 1 min.

Some of the equipment used to counter overvoltages are:

i. Line Voltage drop Compensator (LDC)
ii. Phase modifying equipment, such as Static Capacitor and Shunt Reactor
iii. Step Voltage Regulator (SVR) or Transformer with on-load tap changer.
iv. Thyristor Voltage Regulator (TVR)
v. Static VAr Compensator (SVC)
vi. STATic synchronous COMpensator (STATCOM)
vii. Dynamic Voltage Restorer (DVR) using Storage Devices
viii. Power Conditioning System (PCS) with function to suppress rise in grid
voltage
ix. Passive Filter or LC Filter
x. Active Filter
xi. Sodium-sulfur (NaS) Battery
xii. Batteries or Supercapacitors Energy Storage

Unfortunately, many of the counter measures listed above have their own
disadvantages. Thyristor Voltage Regulator (TVR) has disadvantages of long
term reliability when installed on a pole.

Cost is a bottleneck in Static VAr Compensator (SVC) technology and Static
Synchronous Compensator (STATCOM). Line voltage Drop Compensator (LDC)
has a problem of overvoltage suppression. Step Voltage Regulator (SVR) has
the disadvantage of low response time.



Harmonics:

Harmonics are distortions in the AC waveform. These distortions are caused by loads on the
electrical system that use the electrical power at a different frequency than the fundamental 50 or
60 Hz.

Harmonic voltages and currents in an electric power system are a result of non-linear electric
loads. Harmonic frequencies in the power grid are a frequent cause of power quality problems.
Harmonics in power systems result in increased heating in the equipment and conductors,
misfiring in variable speed drives, and torque pulsations in motors. A harmonic of a wave is a
component frequency of the signal that is an integer multiple of the fundamental frequency, i.e. if
the fundamental frequency is f, the harmonics have frequencies 2f, 3f, 4f, . . . etc. The harmonics
have the property that they are all periodic at the fundamental frequency; therefore the sum of
harmonics is also periodic at that frequency. Harmonic frequencies are equally spaced by the
width of the fundamental frequency and can be found by repeatedly adding that frequency. For
example, if the fundamental frequency (first harmonic) is 25 Hz, the frequencies of the next
harmonics are: 50 Hz (2nd harmonic), 75 Hz (3rd harmonic), 100 Hz (4th harmonic) etc.

Harmonic Sources from Commercial Loads:
Commercial facilities such as,
1. office complexes,
2. department stores,
3. hospitals, and
4. Internet data centers are dominated with high-efficiency fluorescent lighting with electronic
ballasts,
5. adjustable-speed drives for the heating, ventilation, and air conditioning (HVAC) loads,
6. elevator drives, and
7. sensitive electronic equipment supplied by single-phase switchmode power supplies.
8.The application of power factor correction capacitors can potentially magnify harmonic
currents from the nonlinear loads, giving rise to resonance conditions within the facility.



Wave shapes of few loads:
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Effects of Harmonics:
Harmonics in electrical systems result in waveform distortion.
They are periodic disturbances in voltage and current.
Any non sinusoidal periodic waveform can be considered as a combination of sine waveform of
certain frequency, amplitude and phase angle.
Generally these are individual multiples of fundamental frequency. Hence 3rd order frequency
has got frequency of 150 Hz and the 5 th order harmonic has 250 frequency and so on.
The amplitude and phase angle of individual components will vary depending on the nature of
the distorted waveform.
THD is defined as the ratio of the root mean square value of the harmonic content to the root
mean square value of the fundamental quantity, expressed as percent of the fundamental.
It is measured by the effective value of harmonic distortion.
The total harmonic value of distortion (THD) is the value used to describe the
characteristics of a distorted waveform.
The THD is a measure of how badly the waveform is distorted from pure sinusoidal
which has a THD is 0%.
IEEE standard 519 recommends that for most systems, the THD of the bus voltage should be less
than 5% with a maximum of 3% with any individual components.

Harmonic Indices:
The two most commonly used indices for measuring the harmonic content of a waveform are the
total harmonic distortion and the total demand distortion.
Both are measures of the effective value of a waveform and may be applied to either voltage or
current.

1. THD:

Total Harmonic Distortion:
The THD is a measure of the effective value of the harmonic components of a distorted
waveform.
That is, it is the potential heating value of the harmonics relative to the fundamental. This
index can be calculated for either voltage or current,

Where Mh is the RMS value of harmonic component h of the quantity M.

Benefits of THD:
The THD is a very useful quantity for many applications,

It can provide a good idea of how much extra heat will be realized when a distorted voltage is
applied across a resistive load.

It can give an indication of the additional losses caused by the current flowing through a
conductor.
Limitations of THD:
It is not a good indicator of the voltage stress within a capacitor because that is related to the



peak value of the voltage waveform, not its heating value.

2. TDD:

Total demand distortion is the calculated harmonic current distortion in an electrical
system against the full load demand. It can be mathematically expressed as,

Devices for controlling Harmonic Distortion: Active and Passive Filters connected in
series and parallel and some FACTS devices.

IEEE and IEC standards It should be emphasized that the philosophy behind this standard
seeks to limit the harmonic injection from individual customers so that they do not create
unacceptable voltage distortion under normal system characteristics and to limit the
overall harmonic distortion in the voltage supplied by the utility. The voltage and current
distortion limits should be used as system design values for the worst case of normal
operating conditions lasting more than 1 hour. For shorter periods, such as during
start-ups, the limits may be exceeded by 50 percent. This standard divides the
responsibility for limiting harmonics between both end users and the utility. End users
will be responsible for limiting the harmonic current injections, while the utility will be
primarily responsible for limiting voltage distortion in the supply system

IEC Standards on Harmonics:
The International Electro technical Commission (IEC), currently with headquarters in Geneva,
Switzerland, has defined a category of electromagnetic compatibility (EMC) standards that deal
with power quality issues.
The term electromagnetic compatibility includes concerns for both radiated and conducted
interference with end-use equipment.
The IEC standards are broken down into six parts,

Part 1: General These standards deal with general considerations such as introduction,
fundamental principles, rationale, definitions, and terminologies. They can also describe the
application and interpretation of fundamental definitions and terms. Their designation number is
IEC 61000-1-x.

