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- Table
Mirst Degree of protection against conta
il A : ct and Second
Digit foreign bodies Digit Degree of protection against water
0 No special protection 0 No special protecti
ction
1 N tecti i i
3 ';pra:::e ::; ;2][;:5}:\1:1“ conscious entry, i Protection against d f i
1sion of large body surfaces, verticall € He st wanr e
proteqted against foreign bodies over 50 SRR
mm diameter,
2 Exclusion of finger and similar
1 parts 2 P i i
lobéidad agiints fooin Tl rotection against drops of water falli
12-mm diameter. gn bodies over 15° to vertical. e
3 Exclusion of wires
rceice: protecte:iea:;;azz:trfili il:r]nmbodjes 3 Protection against water spray falling at
over 2.6 mm diameter, 95 8 G to vectiral.
4  Exclusion of wires, ete. over 1
Aot protecte& sl b oo . 4 P_rote:;t.ion against water spray from
over 1 n'u:n diameter. S bties Sirecion. ’ ”
NE C 1 i i
- :;?:: :i::] %r::f;;o]::;ﬁ;:flé;:?ct, : 5 P_rotection against jets of water from any
I et Protosad, eposits direction at specified force (size of sets and
. c{;mplet o distance as per standards).
e protectio i
pmtecticnpagainslt ?hﬁ&;{l;t g?r:l{:;t.( - 6 Protection against heavy seas or strong jets
ight) ust of water.
7

Pmtectinn against harmful entry of water
when dipped in (submerged in water for
long time).

Protected against entry of water when
submerged (indefinite immersion),

. QUESTIONS
1. Name three important IS related to electrical safety ?

2, The IS whi i i
e IS which deals with the requirement of Residual Current operated circuit breakers is ?

(a) 13703 (b) 12640

8. What are the three basic essential elements for ignition to start ?
4, What is the importance of operating temp :

() 8828

(d) 732,
Ans, (b)

erature limit of electrical equipment in hazardous areas,

- Discuss (a) Primary Ex-Protection (b) Secondary Ex-Protection

7. What is degree of Protection.

B, N5 degree of protection ensures.
9. Discuss briefly the type of li

mable contents.

6, What is meant by Ex-Protected design of Electrical/Electronic Products

ghtning protection of structures/buildings with Explosive or Highly flam-

Appendix-A
Recent Trends and Advances Towards 21st
Century

Introduction — Standards and Organisations for Quality Management (QM) — IS0 9000 Certification
— BVQI Certificate of Quality Management — Feedback Loop of Site Quality and Interfaces —
Interaction between Power Systems, Load, Equipment and Protection/Control/Monitoring/Dignostics
— Fault Investigations — Event Recorders — Expert Systems — SCADA — Modern Control Room
Facilities for Fault Investigations — Intelligent Circuit Breakers.

Electrical Safety Management and Safety Aspects — Unsafe conditions and acts — Safety Procedures.
Intelligent Air Insulated Substations, (IAIS) Control and Protection Systems with Fiber Optic Cables
— Fiber Optic Cables for Data Transmission, Measurement, Protection, Monitoring Systems — Fiber
Optic Cables with Transmission Lines — Digital Optical Instrument Transducer (DOIT) — Fiber Optic
OT — Communication in Power System — Satellite Communication.

A.1. INTRODUCTION

The electric power systems, switchgear protection and power system automation have under-
gone significant advancements during the last quarter of the twentieth century. Trends are set for
new, versatile, maintenance-free, compact, reliable, safe, user-friendly, automatic equipment. The
reliability and availability of power systems, plants and equipments has gained significance. The
power systems, market trends, manufacturing trends are undergoing intense restructing as a result
of privatization, economic reforms, energy crisis and market pressures on cost, The significant

trends have been reviewed in this concluding chapter .

A.2. STANDARDS AND ORGANISATIONS FOR QUALITY MANAGEMENT (QM)

Quality certification for plants, equipment and gervices has gained imporlance. The following
organisations publish the standards related with specifications and quality of equipment, plants
and services.

__ International Standards Organisations (ISO) Head Quarters : Geneva, Switzerland,

— Indian Bureau of Standards (Former Indian Standards Institution), New Delhi.

— Bureau Veritas Quality International (BVQI).

The list of ISO and IS Standards on Quality is given below. These standards are followed by
Manufacturers, Consultants and Customers (users) of electrical plants and equipment.

750 IS Title

IS0 : 9000 1514000 | Quality Management and Quality Assurance Standard. Selection and
Use : 20 Systems Elements

Level 1 : Design/Development Prodution, Testing in Factory Installation

IS0 : 9001 IS : 14001

and Servicing
IS0 : 9002 IS : 14002 Level 2 : Production and Installation all elements, some less stringent.
180 : 9003 1S : 14003 Level 3 ; Final Inspection and Tests — half the elements, low stringent, )
IS0 : 9004 IS : 14004 Guidelines : Maximising benefits and minimising costs. . "—_

A.3. IS0 9000 CERTIFICATION
ISO 9000 Certification is given to a manufacturer or an organisation as a recognisation of the
Quality. The duration of the certificate is 3 years.

* Also refer : Ch. 52, Table 52.2 ; Ch. 43-C, Ch. 46-A Ch. 47, Ch. 48, Ch. 50, Ch. 52 and Ch, 53 for recent

advances. -
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— BVQI Certificate of Quality Management — Feedback Loop of Site Quality and Interfaces —
Interaction between Power Systems, Load, Equipment and Protection/Control/Monitoring/Dignostics
— Fault Investigations — Event Recorders — Expert Systems — SCADA — Modern Control Room
Facilities for Fault Investigations — Intelligent Circuit Breakers.

Electrical Safety Management and Safety Aspects — Unsafe conditions and acts — Safety Procedures.
Intelligent Air Insulated Substations, (IAIS) Control and Protection Systems with Fiber Optic Cables
— Fiber Optic Cables for Data Transmission, M rement, Protection, Monitoring Systems — Fiber
Optic Cables with Transmission Lines — Digital Optical Instrument Transducer (DOIT) — Fiber Optic
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A1, INTRODUCTION

The electric power systems, switchgear protection and power system automation have under-
gone significant advancements during the last quarter of the twentieth century. Trends are set for
new, versatile, maintenance-free, compact, reliable, safe, user-friendly, automatic equipment. The
reliability and availability of power systems, plants and equipments has gained significance. The
power systems, market trends, manufacturing trends are undergoing intense restructing as a result
of privatization, economic reforms, energy crisis and market pressures on cost. The significant
trends have been reviewed in this concluding chapter .

A.2. STANDARDS AND ORGANISATIONS FOR QUALITY MANAGEMENT (QM)

Quality certification for plants, equipment and services has gained imporlance. The following
organisations publish the standards related with specifications and quality of equipment, plants
and services,

— International Standards Organisations (IS0) Head Quarters : Geneva, Switzerland,

__ Indian Bureau of Standards (Former Indian Standards Institution), New Delhi.

— Bureau Veritas Quality International (BVQI),

The list of ISO and IS Standards on Quality is given below. These standards are followed by
Manufacturers, Consultants and Customers (users) of electrical plants and equipment.

Iso IS Title

ISO : 9000 1S : 14000 Quality Management and Quality Assurance Standard. Selection_and )
Use ; 20 Systems Elements

180 : 9001 18 : 14001 Level 1: Design/Development Prodution, Testing in Factory Installation
and Servicing

150 : 9002 15 : 14002 Level 2 : Production and Installation all elements, some less stringent.

IS0 : 9003 IS : 14003 Level 3 : Final Inspection and Tests — half the elements, low stringent.

ISO : 9004 1S : 14004 Guidelines : Maximising benefits and minimising costs.

A.3. IS0 9000 CERTIFICATION

ISO 9000 Certification is given to a manufacturer or an organisation as a recognisation of the
Quality. The duration of the certificate is 3 years.

# Also refer : Ch, 52, Table 52.2 ; Ch. 43-C, Ch. 46-A Ch. 47, Ch. 48, Ch. 50, Ch, 52 and Ch. 53 for recent

advances. *
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The certification is renewed after specified period (3.years) and re-audit.

. The Eurupean Economic Community and other buyers in the world have insisted on ISO
Certification, Products to be exported from India should have high quality, The manufacturer and
}he prr{ducts must have an ISOI 90!_)0 Certification to be acceptable in the export market. For
increasing exports, ISO Cerh‘ﬁcatmn is essential. Other benefits are improved performance, reduced
wastage qf manpowerﬁmatenalsfpaper work and time due to systematized Quality Approach. This
helps in withstanding Global and local competition.

Under the recent economic reforms India has ambitious plans for increasing export. The ISO

9000 certification is a target of various manufacturers aiming at increasing their exports and busi-
ness.

BYQI Certificate of Quality

BVQI stands for “Bureau Ventas Quality International”, It is an Ink i isati
! : : : rnat] 1 Or
dealing with Quality Assessment and Certification. Hemaring etun

BVQI assesses the Quality of Design, Manufacture, Supply and Servi i
tificate of Quality to the Manufacturer. PR Saas s ad g e O

BVQI certificate has reference to the following standards on Quality:
— EN 29001-1987 — IS0 9001-1987
— BS 5750-Part I, 1987.

Example of a BVQI Certificate is given below.

BVQI
Certificate of Approval

“upBl]‘lmau Veritas Quality International Certify that the Quality Management System of the
Supplier :

Ms .........
M L b has been assessed and found to
be in accordance with the requirements of the Quality St i
( andards for Des
Supply of Equipment and Plants as detailed below. y W Maesars

Scope of Supply : (as an example)
Power Station Equipments

Substation Equipments, Industrial Electrical Equi
Switchgear and Controlgear quipment

Transformers, Motors, Generators, Electronic Controllers,
Quality Standards

EN 29001-1987

ISO 9001-1987

BS 5750-Part 1, 1987

This certificate is valid for a period of three years from 1-7- 1994 to 30-6-1997,

SEAL
and
...... SIGNATURE OF AUTHORITY

A.4. TOTAL QUALITY MANAGEMENT (TQM)

TQM is a total professional qualit i j
. i ¥y system covering product, plant, project and services. The
total quality management system takes into account the customer’s requirements, The quality

checks are applied at every stage - from raw materi i i
S are a € al to finished i
cominissioning, operation and maintenance., e
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O HeHs HeH:s |
o o Mo Ho He

(0) Order (1) Specifications (2) Design (3) Production, Testing (4) Despatch, Transport
(5) Receiving, Unloading, Storage (8) Civil Works (7) Installation (8) Testing Commission
(9) Operation (10) Maintenance, Troubleshooting, (U) Performance

Fig. A-1. Stages of TQM.

Note : 5 to U are covered by Field Quality Management,

A.5. FIELD QUALITY (SITE QUALITY)

More than 509 damages occur after despatch of equipment from the manufacturer's works.
Field Quality (Site Quality) deals with quality aspects of equipments and plant at site. Field Quality
covers Civil Works, Receiving, Storage, Installation, Testing, Commissioning, Operation, Main-
tenance, Overhaul, Retrofitting ete.

At every state, certain organisations are respensible for certain functional activities.

The following organisations and personnel are responsible for Quality in respective activities
and interface with others.

— User (Customer) — Designer
— Supplier — Erection and Commissioning Contractor
— Consultant

Respective responsibilities are usually defined and agreed mutually before signing the contract
agreement. The Quality systems are followed at each stage of the project.

Quality Chief is usually appointed for overall responsibility and implementation,

Areas Concerning Site Quality Management (Fig. A.1: 5 to U)

Field Quality in

1. Civil Works 2. Erection, Commissioning Projects

3. After Sales Services 4. Trouble Shooting Assistance

5, Failure Analysis 6. Training to Customers Operating Staff

A.5.1. Feed-back Loop of Site Problems and Interfaces

System of site problem feedback analysis and corrective actions is established to eliminate the
repetitive site problems in equipment and plants. Performance is influenced by Power System,
Load, Plant/Equipment and environmental influences.

A.6. INTERACTIONS BETWEEN EQUIPMENT, POWER SYSTEM, LOAD

Electrical power system, load, impose stresses on various equipment/machines. During abnor-
mal operating conditions in the power system, the electrical equipment gets overstressed. Likewise
during abnormal operating condition in the equipment/machine the disturbances and excessive
stresses are transmitted to the power system, The protective systems and control systems constant
ly watch the interaction between the equipment/machine and the power system,
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= ENVIRONMENT
POWER SYSTEM

[

PLANT PERFORMANCE

"I  EQUIPMENT
CORRECTIVE ==
ACTIONS,
IMPROVEMENTS l l
RENOVATIONS L
L toao — SITE

——w{ FEED BACK
N

FIELD QUALITY

FEEDBACK J
ANALY SIS

Fig. A-2. Field quality feedback loops with corrective/improvement actions.

PLANT &

POWER SYSTEM
EQUIPMENT

LOAD

CONTROL , PROTECTION,
MONITORIN G
DIGNOSTIC SYSTEMS

MAN/MACHINE
INTERFACE

CONTROL
ROOM

OPERATOR

Fig. A-8. Man-Machine Interface and Interactions.

A7, FAULT INVESTIGATION

Faults occur when stress is more than withstand limit. I
plant, equipment.

After occurance of a fault, several actions are initiated by the plant manager. These include :

1. Repairing/Replacing the faulty equipment/plant.

2. Recommissioning and restarting the supply.

3. Fault investigation.

Fault investigation is carried out by an expert-team. The objectives of fault investigation is to

ﬁle:.ermine the cause of fault and to take actions to eliminate repeated faults of similar nature in
future.

aults occur at weakest point in the
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The steps in fault investigation are as under :

(a) Observation and Data Collection : The faulty part is closely observed. The details about load
condition, supply condition, frequency, events prior to the fault, operation of relays operation of
circuit breakers, readings of event recorders, records on fault recorders, etc are helpful. System
conditions are also noted.

(b) Discussions with operation and maintenance staff regarding occurance of fault, previous

history, other information.

of a table.

further.

other faults in future.

(¢} Listing of possible causes, percent probability, method of checking etc. are listed in the form

(d) Analysis of the various possibilities and investigation to confirm/eleminate them.
(e) After eliminating some possibilities from the list the remaining possibilities are investigated

(f) Conclusions are drawn about one or more possible/confirmed causes of fault.
(g) Final Reports of Investigation : Submit report on investigation of the fault. The 1'e;f
cludes the causes of failure and corrective actions to be taken for preventing similar faults and

Table A-1. Check List for Fault Investigation

ort in-

Ig{:‘ Description Observations Remarks
1. | Visual inspection of failed equipment | Insulation, terminals, — Very close examination
' conductors, earthing, gives certain clues.
connection, parts

2. | Review of sequential events prior to From log book, personal — Root canse of failure can
fault, Log book and event recorder interviews, event recorder be traced by review of
records, operating duty. sequential happenings

3. | Record of relay operation, timings, From relay panel, event — Fault recorders give
breaker operations, fault recorder recorder, fault recorder oacillograms of pre-fault
report voltages, currents, other

parameters.

