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, (TAIS) 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
CT — 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 (M)

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

ISO IS Title
IS0 : 9000 1S : 14000 Quality Management and Quality Assurance Standard. Selection and
Use : 20 Systems Elements
1SO : 9001 IS : 14001 Level 1 ; Design/Development Prodution, Testing in Factory Installation
. | and Servicing
IS0 : 9002 185 : 14002 Level 2 : Production and Installation all elements, some less stringent.
IS0 : 9003 1S : 14003 Level 8 : Final Inspection and Tests — half the elements, low stringent.
180 : 9004 15 : 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 8 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.

‘ r;‘he Europe‘an 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
the pro.ducts must have an ISO 9000 Certification to be acceptable in the export market-For
increasing exports, ISO Certification is essential. Other benefits are improved performance, red.uced

wastage of manpower/materials/paper work and time due to systematiz aali i
ge of ; ed lity A .
helps in withstanding Global and local competition. Y Quallty Approach. This

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

5000 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 I i ” i i isati
DVRL L y International”, It is Int
dealing with Quality Assessment and Certification. an tnternational Organisation

BVQI assesses the Quality of Design, Manufacture, Suppl i i
tificate of Quality to the Manufacturer. » SUPPLy and Services efc. and gives a Cer-

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

Example of a BVQI Certificate is given below.

BVQI
Certificate of Approval

Bur i i i i i
Suple :z?u Veritas Quality Internatlénal Certify that the Quality Management System of the

MY bbb has been assessed and found ¢

be in accordance with the requirements of the Quali i re and
. uality Standards for D

‘Supply of Equipment and Plants ag detailed below. Y v Desien, Manufacture and

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

Substation Equipments, Industrial Electrical Equi
Switchgear and Controlgear cal iquipment

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 w,
and._ ) ;
SIGNATURE OF AUTHORITY

A.4. TOTAL QUALITY MANAGEMENT (TQM)

TQM is a total professional qualit in ;
, ' Yy system covering product; plant, project and services. Th
total quality management system takes into account the customer’s requirements, The qualit;

checks are applied at every stage - from raw méter X
R : aterial to finish : .
commissioning, operation and maintenance. nished product, despatch, installation,
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(0) Order (1) Specifications (2) Design (3) Production, Testing (4) Despatch, Transport
(5) Receiving, Unloading, Storage (6) 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 50% 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 etc.

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, ThelQuality systems are followed at each stage of the project.

Quality Chief is usually appoihted 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.

A6, 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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Fig. A-2. Field quality feedback loops with corrective/improvement actions.
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Fig. A-3. Man-Machine Interface and Interactions.
A1, FAULT INVESTIGATION

Faults occur when stress is more than withstand limit. Faults occur

plant, equipment at weakest point in the

After occurance of a fault, several actions are initiated by the plant manager. These include :
1. Repairing/Replacing the faulty equipment/plant. o

2. Recommissioning and restarting the supbly.

3. Fault investigation.

Fault investigation is carried out by an expert-team. The objecti\}es of fault investigation is to

;ie:ermine the cause of fault and to take actions to eliminate repeated faults of similar nature in
future.
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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. _ ’

] (c)bll.isting of possible causes, percent probability, method of checking etc. are listed in the form
of a table. .

(d) Analysis of the various possibilities and investigation to confirm/eleminate them.

a }(le) After eliminating some possibilities from the list the remaining possibilities are investigated
urther. ‘ ‘

(A 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 report in-
cludes the causes of failure and corrective actions to be taken for preventing similar faults and

other faults in future.

Table A-1. Check List for Fault Investigation

I'VS;') 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 cause 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 ogcillograms 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 eritical fault and neutral return to weakness in system
aspects path. design/operation.

