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ABSTRACT
The power distribution is one of the complex structures. So, in order to study power distribution system we have chosen Nuclear Fuel Complex (NFC), Moula-Ali, Hyderabad. 

Our project report provides in-depth knowledge of NFC’s power distribution network. In addition to that various facts regarding short circuits and other faults are discussed. It also discusses about various method of improving the power distribution quality.

Our project report is presented in four sections. One section covers power distribution in NFC, section two gives various ratings of equipment’s, section three deals with various short circuit studies and section four deals with the improvements made for the minimization of losses,  and their analysis.

Under section one all relevant topics related to power distribution have been discussed. In the minimization of losses we covered topics like Energy Management System (EMS), power factor control, reduction of harmonics, etc.
HISTORY OF NFC
Today India is one of the handful countries which have achieved the capability to design, construct, operate and commission nuclear power plants and all nuclear fuel cycle facilities entirely through indigenous efforts. It has unique facilities in the world, which has all the fuel and core structural components, production and fabrication facilities all under one roof. The contribution of NFC to the nuclear power scenario in India has been one of the greatest significance.

NFC was conceived by Dr. H.J.BHABHA to make India self sufficient in the nuclear power technology using natural uranium. Located near the famous shrine of Moula-Ali at Hyderabad, NFC is spread over an area of 150 acres; it is a unique center in the world where reactor fuel and other reactor core components are manufactured under one roof starting from ore concrete to finished ready-to-use products. Production activity in its various plants was started in the early seventies it has around 4000 personnel. NFC was established in the year 1973 to cater the requirements of fuel and zircaloy hardware for all the power reactors in the country.
NFC is the industrial unit of department of atomic energy (DAE) at Hyderabad, has been playing a key role in fuel cycle and nuclear power program for peaceful use of atomic energy from the last 30 years. NFC is perhaps the only industry in the world where under one roof natural, enriched and depleted uranium oxide pellets, reactor grade zirconium sponge and zirconium alloy components for PHWR (pressurized heavy water reactor) and BWR (boiling water reactor) fuel assemblies for PHWR’s and BWR’s stainless steel cladding tubes and core assemblies for liquid water cooled fast breeder reactors and thorium pellets and assemblies for PHWR and LMFBR are manufactured. The other products of NFC are special and high purity materials like sodium oxide, tantalum oxide and sodium and tantalum metals, high purity gallium, silver gaskets and a wide variety of stainless steel, titanium and its alloys for nuclear and non-nuclear applications.
PRODUCTION ACTIVITIES OF NFC
1. Production of nuclear fuel bundles for Indian power reactors both pressurized heavy water and boiling types.
2. Production of zircaloy reactor core components such as fuel tubes, coolant tubes, cylindrical tubes i.e., seamless tubes.
3. Production of very high purity i.e. 99.99% materials for electronics and other industries.

4. NFC produces seamless stainless tubes of various dimensions and ball bearing tubes also.
While planning for the activities the department takes care of occupational healthy, safety, fire production systems, and medical facilities. NFC has different types of production plants, which include the
a) ZIRCONIUM OXIDE PLANT (ZOP) for the production of zircon to pure zirconium oxide.

b) ZIRCONIUM SPONGE PLANT (ZSP) for the production of zirconium sponge.

c) ZIRCONIUM FABRICATION PLANT (ZFP) for melting alloying, billet preparation, extrusion of zircaloy tubes and fabrication of zirconium components.

d) THE URANIUM OXIDE PLANT (UOP) for processing of crude uranium concentrates to pure uranium dioxide pellets and assembling fuel bundles for the PHWR’s

e) THE ENRICHED URANIUM OXIDE PLANT (EUOP) for processing imported enriched uranium.

f) URANIUM FUEL FABRICATION PLANT (UFFP) produces enriched uranium dioxide pellets.
g) The industry has a SPECIAL MATERIAL PLANT5 (SMP) for producing a number of electronic grade high purity materials.

h) STAINLESS STEEL TUBE PLANT (SSTP) producing seamless tubes and other special tubes.

i) CERAMIC FUEL FABRICATION PLANT (CFFP):- There are new plants set up by NFC to meet the future requirements like the NZFP, NUOFP, and NUFAP of nuclear fuel for the PHWR’S of the country. The total activities of NFC dealing with high technology the core man power has mostly come from BRAC training school set up in trombay in 1957.

· NFC is multi disciplinary activity and one of its own kinds in the world where all activities for making nuclear fuel from uranium concentrate to uranium oxide, from zircon sand to zirconium metal and fabrication of zircaloy shapes and finally the fuel elements are housed at one place under one management. The setting up of this multi disciplinary complex was the responsibility of BARC.
· Control laboratory was also set up to meet the requirements of testing, analysis and quality control for various plants.

      Other facilities like quality control, workshop, effluent management, waste treatment facilities, etc were established. The main objective of forming of NFC was to create an organization to meet the future requirements of fuel for nuclear power program. The important feature at NFC is that apart from indigenous process development, a good portion of that plant for chemical extraction and extractive metallurgical operations has                                                                                                                                                                     been indigenously designed and fabricated by the Indian industries.                                                                                                                                                                                        

· The Indian nuclear power program is based on three stages. Strategy linking the closed fuel cycle of PHWR’s in the first stage and liquid metal cooled fast breeder reactions in the second stage and advanced heavy water reactors in the third stage i.e. development of reactor based on 
      U-233 fuel obtained from irradiated thorium.
           NFC has arranged to send back regularly the products arising out of uranium operation to uranium corporation of India Ltd.(UCIL), Jaduguda, where mining of uranium ore is carried out. NFC also exports the zirconium components and even nuclear fuel subject to appropriate condition on the end use.
                      FACILITIES AT NFC
FABRICATION FACILITIES FOR PRESSURISED HEAVY WATER REACTOR FUEL:
The Indian nuclear program is mainly on PHWR. This type of reactors are found in Kalpakkam in TN, Narora in U.P, Kota in Rajasthan, Kakrapar in Gujarat  India which can produce a total power generation capacity of 1000MW by the end of the century. The fuel for these reactors consists of natural uranium dioxide (UO2) pellets canned in thin walls of zircaloy tubes. Pure UO2 is produced from crude magnesium di-urinate (MDU) concentrate received from UCIL, Jaduguda Bihar. MDU is treated through solvent extraction, precipitation, calcinations and reduction stages to obtained nuclear grade uranium oxide powder. The UO2 is compacted into cylindrical pellets and sintered at a high pressure and 1700ºC. The sintered pellets are then center less ground to precise dimensions and loaded in zircaloy tubes which are then hermitically sealed by resistance winding, 19 such pins are assembled in specific and precise configuration in the form of bundles. 3672 bundles are required towards one full charge of a 235Mw power reactor. All the fuel bundles required for PHWR both for initial loading and for replacement are fabricated and supplied from NFC.
PRODUCTION OF ZIRCALOY COMPENENTS:
The zircaloy production line consists of three different chemicals and metallurgical plants devoted to manufacture of zircaloy hardware for fuel assemblies for tubes, wires, rods, sheets, strips and reactor core components like coolant, calandria and flow tubes. The starting material of zircaloy is the mineral zircon sand found on the beach sands of south India. Zircon is processed and purified to nuclear grade ZRO2 powder by solvent extraction process for separation of hafnium and other impurities. This powder is chlorinated and reduced with magnesium to sponge metal. The sponge is then vacuum arc melted into zircaloy ingots after addition of alloying elements. The ingots are extruded into tube blanks, rods or slabs by a series of extrusions utilizing a 3750tonn horizontal extrusion press and a 630tonn vertical extrusion press. Fuel and coolant are produced to very stringent specifications by a special rolling known as pilgering, sheets required for the fabrication of various seam wielded tubes and other components are produced from extruded slabs by a series of hot and cold passes on a four high rolling mill.
FUEL FOR BOILING WATER REACTOR:
The only boiling water reactor in India is at Tarapur, which uses the enriched uranium oxide Uranium hexa fluoride (UF6) that is imported. The UF6 is treated through hydrolysis and reduction process to obtain nuclear pure UO2 powder. This powder is made into UO2 pellets to in the same way as in the case of PHWR’s. These are encapsulated in zircaloy tubes. The fuel assembly for these reactors consists of 36 pins of about 4mt length compared to 19 pins of 500mm length for PHWR’s assemblies.
FAST BREEDER THORIUM REACTORS:
Different types of subassemblies namely fuel, nickel, blanket and steel sub assemblies for FBTR at Kalpakkam. All the components of these assemblies except fuel pins are fabricated here. The blanket assemblies contain sintered thorium oxide pellets are fertile material for core. All the equipments and fixtures for fabrication the sub assembly components with intricate design have been developed indigenously.

PRODUCTION OF STAINLESS STEEL AND BALL BEARING TUBES:
NFC has been producing the seamless stainless steel and seamless ball bearing tubes. These tubes are essentially produced from bellets to finished tubes by extrusion followed by cold pilgering and cold drawing. Stainless steel linker’s tubes and thick walled lattice tubes for nuclear power stations are also produced in these plants in addition to tubes required for heavy water plants. Seamless tubes of titanium, cupronickel, silver, marging and other alloy steels have also been produced in small quantities. These plants have capability of producing seamless tubes in the range of 4-200mm diameter.
SPECIAL MATERIAL PLANT:
Very high purity (nearly 99.99%) materials like tin, indium, bismuth, cadmium, gold etc and capacitor grade. Tantalum required by electronic and other industries in the country are being produced in this plant using sophisticated techniques like zone-refining, electron beam melting and electro refining.

         POWER DISTRIBUTION

Power distribution is a part of the power system by which electric power is distributed among various consumers for their use is known as power distribution.

Mainly distribution system consists of 
1. Feeders
2. Distributors 
3. Service mains
The general structure of distribution system is as shown in figure below,

                                 [image: image21.emf]
Feeders: A line or conductor, which connects the generation station to the distribution lines, is known as feeders.
Distributors: A line or conductor to which various consumers are connected through service mains is known as distributor.

Service mains: A line (conductor or cable), which connects the consumer to the distributor, is known as service mains.

CLASSIFICATION OF DISTRIBUTION SYSTEM
1. According to type of current

    a. DC Distribution

    b. AC Distribution

2. According to construction
    a. Over head distribution system

    b. Underground distribution system

3. According to service
    a. General lighting and power
    b. Industrial power

    c. Railways

    d. Street Lighting
4. According to number of wires
    a. Two wire

    b. Three wire

    c. Four wire
5. According to scheme of connections
    a. Radial system

    b. Ring system

    c. Inter connected system

DC DISTRIBUTION:
The electric power is exclusively generated, transmitted and distributed as AC, but for certain applications such as electro chemical works. The operation of variable speed machinery like DC motors is necessary. For this purpose AC is converted into DC at the sub station and is distributed by

1. 2-wire system

2. 3-wire system

AC DISTRIBUTION:
The electric power is invariably generated, transmitted and distributed in the form of alternating current. The main reason of adapting AC system for generation, transmission and distribution of electric power is that the alternating voltage can conveniently be changed to any desired value with the help of a transformer.
1. Primary distribution
   The system in which electric power is conveyed at 400Kv or 220Kv or 132Kv or 66Kv or 33Kv or 11Kv or 6.6Kv or 3.3Kv to different sub station for distribution or to big consumers like industries etc is called primary distribution system.