4. | Study of layout and operating duty To trace current path upto | — Root cause is often due
and observations regarding critical fault and neutral return to weakness in system
aspects path. design/operation.

B. | Investigation of failed equipment Person should be — Whether failure occured
components, insulation, current experienced regarding due to mechanical
carrying cooling systems, mechanical | functional requirements of stress, environmental
operation each part streas, voltage strees,

current stress, therm
stress, combine stress

6. | List of possible causes and percentage | Brain storming without — SBuggestions should be
possibility ’ bias is useful noted

7. | Logical deduction regarding Scientific approach is
elimination of possibilities helpful,

8. | Conclusion about causefcauses of fault — Come automatically by

process of elimination

9. | Recommendations regarding — Immediate
corrective actions for elimination of — Long term,
root-causes o

Refer “Expert Systems” — Sec. 50.11,
Refer the book ; "Elecrical Safety Engineering and Manag t" by 8. Rao and H.L. Saluja, Khanna Pub-

lishers, 1998,

Notes For Example : Neutral not earthed, Surge arrester not provided, Surge suppressor not provided,
: 1. repeated duty without regular maintenance, Clearances less than adequate, Vertilation inadequate,
Exposure to environmental stresses, humidity too high.
2. For Example : (a) Insulator rod failed mechanically/under voltage stress by tracking or flashover. (b)
Vacuum interruptes failed due to loss of vacuum (c) Contacts failed due to loss of spring tension (d)
Terminal failed due to loose hardware.
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A.8. ELECTRICAL SAFETY

3 be!i.;l::g:i:}; ::j ii\c:;?éfutt ga?gterous.t\gith more and more use of electricity there is a tendency
nt, Safety must be an important poli isati jecti
should be hundred percent safety and zero gercentp;clgc{i:l}:: Finizston. The shisosiyy

During earlier years, the electric accidents were attributed to human lapse. It was believed

that 80% accident accur due to human lapses. This theory is not accepted any more. The modern

thaory is : the accidents are Caus. T men, rent T
; : ed b_}" more o n T il s
4 ; f gen fa:.! re and less by human errar,

nsibility of the man i
recommended to ensure electrical safety and to prevent elect;g;:ﬁai:it{je:&e awing SHPRAS
_ (a) To declare the safety policy :
1ssue writtendown safety policy.

(b) To organise safety de,
personnel.

(e) To conduct safety Audit of the plant and equi

acts. To recommend corrective actions.

(d) To establish safety procedures,
system etc,

SWITCHGEAR AND PROTECTION

of the organisation and its objectives, Top management must
partment and safety organisation. To assign responsibilites to safety
pments. Identify unsafe conditions and

procedures for issuing work permit, procedure for safety key

(e) To bring awareness about dangers of electr

(f)"[‘o arrange training courses fo
regarding safety procedures and acts.

(g) To establish safety documentation system,

(h) To replace unsafe equipment by new safer equipment
(j) To carryout improvements in the plant as .
A R.1. Electrical Safety Management
Electrical unsafe conditions include :

1. Bare live conductors accessible by workers or operators
2. Ungrounded structures, bodies, tanks, .

icity and preventive actions,
r executives, supervisors, technicians, labour, contractors

per recommendation of safety Audit,

3. Unshielded outdoor installation without overhead shielding wires for lightning protecti

4. Loose electrical connections in power circuit resulting in overheatin 4 o

5. Overload conditions without overload protection g,

6. Oil insulated Electric E ,
fighting facility is necessary,

7. Rﬂtatlpg machines/reciprocating machines ete, without safety guards, safety cov.

8. Electric short-circuits not cleared by main protection and backup pru;:»i:ectim';y o

9. Failure of main equipment, fai i i
" quip , failure of protection systems, failure of interlocks, sequence sys-

) ml. Flashovers done to overvolta
switching surges, lightning surges.
11. Electric leakage currents etc. The hazards due to electric.
Following safety actions are essential in Electric Plant Management:

— Follow safety rules and regulation
| s recommended by Indian Electrici
-— Written down safety policy document Y ety Rules

— Organisation of safety with safety Manager, safety supervisors

=== Documents for safety durin i :
g g project constru i ivi .
Erection, Testing, Cﬂmmission?ng{ Fhrickion: covering ciyil works, storage/haudling,

-~ Documentation for safety during Operation and Maintenance

melting, fires.

quipment/Machines which are explosive or fire-prone. Special fire

ges, dirty insulation, inadequate clearness, sharp corners,

|
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— Approval of Electrical Safety Inspectors for electrical installation before commissioning.
— Work Permit System

— Entry pass system for plant and auxiliary rooms.

— Training to personnel for safety.

— Design and construction certified by Electrical Safety Inspectors.
— Earthed fences with doors and locking system for switchyards.
— Procedures for Analysis of Accidents.

— Good housekeeping and disposal of rubbish.

— First Aid Facilities.

— Fire Prevention and Fire Fighting Facilities.

— Procedures of Safety Audit.

A.9. EVENT RECORDERS, FAULT RECORDERS AND EXPERT SYSTEMS, SCADA IN
MODERN CONTROL ROOMS

The control room operator can look into the records of event recorder and know sequential
events. Fault recorder gives oscillograms of various variables prior to the fault and during the fault.
Expert system gives clue regarding possible causes based on analysis of data.

Event Recorder

It is an on-line recording instrument with paper print out. Every event in the plant related
with the main equipment, auxiliary equipment, protective relays, auxiliary supply etc. are recorded.

Example of a Record on Event Recorder :

Date ) Time I Event
24.3-1994 15:30 Circuit breaker CB25 off o -
T 2431994 16:03 | Earth-fault relay EF20 for cooling fan motor_prutection tripped e
16:63 Cooling fan motor OFF - o
24-3-1994 17:00 EF reléy reset - )
17:02 Cooling fan motor ON -

Fault Recorder

It is a Recording instrument with provision of multi-channel print-out facility. The number of
channels may be 10, 20, 30.

For each essential parameter, one channel is provided. e.g. Bus Voltages, Line Currents, Clock,
Time, Temperature of transformer, kVA load, Frequency, etc.

In the event of a relay operation, the Fault recorder is initiated into action. The records from
memory of earlier 60 milliseconds and subsequent several seconds are given in the Print out. These
records are useful in analysing the Fault or disturbance and pin-pointing the cause, taking remedial

actions.

Expert Systems

Artificial Intelligence (AI) and Expert Systems are being used for assisting the Control Room
Engineer, testing Engineer, Maintenance Engineer etc. The Software packages are now commer-
cially available or being developed for required application.

An expert system incorporates programs base on Al-Language NS “TF THEN” Rules. The Ex-
pert system provides a list of possible problems and solutions with % possibility.

The list is useful to Engineers for finding solution and taking corrective action without waste
of time.
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Expert Systems for Maintenance and Trouble Shooting

‘ Pturit Inspection System : Th\? expert system for Maintenance Engineer for inspection of Plant
and equipment. PSI helps periodic Inspection and provides guidelines for Predictive Failures and
Preventive maintenance,

One Line Monitoring Expert Systems

. S_uch systems _rleceive. on lin‘e data periodically, The expert system analyses the data and
predicts the possibility of failure in advance, preventive measures to be taken by the maintenance

staff to avoid serious trouble, e.g. for a transformer i
: .e.g. overheating, the Expert Syst i
Display on the Personal Computer Screen : & : TR AR orng

805 MVA 400 kV Transformer NO TRP003, =
|' 0il Temperature : 80°C,
' Rising at a rate of 3 C in 15 min.,

Possible Causes :,

i — Cooling Qil Circulation Choked 70%
— Overload 20%
— High Ambient Temp. 5%

' — Cooling Fans Outage 5%

l ’ » G

] heck Cooling Oil Flow,

i SCADA

: Slllpervisurjlf Control and Data Acquisition systems provided in modern Control Rooms of power
f‘ ant.s!Sub-statmns;’Contl"olICentl'es perform several on line functions with the help of data collec-
ion system/Data transmission system/CRT display/Man-machine/Interface and Microprocessors.

With the help of the modern fucilities, the trouble 1 :
g . s can be quickly dign ive acti
can be taken quickly and precisely without trial—and-errur!;uess iurf.’ st

A.10. INTELLIGENT AIR INSULATED SUBSTATIONS (IAIS)

Gqs?nfvlerzh‘?rsaalbair insulated substa_tians are widely use in India and other developing countries.
as Insulated Substations (GIS) are widely use in various developed countries Recently the concept
of Intelligent Air Insulated Substations (IAIS) has been introduced . ’

Compared to the Conventional Air
as under :

- E_,Ori:i;ggt:ess' : IAIA are 30 to 40% smaller in total floor area due to integrated multiple

Q}xlpmept (e.g. one breaker and two insulators mounted on a common base struc-
ture, earthing switch mounted on the support frame of the C.T.),

— Lesser numbfzr of equipment, lesser number of isolators, lesser number of foundations,

— Number of high voltage connections reduced by 50%

— Adequate safety clearances.

— Reduced maintenance.

=t Integrated Numerical F]‘OtBCtlﬂn C()ntTD] nd Moni i &
3 a
itor ng hYGtEmS. Self

— Improved layout with higher safety margins.
— Fibre-optic Cables in place of insulated copper cables for control, protection and monitoring,

With this development cot?ventional current transformers upto 1 ampere secondary circuit
and 5 ampere secondary circuit are no more needed,

Short-circuits : s o
el its due to copper conductors in secondary circuit of CTS are eliminated. Safety is

— High-speed process bus data si issi ili
. gnal transmission. The TAIS ¢ s digi
processing and data transmission through Fibre-optic cables. R R

Insulated Substations, the IAIS have several advantages

monitoring of over-

——v—
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The data is digitized before it leaves the primary equipment (e.g. a CT, a CB).

The measurement, control and protection signals in the substation are all transmitted over the
process bus. The output stage of the main equipment (e.g. a CT, a CB) is in each case a solid state
switch with continuous safety monitoring.

— Use of Digital Optical Instrument Transformer (DOIT). Current and voltages are measured

by the DOIT systems.

Conventional CTs and VTs are used for primary to secondary conversion of current and voltage,
but the electrical data signals are converted into optical signals and transmitted over fiber-optic
cables,

This allows smaller instruments to be used and simplifies the HV insulation of secondary
cables.

Capacitor Voltage Divider is used for voltage reduction. The voltage values are sampled and
then digitalized for transmission over the fibre optic link.

— Improved Monitoring of Power Transformer.

The Power Transformer in TAIS are equipped with electronic control unit which records every
details of operating behaviour.

This helps in predicting over loading condition and its influence on life-time of transformer
Standard monitoring data is received from various sensors (Temperature sensor, Buchholz relay,
Pressure Switch, ete.)

In addition tap changer performance, automatic self partial discharge measurement, oil quality
checks are monitored automatically.

Table A-2. Comparison betwen Three Types of EHV AC Substations

Con});;n:i‘:::(i Air InEe!ﬁgen&i}gfnsulated SF, Gas Insulated (GIS)
Initial cost " Lowest Moderate Highl:st_—_
Floor area 100% 60% 16%
" Maintenance Highest Moderate Lowest
Reliability | Lowest Moderate | Highest _

For further details : “Blectrical Substation Engineering & Practice” — S. Rao, Khanna Publish-
ars

A.10.1. Reduction in Floor Area with IAIS

Compared to the conventional air insulated substations, the IAIS substations require only 60%
floor area. The following features are adopted in IAIS for the space reduction,

(a) Compact Switching Module. One circuit breaker pole, two pantograph isolators with earth-
ing switches are mounted on a single support structure and foundation (Fig. A.4).

(b) Triple pole gas insulated isolators

Serving as isolators and bus support insulators (Fig. A.5).

(c) Earthing Switch Mounted with the Voltage Transformer pole (Fig. AB).

(d) DOIT-Current Transformer (Digital Optical Instrument Transformer) mounted directly on
a circuit-breaker interrupter-end (Fig. A.T).

(e) Truck mounted draw-out type out-door circuit-breakers (Fig. A.8).

The concept used in medium voltage draw out type switchgear is extended to outdoor triple
pole circuit-breakers. The triple pole circuit breakers is provided with jaw-type terminals.

The circuit-breaker is drawn out on the rails to obtain isolation, The need of a separate isolation
is eliminated.
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(1) Double interrupter of 420 kV SF; CB

(1) Hollow poreelain of 1

(2) DOITCT

(3) Fibre optic cable between 2 and 3

{4) Fibre optic junction box located in 5

(5) Mechanism housing and control cabinet of CB

(1, 2) Overhead busbars
(3, 4) Pantograph Isolators (Sideview)
(5, 6) Insulators of 3, 4
(5', 8') Mechanisms of 3 4
(7") Mechanism of 7
(7) 8Fg Circuit-Breakers
(8) Isolator

(9) Structure ; o .
(10) Foundation Fig. A.7. DOIT current transformer (2) mounted on circuit-breaker interrupter end.

INSULATOR
SUFPORT FOR____
BUS-2

. Busbars
. Truck mounted circuit breaker
. Truck with withdraw mechanism

NN 2
3
4
5. Isolating jaw between 2 and 3
6
T

i

«I|[|L"

Fig. A-4. Compact switching module with one circuit breaker

» bwo isolators, one earthing switch. . Isolating jaw between 1 and 3

. Supporting rails for movement of 3

3 <
Fig. A.8. Truck mounted circuit breaker with isolating terminals.

As a result of above mentioned improvements, the number of foundations in the switchyard is
reduced. !

The required floor area is also reduced. Figs. A.9.A and A.9.B give the comparison.

(1) Insulator enclosure ‘zy%&
(2) Fixed contact 7! ¥

(3) Moving contact I
(4) Insulating rod 1

(5) Operating cylinder \Hﬁ
(6} Mechanism

(7) Busbars

(8) Sliding contact for 3

(1) VT. (2') Operating
mechanism of

(2) Earthing switch.

(3} Flexible lead from 1.

(4) Support structure

H

| |

Comparison of a conventional 420-kV switchyard with a 1V4-breaker bus arrangement (a) and the same
substation based on the IAIS concept (b). The number of components is considerably reduced in the latter

| |
- |

Fig. A.5. Gas insulated isolator-cum-support -

; : Fig. A.6. E i i :
insulator (one pole of triple pole isolator) X 33_hgnv%§:;iclcrﬂost}2:§i:n the frame Fig. A.9.A. Conventional and TAIS substations.
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FOUNDATIONS

510m?