8. | 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 stress, voltage stress,

current stress, thermal
gtress, combine stress

6. | List of possible causes and percentag Brain storming without — Buggestions should be
possibility ' - bias is useful noted

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

8. | Conclusion about cause/causes of fault — Come automatically by

process of elimination

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

Refer “Expert Systems” — Sec. 50.11,

*Refer the book : “Elecrical Safety Engineering and Management” by 8. Rao and HLL. 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 : () 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

N bf}é::g;:?; I1::1 l:;zlilégltt ga?g;erous.tvgith more and more use of electricity there is a tendency
. oafety must be an important poli isati jecti
should be hundred percent safety and zero Sercentp;;f:}i’(;):r?:: Preanisation. The objective
that]%%x%nscsﬁlr;ﬁ;roiiizsa ltet el}clactric a;:cidents were attributed to human lapse. It was believed
' ; 0 human lapses. This theory is not ted
theory is : the accidents are caused b o urt and Toss by o rodern
s : _ 0y more of management failur d less b ]
Ensuring safety is the prime res ibili  Tho folloyiruman emor.
ponsibility of the manage i
recommended to ensure electrical safety and to prevent electrigaln;ixcliti.eg?se following stepe aif
(@) To declare the safety policy :
1ssue writtendown safety policy.
(b) To organise safety department and
personnel. ‘

(¢) To conduct safety Audit ot the pl i
ant i iti
acts. To recommont torrdit of actil()m:. and equipments. Identify unsafe conditions and

SWITCHGEAR AND PROTECTION

of the organisation and its objectives, Top management must

safety organisation. To assign responsibilites to safety

(@) To establish safety proced issui i
systen o y p ures, procedures for issuing work permit, procedure for safety key

(e) To bring awareness about dangers of electricity and /preventive actions.

(f) TO al‘rang ini g s i

(@) To establish safety documentation system.

({z)‘To replace unsafe equipment by new safer equipment.

(/) To carryout improvements in the plant as per recommendation of safety Audit
A.8.1. Electrical Safety Management |
Electrical unsafe conditions include :

1. Bare live conductors accessible by workers or operators

2. Ungrounded structures, bodies, tanks, .

3. Unshielded outdoor installation without overhead shielding wires for lightning prot t

4. Loose electrical connections in power circuit resulting in overheating, melti gf? .

5. Overload conditions without overload protection. ’ e

6. Oil insulated Electric E
fighting facility is necessary.

7. Rotating machines/reciprocating machines etc, wit

8. Electric short-circuits not cleared by main protecti

9. Failure of main equi
tems.

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

é
:

hout safety guards, safety covers.
" on and backup protection.
pment, failure of protection systems, failure of interlocks, sequence sys-

_ 10_. 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 regulations
‘ recommended by Indi ici ‘
~— Written down safety policy document ‘ yean Blectricty Falea

— Organisation of safety with safety Manager, safety supervisors, .

- Documents for safetv dmin pl'o'ecl; Cco n covering civil w
- s A g 1] nstructio i ivi i
ot ; X ’ , e B . g il Ol‘kS, storage/handllng,

-— Diocumentatinon for safety during Op‘efation and Maintenance. | g

ges, dirty msulation, inadequate clearness, sharp corners,

RECENT TRENDS AND ADVANCES TOWARDS 21ST CENTURY

1297
— Approval of Electricaf\S\afety 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 Event
24-3-1994 15:30 Circuit breaker CB25 off
24-3-1994 16:03 Earth-fault relay EF20 for cooling fan motor protection tripped
16:03 Cooling fan motor OFF
24-3-1994 17:00 EF relay 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

i

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 “IF 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

Plant Inspection System : The expert system for Maintenan i inspecti
. The ‘ ce Engineer for inspection of Plant
and equllpnlen'?. PSI helps periodic Inspection and provides guidelines for Predictive Failures and
Preventive maintenance.
One Line Monitoring Expert Systems

Such systems receive on line data iodi
: S T : 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 overheati
: 8. ng, the E t i
Display on the Personal Computer Screen : ¢ pert System gaven fllowing

305 MVA 400 kV Transformer NO TRP003,
Oil Temperature : 80°C,

Rising at a rate of 3 C in 15 min.,

Possible Causes :,

— Cooling Oil Circulation Choked 70%

— Overload 20%

— High Ambient Temp. 5%

— Cooling Fans OQutage 5%
Check Cooling Oil Flow,

SCADA

1 %u/gervisory Control and Data Acquisition systems provided in modern Control Rooms of power
g ants tub-statmns/Cont?ol'Centres perform several on line functions with the help of data collec-
lon system/Data transmission system/CRT display/Man-machine/Interface and Microprocessors.