2. Secondary distribution system
     The system in which electric power is distributed at 433/233Kv to various consumers like residential consumer is called low voltage or secondary distribution system.
CONNECTION SCHEMES OF DISTRIBUTION SYSTEM
Radial system: In this system feeders radiate from single sub station and feed the distribution at one end only.

Advantages:
1. Its initial cost is minimum

2. It is simplest distribution system
Disadvantages:
1. The end of distributor nearest to the generating station would be heavily loaded.

2. The consumers are dependent on single feeder or distributor. Therefore when fault occurs on the feeder or distributor the supply is not cut off to all of the consumers who are on the side of the fault, away from the station.

3. The consumer at the farthest end of the distributor would be subjected to serious voltage fluctuations with the variation in the load.

Ring main system:
In this system each consumer is supplied via two feeders. The arrangement is similar to two feeders in parallel on different routes.

Advantages:
1. Less copper is required at each part of the ring and carries less current than in the radial system.

2. Less voltage fluctuations.

3. It is more reliable.

4. In the event of fault on any one section the continuity of the supply to all consumers can be maintained by isolating the faulty section.

Inter connected system:
In this system the feeder ring is energized by two or more generating stations or sub stations.
  Advantages:

1. It increases the reliability of supply.
2. During the over loads the area fed from one generating station can be fed from other generating station. This reduces the reserve plant capacity improves the reliability, increases the load factor and efficiency of the system.

POWER DISTRIBUTION AT NFC
THE 132kV MAIN RECEIVING STATION:

NFC receives electric power at 132kV from APTRANSCO on a double circuit overhead transmission line. Main step down and distribution system (MSDS-1) or the main receiving station (MRS) has been installed outside the NFC boundary. 132kV is step down to 33kV or 11kV over two 3 windings transformer of capacity 20/31.5MVA 132kV/33kV/11kV. The two feeders at 132kV are of 100% capacity each to make feeding system 100% standby. The existing bus bar arrangement between this feeder facilities change over of the transformer to any feeder.  Remote controlled operator isolators have been installed in the system at nine points for easy and safe operation and maintenance. An ON LOAD TAP CHANGER (OLTC) has been installed on the each transformer which is controlled by automatic voltage regulator to provide a constant secondary voltage of 11kV irrespective of primary incoming feeder voltage in a range of 138.6kV to 99kV.  OLTC has total 21 tap positions and so one has to ensure that the system voltage is a constant with a little variation.
THE 33kV DISTRIBUTION SYSTEM:
The power is supplied from the secondary winding (33kV) of transformer at MSDS-1 yard to BBTP of NFC. The 33kV supply is connected through an overhead open type bus bar to the SF6 gas circuit breaker at MSDS-1. At MSDS-2 yard the 33kV is step down to 6.6kV by two 15/20MVA, 33kV/6.6kV transformer. The feeders at 33kV are of 100% capacity with 100% standby facilities. The step down secondary voltage is connected to the switch board through a closed type bus duct 6.6kV switch board as 20 bulk oil circuit breaker to feed the 1250kVA, 6.6kV/433V transformer.
THE 11kV DISTRIBUTION SYSTEM:
The 11kV supply from 20/31.5MVA transformer is drawn to the switch panel through XLPE cables. The 11kV panel has provided with SF6 gas circuit breaker. There are a total number of eighteen 11kV feeders. There are four feeders for CPA and ZFP sub-station. Two feeders each supplies power to most of the plants of NFC. Rest of the feeders at MSDS-1 are for NUFAP, NUOFP, HC, construction power supply (CPS) etc.
THE CHEMICAL PLANT AREA SUB STATION:
CPA sub station receives two 11kV feeders through under ground cables (aluminum conductors, paper insulated, lead sheathed, double steel tape and served).  The 11kV panel is provided with OCB controlled by relays and 30V battery banks. Various feeders at CPA sub station are ZSP, ZOP, SMP, CONTROL LAB, OUP, CFFP, load centers, pump house-2 and services plant which are connected through 11kV underground cables connected to 1250kVA 11kV/415V transformer.
THE ZFP SUB STATION:
The substation which is situated inside NFC near ZFP plant receives two 11kV feeders through under ground cables from MSDS-1, the 132kV sub station is situated outside NFC. There are 2 panels in this substation one is 11kV panel with two incoming ZFP feeders with a bus coupler and 11kV out going feeders feeding load center-1, ZFP lc-2, SSTP and EPP sections and the other is a 6.6kV panel which gets supply from 11kV panel through two 5MVA, 11/6.6kV transformer. This 6.6kV panel having outgoing feeders to synchronous motors for pump accumulator stations and two link feeders to MSDS-2, the 33/6.6kV substation which mainly supplies power to BBTP loads centers. These are the two link feeders through which emergency power can be fed to 6.6kv at MSDS-2 yard. 
VARIOUS LOAD CENTERS AT NFC
MAIN STEP DOWN SUB STATION-II
The power to this sub station is fed from MRS through APLSTS cables as two incoming feeders. As part of power distribution, the incoming voltage is directly stepped down to 6.6kV by two step down transformer (15MVA/20MVA) [rating are shown in Appendix-I]. The power from this sub station is distributed to the following plants through two incoming feeders.
From INCOMING 1:
1. ZFP LF-1

2. 150 VMR PILGER MILL

3. LC-2 TR-1

4. LC-3 TR-1

5. LC-3 TR-2

6. Annealing Furnace-1

7. Capacitor Bank

8. Horizontal Furnace-1

9. Horizontal Furnace-2

From INCOMING 2:
1. LC-4 TR-2

2. Horizontal Furnace-3

3. New melting shop

4. Vertical Furnace
5. LC-2 TR-2

6. 75 VMR PILGER MILL
7. LC-3 TR-3

8. ZFP LF-2

                 CPA SUB STATION

The power to this sub station is fed from main receiving station through APLSTS cables. The incoming voltage is 11kV which is distribution as follows:
From INCOMING 1:
1. Services

2. UOP AND CFFP T-1

3. UOP AND CFFP T-4

4. LC-5 TR-1

5. ZOP T-1

6. ZSP T-4

7. ZSP T-1

From INCOMING 2:
1. GENERATOR

2. UOP AND CFFP T-2

3. ZOP T-2

4. ZSP T-2

5. PH-2

6. LAB AND SMP

7. LC-5 TR-2

8. CFFP AND UOP T-3

9. Spare
  ZFP AREA SUB STATION-I
The power to this sub station is fed from MRS through 11kV APLSTS cables through two incoming feeders.

The power to this station is distribution as follows:
From INCOMING 1:
1. SSTP TR-1
2. LC-2 TR-2

3. LC-1 TR-1

4. LC-1 TR-2

5. 5MVA T-1
From INCOMING 2:
1. 5MVA TR-2

2. LC-1 TR-3

3. LC-2 TR-2

4. SSTP TR-2

5. 11kV PILGER MILL
ZFP AREA SUB STATION-II
The power to this substation is fed from ZFP 11kV panel through two incoming feeders through 11kV XPLE cables through a 5MVA transformer each. The feeders are coupled through a bus coupler. 
The power from this sub station is distribution as follows:
From INCOMING 1:
1. LF-1 MSDS-2

2. PUMP-5

3. PUMP- 6

4. PUMP- 7

5. PUMP- 8

6. PUMP- 9

7. PUMP- 10

8. MG SET-2
From INCOMING 2:
1. MG SET -1

2. PUMP- 4

3. MG SET

4. PUMP- 3

5. PUMP- 2

6. PUMP- 1

7. LF-2 MSDS-2

8. VF-4

NEW URANIUM OXIDE FABRICATION PLANT SUB STATION

The power to this sub station is fed from the MRS through two incoming feeders of 11kV XPLE cables. The two incoming are coupled through a bus coupler.

The power from this sub station is distribution as follows:
From INCOMING 1:
1. LOAD CENTER-1 TR-1

2. LC-1 TR-2

3. LC-2 TR-1

4. LC-2 TR-2

5. NZFP TR-1

6. NZFP TR-2

7. SPARE-1
FROM INCOMING 2:
1. LC-1 TR-3

2. LC-1 TR-4

3. LC-2 TR-3

4. LC-2 TR-4

5. NZFP TR-3

6. NZFP TR-4(OUTGOING)

7. NZFP TR-5(OUTGOING)

8. SPARE

9. TEST PANEL

               SSTP SUB STATION
The power to this plant is fed from ZFP through 11kV APLSTS cables. The incoming voltage is 11kV which is stepped down to 433V through a transformer to 11kV/433V, 1250kVA connected through bus coupler.

The power to this sub station is distribution as follows.
From INCOMING 1:
1.   PDB P-8

2.   ZFP AF

3.   PDB P-16

4.   PDB P-5

5.   FUME EXTRACTION

6.   LDB
From INCOMING 2:
1. PDB P-2

2. PDB P-3

3. PDB P-1

4. PDB P-9

5. ANNEALING FURNACE

6. SSTP PDB P-4

NEW URANIUM OXIDE FABRICATION PLANT LOAD CENTER-I
The power to this load is fed from NUOFP substation through four incoming feeders of 11kV XLPE cables. The incoming voltage 11kV is stepped down to 433V by four step down transformers of 11kV/433V, 1600kVA with three bus couplers.
From INCOMING 1:
1. REDUCTION FURNACE

2. LIGHTING ACDB

3. PDB-7
4. PDB-6
5. PDB-8

6. MCC AMMONIA
From INCOMING 2:
1. WET PLANT MCC

2. ACDB-12

3. MCC VB

4. CAPACITOR BANK
From INCOMING 3:
1. REDUCTION MCC

2. SPARE

3. EMERGENCY AMF PANEL

4. MCC VA
From INCOMING 4:
1. MCC-1

2. MCC VH

3. STAND BY FEEDER PLANT MCC

4. SPARE

5. SPARE

NEW URANIUM OXIDE FABRICATION PLANT LOAD CENTER-II
The power to this load center is fed from NUOFP sub station through four incoming feeders of 11kV XLPE cables. The incoming voltage of 11kV is stepped down to 433V by four step down transformer of 11kV/433V, 1600kVA for all incoming feeders each with three bus couplers.
From INCOMING 1:
1. ACDB-10

2. FIRE HYDRANT

3. ACDB-5 INCOMER-1

From INCOMING 2:
1. MCC-3

2. CPS-LC (TEMP SHED)

3. SPARE

4. ACDB-5 INCOMER-2

5. ACDB-6 INCOMER-1
From INCOMING 3:
1. HZ GENERATOR PLANT

2. SPARE

3. STAND BY FEEDER HZ GENERATOR PLANT

4. MCC-VD

5. ACDB-13

6. ACDB-14
From INCOMING 4:
1. ACDB-6

2. SINTERING FURNACE

3. ACDB-11

4. SPARE

NEW ARC MELTING LOAD CENTER
The power to this plant is fed from MSDS-2 sub station through an incoming feeder. The incoming current ampere is 3200A. The power to this load center is 11kV which is stepped down to 6.6kV and then again to 433V.  The power is distribution to the load follows:
From INCOMING 1:
1. VAMF RECTIFIER-1