The IAIS concept reduces the site area and numb i i
switchyard with three switchbays. nber of foundations needed for a substation, here for a 145-KV

Fig. A.9.B. Comparison of floor area requirements of (&) Conventional (b) TAIS.
A.10.2. Control and Protection System in IAIS with Fibre-optic Cabling

The modern concepts of combined control i itori
. X t i i
Air Insulated Substations. The salient featump;r;ee;;lc}glﬁ'r:fsr?omtormg el Rehe lnaiipme

— Distributed signal processing
— Numerical technology
— Deterministic, fiber-optic process bus (100MHz, as per IEEE 802.12)
— Modular hardware and software
— Solf”tware library containing the control and protection related functions.
i t'];‘h}nla Iu]gh ]e\Ir;:! [;-f' funlcti-:‘n?al slmd operational reliability is in large part due to the use of numeri-
chnology. High reliability is also ensure by early detection of faults evolving in the primary

equipment. In addition, erroneous switchin i i
. : 1, g e.g. without definite cause or due t ide
monitored zone is avoided. Further benefits of the numerical technology in?lid?e faUItS outside the

— Settings based on primary units

— Storage of‘ events and analogue signals, with time data, for later analysis.

— Self-monitoring functions in support of the Maintenance on Demand principle
— Simplified spare parts inventories due to smaller number of modules. .
A.10.3. High-speed Optical Process Bus for Data Signal Transmission
Communication, which is digital, is over a fiber-o

;ﬁi‘i&ﬁﬁ a;;‘\titllli)). le::e flignaIs are digitized before they leave the primary equipment, Measurement
D ookt S;lr ;t s 1pnlcontr‘t;‘l signals are all transmitted over the process bus. The output stage'
PP 818 1n each case a solid-state switch with continuous self-monitoring facility.

ptic, deterministic process bus in redundant

LOCAL MMI

REMOTE COMMUNICATION MOBILE ACCESS
GATEWAY =

[ =T g

STATION BUS
|
CONTROL /
PROTECTION
[TERMINAL |_=
POWER PROCESS HIGHWA! T NEXT BAY

—

The process hustca}'ries all of the information transmitted between the HV substation and the
control system. Redundant systems with two buses are also possible.
Fig. A.10. Data transmission and interface in IAIS,
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During commissioning, the overall system is tested with the help of special software which
checks the data sent to and from the bus. This allows all of the functions to be verified, settings
checked and all tolerances tested.

Monitoring of the total system takes place continuously during operation. Any disturbances
that occur are displayed and recorded, The principle of Maintenance on Demand has been adopted,
i.e. maintenance is carried out in the event of an alarm, abnormal switchgear behaviour, or when
the equipment signals that maintenance is needed.

A.11. FIBER OPTIC CABLES FOR DATA TRANSMISSION, MEASUREMENT,
PROTECTION, CONTROL MONITORING SYSTEMS

In conventional hard wired copper systems, the primary current and primary voltage is stepped
down in conventional CTs and VTs respectively. Secondaries of CTs and VT's must be insulated
from the primary high voltage with adequate insulation. The secondary circuit must also be insu-
lated from earth. The measurement, protection, control and monitoring circuits are by insulated
copper wires. The electromagnetic interference (EMI) produce disturbances in data transmission,
and errors in the measurement. The copper cables have several limitations and disadvantages as
regards data transmission, The fibre-optic cables do not have these limitations and disadvantages.

The Optical-Fiber Cable technology has been developed on the basis of theoretical work by Dr.
Charles Kao, (ITI, USA) during 1966, The first commercial fiber optic cable system was introduced
in 1977, The fiber optic technology in materials, structures and applications has progressed rapidly
after 1985 and substantially better materials and structures with less loss and low cost are under
development.

Table A-8. Application of Fiber Optic Cables in Electrical Power Systems

Application Category Remarks

— Network supervision, control, data
aquisition (SCADA)

— Communication betwen power stations,
substations, load controlcentres

— Fibre optic cables laid along with transmission
line conductors

1. Long distance data communication

2. Short distance data communication — Plant process control and monitoring
— Substation control and menitoring
— HVDC convertor valve thyristor control
— 5VS control

3,  Measurement, protection, control, monitoring of — Use of optical current transformers o
LV, MV, HV, EHV, HVDC systems secondary side between power conductors and
protection and control system

Industrial plant control — Digital, microprocessor based, no EMIL A few
cables for large number of communication
messages at time, no need for electromagnetic
sereening, fiber optic cables do not need phase
to ground insulation.

Substation control
Power station control

i

Communication between control rooms and plants

A.11.1, Fiber-Optic Technique

In fiber-optic medium the data is transmitted in optical (light) form through a special optical
fiber. Both fiber and fiber words are used in literature) Figs. A.11, A.12 shows the basic structure
of an fibre optic cable. The optical fiber is a dielectric, long, flexible cylinder of small diameter (125
pm) which guides the light along the direction of its longitudinal axis almost without loss, even
when it is bent. The light entering the fiber within a certain solid angle around the optical axis of
the fibre gets toll reflected and does not leave the fiber. The data is transmitted from one end of
the optical fiber to the other end in the form of light.

Fig. A.12 illustrates a cross section of complete fiber optic cable sysem.
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Electrical signals (E) are con- GLASS
verted into optical signals in E/O con- CLADDING  \pep-SILICA

GLASS WITH

verters, DOPANTS

The electrical signals need level
adjustment, adjustment of impedance
before E/O conversion. This is done in
the electrical interface circuit.

Semiconductor light sources OPTICAL
(L.E.D., L.D.) are used in E/O con- RAYS
verters, (L.E.D.= Light Emitting
Diodes, L.D. =)

Through intensity modulations
corresponding to the electrical signal,
the E/O converter (transmitter)
produces optical signals of desired
wave-length,

(B}SINGLE MODE OPTICAL FIRER

Fig. A.11. Fiber optic principle.
(a) Multi mode fiber (b) Single mode fiber,

STEEL WIRES

LOW- DENSITY

FPOLYETHYLENE -COPPER TUBE

LIGHT- GUIDE FIBERS

NYLON SHEATH

STEEL WIRE
ELASTOMER

LIGHT-WAVE CORE

Q0=21-0 MM, 0.0.=2-6 MM,
CABLE LIGHT-WAVE CORE

UNDER- SEA FO,CABLE
Undersea cable with copper tube. Copper tube carries current for repeaters,

Fig. A.12. Fibre optic eable (cross-section).

<~ E= ELECTRICAL=—7"—— — —0= OPTICAL ~—— ———u/>E= ELECTRICAL-=
N i / —

INDEX MATCHING
CUSHION

Fig. A.13. Long distance fiber optic cable system between
two electrical interfaces I} and 1,.
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The optical signal is guided from transmitter via an optical fiber cable to the optical receiver
(O/E) converter.

The optical receiver (O/E converter) receives the optical signal and transforms, back into electri-
cal signals.

After adjustment of level and impedance, the original signal is available. 850 mm, silicon
photodiodes are used. At 1300 mm germanium photodiodes are used.

In practice the interface circuits and E/O and O/E converters are offered as a signal transmis-
sion terminal,

A.11.2, Fiber Optic Data Transmission

This technique is being used for machine-tool control or plant process control and power system
protection and control.

The conventional electronic signals are communicated through shielded copper wires of good
conductivity, The electrical noise, electromagnetic interference, tend to disturb the signals. The con-
ductor need adequate phase to ground insulation which becomes very complex and costly for EHV
systems. One method of overcoming this problem is to employ fiber-optic cable for transmitting the
control signals, Fiber-optic cable consists of a specially developed Silica glass cable. The light signals
can be transmitted through such cable very efficiently and the effect of electrical noise on trans-
mission is completely eliminated. The light signals are generally digitized.

The transmitter at sending end converts the electrical pulses into light pulses, These light pul-

ses are transmitted through the FO cable. At the receiving end the light signals are converted into
electrical signals,

At present silica glass optical cables have been developed for working lengths of 150 km before
repeaters are necessary. They can handle data rates in excess of 100m bit/sec.

Development of optical sensors and integrated optics has made a major impact on protection
signalling in early 1980's.

Commercial optical link current transformer have been developed the scheme incorporates
DOIT-CT mounted on hollow insulator, The output of DOIT CT's is given to interface unit on ground
level via fiber-optic cable. Optoelectric techniques are also used for controlling HVDC thyristor val-
ves.

(Ref. Fig. A.12). The transmitter drives a gellium arsenide light emitting diode (LED). Light
pulses from the diodes are transmitted through fiber-optical cable to relay room.In this room the
light signals received from FO cable are converted into electrical pulses by receivers, The electrical
signals are supplier to static relays. Thus the optical system forms a link between outdoor CT, VT
and indoor static relays, Protection control and monitoring system.

Digital Message System. Signals and physical representation of message, and therefore
carries the information to be processed. The Binary signals can assume only two valves either ‘0’
or ‘1, the ‘0’ value represents not present and ‘1’ value represents present. The logic operations
AND, NAND, NOR, OR and the combinations thereof manipulate logic functions in form of binary
language of ‘0", ‘1". A change of signal state of a binary device represents in its message content
elementary decision between two possible values 0, 1. In technical terminology, it contain the unit
‘bit’ called binary digit.

When a varying analogue quantity is to be converted into digital message, it should be con-
verted into digital form in A/D conversion device.

. A code is the assignment between individual values of the quantity and the signal states of
several binary positions by means of which these values are to be digitally represented.

The analogue circuit quantities or messages are converted into digital messages. These digital
messages are in form of 0—1 pulses having certain code, The frequency of signals may be voice
frequency or high radio frequency. The central optical fiber core (light guide) is usually about 125
micro-meter thick and made of pure silica glass with dopants added to control refraction index.

The doped silica glass core has glass cladding of about 1% lesser refraction index than that of
the silica core. As a result the cladding serves to confine the light rays within the fiber,
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Multimode fibre will propagate light rays in several modes as shown in Fig. A.11A) The core
of multimode fiber should be more than 50 micron, and light wave lengths used for multimode are
0.8 to 1.55 micron.

Thinner core (0.85 micron) can restrict the propagation to single mode (Fig. A..) Single mode
fiber has lesser transmission loss.

Fiber optic cable is weaker in tensile strength. Fiber optic cable should not be subjected to high
tensile strain. (Limit is 1% compared to copper cable).

A compliant coating on each fiber protects each fiber from short period bending. Several fibers
could be embedded in a single ribbon of compliant material. The fiber optic cable requires sheathing
and strengthening members for mechanical strength,

Splicing of fiber optic cables is done by fusing the fibers together and by various mechanical
arrangements which hold the ends of fibers together closely and with good alignment.

- While analog light signals can be transmitted through the optical fibers, the various applica-
tions for communication, measurements, protection and monitoring are interested primarily in Digi-
tal Data Transmission through F.O. Cable.

A.12. FIBER OPTIC CABLES WITH TRANSMISSION LINES FOR DATA
COMMUNICATION (TELEMETRY)

Application of Fiber Optic Communication is presently in infant stage and has a vast scope due to

1. Freedom from electromagnetic interference (EMI).

2. Enormous Data Handling Capacity of a single pair of optical fiber-cable.

The information is exchanged in the form of digitised light signals transmitted through optical
fibers.

Following four methods are available for laying the Fiber Optic Cable with Transmission Lines :

1. Within a hollow tube carried inside overhead earth wire

2, Wrapped around existing line conductor

3. A separate Self Supporting Cable

4. Laid in underground Duct.

Methlod (1) is used for some new lines, Method (3) or (4) is used for new Fibre Optic Cables to
be laid with existing transmission lines. A typical Fibre optic communication channel in Overhead
Earth Wire is shown in Fig. A.14. The optical connection are shown in Fig. A.156B.

ALUMINIUM ALLOY STRANDS

OPTICAL IN INDIVIDUAL
COLOURED PLASTIC TUBE

ACSR CONDUCTOR
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Fig. A.14. Composite earth wire with Fiber Optic Cables in the axis
for a long AC transmission line.
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TO DISTANT TERMINAL
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EARTH WIRE WITH OPTICAL FIBRE
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N
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OPTICAL FIBRE TO'
TELECOMMUNICATIONS
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Fig. A.15A. Connections of Fiber Optic Cable with a Transmission Line.
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Fig. A.15B. Details of connections of fibre-optic cable in Fig A.15A.

A.13. DIGITAL OPTICAL INSTRUMENT TRANSFORMERS (DOIT)

These include Digital Optical Current Sensors and Digital Optical Voltage Sensors.

A digital optical current sensor system consists of a main conventional current transformer with
copper primary, insulated copper wire secondary and fiber optic interface and fiber optic secondary
leads between high potential zone and earth potential zone. The secondary insulation is simplified
as the fiber optic is a dielectric medium. The burden on main current transformer is reduced. Hence
size of main current transformer core is reduced and accuracy is increased. (Accuracy usually cor-
responds to class 0.2). Fig. A.16A and A.16B illustrate HV DOIT-CT,

CON \"E?‘ TIONAL CT

PRIMARY - ;._._’f\ TRANSDUCER
SECONDARY- PLD BOTIEL
5 ooiT FIBER
FILTER CIRCUIT
M| §2
INTERFACE DETECTOR

HY LINK LT
INSULATION WOM
HOUSING COUPLER

Fig. A.16A. DOIT current transformer system Basic circuit and signal processing principle.
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NLCC National Load Control Centre
GS Generating Station

RLCC Regional Load Control Centre
S8 Substation

POWER LINE CARRIER

—-——-— TELEPHONE
==—e———— RADIO/MICROWAVE
—s—%— SATELLITE

Fig. A.17. Communication channels in energy management system,

Information to be communicated includes :

— direct telephonic talk (voice communication)

— facimile (FAX) transmission of documents

— protection signalling

— SCADA (Supervisory Control and Data Acquisition)

— control signals

— data transmission, electronic mail

— teleconferances, video conferences

— display of network configuration on remote Video Display unit
— Remote control of substations and power stations.

— Artificial intelligence in Power Transmission.

The types of Telecommunication channels include :

1. Communication via telephone cables

2. Telephone voice communication via cables

3. Power line carrier communication (PLCC)

4. Radio communication

5. Satellite communication.

The entire power system network is covered by the Communication Channels between

1. Control Centre and Type A Power Stations and Type A Substations.

2. Between Type A and Type B Power Stations and Substations.

3. Between Type B Substations and Type C Substations.

Type A Substations and Power Stations are large, high power, with EHV AC line outgoing from
them. Type B and C are of lower hierarchical order. Usually three or more different alternative
channels are provided between Load Control Centre, Type A Sations/Substations. (e.g.
Radio+Telephone+PLCC). If one of the channel fails, the link through other two channels is avail-
able.

Information flow between Type A, Type B and Type C stations is decided by functional needs.
For example, carrier protection and intertripping communication may be between two or more Type

B Substations, voice communication.
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A.15. SATELLITE COMMUNICATION

A type (Major) Power Stations and Substations can be in communication with each other and
with Control Centre via Satellite. Fig. A.18 illustrates the scheme.

VIDED DISPLAY

Fig. A.18. Satellite communication between control rooms.

Satellite Communication covers a vast geographical area and is a powerful tool for modern
Energy Management System and its High Power EHV AC and HVDC Transmission Network.