With the help of the modern facilities, the troubl 1 3
: ‘ 2 es can be quickly dignosed and c ti i
can be taken quickly and precisely without trial-and-error/guess gvorlf. prrective actions

A.10. INTELLIGENT AIR INSULATED SUBSTATIONS (1IAIS)

Gas ?g:tnzxzzi(;)gi{b:g ipsul:(a(t}elds )substatcilorlms are widely use in India and other developing countries‘
:: | ' ions are widely use in various developed i ‘
| of Intelligent Air Insulated Substations (TAIS) has been intr:d(t)f::idcountnes- fRecently the concept

Compared to the C i i i
Ny underp: o the Conventional Air Insulated Substations, the IAIS have several advantages

gomgactness‘ : IAIA are 30 to 40% smaller in total floor area due to integrated multiple

unction eq}zlpmept (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.). e

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

— Number of high voltage connections reduced by 50% ’

— Adequate safety clearances.

— Reduced maintenance,

— Integrated Numerical Protection, Control and Monitorin
all system.

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

W1§h this development cor}ven'tlonal current transformers upto 1 ampere secondary circuit
and 5 ampere secondary circuit are no more needed.

Short-circuit i ircui i
improny cuits due to copper conductors in secondary circuit of CTS are eliminated. Safety is

— High-spéed process bus data signal transmissi
. ission. The TAIS concept utili igi
processing and data transmission through Fibre-optic cables. pt tilises digital data

g systems, Self mgnitoring of over-
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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 IAIS 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, etc.)

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;z:;ézr;:é Air Intelligen(tl 2[75" )Insulated SF, Gas Insulated (GIS)
Initial cost “Lowest Moderate Highest
Floor area 100% 60% 15%
Maintenance Highest Moderate Lowest
Reliability Lowest Moderate. Highest

For further details : “Electrical Substation Engineering & Practice” — S. Rao, Khanna Publish-
ers ;
A.10.1. Reduction in Floor Area with IAIS

Compared to the conventional air insulated substations, the TAIS 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. A.6).

(d) DOIT-Current Transformer (Digital Optical Instrument Transformer) mounted directly on
a circuit-breaker interrupter-end (Fig. A.7).

(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. BN
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(1) Double interrupter of 420 kV SF; CB
(1) Hollow porcelain of 1

(2) DOIT CT

(3) Fibre optic cable between 2 and 3
(4) Fibre optic junction box located in 5

- (1, 2) Overhead busbars
(5) Mechanism housing and control cabinet of CB

(3, 4) Pantograph Isolators (Sideview)

. (5, 6) Insulators of 3, 4 '
. (5, 6") Mechanisms of 3 4

(7) Mechanism of 7

(7). 8Fg Circuit-Breakers

I-ml-

]
Il

—]
]

I l i i' A (8) Isolator
— T (9) Structure . = L )
N ] | Ny (10) Foundation Fig. A.7. DOIT current transformer (2) mounted on circuit-breaker interrupter end.
‘ ) .
/ 5
6/ INSULATOR
/A - _A\v SUPPORT FOR
A 77 ‘\' BUS- 2
V" 7 9
Q /Y
10 5
7 N N A\ 3 1, 2. Busbars
1 — 3. Truck mounted circuit breaker
. = = 6 1 4. Truck with withdraw mechanism
ig. A-4. Compact switchi : _ BUS 5. Isolating jaw between 2 and 3
pact switching module with one circuit breaker, two isolators, one earthing switch. ™ b n 6. Isglatlingiaw bethzg 1 zﬁd 8
/ ‘ ] 7. Supporting rails for movement of 3
; 3 TOHV BUS
b ' il ] | 1,
; YT ZANANNVY NSRS
2 ) = ==
R ;
! 7 iﬁ DTH ING Fig. A.8. Truck mounted circuit breaker with isolating terminals.
3 As a result of above mentioned improvements, the number of foundations in the switchyard is
. g; ;nsyﬂat,or enclosure y 8 reduced. 3
ixed contact 1 o ' . . . . —
| g; Moving contact ) (1) VT. (2) Operating : The required floor area is also reduced. Figs. A.9.A and A.9.B give the comparison.
Insulating rod 1 mechanism of
gg; 1(\)/Ipelrlating cylinder 4 g; }Efrﬂ;,ilngl S“(’litch-
echanism exible lead from 1.
(7) Busbars N 2 (4) Support structure
(8) Sliding contact for 3 g =t
=28 - I
‘J . 4] . |
» EARSY :
: éw = Comparison of a conventional 420-kV switchyard with a 1V-breaker bus arrangement (a) and the same
Fig: A5. Gas insulated i substation based on the IAIS concept (b). The number of components is considerably reduced in the latter
- A0, as insulated isolator-cum-support  Fig. A.6. Earthing switch mounted on the frame case. | |

Fig. A.9.A. Conventional and IAIS substations.

insulator (one pole of triple pole isolator) of a voltage transformer
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Thg TAIS concept reduces the site area and number of foun
switchyard with three switchbays.