2. VAMF RECTIFIER-2

3. VAMF RECTIFIER-3

4. PRESS

5. EBW-1

6. EBW-2

7. AC PDB

8. LIGHTING

9. SPARE

10. AMF CONTROL PANEL

SERVICE LOAD CENTER
The power to this load center is fed from CPA substation through only one incoming feeder of 11kV APLSTS cables. The incoming voltage of 11kV is step down to 433V through a step down transformer of 11kV/433V, 1250kVA.
From INCOMING FEEDER:
1. SERVICE PDB P-4

2. CANTEEN

3. SMP TIE LINE

4. WORK SHOP

5. SERVICE PDB P-1 (INCOMER-2)

6. CAPACITOR BANK

7. SERVICES PDB P-1 (INCOMER-1)

           UOP AND CFFP LOAD CENTER SUB STATION

The power is distributed to this load center from which CPA sub station through four incoming feeders of 11kV APLSTS cables. The incoming voltage of 11kV is step down to 433V through a transformer of 11kV/433V, 1250kVA with two bus couplers. The incomers 1 & 2 are coupled through a bus coupler and incomers 3 & 4 are coupled through a bus coupler. The power from this load center sub station is distributed as follows:
 From INCOMING 1:
1. PDB P-2

2. EUOP P-1, P-3

3. PDB P-3

4. PDB P-1

5. PDB P-5
From INCOMING 2:
1. SPARE

2. SPARE

3. PDB-6

4. NEW PDB-6A
From INCOMING 3:
1. PDB-17

2. PDB-18

3. PDB-16

4. PDB-19

5. PDB-12

6. EUOP P-2

7. PDB-10

8. PDB-15

From INCOMING 4:
1. PDB-20

2. PDB-14

3. CFFP INSULATION LIGHTING

4. VENT PDB

5. PDB P-13

6. PDB P-7
LAB & SMP LOAD CENTER
The power to this load center is fed from CPOA substation through one incoming feeder of 11kV.  The voltage is step down from 11kV to 433V through a step down transformer of 11kV/433V, 1250kVA.

The power is distributed as shown below:

From INCOMING FEEDER:
1. LAB PDB P-1 (600A)

2. LAB VENT PDB (200A)

3. LAB PDB P-2 (300A)

4. LAB PDB P-5 (600A)

5. TIE LINE (FROM SERVICES) (500A)

6. FBTR PDB

7. SMP VENT PDB(300A)

8. LAB & SMP LDB (500A)

9. TIE LINE (FROM SERVICES) (600A)

10. GROUP CONTROL (FROM SEVICES) (200A)

11. LAB EM PDB(D/G PANEL)

12. SPARE

13. SPARE (600A)

LOAD CENTER-5

The power to this load center is fed from CPA substation through two incoming feeders.  The incoming voltage is 11kV. The power to this load center is distributed as follows:

From INCOMING 1:
1. WATER PONDS

2. BOILER HOUSE

3. GSB (ADHAR BUILDING)

4. SPRINKLER PUMP -1

5. ADM -1(SARATHI BUILDING)

From INCOMING 2:
1. GUARD HOUSE

2. SPRINKLER PUMP -2

3. BOILER HOUSE -2

4. PUMP HOUSE -1

5. ADM -2 (SARATHI BUILDING)

CAPTIVE POWER GENERATION PLANT (CPGP)

Nuclear Fuel Complex (NFC) obtains most of its productions during general shift hours (09:00Hrs to 17:00Hrs) and energy demand catching their peak value during 10:00AM to 10:00PM.  In order to avoid any interruption in supply of electrical power (Maximum demand not tot exceed 10MVA) there is no way but to go for a captive power plant of sufficient capacity. At the time of installation of NFC, an arrangement of 10MVA (Maximum Demand) was made with APTRANSCO.  With passing of time growing demand of nuclear material, it has need expanded.  New plants like NUFAP, NUOFP and NZFP have been set up.  But the energy contract with APTRANSCO has not been updated.

The captive power generation plant is of capacity 7.5MVA, consisting of 3 DG sets, each of 2.5MVA capacity.  Our main objective is to curtail the electricity bill and that also not affecting the production at different plants by meeting the demand during peak hours.  Through the share of self generation towards total consumption of NFC is not more than 5% but it helps greatly in achieving the above said objective.  Being so important, the DG sets deserve maintenance & monitoring under running condition, so that they can be useful at the time of demand.

 PRINCIPLE OF OPERATION


On sensing the power failure from grid, the Diesel Generator (DG) sets automatically one after the other, get synchronized among them & feed the supply to the 11kV distribution.  On resumption of power supply from the grid the DG power get synchronized with the grid & run in parallel with the grid for a pre set time & then switch off the DG breakers & the engine.  Apart from the above auto operation, manual start & synchronizing facility have also been provided.

LOADING PATTERN

All DG sets are connected to an 11kV bus of the power plant which is linked with the 11kV with board of MSDS-1 over to full capacity feeders.  In case of total failure of APTRANSCO system, the power supply is augmented by starting required number of DG sets.  With this arrangement it is possible to feed all the loads connected to the 11kV switch board of MSDS-1 either completely or partially depending upon the available capacity of CPGP.  Apart from the captive power generation plant (CPGP’s) contribution, every production unit is provided with a diesel generator set of capacity 40kVA or 180kVA or 500kVA according to their emergency demand.

STABLE AND RELIABLE POWER SUPPLY

Apart from considering the economical aspect of power distribution stability & reliability of power supply is also taken care.  Every machine or furnace of any other equipment at different production units do operate with some voltage band, below or above which may bring damage to the equipment.  So in order to stable power at rated voltage much care & sincere effort is made at each substation.  The works is done with the help of on-load or off-load tap changers.

The rated receiving voltage from APTRANSCO is 132kV.  This is the main supply input to NFC.  So every control to maintain constant voltage at each substation depends directly or indirectly on the input voltage.  As the input voltage never stays at 132kV because of one or other reason, to reach our objective, on-load tap changer (OLTC) has been installed at the 132kV side of both the transformers at MSDS-1 yard.  With the help of OLTC & Automatic Voltage Regulator (AVR), a constant voltage of 11kV (allowable range 10.6kV to 11.2kV) is achieved where the input voltage can take any value in between 99kV to 138.6kV. If the voltage dips below the lowest limit of 99kV it sends a signal to under voltage relay, which in fact causes the breaker at the HV side of the transformer to be tripped & hence a power failure is observed.  The main advantages of OLTC are that it does its work without any interruption in power supply, which is the most desirable.  Except the incoming transformers at MSDS-1 all other transformers e.g. 1250kVA, 11kV/415V is all provided with off-load tap changers, where in order to change the voltage level, a supply interruption is must.  The END CAP PLANT, where the final touch is given is sealing and packing of nuclear fuel bundles, need supply at a very stable voltage else the welding quality may be damaged.  This plant which gets power from CPA substation is always given a special attention by providing an additional voltage regulator.

RELIABILITY FACTOR
The prime responsibility of power system operation is to operate their systems in such way that they will provide maximum reliability of service possible with the facilities under their control.  Design of the system is such that many years of reliable service can be expected, even under adverse condition. The commonly used design criterion is to provide facilities and capacities to withstand, without interpretation, a “Single Contingency”.
 Factors effecting power system reliability:-

1. Reserve capacity plays major role in case of excessive loads and interpretive loads, start and stop of other loads inter connected etc.

2. Adequate transmission and station capability, i.e., the load carrying capacity of transmission and stations is sufficient to carry their normal loads and with enough over-load capacity to carry additional loads that may be expected to occur.  The amount of overload capacity to be provided is management decision and could be affected by cost and importance of the load is served.

3. Effect of temperature on equipment: The limiting loading factor on all electrical equipment is temperature rise.  Temperature rise can result in insulation failures or may be the cause of lines, sagging into trees.  In any case, excess temperature is the cause of equipment failure and service interruptions

4. Power Factor consideration: Another factor that should be under the constant surveillance of the system operator is the pf of generating equipment. If total rating may be exceeded even though the megawatt load is below rating. When varying load is being supplied, there is an increased possibility of heating the end laminations of generator amours and other equipment. Temperature sensing device such as resistance thermal devices or thermocouples are usually provided to monitor such conditions.

5. Transmission line ratings: Transmission line ratings are determined by conductor type, size and line length, ambient temperature, wind and solar input.  Also tower height, the presence of under built low collage line, or presence of trees that must be kept trimmed can effect ratings of lines.

For short lines thermal capacity plays major role than stability but for larger lines reverse is true.  Where the overhead lines are not permitted and in industrial area the ground cables are preferred.  The ratings of lines include thermal and stability limits, of lines to station buses permit proper division of load ensuring minimum risk in the event of bus or transformer bank failure and proper relay action.

During emergencies, system operations are frequently required to device alternative arrangements of line and station. Equipment in order to restore services with a minimum delay.  Common procedures are to parallel lines over an auxiliary bus or to make us of bus parallel breakers to replace a breaker that is damaged out of service for work.

In some cases, line can be sectionalized or jumper’s opened at dead-end structures to restore at least a portion of the services until repairs can be made and the system returned to normal.

6.        Disconnecting faulted lines or equipment and restoring facilities: 
One important measure in maintaining power system security is the rapid              disconnection of lines or equipment that are in trouble. Because rapid action is necessary automatic devices usually are relied upon instead of manual operations.


Many types of troubles, such as insulators flashovers on transmission lines, often are only momentary.  The protection system design there frequently provides for automatic enclosure following such incidents on the other hand, transformer bank different or generator elevated neutral relay operation usually indicate more serious troubles.

In the event that automatic enclosure is un-successively or after relay action has occurred that indicate equipment trouble, the equipment should be disconnected and cleared for repairs.  Alternative lined station bus arrangements should be effected in order to restore interrupted load of generating equipment to service, so that normal loads will be served and generation margins are restored.

   7. Alternative Arrangements: Normal arrangements of Transmission,                                                                                                    distribution lines and the configuration of lines to station buses permit proper division of load ensuring minimum risk in the event of bus or transformer bank failure and proper relay action.

During emergencies, system operators are frequently required to device alternative arrangements of line and station equipment I order to restore services for work. In some cases, line can be sectionalized or jumper’s opened at dead-end structures to restore at least a portion of the services until repairs can be made and the system returned to normal

8.     Indication of system condition and communication: Because of the nature of           their work, system operators must rely on communication and signaling devices to keep them aware of conditions on their power systems.  In order to provide the system operated with information on the status of the system.  Key information is remotely indicated in dispatching offices, control channels and telephone contact with operators at carious stations throughout the system and between control centers to inter connected systems.  The reliability of the telemeter, control and voice channels is of major importance to the system reliability.  Various means of providing communication facilities are used.  