A.16. USE OF SOFTWARE IN ELECTRICAL DRIVES

Electrical drive systems account for two thirds of industrial power requirements and they are
a central feature of automation systems. The economic potential for saving energy has been largely
ex_hausted as far as the individual components of electrical drive systems are concerned. But there
still remains a huge potential for saving energy by improving the design of the overall systems and
their dimensioning.

The manufactures of electrical drive systems play a key role in saving energy. AC Induction
Motors with various Frequency Drives (VFD) of Variable Speed Drives (VSD) are used mainly for
that purposes. Speeds often must change to optimize the process or adapt it to improvement in
product quality, production speed or cost. In fact, in electrical power intensive industries like Ce-
ment, Glass, Paper, Metal etc. where the electricity consumption forms more than 30 per cent of
raw material cost, it is necessary to benchmark unit consumption per ton of final pruduct output
with that of best world-class company. AC Variable Speed Drive is one of the many well-known

solutions to achieve that goal. If one considers the motor as the muscle, the drive is the brain of
the system.

VSD are available for all power levels, from just a few watts up to several thousand kilowatts.
Thes_e converters have been in the market as a standard product since the middle of the 70's. Control
and information electronics were also improved decisively at the same time as power semiconduc-
tors. The use of microelectronics is opening up completely new markets both from a technical and
economic point of view. The dynamic response of a drive with electronic speed control now meets
the highest requirements. VSD are increasingly performing de-centralized process-related automat-
ion tasks. The efficiency of today’s type of VSD is typically above 96 per cent. In comparison with
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conventional methods, electronic speed control can save between 20 and 70 per cent of energy costs.
The additional investments for speed control are often alteady amortized within a few months.
Nevertheless, conventional meghanical solutions with higher continuous energy costs or operating
costs, respectively, are still beirig chosen, even today for new installations, The main reason is that
companies give priority to keeping initial capital costs down. When pumps, fans or mills are being
operated, the flow rates, pressure levels or quantity of material have to be changed according to
the requirements of the technological processes. In the case of conventional drives, the motor runs
at a constant speed, Quantity reductions required by the process are achieved by conventional con-
trol methods (throttle valves, bypass systems or inlet guide vanes) which can lead to very high
energy losses. These losses can be considerably reduced by the use of modern drive systems, i.e.,
drives with electronic speed control. Pumps play an important role here, the reason being that they
account for more than helf of industrial power consumption for drives. Many pumps are still being
operated with the conventional methods. If the speed is electronically controlled, it is no longer
necessary to reduce pressure by means of a governor valve and the high eddy losses are reduced
to a minimum.

The drives are therefore of central importance when it comes to energy savings. The type of
energy-saving method used depends on the application to a great extent. The greater the annual
running time of the motor, the sooner the use of expensive energy-saving motors pays off. In relation
to the total running time, over 97% of the total costs can be accounted for by power consumption
and only 3% by purchase costs. Electronic speed control systems are used wherever the load is de-
pendent on speed. Similar criteria apply to gears and power transmission. Software programs with
whose help drive tasks can be planned and improved are available today. To run properly the
software it is very essential to know the type of load (Constant Torque or Variable Torque), load
inertia, voltage variation limits, maximum speed requirement, acceleration and declaration time,
regeneration, ambient temperature ete.

(i) Motormastert +application Softwares For Drives

The MotorMaster + Energy Savings analysis can be used in several ways. The easiest way to
compare the cost of purchasing and powering alternate motors is to compare their simple paybacks.
Usually, the shorter the payback period, the more cost-effective the investment. Some industries
use a simple payback maximum value of two or three years as a standard by which to make pur-
chasing decisions. There are different sections in the main menu of the software. In the List’ section,
there is the Database of the Motors based on category, purpose of use and manufactures
(http://www.oit.due.gov).

The decision of replacement/installation of existing motors are done easily by the ‘Compare’
menu in the main window. There are three possible scenarios for comparative analysis:

— New Motor, — Rewind

— Replace Existing.

In the mostly used case, i.e., replacing existing motor by an energy efficient one, is done by
clicking the ‘replace existing’ button. In the middle of the left panel labelled “Existing” is a button
labelled Inventory, providing access to the Motor Inventory Query screen (the corresponding button
in the right panel is labelled “Catalog,”) which accesses the Motor Catalog Query screen, the route
for selecting new motors from the motors database).

The motor purchase price, installation cost, energy rate efc. are also entered by default or by
the user. Now clicking on the ‘Savings’ button will provide the energy, peak demand and monetary
savings associated with replacement of existing inventory motor with a new energy efficient model.
The energy use and costs for the existing motor are displayed in the left column while those for
the replacement motor are on the right. The Energy Savings screen also displays the Simple
Payback on investing in the energy-efficient motor. Click on the Life Cycle button to initiate a life
eycle cost analysis, Life Cycle Cost Analysis (LCCA) is an economic decision-making tool for choos-
ing between alternative motors or motor-systems that are intended to serve the same purpose. An
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LCCA adjusts fo}‘ the timc-vahfe of money and sums, over a designated study period, all costs re-
lated to the owning and operating of a motor-driven system . )

The LCCA incorporated into MotorMaster + may be used to analyze a wide vari
conservation (or generatl‘un) projects. When Life Cycle is accessed l'rt.m-jl‘r the Engrgyi;;iﬁig: :CI:ZIQE:
the mn!;qr purchgsc and lpstallatiun cost, utility rebate value, annual energy and demand savin rq‘
and utility rate information are loaded automatically into the Life Cycle Economics screen 'I"hbm,
feai}ure_ provides the after-tax rate of return on an energy-efficient motor or motor system cr;nsur-
vation investment, the net present value, after-tax benefit to cost ratio, and levelized or unifi
annual costs of conservation, plus displays before and after-tax cash ﬂn\'vs S

. .-IF'I:-]E l\gotarmaster + software also manage lot of database like company database and their
a‘u} i 155, epfartments, processes and the motor inventory. These database may be viewed at their
i;;;lzie:n::ve :clt eens of tthe ;?a;!n_ n:lenu. The motor inventory within a company also supplies ‘Motor
: y status report’ which indicates the percentage of energy-effici i
fiels : gy-efficient motors by population and
:lzi:, lEJtElll connc:fted hurs?}lm?wer, apd total load serviced. Clicking on the Facility :ﬁﬁclsgy Rankir:g
?1 pr ;mdes a list of fECIllltIES assigned to company ranked in ascending ro descending order of
a r; ‘Lm.dell:ergy consumptmr}, annua‘! energy cost, Energy Use Index (EUI, annual energy use nor-
malize ylannual production) or Energy Cost Index (ECI, energy cost per unit of production),
mqi-‘;‘hrj:glst alsctpuwﬁfii 1';;:01"; writing & graphies segment in the software. In the Billing sum-
8 rt section MotorMaster + indicates the energy consumpti '
o E ption and cost, demand and
Sﬁzjmnd cost, and power factor and power factor penalty. MotorMaster + also can display monthly
Cng;;ggr r:;f, ::dsi::::‘?:‘c‘lyfcg ALLE,metigrs at?silgned to ALL facilities within a company. In the ‘Energy
g eport’ a list of all Energy Action and Energy Effici I
records linked to the specified Facility, D B i) G vt B,
[ to- ¥, Department, and Process, The Energy Con tion S
mary Report indicates the Energy Action date, titl § i eenant, rewing,
; ) date, title, type of action (motor replacement, rewind
aﬁ;t:.jms n)nprovement or process operating hours change): and the annual energy savings:
year), instantaneous demand reduction (kW), and annual dollar savings. The Energy Con-

servation Summary report indicates the benefi Y ati i i
porsaml et i ts due to operating your in-plant or company-wide

(i) Asdmaster ™

T™ e : :
. AﬂSDMaster software was designed to aid the user in the application of adjustable-speed
g 11 ;:es fr;)rr‘l a total system perspective. ASDMaster™ is a Window based software program con-
sting of six independent modules. The goal of each module is to automate one of the tasks a plant

engineer or technical is faced with when i igati i
(Fig. A19) ith when investigating adjustable speed control of an electric motor

START

INSTRUCTION

ENERGY ‘ [ cquPmenT : o
N OTHER
ANALYSIS SPECIFICATION BENEFITS s iﬁgr\%TéC

_ FINISH
Fig. A.19. ASDMaster ™ software Modules (courtesy : ASDMaster' ")

- }f&lt‘tiﬁou%}l 1tl:1de}i}enden_t, t!mse modules work together to exchange information. The dotted lines
Feb ei h1.;1tshm ion below indicate the automated flow of information from one module to another
ough these modules may be completed in any order, the sequence shown here allows the pm:

gram to automate some tasks that mi ise requir i
Ay ght otherwise require being performed by hand (www.epri-

By using the total systems approach to the application and specification of an ASD,

1

|
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ASDMaster™ maximizes the likelihood of a successful and profitable installation. ASDMaster ™
software ‘Instruction Module’ was created to educate the user in what types of questions to ask
ralating to the purchase of an adjustable-speed drive (ASD) as the key to creating an effective in-
stallation. ASDMaster™™ software covers a wide range of topics important to ASD applications like
application Fundamentals, Power Quality Basics etc. The ‘Instruction Module’ also contains several
heuristic algorithms which help the user to identify possible power quality and motor problems,
and to determine if an application has energy savings putential.

ASDMaster ™ software Energy Analysis Module was designed to assist the user in determining
the energy costs and benefits associated with various types of adjustable-speed drive (ASD) control.
The module computes the energy consumption of both conventional systems and ASD controlled
equipment using two different sub-modules.

‘Comparative Energy Analysis’ sub-module compares the energy consumption of process equip-
ment (fans, pumps, blowers, etc.) under conventional and ASD control.

‘Generic Energy Analysis’ sub-module is used to compute the energy consumption of most any
ASD application, given that the user know something about the driven load. This module is more
advanced and flexible. ASDMaster ™™ software ‘Specification Module’ automates the task of generat-
ing a comprehensive equipment specification for the adjustable-speed drive (ASD) application.

ASDMaster™ software ‘Database Module’ is essentially a search-engine that allows the user
to specify cetain parameters (horsepower, speed range, ete.) and narrow a list of stock adjustable-
speed drives contained in the database. Users may browse through the drive models and then re-
quest a list of contact information for those manufacturers with drives meeting the search criteria.

HONEYWELL VFD ENERGY-SAVINGS SOFTWARE

The variable frequency drive software tool of Honeywell ‘NCDrive' is used for commissioning,
parameter adjustment, drive control, monitoring & diagnostics purpose. It is basically a commis-
sioning tool for parameterzation an application running in frequency converter. We can change the
parameter settings in the frequency converter via a PC instead of a panel. Even change of
parameter settings can be done in offline mode to save the settings to file for later downloading to
\frequency coverter.

We can even print the parameter settings to paper for archiving purposes. Monitoring up to
eight signals simultaneously in graphical format is possible to set triggers which allow to see what
happerned in frequency converter when trigger fired. We can control the motor by setting the ref-
erences and commanding the motor to start or stop or change direction by clicking buttons in
Operating window. Diagnostic page allows to sce the fault history as well as active faults.

There is also a very user-friendly VFD energy savings payback caleulator which determines
energy savings and payback period based on customer’s system demand schedule and variable fre-
quency drive horsepower. The interactive window of the calculator has five easy small steps to get

instant idea of energy savings and payback period.

QUESTIONS

1. Discuss the different types of software for AC electrical drives & their specific applications.
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Distribution Management System—Quverall
System Description

The development of new distribution automati icati i
AN o1 3 | ation applications is considerably wid
S‘:l: ri:i; ;he m.pst inter estfng‘ areas is the development of a distribution manage-mgn\:ls}i;;fgﬁ;)l
c;ned anpaEr;::;y tl\?l ;1:12 gI;le i?;ﬁrtmslyngD{% l\sgrssl)te?}, AE] the p;)l\laver transmission level such a system is
] m (E . The i f these i i i 'ti
tools for control center operators in system analysis ae:doupe:?::lisr’:%ﬁﬁ:ﬁlsgm i
The Power Engineering Group (PEG) of the T i i :
i :  Group ampere University of Technol T
;;uvc‘lamglg, varuiqs issues of distribution networks since the late 1970’);. Most u?toh?eggl‘((;rn]ﬂ:iilgifsﬁg
commeiﬁil; l::]f_; s?tlii\iaefti:; sgtﬂ}(?r?:gi cfgmpu;er technology in different types of design problems. A
nfor ! ign s i I
i g e O .ma ion and design system has been developed in collaboration
At the end of last decade a new research ﬁelcl
) I st aahl was addressed: the application of Al-
;:; :g:liﬂerigc:; of d.lﬁ%:lbm;on networls. Sofarthe research project has bge% includ'e?i in i\ﬁiﬂiﬂﬂ%ﬁ
i E?DI% Oﬁ)s"‘ = g\;iif[,:; t:rﬁgu:eeenng hm power systems" and "Electricity distribution auto-
1 )" of ] search project was to develop intelligent hod. "
operation of medium voltage distribution networl o i e
ribuf s at control center level, The main t
?(fc\;esl:g?wr'“]d a ifmputer‘apphcatmn which is technically applicable in real 1uff;]:'. ?[‘r}[f: tr;‘;liisg
o mainly on the }nteg‘l ation of computer systems and the application of intelligent methods.
Tampe:'!:e xgﬁ;}:t .cq;npnfs'l?s ﬁ gelneral description of the development work which has been done at
Loyt r:z; Eiloi zystz{::n 1;% ;ﬁ}é;ﬁ[‘]d at fI:ap(i:reen1};:311115:1 University of Technology as the research
: 1ons of a distribution control center" of the EDISON C
programme. The research group has developed a large nu it st
I 5 g mber of i
analysis and operational planning which together fo%m a v;r)e':E%;::S:{llsgﬁdsfunctwns o

1. ANALYSIS OF THE DISTRIBUTION NETWORK OPERATION

1.1 The Distribution System
The distribution networks typically include:
— primary substations (main substation or feeding substat; i i
3 ! 1 x ion 1 {
or more 110/20 kV transformers fed by a trans:#issiun netwt]):l?rma Y previdad it oos
— medium-voltage (20 kV, sometimes 10 kV) feeders

—_ S\:'?itc‘hing substatior}s along some feeders having only circuit breakers
— distribution substations provided with a 20/0.4 kV transformer
— a low-voltage (0.4 kV) networlk,

thréf;i) }i;l;:j%‘;tn‘;,?gfglé% a}:l‘? iﬁ&r{i}bﬁtion substitiugsl, and most of the low-voltage networks are
‘ - M rics are overhead lines due to the need to supply large r
f;ft?:l’l‘; ngﬁi ga1rc;u ;d i:tablei lare us‘ed onlyin ur!}an regions. The 20 kV distribution tbedgfs}z;re atl'Jer: :c“(}
et gl uilt tgar y meshed to permit reserve routing. The networks are neutral isolated or
rosong hreake:eatst){:e pr:]fm(::fy Z?;:;ﬁiﬁm alllm arc-suppression coil). The feeders are protected by a
L t th \Llion, where constant time protective relays are appli i
g::::zct:los%rﬁg facilities for overhead lines and instantaneous tripping facilil;iesyfor :rerypﬁi?lf HL?;
s. There are no fuses or other automatic sectionalizers along the feeder.