Fig. A.9.B. Comparison of floor area requirements of (@) Conventional (b) TAIS.
?.10.2. Control and Protection System in IAIS with Fibre-optic Cabling
he modern concepts of combined control, protection and monitoring are used in the Intelligent

dations needed for a substation, here for a 145-KV

Air Insulgted Substations. The salient feature are as follows :
— Distributed signal processing

— Numerical technology

— Deterministic, fiber-optic process bus (100MHgz, as per IEEE 802.12)
— Modular hardware and software

— Software library containing the control and protection related functions.

wl tzh}? hilgh le‘;;'l o}f funptiqr}al gnd 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 to fault i
monitored zone is avoided. Further benefits of the numerical technology inclfld(e)z L outside the

— Settings based on primary units

— Storage (?f events and analogue signals, with time data, for later analysis
— Sfalf-momtoring functions in support of the Maintenance on Demand prim.:iple
— Simplified spare parts inventories due to smaller number of modules .
A.10.3. High-speed.Optical Process Bus for Data Signal Transmiséion

modg?gm&ni%%h’%ﬁ’ w}llchlls dlglt;a!, 1s over a fiber-optic, deterministic process bus in redundant
protectioﬁ. A10) 1 te tsllgna s are digitized before they leave the primary equipment, Measurement
protection » u sta ion control signals are all transmitted over the process bus. The output sta é

apparatus is in each case a solid-state switch with continuous self-monitoring facilitgy

LOCAL MMI

REMOTE COMMUNICATION
GATEWAY

MOBILE ACCESS

1B

CONTROL /
PROTECTION CPONTT%OC'E 4
TERMINAL 5 TEI};SIML 2
NEXT BAY POWER PROCESS HIGHWA T NEXT BAY

i
ll 2k BUSBAR o :_F/ L3ty BUSBAR

The process bus carries all of the informatio i : k
‘ n transmitted between the HV substati
control system. Redundant systems with two buses are also pos:ibﬁeé fon and the
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 oceur 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 VTs 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-3. Application of Fiber Optic Cables in Electrical Power Systems

Application Category Remarks
1. Long distance data communication — Network supervision, control, data
aquisition (SCADA)

— Communication betwen power stations,
substations, load controlcentres

— Fibre optic cables laid along with transmission
line conductors

2.  Short distance data communication — Plant process control and monitoring
— 'Substation control and monitoring

— HVDC convertor valve thyristor control
— SVS control

3. Measurement, protection, control, monitoring of — Use of optical current transformers on

LV, MV, HV, EHV, HVDC systems secondary side between power conductors and
protection and control system

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

Substation control

Power station control

P S

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- (O/E'ghe optigal signal is guided from transmitter via an optical fiber cable to the gptical receiver
int tical signals in E/O con- FIBER- SILICA ;) converter, . . ‘ '
thgfsm 0 optic gn GnggAr\jle_I,H The optical receiver (O/E converter) receives the optical signal and transforms, back into electri-
. . . OPTICAL cal signals.
& Tzle eltectlc‘ll.calt s1gnf\ lsf n eeddlevel RAYS After adjustment of level and impedance, the original signal is available. 850 mm, silicon
adjustment, adjustment of impe ance « photodiodes are used. At 1300 mm germanium photodiodes are used.
before E/O conversion. This is done in (@) MULTIMODE OPTICAL FIBER In practice the interface circuits and E/O and O/E converters are offered as a signal transmis-
the electrical interface circuit. LADD ING sion terminal, :
Semiconductor light sources OPTICAL /FIBER A.11.2. Fiber Optic Data Transmission
(L.F_é.D., L(IIP }% %re uf_edhinEE/ C')t tc.on- Ravs |\ This technique is being used for machine-tool control or plant process control and power system
verters, (L.E.D.= Lig mitting

Diodes, L.D. =)

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

LOW- DENSITY
POLYETHYLENE

Q 0=21-0 MM.
CABLE

COPPER TUBE

(b)SINGLE MODE OPTICAL FIBER

Fig. A.11. Fiber optic principle.