INSULATION COORDINATION

It is the main feature in power distribution equipment.  It means the correlation of the insulation of the protective devices used for the protection of those equipments against over voltages.  The basic concept required in this is knowing of Volt Time characteristics of different equipments to be coordinated i.e., protective equipments and equipments to be protected.  The equipment having some withstand voltage level is protected by the one which is having lower withstand level that that.

The volt time curve is a graph showing relation between crest flash over voltages and time to flash over for a series of impulse applications of a given wave.  The equipments are basically protected against switching surge and lightning surge.  The former plays major role at voltage level above 345kV, below this level lightning surge dominates. The problem of coordinate insulation of protective devices involves

a. Guarding the equipment insulation 

b. It is desired that protective equipment should not be damaged.
      To assist the coordination process basic insulation levels are provided with reference to standard wave 1.2/50 micro sec.  Apparatus insulation as demonstrated by suitable test shall be equal to or greater than the Basic Insulation Level (BIL).

Selection of Insulation level:

 
Insulation level is a function of reference class voltage equal to 1.05 multiplied to operation voltage of system.  Various equipments designed such that its withstand voltage equals or exceeds that selected level.  Selection of protective devices that will give the apparatus as good as protections can be justified economically.  For every reference level there will be the corresponding BIL.  The equipment to be protected should have withstand level greater than corresponding BIL. For solidly grounded systems and where switching surges dominated reduced insulation level are used.

LOSSES IN POWER DISTRIBUTION AND HOW TO REDUCE                   THEIR LOSSES:
Generally the losses in distribution system are:

1. Losses in Transformers and

2. Losses  in Overhead lines

I. TRANSFORMER LOSSES:
         Since a transformer is a static device there are no mechanical; losses.

a. Losses independent of current i.e., iron losses or core losses (magnetic losses).

b. Losses dependent on current i.e., copper losses (due to flow of current in windings).

c. Dielectric losses

d. Stray magnetic losses

      CORE LOSSES:
      
Core losses are due to flow of current in windings.  They are of two types

1. Hysterisis losses.

2. Eddy current losses.

Hysterisis loss is proportional to maximum value of flux density and the supply frequency. (i.e., BH1.6 F).

Eddy current losses are proportional to the square of the maximum flux density and square of the frequency and the thickness of the laminations (i.e., BH2FT).

Magnetic losses are present as long as the primary is energized.  Since the no-load current is only the order of 5% of the rated or full load current. So the input to the transformer is taken or the magnetic loss or the iron or the core losses.  It is assumed to be the same under all operating conditions right from no load to full load. It is denoted as PI.

· 
Hysterisis losses can be reduced by stainless steel case.

· .
Eddy current losses can be reduced by reducing the thickness of laminations.

COPPER LOSSES:
 
The flow of current through the windings gives rise to the copper losses viz., I12r1adn I22r2. The no load copper loss in the primary winding is neglected.  The copper losses vary with the value of secondary currents. The copper loss corresponding to the noted value of the currents is called the full load copper loss and is represented as Pc.

Variable copper losses + constant iron losses

i.e., X2Pc = P1c

X is the fraction of the full load at which the transformer is working.

 X = sqrt (Pi/Pg)

Copper losses can be reduced by reducing the flow of currents through winding.

DIELECTRIC LOSSES:
The loss that occurs in the di-electric oil in the case of the oil filled transformer is call Dielectric loss.

STRAY MAGNETIC LOSSES:
These losses are due to the cur induced in the transformer tank tower.  Dielectric losses and stray magnetic losses are normally neglected except in the case of very high voltage testing transformer (i.e., >400kV).

EFFICIENCY OF THE TRANSFORMER:

The efficiency of a transformer is the ratio of the power output and power input both in out and out are expressed in the same with i.e., in Watts, kilowatts and megawatts.
Lets ‘S’ be the kVA of the transformer and be the fraction of the full load at which the transformer is working and cosφ the power factor of the load.

                                                         Xs cosφ

                                          η = ---------------------------

                                                    Xs cosφ+Pi+x2Pc

Input = Output + Losses

VOLTAGE REGULATION OF TRANSFORMER:
The numerical change in the terminal voltage when full load of a give power factor is thrown off is called voltage regulation.

Pv voltage regulation = |E2 | - |V2|/|V1|
The voltage regulation of a transformer depends upon the magnitude of the secondary currents and the power factor of the load. Core losses can be determined by conducting short test on the transformer.

MINIMISATION OF DISTRIBUTION LOSSES
One of the objectives of the NFC is loss minimization.  Here we mean losses in distribution and which are mainly transformer losses.  This can be achieved by efficiency loading of transformer and keeping lightly load to other transformer under shutdown by switching the loads to other transformer which are moderately loaded.


Each transformer is having some fixed losses which always be there when transformer primary will be charged and some variable losses which depend on the loading (we measure it by currents in the section winding) generally fixed losses are core losses or iron losses (Hysterisis losses & Eddy currents losses) and the variable losses are copper losses (I2R losses).  For efficiency loading of a transformer it is required that fixed losses = variable losses.


If a transformer is lightly loaded, we can save the fixed losses by keeping the transformer out the circuit and shifting the load to another transformer which is moderately loaded.


And this operation only is done when we have good knowledge about the distribution system, example location of transformer, their ratings, breakers, bus couplers to take the load.  By minimizing the losses in the distribution, or by saving few units of energy, electricity bill can be lowered to same extent.

LOSSES IN TRANSMISSION LINES: 

Power losses due to charge currents is (Ic2xR)/sqrt3 therefore the overall power is equal to one third of maximum power loss.


In the transmission of power by over head lines having a line over 100Km the capacitance is to produce a currents called “charging current”.


In overhead transmission lines, and electric gradient is setup between conductors, electrons and ions are set in the motion in electric field.  This electrons and molecules collide with each other producing more number of ions.  This process of ionization is cumulative and forms an electron avalanche.  This may result in a flash over between the conductors if the ratio of spacing between conductor to radius of the conductor is very small.  Ionization is accompanied by a violet luminous glow around the conductor with a hissing noise.  This phenomenon is known as corona.


This causes power losses ratio interference.  Power losses due to corona depend upon surface gradient, atmospheric conditions.


The power losses can be minimized by increasing spacing between the conductor diameters. The corona discharge unit radiation which introduces noise signal in the communication channel that is radio receivers. This is called radio interference.

Corona loss = 241*10-5[(f+25)/δ][(r/d)*(Vp-Vo)]  kW/km/phase

F = frequency of supply

δ = air density correction factor

Vp = operating voltage in kV/phase

Vo = critical descriptive voltage in kV/phase

The = distance of separation in meters

R = radius of conductor in meters

        FAULT AND PROTECTION OF SUB-STATION EQUIPMENT
FAULT AND PROTECTION OF TRANSFORMER:

	                       FAULT

            (Abnormal conditions)
	                     PROTECTION

	1.  Large internal faults phase to phase, phase to ground, below oil level.
	Bucholz relay trips the circuit breaker.

	2.  Faults in tap changers.
	Percentage differential protection.

High speed over current relay is used.

	3.  Saturation of magnetic circuit
	Over flux protection and over voltage relays.

	4  Earth fault
	Earth fault relay.

	5.  Through fault
	For protection of distribution transformer graded time lag over current and for small distribution transformer up to 500kVA HRC fuses are used.

	6.  Over load
	Over load relays, as temperatures inverse is indicated on control board temperature relays, sound alarms are used.

	7.  High voltage surges due to lightning, switching.  
	Horn gap surge arrestors, surge suppressors.


For small distribution transformers only high-voltage uses for earth faults protection and phase fault protection.  Overload protection generally not provided.  

For more important transformers of about 500kVA. Over currents relays and instantaneous earth relays are used.

Transformers in important location, rating 500kVA and above

· Restricted earth-fault protection

· Over current protection

· Earth fault protection

· Bucholz relay

Transformer of about 5MVA and above

· Differential protection

· Restricted earth fault protection

· Over current protection

· Over fluxing relays

· Bucholz relays

· Sudden pressure relays

Reverse power relay is used for parallel transformer.

ELECTRICAL SUBSTATION AND EQUIPMENT
The electrical power system can be divided into following regions:

1. Generation station

2. Transmission systems

3. Receiving station

4. Distribution system

5. Load points

All these regions need switch gear, bus bars are conducting bars to which a number of local feeders are connected.  Bus bars operated at which voltage.  They are insulated from earth and each other.  Besides the bus bars there are other equipment in the electrical substation such as circuit breakers, currents transformers, potential transformers etc., these equipments can be installed according to various schemes depending upon requirements.  The total plant consists of several equipment.

Substation Equipment and their Functions:
	S.No 
	Equipment 
	Functions

	1
	Bus bars 
	Incoming and outgoing circuits are connected to bus bars

	2.
	Lightening arrestors
	To discharge lightning over voltages and switching over voltages to earth

	3.
	Shunt reactor in E.H.V substations
	To provide reactive power compensation during low loads.

	4.
	Series reactors
	To reduce the short circuit currents or starting currents.

	5.
	 Neutral Grounding Resistor
	To limit the earth fault currents.

	6.
	Coupling Capacitor
	To provide connection between high voltage line and line carrier currents equipment.

	7. 
	Line Trap 
	To prevent high frequency signal from entering other zones

	8.
	Shunt Capacitors
	 To provide compensations to reactive loads of lagging power factors.

	9.
	Power Transformers
	To step-up or step-down the voltage and transfer power from one A.C voltage to other A.C voltage at same frequency.

	10.
	Series Capacitors
	Compensation of series reactors of long lines.


The sub stations have following main circuits through which power flows from generators to transmission lines.  The components in series with the main circuits of power flow include bus bars, circuit breakers, isolators, series rectors, diode thruster, rectifiers.  The components in shunt circuit are connected phase to ground which include 
shunt capacitors, shunt reactors, static VAR sources, harmonic filters, voltage transformers and surge arrestors.

	S.No
	Symbol
	Equipment
	Function

	1.
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	Circuit Breaker
	Switching during normal and abnormal conditions, interrupt the fault currents.

	2.
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	Isolator disconnecting Switch)
	Disconnecting a part from the system from live parts under no load conditions.

	3.
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	Earthing Switch
	Discharge the voltage on the lines to earth after disconnecting them.

	4.
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	Lightening Arresters
	Diverting the high voltage surge to earth and maintaining continues during normal voltage.

	5.
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	Currents Transformer
	Stepping down the voltage for the purpose of protection measurement, protection control.

	6.
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	Potential Transformer
	Stepping down the voltage for the purpose of protection measurement and control.


Transformer mainly consists of:
Conservator Tank:


Due to variations in load and climatic conditions, the oil in oil filled, self-cooled transformers expand or contract.  In the absence of conservator tank, high pressures are developed which may lead to explosions of the transformer.

Bushings:

To provide proper insulations to the output leads to be taken, from the transformer tank. Porcelain type bushings are used up to 33kV and oil filled type bushings are used beyond 33kV.