1.2 Distribution Automation

o dizs];r&‘: l:tlgz Ifene;e d1e,]tntiu§iori automation covers all automation functions relating to the operation
gk neF Iwoi ;s: t includes auto:qatiun equipment, computer systems, and data transmis-
nology. I'ig. 1 presents a general diagram of a distribution networlk and the main associated

|
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automation and computer systems. The distribution automation entity consists of many different
layers which support each other, The following briefly introduces the main layers:

—  The supervisory level includes the computer systems of the utility, their integration,
interactive man-machine interfaces, and some other appended devices and systems. The
main computer systems for network operation running in the control center are the remote
control system, the distribution management system, and the load control system.

Geograph Trouble
[ cls | [AMIFM!GIS' I dala ! e
|
I
Distribution
managemean!
syslem
110 KV nwiwork I
— se Load
| SOADA li control I
Main Trans! " : i
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conirol and i
protaclion k
Bus = :
1 Circuil breaker / i
Protection unit \  Data
T 1 transmission
L = 4 o B s R 1
Ca:-ac;lot Og 0 Capacilor bank E
an Jod Remole conlrolled 1
= disconnector slation 1
-, - 1
MNetwork Bl i
of anothar T .(D_r H
substation  _| m '
T I 1
1
\‘/ == Open disconnector E
T 1
I ]
1

Fig. 1. A general scheme of a distribution network with related automation and computer systems

The substation automation comprises relay protection, different measurement functions,
control actions of switching devices, voltage control by an on-load tap changer or capacitor
banks, also used to compensation of reactive power, control of resonant earthing; and some
local processing capability, Nowadays the nP-based feeder terminals are an essential part
of the substation automation. The feeder terminal may include modules, for example, of
anovercurrent and earth fault protection, autoreclosing, and switching control. In addition
to providing basic protection functions, the relay can register load and fault currents, the
number of faulted phases, time delays, and residual voltage values. The integration of the
SCADA system and feeder terminals makes it possible to calculate the fault distance at
the control center level and to change the relay settings by the SCADA.

The network automation contains the automation devices along the feeders, including
remote controlled disconnectors, fault detectors, automa tic sectionalizers, capacitor banks
for voltage conirol and reactive power compensation, and different measuring devices.
—  The customer autornation includes remote metering, direct and indirect load control, ul_;hcr
demand side management (DSM) functions, and integration to the building automation.
The data transmission technology deals with the data transfer between different automat-
ion functions and systems. The techniques used in data transmission are distribution line
carrier (DLC), VHP radio, packet switched radio networlk, fixed cable, public telephone
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network, Ihber optic cable, and microwave link, The huge number of objects to be controlled
nndl lllqn}tored, th_e long distances, the need for a fast response time and continuous
ava1.lahll1jty set strict requ_irements on the data transmission technology. The capacity of
the techniques at present in common use will be a bottleneck in large-scale automation.

The most important computer systems for distribution automation and network operation are:

— The remote control system, better known as the SCADA (Supervisory Control And Data
Acquisition). It contains the remote monitoring and control of primary substations with
the data processing facilities. The remote control of disconnectors and the direct load
control can be integrated as functions of the SCADA, too. Operations that cannot be remote
controlled are carrfed out by the field crew. These operations are supervised by the control
center operator using radiophone communication.

o ?"}:e dxsmbulcwn management system (DMS) is at present the most evolutionary system
in the duma_lp, Its importance in supporting efficient distribution network operation hus
been appreciated. There is still some confusion over what constitutes a distribution
management system. DMS is defined in terms of its functions and in relation to other
systems. In some senses the DMS is seen only as a function of the AM/FM/GIS or the
_SLADA when these two systems areintegrated, or as an autonomous system encompass-
ing all other systems. The defined applications of the DMS vary, too. But the DMS is
defined as an autonomous system, which provides a large number of application functions,

— The network database system (AM/FM/GIS) includ i i
: es versatile and detailed data on the
:{eL\;ro{}}i compuru.mts (e.g. conductors, switches, distribution substations, poles, and protec-
:;o;:ém : se 3::;::; I::lnl)1':'}pn11:u31;ts aiedmapped according to the geographical coordinates. The
y for networ ta maintaini i i
b it e A ata maintaining and updating, network planning, and

—  The customer lﬂfO! ‘mation SySf&J?’i (CIS) includes data on the customers connected to the
. . . = P s
network. This dﬂta is used in, for example t i thE lo
) y €8 1mat1ng ads. Blllmg 18, hOWBVBI. the

1.3 The Objective of Distribution Network Operation

- 'f}::e lobjectiv_e of network Opc_:ration is to minimize the total costs subject to technical constraints.
res‘iest(;vz ]cirr;:zlix;;;unal cgstts cor}s:.at of imwer losses and outage costs. The costs of losses are due to the
X es and transformer losses. From an ic poi i i
sty astrsne] economic point of view, the active power losses
The outage costs can be seen by the utilit ili
b y or by the customer. The utility costs include the |
?vvfl : _live;rl;ue fr(:m th: Iﬁui;umers not served, and increased expenditure due to m“::tini‘.en21nc:@;Ia:1ecltrrep;:iﬂr9
ile the costs met by the customer are, for example i iled
v it ; ple, such as those due to lost production and spoiled
The technical constraints of network o i imi
) ! . peration are voltage level, thermal limits, and th
cf\peratmn of protection. The voltage level at every load point must be within acceptable 't.olerancee
eor exda?p'gi‘eh-lo% to +6% of the nominal voltage. The thermal limits of the lines should not be
xcee be - The operation of protection must be ensured in all network configurations. The protection
musf e sensitive enough to operate in every fault and overloading situation but it must not operate
due to a load current under the maximum load capacity.

1.4 Operating States and State Transitions

The traditional way to describe the operation. i

describe better the characteristics of a distr?bution nft\iiﬁ? Tfeamlzﬁé‘:le;s :}l::':ir{:? b; 'TI'n}:]ed ;?:-f:ltw
of the model concerns the normal state. Traditionally the normal state is divided g1nt.o secure uug
insecure states based on th_e security analysis function of the EMS. The distribution feeders are
always in insecure state (a fault causes an interruption), which makes security analysis irrelevant
in distribution networlf pperaticn. On the contrary, the normal state can be divided into two parts
b_ased on the aceeptqblllty of the operational state. The unacceptable state does not contais the
d}stu{bed states, which are detected and alarmed by SCADA functions, but only the constraint
violations which must be detected using network analysis. These constfa’int violations include too
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low or too high a voltage level in some part of the network and incorrect relay parameter settings.
The relay settings may become incorrect when the network configuration is changed so that the
smallest possible 2-phase short circuit current does not cause relay operation or the forecasted lond
current exceeds the overcurrent relay setting. The technical constraints defining the unacceptable
state are not unambiguous, which makes the detection of unacceptable states complicated. For
example, the lowest acceptable voltage level in the mv-network depends on the voltage drop in the

low voltage.
NORMAL STATE
ACCEPTABLE STATE UNACGEPTABLE
STATE
OPTIMAL

STATE

NON-OPTIMAL
STATE

RESTORATIVE DISTURBED
STATE STATE

FAULTED
STATE

Fig. 2. Operating states and state transitions of a distribution network

The acceptable normal state can be further divided into optimal and nonoptimal normal state.
The nonoptimal normal state can be defined as a state where, for example, the network configuration
or tap changer position could be changed to reduce the costs significantly.

In the disturbed state the automation system detects an abnormal event in the network and
gives an alarm. This can be caused by a fault or exceeding some limitation (e.g. bus voltage). In the
faulted state a feeder or part of a feeder has been de-energized and in the restorative state the part
of the feeder faulted (or interrupted for maintenance purposes) is isolated and restorative operations
have been carried out. It should be noted that the operating states present the current state feeder
by feeder, which means that different feeders can be in different stateés (e.g. one is faulted, others are
normal).

Transitions between the states can be caused for several reasons. From the control center
operator’s point of view the causes are:

— an external factor (gray arrow in Fig. 2)
— automatic operation (white arrow)
— the operator (including moving crew) (black arrow)

An external factor can be a fault or a change of load which causes state transitions that are
independent of the operator. A fault causes a transition from normal state to disturbed state.
Automatic operations are carried out after the detection of a protective relay, which usually makes
a reclosing operation. In the case of successful reclosing, the state transfers back to normal, and in
the case of a permanent fault, the state transfers to faulted. A change of load transfers the state
between optimal and non-optimal and acceptable and unacceptable. In some cases a change of load

causes a SCADA alarm, which means transition to disturbed state.
The other transitions are usually made by the control center operator. These are transitions:

— from faulted state to restorative state
— from restorative state to normal state
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— from normal state to restorative state (maintenance outage)
— from unacceptable to acceptable
-— from non-optimal to optimal

Some of these a e e sy e.g.
4] transitions may also be mat th utomatic fault
) auto 1c, dt2p ndmg on system ( g &

1.5 The Need for New Computer Applications in The Control Center

No i : :
SC ADAw;iigfnTn']}E&:ﬂ‘zl{i'the (linaun (and often the only) computer tool in the controi center. The
system. The collected data i ime data from Remote Terminal Units (RTU) using the communication
The SCADA system cuvides pllnce?ifed by the control center computer and displayed to the operator.
i {nf01-rgatio csl_a ?t of data on the distribution process and gives alarms to the OIJBmtur.
determined which are rmll-;] 5 llsp ;{,ea by the SCADA is often inadequate and several tasks can he:
SCADA are the lack of net\:O \];e Y a conventional SCADA system. The biggest weaknesses of the
analysis (to detéct unacce :t‘hlmaps and diagrams and functions for advanced distribution network
Generally the SCADA systgxr? is?rfa%gieqsgétf:rhgf:x?ﬁiif : i:ndtfor Supﬁ:orttﬂing cperarimy plionmg;

2 : 280 ‘e 1s not enough information to be processed.
buarﬁscaazrg ;;fi}:e;l:;a(:i%uﬂcy ?lf: he conventional SCADA system some cumbersome tools Elce mimie
initractions fog"s eci?il ar :81;3(6 o support the network operation, There might also be some written
ing the network Eta's:: How v&?, I};nmaw substation failure) and calculation programs for simulat-
engineering analysis e neet\:;;]: p“i:ill:il;?gl'%r;s are .de_signed not for operational purposes but for
experience, knowledge and intuition. €. The operations planning is mainly based on operators’
vai?:: i‘;zz ?grtﬁz‘ﬂi‘:fi c::nf:y oflf:he .SCA:DA and use of cumbersome supporting tools, there is an
malting new appiicationspzu er applications in the control center. But there are also some other trends
at the medium voltage 1 l}eqes:sar?, The overall importance of the distribution networks, especially
pe sl d o r% ﬁt?l;el ,i8 Ll'!-Ql easing. The slowing down of load-growth has often ma:ie network
ly. At the same timﬁ larger ;_.\: ‘ifh means that the existing network must be operated more efficient-
iitir andithe numbergcf' £ is mt.utlon areas are for economic reasons being monitored at one control
are also becoming stricter, ’E‘J}izgel;?oﬁzi;Sciicizarﬂ:iaq‘h; t:‘e;qmuirementsdfor e ey

Withi s ged better using advanced applications.

The data ;1:23}';31{:;:15&?:58%’;%21‘analysm is needed to estimate the electrical state of the feeders

R Ebutie St 2 is not glane sufficient for real-time monitoring of the state orthé

along feeders are mf‘tS i:(.)\: i f&l n(;e detailed data on network components and the load distribution

oo s i iyl n. istribution netwm:k oriented state estimator combining load

short-term load forecasti ’.lu‘ﬁm-ems OI.“ the SCADA is needed for real-time system analysis and

thesimulation Ofnetwor]l:]c%nﬁ ] dnfilysm can be u;ed in the detection of an unacceptable state and
for remedial control, nptimizati%l; r:ft:ﬁ:s; ;‘t \i I.; Eu]]:céx;ig g L;:i Ttlping t:ai ol lu tilizing load forecasts is needed
= - ol ion and planning of maintenance outages.

PerniZfeﬂiuf}:uﬂiug::a:t?sd‘i tf:aulr. location is essential in reducing the outage time and costs w;ile

Pitcritoee, Mouily s ana i 1lonally been located by time-consuming and troublesome experiﬁlental

ago distribution HJ'; I “R&‘ 9‘-‘3;86 costs of customers are due to faults in the public medium-volt-

bttt s. Most o the outage costs are accumulated during the time taken to locate
software methods give : l(l)'ltiegtr'a?u;n o fdlﬂ‘ere{‘t computer systems and automation devices, and new
sedlicing the outa gl timg an{? lial for developing new tools for use in fault management, further

The greatest bene%';ats are 3c}ﬁlmp§0 hvmg the quality of supply using the existing or less mi;npowcr

where the fault is situated alf)‘rrleg thi }}el:dt: tl\lvc}:l:r: ?Iicehf:thag 1?» ko t?ll as accurately as 9033“1'1‘:

switchings should be done, either automatically or rnanually‘:lTheeklnn;;?nyl;zaI:iitr,l 2(1'1 31: f}‘;tlﬁtkl‘:::]dk:;‘

it possible to quickly isolate the fault i
ok e g e i ed section and to restore the unfaulted network by back-up

2. COMPUTER SYSTEM INTEGRATION

dataT::ercizsdi ;'c:;l ::ie;\i ;iﬁgﬁiﬂﬁ:‘? nissz;v;ous_ E;z}d the potential for developing them rather good. The
: s mainl; existing systems, A ing
calculating distribution network have been devel)(:ped and %?E::n;ﬁlg;it};:gié?t;r?: d:;wgdi?fg

DISTRIBUTION MANAGEMENT SYSTEM 1319

sufficiently efficient and inexpensive. The solution is to have a large amount of data to be processed
and some new methods to provide the applications needed.

In order to model and analyze the distribution network and operations, data on the network
topology, components, loads, measurements, switching states and fault events is required. The
advanced display of the network and results of analysis further requires geographical data and a
gengraphical map.

The new applications could have an independent database for the required information created
and maintained by the system engineer. However, this strategy would not be reasonable for the

following reasons:
— most of the data needed is found in the other databases of the utility
— the updating cycle is very frequent
— the number of data objects is very large

Data consistency in the information systems of the utility is very important and can be ensu red
only by providing a single entry for each data. Additionally, the control center systems can no longer
be isolated from the other departments, since the control center is an important part of the data flow
chain of the whole utility. The senior corporate personnel, customer service and network planning
departments all need access to real-time operational data and operational statistics to know the
status and bottlenecks of distribution network operation.

