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1. The Problem and its Setting
1.1Introduction
Supercondctivity is the aility of certain materials to condwct eledricd current with no
resistance and extremely low losss. This ability to carry large anourts of current is
applied to eledric power devices sich as motors and generators, and to eledricity

transmisson and dstributionin power lines.

The recent discovery of superconductivity at temperature 95°K is one of the more
important scientific events of the past decade. Supercondiwctors conduct eledricity
withou losing energy to eledricd resistance, as most condtctors do. Certain materials
beamme superconductors when they are @oed to very low temperatures. Low-
temperature superconductors exhibit supercondictivity at temperatures nea 0 Kelvin
(°K) (or -273°Celsius). SupercondLctivity has become afascinating and challenging field
of physics. Scientists and enginees throughou the world have been striving to develop
an understanding of this remarkable phenomenon for many yeas. For nealy 75 years
superconductivity has been a relatively obscure subjed. Supercondictivity is being
applied to many diverse areas such as: medicine, theoreticd and experimental science,
the military, transportation, paver production, eledronics power systems, as well as
many other areas. With the discovery of high-temperature supercondictors, which can
operate & liquid nitrogen temperatures (77°K), supercondictivity is now well within the

read of many application areas.



1.2General Statement

In order to know different applicaions of supercondictivity to improve the performance
of power generation equipment, energy storage techndogy, and power transmisson lines
there is neal for a brief study focused particularly on applicaion d supercondtctivity in

power systems.

1.3 Advantages of Superconductivity

Beside minimal transmisson losses ability to carry large aurrent densities is an
important criterion for supercondicting materials to crede favorable @nditions
for appli cations using this new techndogy.

The use of the transition from the supercondicting to the non-superconducting
state of the material. This property is used for current limiting in pover systems.
Low energy losses compared with the actual cost of investment and maintenance
do nd justify an econamicd application d most supercondicting components in

power systems.

1.4TheLimitations
Faster gradient switching used for applying more rotation power of a motor or
generator per unit/time causes nerve stimulation and heding.
The tedhnical difficulties of adiieving and reliably sustain the extremely low
temperatures required to achieve superconductivity.
The materias, of which they are made, are often brittle, are hard to manufadure

andthey are difficult to make into wire.



1.5The Definitions of Terms

1 .5.1Perfeda Conductor of Eledricity

A superconductor is a perfed conductor of eledricity; it carries direct current with 1006
efficiency because resistive heding disdpates no energy. Once indwced in a
superconducting loop, dred current can flow undiminished forever. Supercondictors

also conduct aternating current, but with some slight disspation d energy.

1.5.2Critical Temperature
Supercondtcting materials known today, including bath high temperature supercondwctor
(HTS) and low temperature supercondwctor (LTS) materials, neaed to be a@oded to

cryogenic temperatures in order to exhibit the property of supercondictivity.

1.5.3Difference between High Temperature Superconductivity and Low Temperature
Superconductivity

The differences between high and low temperature superconductors are explained using
thefigure 1. This graph ill ustrates the complete lossof resistance to the flow of eledricity
through wires of an LTS materia (niobium-titanium aloy) and an HTS materia
(bismuth-based, copper oxide ceamic) at the criti cal temperature T, which is different for
ead superconducting materia. The spedfic HTS materia in this chart has no eectrical
resistance below 108K (-265 F) as oppased to the spedfic LTS materia in this chart,

which has no electricd resistancebelow 10K (-441 F).
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1.6 Exclusive Summary

Superconductors are materials that lose dl resistance to the flow of eledricity when
cooled below a aiticd transition temperature. Ordinary conductors guch as copper or
aluminum present some resistance to the flow of eledric current, causing some of the
energy to be disgpated as light and hed. This is a useful property in light bulbs and
toasters, bu leals to undesirable power losss in most applicaions. By reducing losses,
supercondictors can make energy production; transmisson & distribution more dficient

and pawver systems can be made small er and more powerful.

1.7 Assumptions

Over the past 3 years, the intense worldwide reseach effort on HTS has produced
remarkable progress due to its Supercondictivity property exhibiting at higher
temperatures, which made possble for the redlization d increased machine efficiency by
éiminating I°R heaing in the field winding. It appeas that within the next 5 years,
commercial magnetic field sensors and simple microwave devices operating at 77 K are a

redistic posshbili ty.