Breather: 

To prevent moisture and dusty from entering the conservator tank oil, breather is provided.

Radiators:

 Function of radiator is cooling.  Property of liquid is when it is heated up molecules move higher and higher and this will flow to radiator and then it cools.  After cooling molecules becomes heavier and comes to tank.


Bucholz Relay: 

It is a protective device.  If any fault occurs in transformer winding then it will come into picture.  It will be connected between conservator and oil tank.

BUS BARS
Bus bars or buses are conductors to which several local feeders or sources are connected.  Now the conductors carrying heavy currents are also called buses.  The standard definitions are given below.

Some terms and definitions: -
1. Bus bars: - Conductors to which a number of circuits are connected.

2. Bus bars connection: - The conductors that from the electrical connection between the bus bars and individual piece of apparatus.

3. Open Bus bars: -The Bus bars that is contained in a duct or a cover of any material.  The bus bars enclosed in metal enclosures are called metal Enclosed Bus bars.  The enclosures are either aluminium or sheet steel.

4. Outdoor Bus bars: - Open or metal enclosed bus bars designed for installation under open sky.  Outdoor Bus bars are supported on glazed porcelain insulators.

5. Indoor Bus bars: - The bus bars designed for indoor use.

6. Compound Immersed Bus bar: - Enclosed Bus bars immersed in liquid or semi solid materials.

RATINGS

1. Rated current: The RMS value of current which the bus bar can carry continuously with temperature rise within specified limits.

2. Rated Voltage: -The RMS value of voltage between lines for which the bus bars intended.

3. Rated Frequency: - Usually 50Hz.

4. Rated Short Circuit Time Current: - This corresponds to the short time currents rating of circuit breaker/switches/isolators.  It is defined as the R.M.S value of the circuit which the bus bar can carry with temperature rise within specified limits for a specified duration.

MATERIAL FOR BUSBAR:

Copper and aluminium are used for bus bars, copper being rare and costly aluminium is being increasingly used for bus bars.  The material used for bus bars should have low cost.  Now aluminium is being increasingly used for various switching applications.

Designs Considerations: 
1. Forms:  The structural forms of bus bars are generally selected in the basis of mechanical considerations of strength supporting arrangement. When the spacing between bus bars is small mechanical forces are neglected. Typically bus bars shapes include single flat rectangular sections, multiple rectangular sections, angles, channels, hollow tubular and rectangular sections.

2. Current carrying capacity:  The various aluminium companies give regular tables of cross sections and their current carrying capabilities based on ambient  temperature (40°C or 50°C) and temperature rise (35°C average, 40°C maximum) for various conditions and arrangements.

3. Temperature rise during short circuit conditions: At temperatures 160°C aluminium becomes soft and loses its mechanical strength. The calculations of temperature rise are complicated. For preliminary calculations, the following expression can be used.

                                         T = (I/A)2(1+ae).10-2
   T- Temperature rise/sec during short circuit

   C- 0.54 for copper, 1.17 for aluminium

    I- RMS value of short circuit current 

   A- Cross Sectional area (mm2) 

   a-  Temp. Coeff. of resistivity

   e-  Temp. at the instant of short circuit

4. Clearances between phases and between phase & earth: The minimum       clearance is specified in standards.

5. Creepage Distance: The shortest distance along the conductor along the external of insulators from earth to the conductor. The porcelain insulator is exclusively used for outdoor bus supports.

6. Ground Clearance: Distance between the highest earthed part of the equipment and the ground. This should be minimum 2.75 mts. This is for safety of personals moving in the substation.

Various types of bus bars arrangement:
· Single Bus bar Arrangement:  The simple arrangement consists of a single bus bar to which the various feeders are connected. Incase of a fault or maintenance of a bus bar the entire bus bar has to be de-energized and the total shutdown. Hence this type of arrangement is most economical and simple which provides least flexibility and immunity from total shutdown.

· Duplicate Bus bar Arrangement: The duplicate bus bar system provides additional flexibility, continuity of supply and permits periodic maintenance without total shutdown. In event of fault on one bus other can be used.
· Sectionalization of Bus: Sectionalizing the buses has added advantages. One section can be completely shut down for maintenance and repairs while the other continuous to supply, secondly by adding a current limiting reactor between the sections. The fault M.V.A. can be reduced, thereby circuit breaker of lesser capacity may be permitted.

· Ring Bus: Ring bus provides greater flexibility. The supply can be taken from any adjacent section, the effect of fault in one section is localized to that section alone, the other section continues to operate. 

CIRCUIT BREAKERS
An electrical power is very complex. It needs some form of protection equipment in order that it must be safely and efficiently controlled or regulator under both normal and abnormal operating conditions.
The basic construction of any circuit breaker requires the separation of contacts in a presence of a dielectric medium which serves two functions as

a. It extinguishes arc between two contacts.

b. Provides adequate insulation between the contacts and from each contact to earth.

ARC PHENOMENA:
The arc consists of a column of ionized gas i.e. a gas in which the molecules have lost one or more of their electrons resulting in positive ions and electrons. The electrons which have negative charge are attracted towards the anode and being light positive ions are attracted towards the negative contact. The cathode, but as they comprise almost the entire weight of the atom, they move towards it relatively slowly. The electron movement thus constitutes the current flow.

TERMS ASSOCIATED WITH CIRCUIT BREAKERS:
Recovery Voltage and Restriking Voltage: The power frequency R.M.S voltage that appears across the breaker contacts after the transient oscillations die out and final extinction of arc has resulted in all poles is called the recovery voltage.
The resultant transient voltage which appears across the breaker contacts at the instant of arc extinction is known as the restriking voltage.

Rate of rise of restriking voltage (RRRV): 
          Peak value of restriking voltage

                 The average RRRV =    ------------------------------------------

                  


        Time taken to reach the peak value

                                                            2VM 
                                      
     =   ---------

                                   


π√LC

Classification of Circuit Breaker:

The Circuit Breakers are classified based on dielectric medium used to quench the arc.

Oil Circuit Breaker:
The mineral oil due to its excellent arc quenching properties, it is used in Circuit Breaker as a dielectric medium. It has high dielectric strength but it has some disadvantages i.e., it is inflammable, may cause fire hazards.  It may form an explosive mixture with air because of the production of carbon particles in the due of heating, periodical reconditioning or replacement is required.  

Principle of Operation:

Principle involves simple process of separation the currents carrying contacts oil with no special control over, the resulting arc other than the increase in length caused by the moving contact.  The final arc extinction is obtained when a certain gap between the contacts is reached, the length of which depends upon the arc currents and recovery voltage.


At the instant of contact separation ac is established between then initially the separation is very small and high voltage gradient between the contacts ionized the oil.  The gas obtained from the oil mainly hydrogen.  Which contain remain in molecules form and is dissociated in its atomic form releasing lots of heat.  The mixture of gases occupies a volume about one thousand time that of the oil decomposed.  The oil is therefore pushed away from the arc and an expanding gas bubble surrounds the arc region.  Based on energy balance principle, final extinction of arc takes place at a currents zero when the power input to the arc is less than that dissipated between the contacts.  The oil circuit breakers are divided into 3 types as plane, bulk and minimum oil circuit breakers.

Air Circuit Breaker:

 In this type of breakers the breaking takes place by the force air blaster with different method such as axial blast, cross blast air etc., Most of circuit breaker up to 11kV are of air breakers type and oil break type, between 132kV and 275kV.  Oil and gas blast breakers share the market.

SF6 circuit breakers:
 Pure SF6 gas is used as dielectric medium in the breaker as it is inert and thermal stable.  It posses very good arc quenching as well as insulating properties which make it ideally suitable in a C.B. SF6 remains in gaseous form up to temperature of 9ºC.


The operating mechanism is pneumatically operated and is to provide with suitable inter locks and safety device.  A closed is used for the gas.  Since the gas is costly it is reconditioned and reclaimed after each operation of the breaker necessary auxiliary system is provided for this purpose.

Advantages: 
1. Due to out standing arc quenching property of SF6 the arcing time is very small.  This reduces contact erosion.

2. Compact in size and electrical clearances are drastically reduced.

Disadvantages: 

The only disadvantage is that SF6 is to some extent suffocating.  Incase of leakage in the breaker tank this gas being heavier than air, in the surroundings and may lead to suffocation of the operating personnel though it is non poisonous.

COMPARISION OF CIRCIUT BREAKER
	Type
	Medium
	Volt-Breaking Capacity
	Design features
	Remarks

	Air Circuit Breakers
	Air at  atmosphere pressure
	430-100V, 15-35MVA recently 36-12kV, 500MVA
	Incorporate: Arc runners, arc splitters, magnetic coils
	Used of medium low voltages Ac, DC industrial  CB’s has currentlimiting features

	Miniature Circuit Breaker
	Air at atmosphere pressure
	430-600V
	Small size, current limiting feature.
	Used for low and medium voltages

	Bulk Oil Circuit Breaker
	Dielectric oil
	Preferred for 3.6kV-145kV
	The CB chamber is separate from supporting small size.  Arc controlled devices used.
	Used for metal enclosed switch outdoor type between 35kV and 245kV and now suppressed SF6 CB.


	Minimum oil Circuit Breaker
	Dielectric oil
	Preferred for 3.6kV-145kV
	The CB chamber is separate from supporting chamber, small in size are control devices used.
	Used for metal enclosed switchgear up to 36kV

	HVDC Circuit Breaker 
	Oil or Air Blast
	33kV, 2kA
	Artificial currents by switching in capacitors
	Used for metallic return transfer breaker.


Protective Relays

In order to generate electric power and transmit it to customers, millions of rupees must be spent on power station equipment.  This equipment is designed to work under specified normal conditions.  However a short circuit may occur due to failure of insulation caused by

1. Over voltage due to switching.

2. Over voltages due to the direct and indirect lightening strokes.

3. Bridging of conductors by birds.

4. Breakdown of insulation due to decrease of its electric strength.

5. Mechanical damage to the equipment.

In modern power station minimize damage to equipment and would also cause incredible interruption of service to consumers, the other is to accept the possibility of faults and take steps to guard against the effect of these faults.

Protective relays are the devices that detect abnormal conditions in electrical circuits by constantly measuring the electrical quantities which are different under normal and fault conditions.

Selectivity: 

 It is the ability of the protective systems to determine the point at which the fault occurs and select the nearest of the circuit beaker tripping of which will lead to clearing of faults with minimum or low damage to the system.

Sensitivity:
 It is the capability of the relaying to operate reliably under the actual conditions that produce the least operating tendency. There may be abnormalities in the normal operating conditioning of the faults for which the protection has been designed.

Reliability:
 Means that the protective relaying must be ready to function, reliable and correct in operation at all times under kind of fault and abnormal conditions of the power station for which it has been designed.

Important terms related with relays

Pick up level: The value of the activating quantity current or voltage, which is on the threshold above, which the relay operates.

Rail level: The value of current or voltage below which a relay opens its contacts and comes to original positions.

Operating time: The time which elapses between the instant when the actual quantity exceeds the pick up value to the instant when the relay contacts close.