For the above reasons, the computer systems of a utility must be integrated. Two integration
approaches are being applied in distribution automation; the vertical and the horizontal. In vertical
integration different automation layers are seen hierarchically so that each layer carries information
upwards (e.g. from substation relays to the control center SCADA). The general trend is to apply
intelligence at as low a level as is veasonable. Horizontal integration means an open architecture
and the use of a data transmission network between different computer systems.

The main data source for the new applications in the control center is the AM/FM/GIS system,
the database of which contains the necessary data on the network (nodes and branches) and detailed
data on network components (lines, disconnectors, substations, transformers). The data of the
AM/FM/GIS can be used to provide a static model of the distribution network for the control center
application, The SCADA system provides real-time data on primary substations and some
telecontrolled switches in the distribution networle. The data needed by the new applications includes

the switching status of disconnectors and circuit brealkers, the feeder current and weather measure-

ments, relay information, and the state of fault detectors. The CIS database includes data on
ta is required to provide source data

customers’ energy consumption and customer groups. That da

for load flow calculations.

Regarding the new applications there are several alternatives for implementing the computer
system integration. A widely used approach is to embed the new functions in some existing computer
system, SCADA or AM/FM/GIS. The data to be transferred depends on the integration strategy. In
the SCADA oriented system the network data and geographical maps are transferred from the
AM/FM/GIS system. If the AM/FM/GIS is enlarged to a control center application, the real-time data
is transferred from the SCADA system.

In both the above strategies the new functions are embedded in some existing computer system.
This means strong dependency on the vendor of the existing system. An alternative strategy is to
develop an independent system which is integrated in other computer systems using well-defined
interfaces, This approach makes it possible to use the new system in various computer environments,
having only weak dependency on the vendors of the other systems. The weakness of this approach
is that the separate system requires more information to transfer from other systems, this alternative
is preferred and has been used in developing an independent distribution management systcm
(DMS). ;

In the above integration strategy the DMS forms a junction of the two approaches, vertical and
horizontal integration, as seenin fig. 8. The DMS applies horizontal integration and open architecture
with various databases and information systems, and has a real-time connection to the SCADA. The
communication technique provides the vertical integration in a very wide sense—a channel to the
distribution process via the SCADA, fo the customers via a telephone answering machine and to the

ficld crews.
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Fig. 3. The integration of the DMS,

j.'[‘he idea of open system architecture makes the integration of the systems of different suppliers
feasible. However, the SCADA and AM/FM/GIS systems are rather complicated and case-by-case
specialized so that the transition to a real open architecture is difficult, However, with new techniques
like Open Database Connectivity (ODBC) and standard user interfaces the open system architecture
is more easy to utilize and the differences between the integration strategies are disappearing,

3. THE DISTRIBUTION MANAGEMENT SYSTEM

This section describes t?le basic models and functions of an intelligent distribution management
pystem, _whlch has been jointly developed by the distribution automation group of the Tampcere
University of Tec}}nology, software companies, and distribution utilities. Distribution management
system (DMS) will henceforth mean the system described here, unless otherwise stated. The

description can also be seen as a definition of a system for other developers. Therefore the
implementation of the system is discussed in the next section,

3.1 Overall Description of the System

The structure of the DMS isillustrated in fig. 4. The system consists of five layers—user interface,
spfhcatlon functions, models and computation methods, data interfaces and external systema and
ata gources.
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i I
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('Background maps ) ( Load models)

Fig. 4. The layers of the DgIS. . A Sl

The basis of the system is flexible integration of the DMS and external systems and data source.
The data interfaces s{parate the externalg;;ystems and sources from the DMS and makes the DMS
independent of the vendors of the external systems and data sources. :

The DMS provides a large number of different modeling and calculation‘methods, Iwh:cl"; are
described more in the next section. These models and methods form the basis for the intelligent
application functions of the system. .

From the user’s point of view the user interface (UI) is a very important part of the DMS. A basic
requirement is a standardized graphical UI including multiple windows, mouse control, culoi
graphics, and explanation texts. The basis of the user interface is a geographically formed networ
image on background maps. The scale of the viewed background maps depends on the zooming s‘gule.
If a large network map is viewed, the background map is part of a large-scale map, and for a
small-scale zoom, a map with high resolution is used. The DMS also uses audio alarms in case of

" faults or constraint violations giving information on the reason for the alarm.
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The ki i i

i diag:::f:rﬁ;l; 22&52 ?j:fciftwefmafe functions for zooming, selection and diagram generation
the numerical member varialgﬂ:s l‘J’I‘r}fu: iﬁ%ﬂ?ﬁg ‘the;gthclging ;tz_ltus, e ChUCkiﬂg:
S R graphical.vi in the network image visualize the inference and
: : 3 ews are supplemented by t i o i
i phical v. ppl ed by text windows . The

ormation can be results, instructions and warnings. The useful output are ttlfel;tfz?gaﬁleicﬁerlﬁ :11h;

) ne

of network components like disconnector sand di ibuti ers 0 1 il
1 £l levices. strib on transformers in addition to the numeric il

One advantage is that the DMS i
rovid : ic i ¥ il
R s gy bl macl; ine).es the same common graphical uzer interface for diferent

3.2 Modeling and Computation Techniques

3.2.1 The N ¥ (he ¢ i
W reu;tlv::io; Lc é\;ﬁ[aglel.l '1the core of the DMS is an object-oriented network model which
5 sl Bl 31dmu ated state of the network. The main objects are line sections and
o bl f?:klle not e cinl be a dlsconnectpr, busbar, circuit breaker, branching puinL ele
o S ornlogy ol dmle \é\rcg is modelled I?y "is connected to" relations of the objects and the
moembers to mndse}; the st;afice (]iu:; S;ﬁfﬁﬁ?&ﬁ:ﬁ: -gon)'n“ rslﬁtinns- 'The IObjeCts s i it
) , ete.) an namic (v sWi i
stutus, etc.) component data. For deeper network analysis the obj}:acts of a(n; ;:;gfbf Sme:;::\mif{h:::g

be expanded dynamically usi i : i i
b iy y using the direct access from object to additional data (e.g, terrain conditions

timeTx:l:p{?:aTizE_}I.‘is;c}E;:cr:i};}rg;lt;??:;ie[l)irz;iiii a’high—sp}(:ed computational capability for real-
AP J nique i i
(heuristics, fuzzy reasoning) methodologies in the app?icatri?; ﬁ?oguﬁzzs;?iizﬂs;:::ei?ow]edge pased

3.2.2 T i i

staningzp:i?zg?;?geﬁ:}atlysf Topology analysis, load flow and fault current calculations are the
Sarktgpontioe tue - v.(fiorl ; analysis and optimization functions. The topology analysis function
Utee Vst nntwik 21:1 e 11;.;3 and dynamic switching status information for connectivity analysis
Rl ko conssrut & teal ]e tr'ua work model. The static network model includes all constructed li:;rles
Sl lanns rad’ia] feeda-. uglde 3nf0rmatmn on the states of breakers and disconnectors is used to
ok i iy . e; s£ damdly because of fe}uit current protection, partially looped medium
b il i sdiady pi} ated radially. Thus it is quite simple to detect abnormal or erroncous
it Do liﬁe :;i?;;g;z‘i?tgg:tsscﬁons anddsul?stations or closed loops. The determined

» Le. oltage, ] ¥ i
on s;r;en to help the operator to detect the errurg inz:;rﬁe ;wﬁitfc(;fﬁg:.ttﬁit ety e
gruup:s .:r:,.(c;;tc;il\’[c&dels and Load Flow Calculation. In the DMS the load models of customer
bl Dt hone ts_at,}]':&x:‘a.tal;-" and incl uded in the system. The DMS uses the hourly load models
e l%ve i ;111; gel e year 8._!}1(1 mclu:_img loads for special days like Diwali, Christmas and New
ity ‘right i D_fs L]?:n Baela: y lzle athusted for each year's calendar so that the first day of each
il e w;e and the special days are in the right position. These hourly models
S oy fgr i cusi:mse ?rg Os:;nga;d de;md,iom};‘1 directly as powers (kW). Load-temperature

: ; nd each month are modeled usi i ' ressi
::: ﬁi{iﬁ:;ﬁ:?;; is prgsentec}i1 directly as kW/° C. All the valu:seargsl;?egstl;:?t?clll :seit':;: E:. lg:i't:'lﬂg

é e or eac . i q ;
b rangrfy group. In this way the loads for each hour of the year are presented

Using these models the vital informati i
ese I ation, which the electric utilit; i
y should have, is th

encrgy, location in the network, and type of customer. In practice most utilities do'h:;: 80 ema;]l?:.!\?e]

enough information about their custom ili
pipn eyl kst ey ers to utilize all the load models. Instead the more general

The load flow calculation of a radial net: i
work differs from calculation of a 1 3 k. T
:isel\:gi(:;:: lloeat(ilﬂo‘;_pr;mefiure uses the objects of the network model but fo?* t‘laleos?zf)lfs or}tffi‘;‘;:(}:(zllf hii
P el:(am 1;: 1:]::1 Sﬂeﬂfed- However, t.he_ objects store and validate the input values of the Igad
subsltation i iﬁp\ljt daiam’}‘eh :Egeggﬂrzzli\;llatmn uses :::,lhe measured busbar voltages at the primary
5 ue ry ¥ i i
data transfer and cannot be used directly witholl.letcfr:i?daﬁlizr fin BORpA st grable 1 Crreesfn

B .
Guussei;iudsiesttt}"liilig;i Tﬁd(}l& for ?B customer types present the load as a random variable using
, the effect of randomness and uncertainties can be considered statistically in
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load flow calculations. Caleulation with normally distributed random variables is not too difficult,
since normal distribution has only two parameters, i.e. the expected value and standard deviation.
When the loads in all nodes of the network are presented as random variables, the load flow
caleulations can be performed using the statistical confidence limits (e.g. 10% excess probability)
needed to cheek violations of the technical constraints, The load currents and voltage drops could be
calculated as random variables, but this would cause quite complicated equations. In practice 118
better to use the loads of some predetermined excess probability and to calculate corresponding lond
currents and voltage drops in the network.

To get the best possible load flow results the load models for customer groups have to be extended

to include power factors and load-voltage dependences. The power factors are needed to calculate
accurately voltage drops in the network and to analyze the effects of reactive power compensation
by capacitors to power losses. The load flow calculation allows modeling loads as voltage-dependent.
Voltage dependences are needed especially to study the effects of voltage regulation on the electrical
state of the network. The dependences of active and reactive power are modeled for each customer
group.
3.2.3 State Estimation and Load Forecasting. Because in operation planning it must be
possible to carry out the network calculations in any real or simulated network configu ration, the
loads of distribution substations must be estimated and a load forecast must be available for euch
distribution substation. In state estimation the load flow results, i.e. the sum of substation loads plus
losses, are compared with the load measurements available at least at the primary substation (110/20
kV), where the load currents of feeders and the voltage in the busbar are measured. In this case
redundant information on loads is available and weighted in least squares; estimation can be used
to estimate the loads for distribution substations more accurately. The standard deviation of load
measuremement (standard error) as well as the standard deviations of the modeled loads are used
as weights in the estimation. If several measurement points along a feeder are available, these define
new sections for estimation and can be treated separately for additional accuracy.

The state estimation results are used to form dynamic load models for distribution substations,
which in turn are used to determine the final load forecast when the temperature forecast is available.
The dynamic load model for a distribution substation includes loads for the next week, i.e. for the
next 168 hours. A dynamic load model for a distribution substation is formed by adjusting the load
caleulated by the static load models of different customer groups by the average ratio of the estimated
and modeled loads calculated in the state estimation of the respective hours during the last two week
period. The load presented in the monthly normal temperature and the temperature dependency of
the load of each substation calculated separately are stored in a database. In this way the load forecast
can be calculated using the latest temperature forecast, or worst case analysis can easily be performed
by setting a very low (or high) value for the temperature, When the system is connected real-time to
the SCADA, state estimation is performed at least once an hour and the dynamic load models of
substations are updated. Every hour forecasts for the next weelk’s respective hour are updated and
a one week load forecast is thus constantly available.

3.2.4 Fault Current Calculation and Protectio
tion, fault current analysis is needed to check the acceptability of the networl operation. With relay
information the protection can be, analyzed to ensure the acceptability for monitoring and planning
purposes. The fault current analysis is also used in the determination of fault location.

The voltage value along the feeder based on the load flow results is used in the short cireuit
current calculation of every network object. The earth fault current (isolated neutral or resonant
earthed system) is calculated at one time for all feeders connected to the same primary transformer.

3.2.5 Outage Cost Modeling And Reliability Caleculations. Switching planning, for example,
requires detailed analysis of the outage costs. The outage costs can be seen by the utility or by the
customer. In the DMS the costs of the customer are considered so that the benefit of decreasing the
outage times will economically accrue to society.

The evaluation of the outage costs met by customers is based on the value of non-distributed
energy. The value of non-distributed energy can be over one hundred times greater than the value
of distributed energy. In the DMS the hourly outage cost parameters (constant and time-dependent
outage cost values) for each distribution transformer are maintained in addition to the load forecaut.

n Analysis. In addition to load flow calcula-
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Outage costs are usually nowadays utilized in the reliability calculations of a distribution
network as one part of the long-term planning process, in which the average annual reliability indices
are studied. In the DMS the outage costs are used to determine restoration priorities and in
calculatin g tl:u? sum of' expgcted hourly outage costs in the network as an operational reliability index,
In the reliability calculation each feeder is analyzed zone by zone. The expected failure rate of the
zoneis calculated and the resulting outage duration of each of the other zones of the feeder is analyzed,
Using the hourly outage cost values of the load points, the total expected outage costs of a feeder and
the whole network can be calculated.

3.2.6 Road And Terrain Data Modeling and Route Optimization.. For manual operations
(e.g. d1scolnnectm's) the moving times must be determined because they can vary quite considerably.
The bee lines between network devices in rural areas can be long and the real route can be many
times the bee line, especially in lakeland, The geographical database is utilized in calculating the
moving times. Based on !;he ro?.d network data, an object-oriented model is generated, which consists
Pf‘ road section and crossing point objects and the relations between them. Road sections are classified
into five types and each type has its own traveling speed and transition time. The road network model
is utilized in optimizing the routes and calculating the moving times of the crew. The fastest route
between two points is sought using Dijkstra’s algorithm.