(@) Multi mode fiber (b) Single mode fiber.

STEEL WIRES

LIGHT-WAVE CORE
0.0.=2:6 MM.

LIGHT- GUIDE FIBERS

NYLON SHEATH

STEEL WIRE
ELASTOMER

LIGHT-WAVE CORE

UNDER- SEA FO.CABLE

Undersea cable with copper tube. Copper tube carries current for repeaters,
Fig. A.12. Fibre optic cable (cross-section).

VZZII75
OPTICAL FIBER

OPTICAL.FIBER

INDEX MATCHING
CUSHION

Fig. A.13. Long distance fiber optic cable system between
two electrical interfaces I; and I,

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

- : Ises from the diodes are transmitted through fiber-optical cable to relay room}In this room the
- F — e — 0z OPTICAL ——— —— /sE= ICAL pu ses X £h liber-op . Y roor :
E= ELECT R'c&_% ' 0=0PTICAL /7_’5 ELECTR - 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
E L o 0/t and indoor static relays, Protection control and monitoring system.
€ Fo.C E F.O.C E Digital Message System. Signals and physical representation of message, and therefore
SP;lCE carries the information to be processed. The Binary signals can assume only two valves either ‘O’

or ‘v, 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. R

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 thér 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.0O. 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.

Method (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.15B.

ALUMINIUM ALLOY STRANDS

ALUMINIUM
ALLOY TUBE

OPTICAL IN INDIVIDUAL v
COLOURED PLASTIC TUBE

FIBRE
ACSR CONDUCTOR

POLYTHENE SHEATH

PLASTIC TUBE

- OPTICAL FIBRE IN

R
YaaS
(IO
/ GALVANI
STR
CONDUCTOR

GREASE OLYTHENE

[
SHEATH

Fig. A.14. Composite earth wire with Fiber Optic Cables in the axis
for a long AC transmission line.
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JOINTBOX IN TOWER TOP
TO DISTANT TERMINAL
OWER

EARTH WIRE WITH OPTICAL FIBRE

AREA BOARD f
VOLTAGE SUPPLY)|

OPTICAL FIBRE T
TELECOMMUNICATIONS
ROOM
Fig. A.15A. Connections of Fiber Optic Cable with a Transmission Line.
48] lec 7B&B
CODING NON METALLIC
1300mm
~(o—o- )—(EO——( )} FIBRE OPTIC r5mSHo0E TAIL CABLE
140 M BITS _ LINE HoMO ‘< WITH 10 FIBRES
, EQUIPMENT
I W
SUPERVISORY OPTICAL FIBRE
EOW TO JOINT BOX
MANUAL TONES ON TOWER
PATCHING 48 VlIDC (FIG.A)
l 1300mm
FIBRE OPTIC | —raesmsne
LINE FIBRES
EQUIPMENT
! Jnal 4 FIBRES
——
SUPERVISORY
EOW  TONES

Fig. A.15B. Details of connections of fibre-optic cable in Fig A1BA.

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 @ 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 VE;‘J TIONAL CT

PRIMARY —— N TRANSDUCER
SECONDARY PLD 1 opTicAL
DOIT FIBER
R [FICTERD | ereurt SZ
INTERFACE
TERE DETECTOR

HY LINK R “WOM

INSULATION
HOUSING / COUPLER

Fig. A.16A. DOIT current transformer system Basic circuit and signal processing principle.

DECODER.

i

LASER
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' Digital Optical Voltage Sensor i
fitted with the conventioﬁal capacrit;: (Cm&gN%zNAU
Voltage Transformer (CVT or CCVT)
T‘h(_a yoltage values are sampled anci
dlgltlged in a unit fitted to the lower
capacitor unit of the capacitor voltage
divider. The digitized optical signals are T NilEn PRIMAR
transmitted over the fiber optic link to hy Y
!:he measurement, protection, monitor-
Ing, control circuit via QETP (Fig. A.10)

Intellgent Circuit Breaker

s for
L9w Voltage, Medium Voltage and
High Voltage Applications

SECONDARIES
CONVENTIONAL OCSI'