Part 2: Environment These standards define characteristics of the environment where equipment
will be applied, the classification of such an environment, and its compatibility levels. Their
designation number is IEC 61000-2-x.

Part 3: Limits These standards define the permissible levels of emissions that can be generated
by equipment connected to the environment. They set numerical emission limits and also
immunity limits. Their designation number is IEC 61000-3-x.



Part 4: Testing and measurement techniques These standards provide detailed guidelines for
measurement equipment and test procedures to ensure compliance with the other parts of the
standards. Their designation number is IEC 61000-4-x.
Part 5: Installation and mitigation guidelines These standards provide guidelines in application
of equipment such as ear thing and cabling of electrical and electronic systems for ensuring
electromagnetic compatibility among electrical and electronic apparatus or systems. They also
describe protection concepts for civil facilities against the high-altitude electromagnetic pulse
(HEMP) due to high altitude nuclear explosions. They are designated with IEC 61000-5- x.

Part 6: Miscellaneous These standards are generic standards defining immunity and emission
levels required for equipment in general categories or for specific types of equipment.

Note: x, defines the year.

Short Answer Questions
1. Define harmonics?
2. Give at least two IEC standards for EMC.
3. Define harmonic indices?
4. Mention the devices for controlling harmonic distortion?
5. Give the IEC standard to define harmonics.
6. What is the crest factor?
7. What kind of equipment is needed to measure distorted waveforms?
8. Define TDD.
9. Define THD.
10. What is the reason for the existence of harmonic distortion?
11. What is voltage and current distortion?
12. Define inter harmonics.
13. Give at least two IEEE standards for harmonics.
14. What is the classification of active harmonic conditioner?



Interruptions:

Short duration variations – Interruption The complete loss of voltage on one or more phase
conductors for a time less than 1 min.They are measured and described by their duration since the
voltage magnitude is always less than 10% of nominal.

Types of Short Duration interruption:
Momentary Interruption < 1 min , <0.1 pu
Temporary Interruption < 1 min , <0.1 pu

Long duration variations – Sustained interruption The complete loss of voltage on one or more
phase conductors for a time greater than 1 min.



Consequences of short interruptions are similar to the effects of voltage sags. Interruptions may

cause the following (but not limited to):

- Stoppage of sensitive equipment (i.e. computers, PLC, ASD)

- Unnecessary tripping of protective devices

- Loss of data

- Malfunction of data processing equipment.

-Sustained Interruption is defined by IEEE 1159 as the decrease in the voltage supply level to zero

for more than one (1) minute.

Source: Utility or facility

Symptoms: Equipment Shutdown

Occurrence: Less than 2 interruptions/year in the US

Protection: Uninterruptible Power Supply (UPS), Self-generation, Energy storage

http://powerqualityworld.blogspot.com/2011/04/uninterruptible-power-supply-ups.html


Voltage sag( Dip):

Voltage sags are considered the most common power quality problem.
These can be caused by the utility or by customer loads.
When sourced from the utility, they are most commonly caused by faults on the distribution
system.
These sags will be from 3 to 30 cycles and can be single or three phase.

A voltage sag or voltage dip is a short duration reduction in RMS voltage which can be caused
by a short circuit, overload or starting of electric motors.

Voltage sag happens when the RMS voltage decreases between 10 and 90 percent of nominal
voltage for one-half cycle to one minute.
Some references define the duration of sag for a period of 0.5 cycles to a few seconds,

and longer duration of low voltage would be called “sustained sag".

There are several factors which cause voltage sag to happen: Since the electric motors draw
more current when they are starting than when they are running at their rated speed, starting an
electric motor can be a reason of voltage sag.

When a line-to-ground fault occurs, there will be voltage sag until the protective switch gear
operates. Some accidents in power lines such as lightning or falling an object can be a cause of
line-to-ground fault and voltage sag as a result.
Sudden load changes or excessive loads can cause voltage sag.

Depending on the transformer connections, transformers energizing could be another reason
for happening voltage sags.

Voltage sags can arrive from the utility but most are caused by in-building equipment. In
residential homes, we usually see voltage sags when the refrigerator, air-conditioner or furnace
fan starts up.



Sources of Sags;
A sudden increase in load results in a corresponding sudden drop in voltage. Any
sudden increase in load, if large enough, will cause a voltage sag in,
Motors
Faults cause the voltage sag.
Switching operation

Mitigation of Voltage Sags
Different mitigation methods are,
Dynamic voltage restorer
Active series Compensators
Distribution static compensator (DSTATCOM)
Solid state transfer switch (SSTS)
Static UPS with energy storage
Backup storage energy supply (BSES)
Ferro resonant transformer
Flywheel and Motor Generator set
Static VAR Compensator (SVC)

Short Answer Questions
1. List the sources of sag and interruptions.
2. Mention the methods to improve voltage sags in utility system.
3. Define the depth of the voltage dip.
4. Define the duration of the voltage dip.
5. Explain the area of vulnerability.
6. What are the factors affecting equipment sensitivity to the voltage sag?
7. What are the three categories of equipment sensitivity?
8. What is the use of estimation of voltage sag?
9. List the devices used to reduce the voltage sag.
10. Mention the types of compensations.