2. Review of the rdated Literature

2.10verview

Supercondtctivity, in the past, has adways been a dallenging fundamental and
techndogicd problem, for which understanding and applicaion have come slowly.
Several applicaions of superconductivity in the eledric power sector have undergone
extensive evaluation and even prototype development. Supercondictivity is the dmost
complete ésence of eectricd resistance of a material, caused by a physicd effect that
occurs a low temperatures. This effed allows the transport of eledrica current without
any resistive losss. The superconducting state only exists as long as current, magnetic
field and temperature remain below certain criticd values. In the normal condicting state
superconducting materias have their normal eledricd resistance Low temperature of a
condwtor meant very close to absolute zero (-273 C). An application of such low
temperature superconductors that has achieved some pullic atention are the magnets for
magnetic resonance imagery, which allows a very detailed look at the distribution o
chemicd compositionsin the human bady. Equipment for the power industry, like cables,
transformers, generators and motors were studied and a number of prototypes were built
worldwide. Studies $rowed that the savings in eledrical losses could compensate the
investment for the added complexity due to cooling to very low temperatures only for
very large units and at a vey high development risk.
The discovery of supercondtctivity in a new class of ceramic materials at much higher
temperatures led to a number of new materials with transition temperatures of up to
133 K (-140 C), named High Temperature Supercondictors. These materials can be

cooled with liquid nitrogen, which is much chegper than liquid helium. Refrigeration at



liquid nitrogen temperature is a fador of 25 lessexpensive than nea absolute zero, and
thermal insulation can be achieved much more easily. By the mid 199& a few
manufadurers were ale to produce a superconducting coil with current densities of
several ten Amps/mm2 in lengths of 100 meters, which is explained in figure 2. Hence
the system study High Temperature Supercondictivity (HTS) in power systems lists the
technicd and econamical advantage for eledricad energy production, transmisson, and
distribution using comporents build up with HTS Material considering the state of the at

in knowledge on superconductivity.

2.2Summary

Supercondtctivity makes possble to design and fabricae many eledronics power
systems that are difficult or even imposgble to redize using normal metals. HTS
materials become supercondicting above the temperature of liquid nitrogen, which
significantly reduces the operational costs of the devices and lrings the applications of
superconductivity closer to everyday life. The purpose of this Thesis was to study and
compare different methods to increase the aeaof HTS application ondifferent power
systems. Superconducting synchronouws generators, underground transmission, and fault-
current limiters al appear to dffer unique system advantages along with reduced life-
cycle sts. Superconducting transmisson povides improved impedance matching
compared with conventional underground cable, which namally requires sries/shurnt

compensation for lengths greaer than 20miles.



3. Methodology

3.10verview

Basic reseach, bah theoreticd and experimental, aimed at explaining high-temperature
superconductors, finding rew materials and exploring their properties, and understanding
structure-property relationship. Supercondtctivity, in the past, has aways been a
chalenging fundamental and tedhndogicd problem, for which urderstanding and
applicaion have mme slowly. Severa applications of supercondictivity in the dedric
power sector have undergone extensive evaluation and even prototype development. All
of these applications currently envisioned for high-temperature supercondictors are
extrapolations of devices aready operated at liquid helium temperatures. Most exiting
part of high-temperature superconductors has been stirred by speculation concerning
applications as low-loss eledric power transmisson and dstribution of a system.
Eledronic power applications for supercondictors usualy involve low eledric aurrents
(athough high current densities) and low magnetic fields. Superconductors may also
eliminate resistive aurrent losses in eledronic lines and device interconnedions. All of
these goplications include the aembly of superconducting electronic comporents into

large devices; will be reconsidered with the new compound.

3.2Conditions Required for a Material to Exhibit Superconducting Behavior
The material must be cooled below a daracteristic temperature, known as its
supercondtcting transition or criticd temperature (To).
The airrrent passng through a given crosssedion of the material must be below a

characteristic level known as the aiticd current density (J.).