Reset time: The time which elapses between the instant when the actual quantity becomes less than the reset value to the instant when the relay contact returns to its normal position.

Primary Relays: The relays, which are connected directly in the circuit to be protected.

Secondary Relays:  The relays, which are connected in the circuit to be replaced through current and potential transformers.

Auxiliary Relays: Relays, which operate in response to the opening or closing of its operating circuit to assist another relay in the performance of its function.  This relay may be instantaneously or may have a time delay.

Relay characteristics: 
Inverse time characteristics is one in which operating time reduces at the activating quantity from increase in magnitude.

Instantaneous Relay is one in which no intentional time delay is provided for the operation.

The Universal Relay Torque equation:

This equation characterizes the type of relay that is over current or distance or over voltage or reactance relay.


T = K1I2 + K2VIcos(e-o) +  K

ISOLATOR
        Isolator (disconnecting switch) operates under no load condition. It does not have any specified current breaking capacity or current making capacity. Isolator is not even used for breaking load currents. Isolators are used in addition to circuit breakers and are provided on each side of every circuit breaker to provide isolation and enable maintenance. Isolators used in power systems are generally three-pole isolators. The three-pole isolator has three identical poles; each pole consists of two or three insulators post mounted on a fabricated support. The conducting parts are supported on the insulated post.

   The operation of three poles is obtained by mechanical interlocking of the three poles. Further there is a common operating mechanism. The operating mechanism is manual plus one of the following:

1. Electrical Motor Mechanism

2. Pneumatic Mechanism.

Types of Isolators:
1. Vertical Break type.

2. Horizontal Break type.

3. Vertical Pant Graph Type.

The vertical pant graph design is used for rated voltages of 420kV and above. The other type of design is used from 12 to 420kV. In N.F.C. electrical substation we use horizontal break type. This type of construction has three insulator stacks per pole. The two on each side are lined and one at the centre is rotating type. The central insulator type can swing about its vertical axis through about 90°. The lined contacts are provided on the top of each of the insulator stacks on the side. The contact bar is lined horizontally on the central insulator in closed position; the contact connects the two lined contacts. While opening, the central stack rotates through 90° and the contact shaft swings horizontally giving double break.

CURRENT TRANSFORMER
Instrument transformers used in conjunction with ammeters, over current relays etc. C.T.’s step down current from high value to a low value. Their current ratio is substantially constant for given range of primary current and phase angle error is within specified limits.
· Rated Primary Current: The value of primary current on which the performance of the current is specified by manufacturer.

· Rated short time current: It is defined as RMS value of AC components which the CT can carry for rated time without damaging the thermal stresses.

· Rated secondary current: The value of secondary current marked on the rating plate.

· Rated transformation ratio: The ratio of rated primary current to rated secondary current.
CT’s for Over Current Phase Fault Protection:
While selecting CT’s for over current phase fault protection by IDMT relays it should be ensured that CT’s are so selected that they do not saturate up to at lease 20 times current setting relay. This is achieved by selecting CT on low burden and by selecting CT ratio of approximate high value. High ratio CT will have high rated primary current and would saturate at higher values of short circuit current.

CT’s for Distance Protection:
The current coil of distance relay is connected to CT. Here also the saturation of CT due to fault current relay is considerably increased. The transient saturation factor of the source should be considered.

CT’s for Directional Relay:
Phase angle errors are particularly important for CT’s used for directional relays. The CT’s should not saturate for maximum through fault current.

Types of CT’s:
Depending on the construction they are classified into two types

· Ring Type or Window Type CT.

· Core Type CT.

In NFC we use ring type CT with primary as conductor and secondary winding conductor wound on the tape core by means of hand winding or toroidal winding machine.

VOLTAGE TRANSFORMER
Voltage Transformer is used for measurement and protection. Accordingly, they are either measuring type or protection type voltage transformers. VT’s are necessary for voltage, directional, distance protection. A primary of VT is connected to power circuit between phase and ground. The Volt Ampere rating of VT’s is smaller as that of PT.

Specifications of VT’s:
1. Rated Primary Voltage: The primary voltage marked on the rating plate of the VT. The method of connection of primary VT to system and system voltage should be considered while selecting the VT of correct primary voltage rating.

2. Rated Transformer Ratio: The ratio of rated primary voltage to rated secondary voltage.

3. Rated Secondary Voltage: It is the value of secondary voltage marked on the rating plate.

4. Residual Voltage: Vector sum of two lines to earth.

5. Residual VT: The three phase VT or a group of three single phase residual connected. VT’s in which residual voltage appears across secondary terminals when three phase voltages are applied to primary winding.

6. Ratio Error: Percentile ratio error sometimes called percentage voltage error.

Types of construction of VT’s

1. Electromagnetic voltage transformer.

2. Capacitor voltage Transformer.

SURGE ARRESTERS (LIGHTING ARRESTERS)

Surge arresters are usually connected between phase and ground in distribution system; near the terminals of the large medium voltage rotating machines and in HV, EHV, HVDC substations to protect the apparatus insulation from lightning surges and switching surges. The surge arresters do not create short circuits like rod gaps and retains the residual voltage across its terminals. Surge arresters discharges current impulse surge to earth and dissipate energy in the form of heat. After discharging the impulse wave to earth, the resistor block in the surge arrester offer a very high resistance to the normal power frequency voltage and the arrester acts as open circuit. Surge arresters are not against temporary power frequency over voltages. They provide protection against surge voltage waves.

There are two types of Surge Arresters:
1. Gapping Silicon Carbide Surge Arresters

2. Zinc Oxide Gapless Arresters.

Protective devices against Lighting Surges: 
	Device 
	Where applied 
	Remarks

	Rod Gaps
	Across insulator string, bushing insulator, support insulator.
	Difficult to coordinate. Flash hour voltage varies by ±30%. Create dead short circuit, cheap.

	Over Head Ground Wires
	Above overhead lines, above the substation area.
	Provide effective protection against direct strokes on line conductor towers, substation equipment.

	Vertical Masts
	In Sub Stations
	Instead of providing overhead shielding wires.

	Lighting Spikes/Rods
	Above tall buildings
	Protect buildings against direct strokes. Angle of protection 30 to 40°

	Lightening Arresters
	On incoming lines in each substation near terminals of transformers and generators. Pole mounted on distributed line.
	Divert over-voltage to earth without causing short circuits. Used to every voltage level in every substation and for each line. Phase to ground. 

	Surge Absorbers
	Near rotating machines or switchgear, across series reactors, valves.
	Resistance capacitance combination absorbs the over voltage surge and reduce steepness of wave. 


NEUTRAL GROUNDING

      The neutral grounding is an important aspect of power system design because the performance of the system in terms of the short circuits, stability, protection etc., is greatly affected by the state of the neutral. In most of the modern high voltage systems the neutral of the system is solidly grounded. Generally the neutral of the generator is connected through the resistance to limit the stator short circuit current and also for stability reasons. The advantages of neutral grounding are

1. Voltages of he phases are limited to phase to ground voltages.

2. The high voltages due to arcing grounds or transient line to ground faults are eliminated.

3. Sensitive protection relays against line to ground faults can be used.

4. The over voltages due to lightening are discharged to ground; otherwise there will be positive reflection at the isolated neutral of the system.

Methods of Neutral Grounding
1. Solid Grounding or Effective Ground: Consider L-G fault on phase-C. the neutral and terminal are at earth potential. The voltage of the healthy phase remains unchanged i.e., phase to ground. The charging current will be fully eliminated. Since in this system of grounding the voltage of the healthy phases in case of a line the ground fault does not exceed 80% of the L-L and is much less as compared to other forms of grounding, the equipment for all voltage classes are less expensive.

2. Resistance Grounding: The value of resistance commonly used is quite high as compared with the system reactance. With the increase of operating voltage the value of resistance required for grounding also increases so as to limit the short circuit current during line to ground faults. Resistance grounding is normally used where the charging current is small i.e., for low voltage short length over head lines. Resistance grounding reduces the arcing ground hazards and it permits ready relaying of ground faults.

3. Reactance Grounded System: A reactance grounded system is one in which the neutral is grounded through impedance which is highly reactive. For reactance grounding Xo/X1>3. For solid grounding Xo/X1<3. Reactance grounding lies between effective grounding and resonant grounding. This method of grounding may be used for grounding the neutral of synchronous motors and capacitors and also for circuits having large charging current.

4. Earthing Transformers: These transformers do not have secondary winding. Each limb of transformer has two identical windings wound differently such that under normal conditions the total flux in each limb is negligibly small and therefore the transformer draws very little magnetizing current. These are of short time rating, usually of 10sec to 1min and small in size as compared to the power transformers of the same rating. Of a zigzag transformer is not available a star-delta transformer can be used without loading the delta side.

IMPROVEMENTS IN POWER DISTRIBUTION
ENERGY MANAGEMENT SYSTEM:
                   Industrial energy management systems are key factors in energy cost conservation. Among their relevant technical functions are monitoring, and, even more important, load forecasting and load shedding. This chapter introduces energy management systems, which focus on technical functions that support energy conservation or energy cost conservation. Industrial energy management Industrial energy management supports your efforts toward energy cost conservation. Industrial energy management provides you with the following services:

· Integrated data acquisition for diverse forms of energy or resources (i.e. electrical                  

      energy, fuel, pressurized air, water, heat, cold. 

· Operation and monitoring of your energy distribution system(s).

· Evaluation and further processing of data by advanced technological functions               (analysis, management, documentation, archiving, forecasting).

   The key components for energy cost conservation are:

· Monitoring and reports 

· Load shedding 

· Load forecasting 

Typical Components of Energy Management System are shown in Figure:

                           [image: image8.emf]
Monitoring and Report:
The monitoring and report services of an energy management system provide you with a better insight into our company’s energy flow. Load data recorded can be displayed in a clear layout which reveals major consumers, making it clear where to optimize first. Monitoring and reports also reveal at what times there were particularly high loads. An analysis of these high-load events can show which situations typically cause load peaks. From here strategies can be developed to avoid such critical situations. 

Load Shedding:

Load measurements are generally taken as mean values over a short period of time. i.e., for 15 minute interval. If you wish to keep the demand below a certain threshold, it is important to determine the amount of energy you will have consumed at the end of the current interval as soon as possible. This amounts to a very short-term forecast. See Figure 2.3 for illustration: 

                            [image: image9.emf]
In the example, 2/3 of the current interval has elapsed and an estimate of the energy that will be used can be made (blue line). The figure suggests a linear extrapolation but forecasting algorithms can be even more subtle. The result of the forecast reveals that the maximum average power will be exceeded, thus raising the overall peak load of the year thereby significantly increasing your electricity bill. Something should be done but there are only five minutes left to cut down on the power demand and bring the curve below the green line. This means that some consumers must be throttled down or turned off at short notice. Such drastic action should not be implemented spontaneously. It must be thought-out well ahead of time. Load shedding modules in an energy management system offer the possibility of specifying a "turn-off strategy" which states precisely which consumers may be turned off at all and in which order. The possibilities for applying load shedding are limited to those parts of the production process, where it is clear, that these can be temporarily postponed without influencing overall production goals, e.g. a cold storage house.