SECONDARY
FIBRE 0PTIC
CABLES

SUPPORT COLUMN

The conventional circuit breakers
FOR DOIT & MAIN ¢
T

p_erform only on and off switchin
tions. The circuit-breakers o% I;lél}(ct
‘generation (after year 2000) would have
1nt§lligence’ due to the algorithm
provided in the microprocessor located in
the operating mechanism cabinet ang
connected to DOIT instrument trans-
former fitted in the main HV Circuit, The
intelligence functions will include '

INSULATION
PORCELAIN
INSULATION

E— SFs 6AS
INSULATION

SECONDAR
TERMINAL YBO)(
OF FIBRE OPTI¢
DOIT CURRENT
SENSOR

— Communication with back up
breakers EARTH

— Communication with control room
— Interlocking functions
PRESSURE

— Data transmission vig fiber optic GAUGE
data bus ete. :

. o ‘ (Fiber optic second ive i
Remote switching via radio signals b:t;gndg:glg(;tnxaezgrgla)tsswe nsulation

Fig. A.16B. Cross section of an outdoor 245 kV current

A.14. COMMUNICATION IN transformer with DOIT

POWER SYSTEM NETWORKS

T 14 L Telecommumcatmn In Transmission Networks
. ~1ele means remote, communicati it
- brocess of exchanging in formaltll‘r(l)lc?mn means exchange of information, Telecommunication is th
formation bet ‘ 1 between two or more locations, T issi on s the
: 1 between LOad ContrOI Centre, power Staﬁ;{ — oradons, _IjansmIS,Snggsystems,needwin_
mobile control units in a van for effe n control rooms and substation control rooms
H

0oL cti i o
mission netork ng ‘energy o ve control/protectlon/monltorlng/management of the trans-
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NLCC National Load Control Centre
GS Generating Station :
RLCC Regional Load Control Centre
SS Substation

q Oas

@ (I6s

ss Q P f
O— =
il POWER LINE CARRIER
s —, ~———— TELEPHONE
(L Ogs RLCCY === ——— RADIO/MICROWAVE
o ! f TN THK SATELUITE
S @
O

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.

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 auto'ma'tlc?n systems. The economic potential for saving energy has been largely
exhausted as far as the individual components of electrical drive systems are concerned. But there

stil% rerpains 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 preduct output
with that of best world-class company. AC Variable Speed Drive is one of the many well-known

solutjons 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.
These 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 etc.

() 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,

— Replace Existing.

— Rewind

~ 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 etc. 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
cycle 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 for the time-value of mone i ‘
: y and sums, over a designated stud i -
lated to the owning and operating of a motor-driven system. o udy period, all costs re

The LCCA incorporated into MotorMaster + may be used t i i y
conservation (or generation) projects. When Life Cycl}é is accesse(:iz}?;lr): iliea I;VI;Sreg;,aSl;tifl Osf ;i’zlgy
the mo;tqr purchrflse and installation cost, utility rebate valﬁe, annual energy and demang savinersl,
and utility rgte information are loaded automatically into the Life Cycle Economics screen T}%i’
fea’gure' provides the after-tax rate of return on an energy-efficient motor or motor system C(;nse ;
vation investment, the net present value, after-tax benefit to cost ratio, and levelized or unif o
annual costs of conservation, plus displays before and after-tax cash ﬂo:)vs. o

The Motormaster + software also mana i '
Tk ge lot of database like company database and thei
facﬂltle_s, departments, processes and the motor inventory. These database m);y be viewed at thzii
Z?fsilc)ieecix;esigeesns of tt}’le Ln.a;ln. n(lienu. The motor inventory within a company also supplies ‘Motor
us report’ which indicates the percentage of energy-efficient motors b i

: y population and

:;zbe,ptrootvghconnelgt(ted ?(;rs%pgwer, and total load serviced. Clicking on the Facility Eﬁeﬁgy Ranking
iaes a list of facilities assigned to company ranked in ascendin i
: g ro descending order of

am}ualdel?ergy consumptlol}, annual energy cost, Enérgy Use Index (EUI, annual energgglr use no(;-
malized by annual production) or Energy Cost Index (ECI, energy cost per unit of production),

mar’)lr‘hregsoi:t e;l:cc)tpowelz\l/ifutl r(la\};or‘z writingd& graphics segment in the software. In the Billing sum-
lon MotorMaster + indicates the energy consumpti d ‘

demand cost, and power factor and D Al oo e e
, power factor penalty. MotorMaster + also can display monthl