The magnetic field to which the material is exposed must be below a
characteristic value known as the aiticd magnetic field (H).
These mndtions are interdependent, and define the environmental operating condtions

for the supercondtctor.
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Fig 2.Graph between J,H, and T

3.3 Resear ch Design and Procedures

In order to know different appli catlions of superconductivity in pover systems,
Different performances and cevelopments of supercondicting generators with their
ability to increase current density, which permitted higher magnetic fields and

allowed areductionin weight and size technicd interests, are to be known.



Subsequent experiences that revealed marked improvement in eledrical generator

system interadions over thase of conventional madines are to be studied, and this

asped will turn ou to be particularly attradive to uility customers.

Limitations for utility consideration d different synchronous macines are to be

studied though superconductors help us use energy more dficiently and reduce the

cost of eledricity production, storage and transmisson.

And as today's new technol ogies move into the marketplace they will be agrea effed on

the way electricity is generated, delivered, and used ontedhndogies of tomorrow.

3.4 Description on my Resear ch topic

The research processis explained with two examples

1. Eledric propusion system

2. Power transmisson system.

3.4.1Eledric Propulsion Systems
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Fig 3.Block Diagram for Eledric Propulsion System




Description
Eledric propusion system shown in Fig 3 is used in Eledric ship tednology, Eledric

warship tedhndogy and survival power systems.

Application

Advances in High Temperature Supercondwctors (HTS) enabled a new class of
synchronotus rotating machines (Suger Motors and Super Generators) that are cdegorized
as Super Machines. Compared to conventional machines of equivalent rating, these Siper
Machines are expeded to be lessexpensive, lighter, more compad, efficient, and provide

significantly superior stable operationin an eledric propusion system.

Advantages
Reduces operating and maintenance @sts
Improves reli abili ty
Simplified controls supports increase in automation and reduced manning
Design flexibili ty reduces total acquisition costs

Improves flexibili ty for upgrade of the entire propulsion system.



3.4.2Power Transmisson System
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Fig 4.Block Diagram for Power Transmisgon System

Description

The Transmisson system shown in Fig 4 shows the patential of using supercondtctivity

inthefield of energy production, transmisson and dstribution.

Application

The minima transmisson losses and the adility to carry large airrent densities is an
important criterion for supercondwcting materials to creae favorable @ndtions for
applicaions using this new techndogy. The airrent densities of HTS materials used in

the cdles are bou 100A/mm2, which is at least 10 times large compared to the aurrent

densitiesin conventional copper conductors.



Advantages
Increase of transmisgon cgpacity by reducing impedances
Increase of meshing of power systems
Increase of quality and avail abili ty of power systems
Redimensioning of elements used in paver systems
Reduction d energy losses
Reduction d environmental impad
Power flow control in meshed paver systems

Increase in dynamic stability

3.5Description of measures employed

Eledronic gplicaions for superconductors invave low eedric aurrents and low
magnetic fields. Superconductors also eliminate resistive aurrent losses in eledronic lines
and cevice interconnedions. Many of the adivities go forward in paralel. For instance,
Reseach onapplicaion d superconductivity in power systems always aims at increasing
current density and proceeds in conjunction with process research and development. All
of these applications, including the assembly of supercondwcting eledronic comporents

into larger devices, will be reconsidered with the new compound.



4. Findings

4.11ntroduction

Low temperature of a cndwtor meant very close to absolute zero (-273 C). An
applicaion d such low temperature superconductors that has achieved some pubic
attention are the magnets for magnetic resonance imagery (MRI), which alows a very
detailed look at the distribution d chemicd compositions in the human bady. The
discovery of superconductivity in a new class of ceramic materias at much higher
temperatures, which are later cdled as High Temperature Supercondwctors led to a
number of new materials with transition temperatures of upto 133 K (-140 C). With this
discovery of high-temperature supercondwctors, which can operate & liquid nitrogen
temperatures (77 K), supercondictivity is now well within the read of many application

areas.