The terrain conditions of overhead line sections have been stored in the geographical-database,
_Each line section }mows_lf itisina forest, field or swamp, if there are trees on only one side of it, if
it goes through a forest island in a field, and the height above sea level. The terrain conditions are
used in inferencing the possible fault locations,

3.3 Functions .

"I‘he‘DMS provides an extensive group of intelligent functions to support the distribution network
monitoring, fault management, operations planning and optimization. The whole operation of the
DMS from the functional point of view is interactive so that the operator is res ponsible for performing
the operations by remote control or by advising the staff,

3.3.1 Topology Supervision. The network topology supervision function is the basis for all
other apphcatmr_:s. Using the function, the conventional mimic boards and paper maps can be
replaced by the display of the DMS, The positions of the remote controlled switches are obtained from
the SCADA system and the states of the manual switches are updated manually to the DMS using
the field crew information, In addition to switching state information, a line stump can be set as open
in the network model of the DMS. Using the switching state information the actual network topology
is analyzed by the DMS. The search is based on the depth-first strategy and "is-connected-to" relation
of I:hIe objects. If there are any closed loops or de-energized load-points in the network, the DMS gives
an alarm.

The network topology is presented on the screen using different colors to distinguish line sections
supplied by different feeders or by different primary transformers. The de-energized line sections
are shown in white and the loops are shown in red.

The main network representation is based on geographic network maps. A small window is used
to provide an overview of the whole network and a large one for zooming. In the larger window the
network map is combined with the background map. To clarify the schematic details of the network,
the user can select a location for which a local diagram is generated dynamically and displayed on
the screen. By pointing a line section in the diagram the downstream networlk (the line sections fed
by the selected line section) is traced on the geographic network view. An example ¢fthe userinterface
of the system is shown in fig. 5.

3.3.2 Network State Monitoring, Hourly state estimation is performed to monitor the
electr.lcal state of 'the netwo_rk and to check whether the state is accceptable or not, i.e. whether any
tf-::chmca! constraints are v!o!at_ed in the network. As a result of the state monitoring function, all
line sections whqre short circuit currents, voltage or load currents violate or are near to violating
s_peclﬁeq constraints ara_always presented color-coded on screen, This applies also to de-energized
line sections and substations. The user can choose‘whether he wants to lucﬁ; at voltages, loadings or
losse.? per kilometer more accl{rately, L.e. each line section of the network. The limiting values for
warnings and alarms can be adjusted by the user and the operator has the last word on whether the
state of the network is acceptable or not. In each case the warning level is illustrated using a thick
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Fig. 5 The user interface of the DMS
athick red pen. The DMS also uses alarm lists and audio alarms
ard windows compatible audio cards can be
supply voltage and loading of any

yellow pen and the alarm level using
giving information on the reason for the alarm. Stand
used. By pointing the mouse the user can also look at the
distribution substation.

To keep the networlk in an accepted state all the time, ;
using?:h: lgad forecasting results for distribution substations and temperature forecasts. Forecasting

is especially important during expected peak hours of the year in order to plan the corrective
:Ziisoga:ﬁai mgy be rgquifed. In the absence of good quality temperature forecasts, the user can mpu.lxt
a ‘worst-case’ value for the forecasted temperature to study the state of the network in extremely
i e d th traint violations is supported by an

ing the remedial controls needed to remove the constraint violations 1 :

interalzfilx p%-ocess activated by the detection of constrain violations. The user switches tosim ulaft:{lmln
(study mode) and chooses one remedial control alternative and the system analyzes thti effect ol 3
control and displays the results. A successful result needs one or several loops. In vo tt_.a?nge or_tuu
capacity problems the possible remedial controls are voltage regulation, sw1tlchmg 0 I:apacl 3:3
changing of open points and load-shedding in extreme cases. The protection problems can be remo
by changing the relay settings or the open points of the networl, o :

3.3.3 Field Crew Management, The fieid crew management function of the DMS provides &
tool for supervision of the working groups and optimization of the driving routes, The wnrk:pg ]gr:;up
information needed is stored in a crew database maintained by the I?MS. The crew d_ata n_'u;:tu'.l cz:;
for example, persons, the vehicle and location of the group. The location of the grta.‘.r?sl)s pointed o
the geographic map on the screen or obtained from the global positioning system (GP3).

the state monitoring can be done in advance
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The field crew location data is used in switchi i i

) 1 : switching planning funct 2§ i

tively in seeking, for example, the nearest group to E gpeciﬁc %ask, el s ik

. ;.f]..:t aEt:et?:a ggglﬁfilsb?;isﬁgﬁglrz}?cat;on. V}v;hen a distribution system transfers from the
! X : ation from the process. In i "

primary system transfers to faulted state and aperatior?s are :1-3:.'c1::‘--:lclll,3 SRS permnnt (e Hie

The basic event analysis is made by the i i
i ] protective relay, other substation automation ¢ 3
?%ﬁi}s}: ff:.fftrgu}:u?;)l 3 &132’:15 the(fl'ﬂt'_-lltid feeder, the type of fault (earth fault, 2-phase sllmr t‘.dcrilll-i(::'lliltL
’ , the measured fault current and detected fault indicators are d i '
some cases deeper analysis is needed by the DMS to detect th i ot ekl
Fryent e it e > D) etect the possible ma]funct;m}s of the protective
i o analysis is also used to produce an assumption of the cause of
In a fault situation the available data is t
) ‘ I ransferred from the SCADA via the LAN to the D
¥}i:(ics}:5£c:e?12eatgsri[pfﬁcog)é?t' modfgl of the f:ultc‘e{d feeder and inferences the possible fault Iccatig!nss,
{ ¢ ning of a circuit breaker caused by a fault to the feeder fi ‘
screen illustrating the possible fault locations is i i st s it
¢ 1 ; carried out automatically without '8
:::]t{;otr;:;;li :fg:?; jtptl?:g aﬁ;ﬁc;ggsféég;ucatmgt_a feedeil_- f}'?uit the application cambinesuthzng;ﬁ&?nq:gi
: r, an estimate of the fault distance, informati h i
of fault detectors, measurements, the prevailin iti ¥ et e ko
, measur ) g weather conditions, and the heuristic | led 3
operators. In short circuit faults the calculated fault dist is the in i ation ueed th the
¢ y : ! s the main informat d i
inferencing. The electrical distance between the feedi ¢ aoint a1 o e
by comparing the calculated fault currents with tﬁe At st e e e nad
: 1 : e measured short-circuit current and th ;
fault, which are registered by uP-based i i Rt e
ult, v € protection relays. The possible fault locatio k
using information on other sources (e.g. fault detectors, terrai iti ety
rshodememain eyt el 3 tectors, terrain conditions,, weather information).
I ge and information as various me hip fi i i
inference model. By combining the fuzz i ot St o
. .  the y sets, alternative fault locations can be achieved
arranged according to their feasibility based on all the available information on the fault situatix:;:f

obta?lilds hFa_uit Ist;lation apd Restor_atit_)n Planning. Confirmation of the fault location is
b té't ;;tszrc?;e;\;iizﬁg?; 1:;:51&115 T}w?}?hgl%d measures to isolate the faulted line sections. The
I ssisted by the DMS, The isolative switching operati
in two phases; first by remote controlled discon o St e il
: s . nectors and then using manual operati Th
possible fault locations and likelihoods that disconnect i . ¢ te tued ih the
3sibl L ) or zones include the fault are used in t
sth(chmgﬁalinn.mg. If one fault loqatwn or faulted remote controlled zone is clearly the n)ost]ﬁkgii
;1]?: f;ﬁi tad't 1:e T emptekcont.rolled disconnectors are provided with tele-monitored fault detectors and
it istance is known), t.}}e faulted remote controlled zone can be determined quite easily
ok o:.tahm;y tcm]hrluecedssiryfsmtcl_nngs and opening of the circuit breaker. If there are no fault detectors
ol g _tc] ee e:lan the s.{ultdls!:ance is unlmo_wn (e.g. in earth faults of neutral isolated networks)
I‘zmse\avb: ching p ?l]l:lnlf‘lg‘ problem is more complicated. The rule-based inference model based on thé
Joe aﬁ:g}:}:ﬂ];; d}rc;fl st':rategy has gfzen de\-;zlogaed for this issue. In this method remote controlled
1S 8 € by one according to the feeding direction. The method i i
the switchings are accomplished rapidly usi s & apR oble because
Lchin y using remote controlled disconnectors and onl i
of the circuit breaker i i Gatcolled mons oo
o e occurs during the fault location before the faulted remote controlled zone is
The DMS includes two inference models fi i .
€ WO ir or the planning of manually operated switchi T
ﬁr_st‘ rqode_l uses the bisection strategy. The other and more advancgd I:mm:lel is base:in%i tﬁg
Ernl.llnm}:z&_itmn_of the expected _value of tlhe outage costs of customers in the prevailing load conditions
e moving time of the working crew is also taken into account. g .
auw’gx:tgglsyp;osp:izss t}llf osf\}:.rl';c:’l;ngs_to tht: ulperatokl; or sw}iltches the remote controlled disconnectors
: 3 perimental switching, the system knows one or i
do not include the fault. These zones can be restored during the fault location. more zones which
cus.tg‘he las}r imn?edlate operation needed in faulted state is restoration of the supply of interrupted
s E:Ei};ti \:: ﬁsajrattlllm p]atnnlng_ can be}made interactively or independently by the system. In
ode the system gives relevant information on the outage areas :
: ‘ ! and back-u
:}:ﬁhnactlons and proposes the best alte:matlve, but the user can choose anotlg;aé one. The impact o;;'
e chosen operations on the network is analyzed and the constraints are checked. The interactive
process continues until the successful goal is reached. Like fault isolation, the restoration operations
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are carried out in two phases. Thus remote controlled restoration operations are performed before
manual fault isolation operations.

The search for the best alternative is carried out using heuristic model-based inference. The
outage areas are restored in order of importance determined according to the outage cost. In the
remote controlled phase the back-up connection with the largest remain capacity is preferred and in
the manual phase the fastest (based on moving time) manually operated one with sufficient capacity
is preferred. If one bacl-up connection is not sufficient, several back-up connections or load transfers
are used, and in the last alternative the customers with the lowest outage costs are not restored,

3.3.6 Outage Reporting. When the fault has been repaired and the network has been returned
to the normal state, the operator makes a report on the fault. The DMS offers tools for fault reporting.
The application determines and fills in some reported issues automatically while the others are filled

in by the operator using dialog hoxes. The calculation of the values describing the extent of the fault
is a valuable support for the operator. All the switching actions during a fault situation are
automatically stored in a file. Using these switchings, the DMS can later simulate the network
restoration, The application takes switchings one by one, calls the network configurator, und
doetermines which distribution substations are without electricity. The task is to inference the outuge
time of each distribution substation. For each outage part the fault management application
calculates the number of disturbed distribution substations and associated hours, the number of
disturbed customers and associated hours, and the amount of non-delivered energy. The information
on the outage parts is shown in a separate dialog box. The caleulated values of each distribution
substation are stored in a database so that the values can be studied over a period of one year: Thus
the real annual outage time of a distribution substation and a certain customer is known. In addition
to the fault situation the reports can be created from maintenance outages.

3.3.7 The Telephone Answering Machine. In a fault situation customers call the control
ceriter to report that they have no supply. Most of the calls simply mean additional work and arc a
waste of the operator’s time in MV-feeder faults. A call is valuable only if a customer knows the exact
location of the fault. An automatic telephone answering machine therefore means better customer
service and gives the operator more time to concentrate on fault location and network restoration.
The DMS is used to tell the answering machine how to answer depending on the outage situation,

In MV-feeder faults the initial fault information is created automatically without any user
actions, The information is updated by the operator through the user interface of the DMS. When a
customer dials the trouble call number of the utility, he/she hears a real voice stating the reason and
the range of interruption, and the phase and expected time of restoration. If the customer has some
important information (e.g. he/she knows the fault location), he/she is asked to dial another number,
where the operator answers. In the case of a fault in a low-voltage networlk, the answering machine
informs that there is no fault in the MV-network, asks the customer to check his own fuses, and
requests him to dial the other number to reach the operator. Once the first customer has called and
the faulted low-voltage network has been confirt ad, other customers affected by the same fault
calling later are informed by the answering machine. A maintenance outage resembles the MV-feeder
fault situation with the exception that the operator forms the primary information,

9.3.8 Customer Service and Low Voltage Notwork Analysis. To enhance the customer
service of operators and other personnel the DMS includes customer information transferred from
the customer information system. One main target is the location of a customer calling the control
center. The operator has a list of all customers on the screen and he can choose the calling customer
according to his name. The DMS immediately shows on screen the distribution substation feeding
the calling customer and the operator can see whether the substation is supplied or unsupplicd
because of an outage in the MV-network, Further, the operator can choose the distribution substation
and switch to the presentation of the low voltage network where the exact location of the customer
is shown.

Each time the voltage levels are shown on screen an appreximative analysis of voltage level in
each low voltage network is performed. The analysis utilizes the monitoring calculations of the
LV-networks and load models of the specific hour, Further state estimation results of the MV-networl
arc used. The voltage level in the MV-network and the real-time demand of the distribution
substation are used to calculate the lowest voltage level at customers, As a result, each distribution
substation where the lowest voltage is less than 90% of the nominal voltage is shown on screen in

-red, the general alarm coler of the DIMS.
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3.3.9 Switching Planning. In addition to the swiching operations planning during faults, the
DMS provides an advanced tool for generating switching plans for maintenance outage purposes.
The outages are required in, for example, the scheduled maintenance of a primary transformer or a
change of cable,

In the switching planning for maintenance outages the principles are mainly the same as in
tion by manually operated disconnectors, The planning can be interactive or independent.
After a successful planning process the system generates the switching sequence.

Unlike the restoration planning, the maintenance outage planning is not time critical, The plans
can, for example, be generated a day before the maintenance, In the DMS the generated plans can
be saved and retrieved for execution, In the LAN environment the planning and operation can be

In the emergency state of a bulk power system there is sometimes a need for load shedding to
prevent the system’s collapse. The DMS provides two planning models for load shedding, one for
feeders and the other for all remote switches. In both models the idea is to seek a switching sequence
which accomplishes the required load shedding (10%, for example) with minimum outage costs to
the customers.

3.3.10 Optimization of Network Operation. In optimizing the network operation the objective
is to minimize the total costs of network operation subject to the operating constraints. Possible
measures are changing the open points of the network, controlling the voltage by on-load tap changers
and capacitors, The heuristic optimization is based on the real-time and forecasted network calcula-
tions and can be interactive or independent. The independent optimization can be activated auto-
matically, for example, once an hour. The result of optimization is a proposal for optimizing
operations.

There are several alternative ways of carrying out network reconfiguration functions, The
objective can be loss reduction or reliability improvement. The loss reduction method can be applicd
using either all the switches or only the remote controlled switches and the reliability improvement
method only by remote switches, The progress of the reconfiguration is illustrated by a curve, which
shows the reduction of the objective function, The final result is the achieved numeric improvement
and the switching sequence.

Since the estimated and forecasted loads include load-voltage depende nces, the user can simulate
a change in the selected bushar voltage. In the case of peal clipping, the DMS displays the reduction
in the total load of the substation and the voltage level in the network after voltage reduction. In the
other case the DMS searches the highest busbar voltage causing no overvoltage to any customer and
displays the change in total load and losses,

4. IMPLEMENTATION

This section describes the practical implementation of the DMS. The development platform is
presented and the integration and data interfaces are described.