Industrial load forecasting:
Load forecasting gives you a preview of your company’s load curve, it stores knowledge about the production processes’ behavior in typical production situations from several hours to several days ahead (see Figure 2.4). When a plant is given a production schedule, production is initiated using energy according a characteristic pattern which is

metered as a load curve. The combination of the production schedule and the resulting load curve is stored in the load curve database.
Relevant production parameters include:

· The "recipe" for products being manufactured, i.e. the quantity and the quality of the product. The forecasting component only needs to consider which recipe parameters

      will significantly influence the load profile of the production process.

· Weather information, mainly the temperature but frequently wind and irradiation data as well. 

· Calendar information, e.g. determining whether a day is a working day or a holiday.  

When enough information is available, the forecasting system can begin making load forecasts. The forecasting system must be supplied with the future production schedule. Based on experience of the load curve database, the forecasting system selects those load curves which were produced for similar recipes. The load curves selected are combined and the combined curve is then delivered as a forecast.  

Load forecasting may be done in one of the modes "assistance",

"semiautomatic" or "fully automatic".
In assistance mode the forecasting system will alert the person in charge of production planning of the load curve for the near future. The production planner himself decides which modifications, if any, will be made.

In semi-automatic mode optimal modifications for the production schedule are suggested by an additional optimizer component. The production planner decides whether to accept,

reject or modify the optimizer’s suggestion.
In fully automatic mode if the company management has developed a high level of confidence in the forecasts the optimization of the production schedule will be automatic. The responsible person will merely have a supervisory role.

[image: image10.emf]
Energy management has tools which help you to detect and avoid load peaks: monitoring, load shedding and load forecasting.

· Monitoring gives you an overview of your energy consumption. If your company has a few outstanding load peaks and that the year’s top peak load could be significantly reduced by avoiding a few critical situations.

· Load shedding is designed to avoid load peaks by temporarily turning off consumers and thus postponing energy consumption. The load curve is smoothed and the level of demand cost is lowered.

· Load forecasting warns you of load peaks several hours or even days ahead. This is enough lead time to consider whether and how the production schedule should be altered to avert the situation.

DRY TYPE TRANSFORMERS:
          Cast-resin Dry-type  distribution and power transformers in ratings from 100 to  more than 20 000 kVA and LI values up to 170 kV are full substitutes for oil-immersed transformers with comparable electrical and mechanical data. They only make use of flame-retardant inorganic insulating materials which free these transformers from all restrictions that apply to oil-filled electrical equipment, such as oil-collecting pits, fire walls, fire extinguishing equipment, etc. 

Dry Type Transformers are installed wherever oil-filled units cannot be used: inside buildings, in tunnels, on ships, cranes and offshore platforms, in ground-water catchments areas, in food processing plants, etc. They have similar noise levels to comparable oil-filled transformers. Taking the above indirect cost reductions into account, they are also frequently cost-competitive.  By virtue of their design, these transformers are completely maintenance-free for their lifetime. 
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HV winding:

            The high-voltage windings are wound from aluminum foil(thermal expansion

coefficients of aluminum and cast resin are so similar that thermal stresses resulting

from load changes are kept to a minimum), interleaved with high grade polypropylene insulating foil. The assembled and connected individual coils are placed in a heated mold, and are potted in a vacuum furnace with a mixture of pure silica (quartz sand) and specially blended epoxy resins. The only connections to the outside are copper bushings, which are internally bonded to the aluminum winding connections. In a conventional round-wire winding, the interturn voltage can add up to twice the interlayer voltage, while in a foil winding it never exceeds the voltage per turn because a layer consists of only one winding turn. Result: a high AC voltage and impulse-voltage withstand capacity. 

                              [image: image12.emf]
                                                        High-voltage encapsulated winding design of cast-resin transformer
LV winding:

The standard low-voltage winding with its considerably reduced dielectric stresses is wound from single aluminum sheets with interleaved cast-resin impregnated fiberglass

fabric.  The assembled coils are then oven-cured to form uniformly bonded solid cylinders that are impervious to moisture. Through the single-sheet winding design, excellent dynamic stability under short-circuit conditions is achieved. Connections are submerged-arc-welded to the aluminum sheets and are extended either as aluminum or copper busbars to the secondary terminals.  

AMORPHOUS TRANSFORMERS:

As a use for pole transformer, amorphous transformer had been adopted since 1991 in order to reduce loss of electric power distribution. However it has become well known after "Super amorphous transformer" produced by Hitachi Ltd., Amorphous transformer uses amorphous alloy in the core. At the time, it was known that transformer was already-matured equipment as even an old model had an efficiency of more than 97%. However, with the launch of amorphous transformer, it went to "super high-efficiency (over 99.5%) era" leading the world.

No-load loss, Load loss (Typical example of 3-phase, 500kVA and 50Hz)

	Type
	No-load loss(W)
	Load loss(W)

	Amorphous transformer
	245
	2,800

	Silicon steel plate transformer (Super high-efficiency type)
	495
	3,115

	Silicon steel plate transformer (Standard low-loss type)
	1,110
	5,910

	Silicon steel plate transformer (25 years ago)
	2,370
	6,410
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Frequency : 50/60Hz

High voltage : 22,900V Y / 13,200
Low valtage : 230V




POWER FACTOR CORRECTION:

As technology advances, electric power usage is moving from simple, non-electronic loads (tungsten lamps, motors, relays, resistive heaters, etc.) to electronic ones (fluorescent lamps with energy-efficient ballasts, motors with solid-state drivers, personal computers and home appliances) with more electronics in them. The electric current drawn by these new devices is typically different from that of the predecessors, and causes problems in overall capacity of the electric utilities.

Modern power supplies are among the devices that have a characteristic of distorted input current. Quite different from resistive heaters, toasters and tungsten light bulbs, typical switched-mode power supplies such as those in computers draw input current in short pulses rather than in smooth sine waves. In order to deliver the same amount of power in short pulses, the current peaks are much higher. This puts more stress on the wiring in the industry, the circuit breakers, and even the generation and distribution equipment provided by the electric utilities.

To minimize these stresses and maximize the power handling capabilities of a switched-mode power supply, circuitry can be added to improve the shape of the input current. By definition, the input power factor is the real power divided by the apparent power (volts rms x amperes rms). The power factor will be unity (1.00) when the input current wave shape matches the input voltage wave shape. It also follows that the input current harmonics will be zero, since all of the power is concentrated in the fundamental frequency component. Without power factor correction (PFC) circuitry, typical switched-mode power supplies have power factors of approximately 0.6, and have considerable odd-order harmonic distortion (third harmonic often as large as the fundamental, with higher order harmonics decreasing as their frequency increases). With power factor correction, today’s switched- mode power supplies can approach the ideal case, with power factors of 0.99 and harmonics well below 5%.

Power Factor Correction - Low Power Units

For low power products, the power factor of the power supply is not as important as in the high power applications. This is because the power drawn by the product comprises a small portion of the power on a branch circuit of a facility. A 120 watt product with a power factor of only 0.6 will draw 1.6 amperes, in contrast to a power factor corrected unit which would draw 1.0 ampere. This difference of 0.6 ampere is not significant compared to the 20-ampere capacity of the source.

Power Factor Correction - High Power Units

Power factor correction is important at higher power levels, as the product’s input current approaches the maximum available from the mains. For example, a product with an input power of 1000 watts would draw 10 amperes from a 100 volt ac source, assuming its power factor is unity (1.0). If the power factor is 0.6, then the input current would be 16.7 amperes (10 amperes ÷ 0.6). It is universally accepted that a given product should not draw more than 80% of the available current, which means that even a 20-ampere mains service would provide 16 amperes, which is less than the 16.7 amperes in the example above.

Input Harmonic Reduction:
Although there are no regulations that specifically regulate the power factor of products, there are international regulations that limit the input harmonic content. It establishes limits on harmonics of the ac input current up to the 40th harmonic (2kHz). Limits are based on the input power, the type of product, and the specific harmonic. As stated earlier, low input harmonics are accomplished by making the input current a sine wave. Note: a product with a sinusoidal input current can still result in low power factor if the current is not in phase with the voltage.

Benefits of Power Factor Correction:

1. Released System Capacity:
Improvement in power factor will reduce the current drawn by the system. So, reduced conductor size will work for the same load operating on it.

This is illustrated in the fig.
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2. Reduced Power Losses:
As current flows through the conductor, the conductor heats up. This is power loss in the conductor. Power loss is proportional to current squared
[P (loss) = I ²R]. Conductor loss can account for as much as 2-5% of total load.

Capacitors can reduce losses by 1-2% of the total load.

[image: image17.emf]
3. Voltage Improvement:
When capacitors are added, voltage will increase. This voltage rise will be typically of little percentage. Not a significant economic or system benefit.

Severe over-power factor correction (P.F.>1) will cause a voltage rise that can damage insulation & equipment; or result in utility surcharges. Usually this is caused by large fixed capacitors at mains

[image: image18.emf]
POWER SYSTEM HARMONICS

The knowledge of harmonics has been around for a long time. In fact, musicians have been aware of such since the invention of the first string or woodwind instrument. Harmonics (called “overtones” in music) are responsible for what makes a trumpet sound like a trumpet, and a clarinet like a clarinet. It can be shown that any complex waveform, whether it is produced by a musical instrument or a power system, can be broken up into harmonic components.

The typical definition for a harmonic is “a sinusoidal component of a periodic wave or quantity having a frequency that is an integral multiple of the fundamental frequency”. Some references refer to “clean” or “pure” power as those waveforms without any harmonics. Today, such clean waveforms typically only exist in a laboratory.