4.2 Overview

Recent discoveries of high-temperature supercondicting materials resulted in a
significant new applicaions of these materials in many areas such as microelectronics,
computers, power systems, transportation, medicd imaging, and nuclear fusion, yet
most potential applicaions may well lie beyond ou ability to predict them. Severd
applicaions of superconductivity in the dedric power sedor have undergone ectensive
evaluation and even prototype development. All of these gplicaions currently
envisioned for high-temperature superconductors are extrapolations of devices aready

operated at liquid helium temperatures. Most exiting part of high-temperature



superconductors has been stirred by speculation concerning applications as low-loss

eledric power transmisson and dstribution o a system.

4.3 Experimental findings

For the @bove examplesfoll owing are the results

Table 1: Economical Benefitsfor Superconductivity Applications

Applications Design Design Life-Cyde Life-cyde
Operating Operating Compared with | Compared with
current Field Liquid Helium | Conventional
Density (Tedla) Systems Systems
(10000 (%) (%)
Alcm2)
Transformers 10 0.30 27 63
Transmisson 23 0.10 36 60
Lines 3 2 27 63
Generators 0.1-0.25 3 11 45
Motors 0.2 1 30 60




Table 2: Costs of Conventional and HTS Power Systems

Cost Items Conventional Systems HTSC Systems
Capital Cost ($1000) 39.0 54.6
Efficiency 0.95 0.97
Annud cost of losses ($1000) 12.90 7.58
Present value of total losses ($1000) 64.7 38.0
Total capitali zed costs ($1000 103.7 92.6
Percent savings (%) 10.7

Table 3: Comparisons of Lossesand Costs of Servicefor Superconducting and

Conventional Power Transmisson Systems

System Loss Cost of Service,
Transmisgon Only
(mills’kwWh)

77-K Sugercondicting 0.73 3.46
(undergrourd)

High-presaure, ol -filled ppe 3.60 6.05
(undergrourd)

Aerial/underground 1.68 2.08




4.3 Description of Findings

The @&ove findings are designed to prove that Supercondtcting plays a very vital rolein
transmisson and dstribution process in a system by providing improved impedance
matching compared with conventional underground cable and aso its correspondng

system.

4.4Summary

Findings from the aowe tables $ows that there ae low energy losses in a HTS system
when compared with the conventional system and the adua costs of investment and
savings are justified and hence supercondictivity can also be an econamicd applicaion

of most supercondicting comporentsin pover systems today.



5. Summary and Discussons

5.1Introduction

The main anaysis of the research is discused with the summaries of the research
problem, methods, and findings.

5.2 Summary of Research Problem

The purpose of this Thesis was to study and compare different methods to increase the
area of HTS application on dfferent power systems. Supercondwcting synchronous
generators, uncergroundtransmisson, and fault-current limiters all appea to dffer unique
system advantages along with reduced life-cycle wsts. Hencethis whale research proves
that Supercondicting plays a very vita role in transmisson and dstribution process by
providing improved impedance-matching compared with conventional undergrournd
cable, which namally requires series/shurnt compensation for lengths greaer than 20

milesaswell asin dfferent motor applicaionin aEledric propusion system.

5.3Summary of Method

The alvantage of the low energy losses compared with the adual costs of investment and
maintenance do no justify an econamicd applicdion o most supercondicting
comporentsin power systemstoday. Therefore, additional benefits semto berequiredin
order to guarantee a successul implementation d superconductors in the field of eledric

power applications.



5.4 Summary of findings

The finding of this research proves that superconductivity makes possble to design and
fabricate many eledronics power systems that are difficult or even impossble to redize

using normal metals.

5.5Conclusions

The system study “High Temperature Superconductivity (HTS) in power systems” lists
the tedhnicd and econamicd advantage for

Eledricd energy production

Transmisson

Distribution
using comporents build upwith HTS Material considering the state of the at in

knowledge on superconductivity.

5.6 Implications

With the latest development techniques, wires may be fabricated permitting
supercondicting machines such as motors, generators, transformers, and current limiters
to operate in liquid nitrogen. Use of this mode of operation is chegper compared to liquid
helium or closed-cycle refrigerators needed to cod helium gas. Transmisson cable
tecdhndogy, with its lower field requirements, may benefit, since higher absolute aiticd
currents in asingle tape at 77 Kelvin and lower tape production cost, compared to ather

HTS wires, can be possble.
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