(ér(l)e;lrsg(;y r:as:i ::ds i?;nrszd f(g ALLt’me?arts a;signed to ALL facilities within a company. Iﬁ tge ‘Energ§

ry Report’ a list of all Energy Action and Energy Effici 1
records linked to the specified Facility, D Drergy Conaervation Sum.
¥, Department, and Process. The Energy Cons tion S

mary Report indicates the Energy Action date, title, t i i ment, rewind,
’ date, , type of action (motor replacement, rewind

(sgaf}el:/ms 1mprovement or process operating hours change): and the annugl energy savilrlllgs,
servatzr:sr%,u gllstantaneoui fieér_land re}t;luction (kW), and annual dollar savings. The Energy Con
mary report indicates the b i i ‘ ide

omorgy mAnapm oEur I enefits due to operating your in-plant or company-wide

@) AsdmasterTM

T™ . .
ASDMaster™™ software was designed to aid the user in the application of adjustable-speed

drives from a t i i i
a total system perspective. ASDMaster™™ is a Window based software program con-

sisting of six independent modules. The goal of each i
i o I ependent moduta: Wheng;nvestieac module is to automate one of the tasks a plant

RN gating adjustable speed control of an electric motor
START
INSTRUCTION ENERGY EQUIPMENT OTH I
ER :
| ANALYSIS SPECIFICATION BENEFITS oaTaBASE (—1 LEONTS”

. FINISH

Fig. A.19. ASDMaster ™ software Modules (courtesy : ASDMaster ™)

. }ilti}ﬁou%h fcx}de};)erllden_t, tbese modules work together to exchange information. The dotted lines

in th hutshra ion below indicate the automated flow of information from one module to another.
ugh these modules may be completed in any order, the sequence shown here allows the pro-

gram to automate some tasks th i i air i
o sks that might otherwise require being performed by hand (www.epri-

By 951dg the total systems approach to the application and4 specification of én ASD,
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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 potential.

ASDMaster M 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’ vsub~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™ goftware ‘Database Module’ is essentially a search-engine that allows the user
to specify cetain parameters (horsepower, speed range, etc.) and narrow a list of stock adjustable-
speed drives contained in the database. Users may browse through the drive models ard 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
happened 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 see the fault history as well as active faults.

There is also a very user-friendly VFD energy savings payback calculator 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 Syster—
System Description
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One'l(;}fleé }iexlf(l)og{ncetnt Oft; Dew distri_bution automation applications is considerably wide nowadays
One of the m S icn fﬁes mg areas is the development of a distribution management system (DMSj
as an aann?alx?gI;l I(\)/I ani\ ;I:Iln ;grgaslyfzgﬁll)(% Ifgé)te'}‘li Ati the power transmission level such a system is
. The idea of i i i i
tools for control center operators in system analysis ax?dooggfsgisﬁxﬁgzﬁgsgls to provide supporting
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commercial distribution network information & i i
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At the end of last decade a new research fi ‘
' ' st deca ield was addressed: the application of Al-
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programme. The research group has develo 1 et o
I _ ped a large g i
analysis and operational planning\which together fo%mnau ;ii;ta%%vlzggséss&%functlOnS for DetWOl‘k

1. ANALYSIS OF THE DISTRIBUTION NETWORK OPERATION

1.1 The Distribution System
The distribution networks typically include:

— primary substations (main substation or feeding substati i i
1 . ation) normal
or more 110/20 kV transformers fed by a transn%ission netwirk mally provided with ane

— medium-voltage (20 kV, sometimes 10 kV) feeders
— switching substations along some feeders having only circuit breakers

— distribution substations provided with a 20/0.4 kV transformer
— a low-voltage (0.4 kV) networlk.,

thréﬁ];l) }t};sez%\;tnsftgfglésa aﬁc’i r(z(iestglv'(iglﬁtion substitioalsl, and most of the low-voltage networks are
: . ks are overhead lines due to the need to supply 1
?;g?jﬁungszg;ougd: i:tableslare us‘ed onlyin urban regions. The 20 kV distribution feedggs};rgzgyixf;{eac}
resonaﬁ’t earthed ui tpart y meshed to permit reserve routing. The networks are neutral isolated or
resond breakereatstis ems ('z,e. earthed_vza an arc-suppression coil). The feeders are protected by a
i facilitigsp;égjgr;zzztﬁggn, wl(;gre ;:onstant time protective relays are applied with
. s and instantaneous trippi iliti i
currents. There are no fuses or other automatic sectionalizers a?fxfélzlgig afglélét:: s for very high fault