4.1 The Development Platform

The implementation history of the system is based on prototyping technique. The first implemen-
tations were made using a lisp-based expert system shell in a PC environment, The development
focused on knowledge-based problems (fault location, restoration) and the user interface. The first
prototype was too slow for real testing, but the basic implementation principles (mainly the
ubject-oriented programming) and the ideas of the developed inference models were proven to be
suitable for the next prototype, In 1992 Cys. was chosen as a programming language and in 1993
Microsoft Windows was selected as an operating environment. In graphical user interface program-
ming Microsoft Foundation Classes (MFC) libraries are used,

The development plattform at TUT consists of the DMS-PC (with Microsoft Visual Ci++),
S.P.ILD.E.R. MicroSCADA and substation automation (feeder terminals and RTU) by ABB Transmit
Co., and AM/FM/GIS by Versoft Ltd, The data interfaces have been developed in cooperation with
ABB Transmit Co. and Versoft Ltd. The platform is illustrated in fig. 6.
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2 SWITCHGEAR ANDPROTECTION
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calls, the answering machine reads the content of the file and forms the answering message based
of the coded information. The answering message includes various submessages (e.g. names of
primary substations and feeders, clauses relating to the progress of restoration, and sentences
greeting & customer), which the operator records in advance. The answering machine forms the
answering message by combining recorded submessages.

The DMS integration permits the use of the sophisticated network model and the user interface
of the DMS, and automatic operation in real-time even in an unmanned control center. As a further
developn ent the answering machine will be provided with an advanced speech synthesizer which
can mimic language from an ASCII text. The DMS writes the changeable parts of the answering
message (e.g. the names of de-energized distribution substations) as an ASCII text in a file, and the
answering machine reads them as such. This will emphasize the importance of the DMS integration.

4.2.5 The Background Map Interface. The background maps on a scale of 1:200000 are shown
in wide overviews. A more accurate background map (i.e. 1:20000) is automatically used when Lhe
zooming area is small enough (e.g. 6 km wide).

The background maps are founded on commercial digital geographical maps. These include a
large volume of data, which is problematic in viewing large regions. The size of a com mercial file
including the geographic data of 6400 km? on a scale of 1:200000 is about 16 Mb as a Windows bitmup.
The data of 100 km? on a scale of 1:20000 represents 3 Mb. When operating with MV-networks, the
average view of the screen is from 50 lkm? to some thousands of square kilometers. Thus commercial
geographic data cannot be used as such in the efficient operation of the DMS. The background maps
are prepared beforehand to suit the needs of effective use, and are stored in the geographical database
maintainted by the DMS. The data is modified so that the screen is always updated in a few seconds.
The time includes the network drawing, too.

4.9.6 GPS. The Global Position System (GPS) can be used in locating the working crew. The
GPS-Jevice gives the spherical coordinates, which can be transferred to a notebools, or to a mobile
telephone and, via a modem, to the control center. The DMS reads the coordinates, converts them
as rectangular, and shows the location of the working crew on the background map. The moving
target can be shown by the mouse on the background map. The DMS represents the target us

spherical coordinates, which can be transferred further to the GPS-device.

4.3 THE DMS DATABASE

In addition to the external data sources the DMS has its own database to provide storage for
DMS specific data. The main data consists of the status information on manual devices, load forecasts
and the parameter data on the system. In the current implementation the geographical databasc is
alsoincluded in the DMS database providing the road network data and the terrain conditions (forest,
field, etc.) of each line section. An alternative way is to rely on commercial digital geographical data

s0urces.




1

IV tnoTi @

Index

£ )
AC network ana]yswr 4‘?6 498

Amplifiers T38-750 pap. ol

Symbol operatmnal 739 I

ARC

"f|1

Lll.ctrlcal 76

Extinction 74, 81, 82, 84

- Airblast82 I

- Deloni at.uin‘ 767"
Iomza‘ gr!p. Jag

. Matter&?laslga‘{ar?d

- Modes 78

[ p

: BI8 pooival T -
ol 8_1 280 rofast grizn™
Stepian’s theory 80
Vacuum 82

Inten-uptlon theories 80
Splitting 79

0I0L - VoP coileluger

Breakmg HE‘H“" yh’l‘f

ced “"Pim“a On Jn

- Bus - admittange ma
Busbars 319 5
- Design 322
Material 320
- Test 322
Types 322 g
Types of construction Ir3?.3 iz

BAOT

C i Re
np0 g |J { of
Circuit Breaker 126 o
Air blast 18,89-95 i

Air break 18, 83-89 ga01 . 6p0) Aoid
- ARC extinction B4i01 snoenalnial
Assembly of outdoor 20 hJ opid [O

Bulk oil & minimum oil 18,7131 152"
Closing followed !By opéning-26 itlodiwd,
- interlocks 26 bi
DL IT‘]I!I‘IE Ggoi DI et
Closing operations 23
Design & development 30

Operational 739 . anp™

TR woinTanal;

R

DIV

High Voltage system 154 - 162, 190 - 196
- Insulation requirement 190 - 212
- Short circuit testing 164 - 88
Testing 164
High voltage AC 16, 17, 18
ARC quenching medium 18
- Trip circuit 17
Installation & ‘maintenance200.- 212
Insulation reqhirément & testing'191- 215
Logie circuit 730 - 73851 viv
Opening operdtions 24/
Operfing fiéehanisii 225"
Research 30 751
Resistors 56
Routiné i:ésts 12’2
- Time 126,:.1 ;30 )
- Logic qrqut '?3
Short circuit testmg,
SF, 18, 97-119, 248, , |
- Double pressure 18 01 ool
- Insulatingparts 30, 1ol )
Insulating medium.69 5, A

Standard spédification
Strudtiaraloform; l22| W forrd

69

fecroniend 1ol

Testifig! roien!
- Breaking capacity'173
- Short circuft' 16477710
echnital Eaaﬁiémars’ 19 ‘25' dn
Types of mechanism 2| 1T beol
Time test 126-130 1 A0t & e
Vacuum interupter 138 - 152fRLt dinl
Combating
. Electrical & interferance 803 - 826

st LIS

Computer Aided power 8ystéfii Ytudisg 1150 1154
- Application in ne‘inJk' 'at‘rl.jomaf.lbn‘ 1004
- Digital for power s%b o, e'rahon 1009

%
arntalo

- Mlcroprocessor baged' mlcrucompu;er 1007

1omebnu
rawoq 10




1336

Detectors 753 - 64

E

Electrical

- Analogue zero 741
Comparators 764
Comparator & level 753 - 764
Hybrid comparators 761
Level 762

NPN transistor level 763

Design characteristic 1279

Fault investigation 1294

Field quality 1293

Fiber optic technique 1303

Fiber optic data transmission 1306
Group classification 1288

Recent trends 1291

Relevant Indian Standard 1274
Safety 1273- 1313

Temperature class 1278

BHV Ac transmission 1067 - 1087

Audible noise 1080

Bundle conductor 1078

Corona 1077

Conductor material 1079

EHV Ac static 1067

General background 1067

Task of transmission 1070
Thyristor controlled capacitor 1084
Thyristor valves 1087

Tower 1078

Voltage level for transmission 1068
Voltage control 1076

Energy saving software 1313
_Energy Renewable & conventional 1168 - 1282

F

Basic load 1170 N
Resources & forms 1168
Unit 1169

Fault Clearing Process 5, 32

Abnormal condition 4
Cable charging 71
Calculations 4, 389-400
Clearing process 5
Complete solution 38
Digital computer 476- 498,
Fundamentals 32

On power systems 463-469

; Particular solution 38

SWITCHGEAR AND PROTECTION

Rated small inductive braking current 71
Reigination & restrike, 72
Relay
Electrochmanical & static, 8
Subtransient & steady, 38
Standard Specifications quality, 7
Symmetrical fault 403-433
Transient recovery voltage (TRV) 42, 46, 47,
53
Symmetrical 448 -459
Voltage equation 34

Characteristic 224

Classification & categoris 224
Construction 219

Defination 218

Dropout 231

Fluctuating loads 226

High voltage current limiting 231
HRC & application 218-232

Test 232

Types of devices 218

Fusmg factor 223

G

Generator 967

H

Automatic voltage regulation 967 - 1010
Capability curves 987

Date transmission equipment 1001

Dai» collection equipment 999

Digital computer aided & automatior. 992
Operation 971

Saturation curve 973

Synchronous 967

HVDC 1029-1064

Control 1045-1050

Definition 1044

Harmonics 1058

Interconnection 10, 1040

Introduction 1029

Limitation 1044

Link 1048 - 1053

Maintenance 1063

Obtion 14

Power 1056 :

Switching system 273 < 290

Thyristor 1054

Transmission system 10, 1029-1064, 1035,
1042 ;

INDEX

I

Impulse voltage test & standards impulse waves

195
Imipulse generator 195
Insulating parts 30
Interlocks 26
Interrupter
Length 144
Interrupting terminal faults 59
Shelf life 149
Vacuum 149
Interruption
Low magnetizing currents 55
- Short line fault (kilometric fault) 159
- Terminal fault 58
ISO certrification 1291

K

Kinetic energy 84

L

Line impedance 547

Line power flow
- 3 Area system 1096
- 2 Area system 1096 .

Load
- Economic load dispatch 10

Flow 15

Load impedance 547

Low frequency load shedding 920-927

Shedding 10, 920-927
Low voltage control gear 242

M

Medium starter metal 249-259
Type 249
Motor starter 1122-1136
- Disconnector 1226
- HRC fuse links 1227
- Selectivity of devices 12256

N

Network calculation 6
Neutral grounding & equipment grounding 5
- Practice 370
In unit 370

1337

0

Off frequency limit 925
- One & half breaker arrangement 301
Operating mechanism 22
Oscillation 325
Oscillating lighting impulse 130
Over voltages & insulation coordination 6

P

Power flow calculations 1200-1218
- Analysis 15
- Bus nodal current equation 1189
Economic operation & automatic
economic load dispatch 1013-1024
- Gauss method 1202
- Interconnected 1089-1103
- Network calculations 15
- Newton Rhapson method 1209
- Operation control AGO & SCADA
1105-1132
- Planning 1134-1147
- Stability autoreclosing schemes 875-917
Power Plants 1168-1197
- basic load 170
- Combine eycle 177
- Diesel electric 1178
-. Gas turbine 1176
- Hydro electric 1175
- Nuclear fission reactor 1176
- Plant factor & reserves 1172
- Types of generation unit 1171
Power system
- AC transimission 1138
- Analysis 16
- Bus admittance matrix 1191
Computer aided 1150-1154
Energy power plant renewable conventional
1168
- Economic operation 1013-1024
- Frequency over voltage 343
- Flow calculation 1200-1222
- [Interconnected operational & control (AGO)
1089-1103
-+ Planning 1134-1147
- Recover voltage 43
- Reliability studies 1155-1166
- Stability 13, 875-917
- SCADA - 1105-1135
Protection
- Assorted topic & static schemes 803-826
- Differential §31-548
- Distance protection 785




1338

Earth fault 529
Generators 614 - 641

- Induction motors 579 - 612

- Modern system 856
Over current 520 - 528
Small stand by generator 638

—~ Bubstation microprocess based 865 - 871
Static differential 779 - 802, 785 - 798
Static protective 8
Station bus zone 644 - 654
Transformers 593
Transmission line 550 - 577

Q

Quality standards 7
Quenching medium 1252

R

Rated
currerit 239
- Duty 239
- Quantities 239
Voltage 239
Reactors 168, 403 - 446
Current Hmiting 403-433
Switching test 181
Reactive power
Compensation 953
Disadvantage 953
- Management 952
- Sources 953
Var compensating devices 954
Voltage control and Compensation 931
Rectifier
- Full wave 749
Relay .
- Digital 721
Digital microprocessor 703-750, 828-862
Electromagnetic 500 - 516
- Overcurrent 766 - 777
- Protective 6, 485, 521, 690 - 699
- Read 728 -
- Static 703 - 736, 766 - 777
- Static overcurrent 766 - 777
System 496
Term in the test 6
- Testing & maintenance 695 - 699
- Time & fault 491 - 496, 545 - 560
- Zones 487
Reigition & restrike 72
Resistance
- Switching 53

SWITCHGEAR AND PROTECTION

Resistors
- opening 53

S

Safety procedures 214

~ Electrical 1273 - 1313
Stability generator 967 - 1010
Substation

- Bushar arrangement in switchyards 299

Earthing system 377

- Electrical 291 - 337

- Equipment 3, 291 - 337

- Function through SCADA 1118

- Protection BG5 - 871

- Typical layout HVDV conversion 1056
Surges -

- Arrestor 1262

- Tests on arrestors 356

- Transient overvoltages 340 - 385
Switches

- Advantages & other technical features 1243

- Auxiliary 1236 - 1270

- Auxiliary circuit 1236
Switchgear

- Applications 1222 - 1270

Contractor 233 - 247

- Control gear 233 - 242, 261 - 271

- Low voltage 261

- Main scheme 304

- Metal enclosed 233

- Objective & task 15

- Types 233
- Types & range of SF, 249 - 259

T

Testing
- Circuit breaker unit 123
- Gas density 125
- Gas leakage 125
- Highvoltage & Insulation requirement
190- 196
- Insulation & maintenance 200
SFﬁ air busing 123
- Short circuit testing 164 - 188
- Routine testing of GIS 122 - 133
- Testing 154 g
Thyristor 1087
- Controlled capacitor 1084
- Valves or HVUC convertor 1054, 1087
Transformer
Application & selection 1263
Current 656 - 687

INDEX

Transient
- Double frequency 47
Overvoltage surges 340 - 381
- Single frequency 46
Transmission system 1067 - 1087, 1138 - 1147
- EHV AC & static 1067 - 1087
- HVDC 1029 - 1064 -
Trip circuit 16
Recent advances 17
Triac 726 i
TRV (Transient Recovery Voltage) Wave
- Current chopping 556
Damping 53
Four parameter method 66
- Hydraulic operating devices 69
- Initial TRV 67
- Parameter method 66
- Representation 66
- Specification 61
- Transient recovery voltage 42
- Wave 61

U
Unit testing & Element testing 183
Uninterrupted power supply 826

1339

Use of software in electrical drives 1310
- Honey well VYD energy saving 1313
- Motor master application 1311

\4

Vacuum
- Contractors 1229
- Interuptor 138 - 152
Visual Inspection in electrical safety 1281
Voltage :
- Automatic control of AC network 11
Automatic regulation 967 - 1009
Control 931 - 954, 967 - 1010
Control & compensation of reactive power
931 - 954
Levels in network & substations 11
- Stability of electric network 959 - 965
- Voltage control of AC network 11

Z
Zener diodes 723