The harmonic frequencies are integer multiples [2, 3, 4 ...] of the fundamental frequency. For example, the 2nd harmonic on a 60 Hz system is 2*60 or 120 Hz. At 50Hz, the second harmonic is 2* 50 or 100Hz. 300Hz is the 5th harmonic in a 60 Hz system or the 6th harmonic in a 50 Hz system. Figure 5 shows how a signal with dominant 5th and 7th harmonics would appear on an oscilloscope-type display, which some power quality analyzers provide.
Frequencies that are not integer multiples of the fundamental frequency are called

“interharmonics”. There is also a special category of interharmonics, which are frequency values less than the fundamental frequency, called subharmonics. The

presence of sub-harmonics is often observed by the lighting flicker.
[image: image1.png]



One other parameter to be aware of is the phase angle of the harmonic relative to the

fundamental. In the figure, a third harmonic with an amplitude of 33% of the fundamental is combined with the fundamental. In the left hand picture, the fundamental and the third harmonic are in phase. In the right hand picture, they are 180 degrees out-of-phase with each other. Obviously, the resulting waveform looks quite different.
CAUSES OF HARMONICS
The amount of voltage harmonics will often depend on the amount of harmonic currents being drawn by the load, and the source impedance, which includes all of the wiring and transformers back to the source of the electricity. Ohm’s Law says that Voltage equals Current multiplied by Impedance. This is true for harmonic values as well. If the source harmonic impedance is very low (often referred to as a “stiff” system) then the harmonic currents will result in lower harmonic voltages than if the source impedance were high (such as found with some types of isolation transformers). The impedance of an inductive device goes up as the frequency goes up, while the impedance goes down for capacitive devices for higher harmonics.
The main sources of harmonic current are at present the phase angle controlled rectifiers and inverters.  These are often called static power converters. These devices take AC power and convert it to DC, then sometimes back to AC power at the same or different frequency based on the firing scheme. The firing scheme refers to the controlling mechanism that determines how and when current is conducted. One major variation is the phase angle at which conduction begins and ends.
Power converters come in different sizes. Low power, AC voltage regulators for light dimmers and small induction motors adjust the phase angle or point on the wave where conduction occurs. Medium power converters are used for motor control in manufacturing and railroad applications, and include such equipment as ASDs (adjustable speed drives) and VFDs (variable frequency drives). Metal reduction operations, like electric arc furnaces, and high voltage DC transmission employ large power converters, in the 2-20MVA rating.
Most electrical loads (except half-wave rectifiers) produce symmetrical current waveforms, which means that the positive half of the waveform looks like a mirror image

of the negative half. This results in only odd harmonic values being present. Even

harmonics will disrupt this half-wave symmetry.
EFFECTS OF HARMONICS

The presence of harmonics does not mean that the factory or office cannot run properly. Like other power quality phenomena, it depends on the “stiffness” of the power

distribution system and the susceptability of the equipment when operating in the

presence of the harmonics. One factory may be the source of high harmonics but be able to operate properly. This harmonic pollution is often carried back onto the electric utility distribution system, and may effect neighboring facilities on the same system which are more susceptible. There are a number of different types of equipment that may experience misoperations or failures due to high harmonic voltage and/or current levels:
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· Excessive neutral current, resulting in overheated neutrals. The currents of triplen harmonics, especially the odd harmonics, (3rd, 9th, 15th...) are actually additive in the neutral of three phase wye circuits. This is because the harmonic number multiplied by the 120 degree phase shift between the three phases is a integer multiple of 360 degrees, or one complete cycle. This puts the harmonics from each of the three phase conductors “inphase” with each other in the neutral, as shown in Figure.
· Incorrect reading meters, including induction disc-type W-hr meters and

      averaging type current meters.
· Reduced true PF, where PF=Watts/VA.
· Overheated transformers, especially delta windings where triplen harmonics generated on the load side of a delta-wye transformer will circulate in the primary side. Some type of losses go up as the square of harmonic value (such as skin effect and eddy current losses). This is also true for solenoid coils and lighting ballasts.
· Positive, negative, and zero sequence voltages on motors and generators. These are

voltages at a particular frequency that try to rotate the motor forward, backward, or

neither (just heats up the motor), respectively. As shown in Table, the voltage of a

particular frequency in a balanced system harmonics can have either a positive

(fundamental, 4th, 7th,...), negative (2nd, 5th, 8th...) or zero (3rd, 6th, 9th,...)

sequencing value.
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· Nuisance operation of protective devices, including false tripping of relays and failure of a UPS to transfer properly, especially if the controls incorporate zero-crossing sensing circuits.
· Bearing failure from shaft currents through uninsulated bearings of electric motors.
· Blown-fuses on PF correction caps, due to high voltage and currents from resonance with line impedance.
· Mis-operation or failure of electronic equipment.
· Light flicker results when there are voltage subharmonics in the range of 1-30Hz. The human eye is most sensitive at 8.8Hz, where just a 0.5% variation in the RMS voltage is noticeable with some types of lighting.

Ways to minimize harmonicS
Care should be undertaken to make sure that the corrective action taken to minimize the harmonic problems don’t actually make the system worse. This can happen as the result of resonance between harmonic filters, PF correcting capacitors and the system impedance.
Some methods to minimize the harmonic problems include:
· Isolating harmonic pollution devices on separate circuits with or without the use of harmonic filters.
· Loads can be relocated to try to balance the system better.
· Phase shifted transformers, such as “zig-zag transformers”, can be used to cancel out specific harmonics by making one voltage circuit 180 degrees out-of-phase from another.

· Neutral conductors should be properly sized according to the latest NEC-1996 requirements covering such. Where as the neutral may have been undersized in the past, it may now be necessary to run a second neutral wire that is the same size as the phase conductors. This is particularly important with some modular office partition-type walls, which can exhibit high impedance values.
· The operating limits of transformers and motors should be derated, in accordance with industry standards from IEEE, ANSI and NEMA on such.
· Use of higher pulse converters, such as 24-pulse rectifiers, can eliminate lower harmonic values, but at the expense of creating higher harmonic values.

INTRODUCTION TO SHORT CIRCUIT STUDIES

       The fast growing demand for the electrical power makes a power system more complicated. The voltage and power rating of the equipment used in the power systems are continuously increasing. The maximum transmission voltage level presently is 400kV and it may go beyond that level in the future. Under such predictions, the reliability of the individual equipment, as well as the system, assume greater importance, as an unexpected outage of an equipment (i.e., transformer, or a generator, or any switch gear apparatus) not demand higher repair charges to be incurred, but also affects system reliability seriously. Moreover this leads to the loss in the power transmission during distribution.

       It is imperative that a proper understanding of the system is always required to ensure its reliability for having practical measurements, which are very useful; there exists a need for special and accurate measuring systems, these at times pose practical problems. To overcome these problems, many theoretical tools were made available by which a power system can be simulated and studied. Moreover these tools are also useful in the power system fault analysis.

       This project covers symmetrical faults, and method of symmetrical components and use of a digital computer in fault calculations.

       The circuit breakers should be capable of breaking and making the currents as per their ratings. Hence for proper section of circuit breakers and other switching/switchgear components, knowledge of current during normal and abnormal conditions (at various respective locations) is necessary.

       The design of machines, busbars, isolators, circuit breakers, etc is based on considerations of normal and short circuit currents. Fault studies are also necessary for system design, stability considerations, selection of layout, etc. 

    In fault calculations, many assumptions are made for simplifying the calculations e.g.

1. Resistances are neglecting when their value is negligible as compared with the resistance.

2. Capacitance is neglected.

3. Saturation effect is neglected.

4. Machine reactance is assumed to be constant.

5. Generated voltages are assumed to be constant.

6. Contribution of shunt capacitor banks is usually neglected.

     Short circuit calculations provide currents and voltages on a power during fault conditions. This information is required to design and adequate protective relays system and to determine interrupting requirement for circuit breakers at each switching system location. Relaying systems must recognize the existence of a fault and initiate circuit breaker operation to disconnect faulted facilities. This action is required to assure disruption if electrical service and to limit damage in the faulted equipment.

    Short circuit studied: Short circuit study of a given power system network involves the following steps:

1. Mathematical modeling of a power system network.

2. Preparation of input data.

3. Formulation on bus impedance matrix.

CONCLUSION

Power distribution in NFC are studied and observed the following.

1. Power supply obtained from grid for all production plants.

2. Emergency power is arranged by diesel generator sets in various plants for critical loads in that plant.

3. Two number of 2.5 MVA D.G sets cater to power requirements of critical plants during power failure grid.
4. Equipments required for power distribution network in any industry are

· Transformer

· Circuit breaker

· Protective relay

· Cables/transmission lines

· Battery banks

· Capacitor banks

 Selection of the above equipment is done based on the load distribution critically, etc.,
5.   Various methods of improving the power distribution quality, methods such as

· Energy Management System

· Dry Type Transformer

· Amorphous core Type Transformer

· Power Factor Control

· Reduction of harmonics
             APPENDIX-I
RATINGS OF EQUIPMENTS
Rating of STN Transformers (Off Load Tap Changing)

kVA           

 
180

Volts on HV 

 
11kV

Volts on LV 

            415V

Amps on HV 

  
8A 

Amps on LV 

 
226.6A

Impedance Voltage       
4.5%

Frequency – 50Hz

Type of cooling – Oil Air Natural
Vector Group 


 DY11

Weight of Oil 


 270kgs

Total Weight 


 950kgs

Volume of Oil 

 300lts

Off Circuit Tap Changer:
	Switch Position 
	Connection 
	HV 
	LV

	1. 
	5 – 6
	11550
	415

	2. 
	6 – 4
	11275
	415

	3.
	4 – 7
	11000
	415

	4.
	7 – 3
	10725
	415

	5. 
	3 – 8
	10450
	415


 132/33/11kV Transformer Rating

	Type of Cooling
	ONAN
	ONAF

	Rated MVA        HV

                           LV1

                           LV2

	20

10

10
	31.5

15.75

15.75

	Rated KV           HV

                           LV1

                           LV2           
	132

33

11
	132

33

11

	Line Amps          HV

                            LV1

                            LV2
	87.5

175

524.9
	137.8

275.6

826.7

	No. of phases
	3
	3

	Temp. Rise in °C Oil 

                        Avg. Wdg
	50

55
	50

55


                                        Air Circuit Breaker Ratings
Voltage                         132kV

Current              
  800A

Motor Rating        
  0.5HP

Control circuit volt  
  110V DC

Rating of motor      
  415V

Phase                        
  3

Heater Voltage          
  230V

                                       Rating of Oil Circuit Breaker

Outgoing of Circuit Breaker                

Current                                     400A

Voltage


11000V

Breaking Capacity 

13.1kA

Making Capacity                     33.4kA

Capacity                                   250NVA, 15 Sq. Cms, 3 core.

Incoming Oil Circuit

Current


600A

Voltage


11000V

Breaking Capacity

13.1kA

Making Capacity

33.4kA

Capacity


250NVA, 2*3*240 Sq.cms




Ratings of Minimum Oil Circuit Breaker

Service Voltage

6.6KV

Normal Current

2000A

Capacity


250 MVA

Frequency


50 Hz

SPECIAL EQIPMENT AT NFC

Flame Proof Motor:

NFC is Industry where so many chemical processes are taking place. At some places that is in load centers different chemical products are produced, like Tri-butane Phosphate (TBP), Kerosene, which are inflammable. So we need to take more care. So the motors in these plants have a different construction than other motors. These motors do not allow any sparkor heat on the armature to get outside into the environment. For the construction of this motor they use thick cast iron for its casting and different screws, so these motors are called flame proof motors.

Micro Processor Based Relays:

These are advanced type of relays which include the features as

· Combined over current and earth fault relay

· We can choose our desired characteristics of the relay it may IDMT, inverse time, instantaneous etc.

· Enhanced system reliability and availability due to continuous hardware and software self supervision with auto diagnosis.

· Powerful hardware support for setting and parametering of the relay and for recording of relay parameters with a portable DC.

·  Built in break failure protection function

· Numerical display of setting values, measured values, memorized fault values, fault codes etc.

· Extensive data communication capabilities over built-in serial port.

Digital Meters:

It is measuring instrument used which measures current, voltage, phase angle, frequency, etc., and it operates electrically. It facilitates the distribution system by reducing weight, inertia, maintenance, etc.
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