1.2 Distribution Automation

o dist': r? gﬂl;;t(?s xf;nste disztrikiut'ion automation covers all automation functions relating to the operation
o distributio %‘ _woi‘ ks, It includes automation equipment, computer systems, and data transmis-
gy. I'ig. 1 presents a general diagram of a distribution network 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.
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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 ca pacitor
banks, also used to compensation of reactive power, control of resonant earthing; and some
local processing capability. Nowadays the pP-based feeder terminals are an essential part
of the substation automation. The feeder terminal may include modules, for example, of
an overcurrent 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 malkes 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, automatic sectionalizers, capacitor banks
for voltage control and reactive power compensation, and different measuring devices,

—  Thecustomer automation includes remote metering, direct and indirect load control, o’gher
demand side management (DSM) functions, and integration to the building automation:

' Thedata transmission technology deals with the data transfer between difffarex}t au'tom'at-
jon functions and systems, The techniques used in datatransmigsion axe dlStl:‘lbUthl’) line

carrier (DLC), VHP radio, packet switched radio network, fixed cable, public telephone
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thlwrcgi«:r; iftigfg ({)p:}if c:lible, 3{1(1 microwailve link, The liuge number of ohjects to be controlled

_mon: » the long distances, the need for a fast response time and continuo

?}\;allalﬁhfcy set strict requirements on the data transmission technology. The capacity L(l)sf
e 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:

— Xhe r.e‘r'n{)te control system, better known as the SCADA (Supervisory Control And Data
! hcql(lilbltlon). It chtalng t.h.e remote monitoring and control of primary substations with
et alte‘x processing facilities. The remote control of disconnectors and the direct load
ggﬁtigllzadn 1;e 1ntegr3tedtal)s fltllrlxctf}ons ofthe SCADA, too. Operations that cannot be remote

1 are carried out by the field crew. These operati i 3
center operator using radiophone communication. b ions are supervised by the control

— The distribution management system (DMS) is at present the most evolution
' ' ' : ary syste
i)n the doxr‘xa\l’n. Its importance In supporting efficient distribution network ope:g’tign tharlts1
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
SCADA when these two systems are integrated, 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.

_— Thte neziwork database system (AM/FM/GIS) includes versatile and detailed data on the
;x.e v;o'f‘ }i componfents r(ﬁ.g. conductors, switches, distribution substations, poles, and protec-
sx;:;ém ; Se lrllse(::alvx(;: :l(' cc1> ‘fponeltlts ai‘{e dmapped according to the geographical coordinates. The

inly for network data maintaini ir i
e ring oalouatione intaining and updating, network planning, and

. .
A . . 3 stimarti g hel adS. Bllllng IS, ’

1.3 The Objective of Distribution Network Operation

The objective of network operation is to minimi ' j
. : ) ze the total costs subject to technical constrai
E‘ehs?stgsillqggliqtmnal cgstts cox}s1st of i)ower losses and outage costs. TheJcosts of losses are duer?(:?ltlsg
ine losses and transformer . i i i i
v of srent imaortane osses. From an economic point of view, the gctxve power losses
The outage costs can be seen by the utilit ili
N t y or by the customer. The utility costs include the ]
\(;)fl i icls;i?lgec Z:;;n ntlle:: liust,ilomerst not served, and increased expenditure due to m};intenance and rep:isr%
} e . . )
Hoane the costs y the customer are, for example, such as those due to lost production and spoiled

The technical constraints of network operation are voltage level, th imi
operation of protection. The voltage level at every load point mfst be withir?rgé:épltl;lll)ll?zco?:rilf?ee
for example -10% to +6% of the nominal voltage. The thermal limits of the lines should not be
exceeded. 'I‘hg operation of protection must be ensured in all network configurations. The protection
must be sensitive enough to operate in every fault and overloading situation but it must not o t
due to a load current under the maximum load capacity. ) perate

N

1.4 Operating States and State Transitions
The traditional way to describe the operational states of a power system can be modified to

- describe better the characteristics of a distribution network. The model is shown in fig. 2. The novelty

of the model concerns the normal state. Tradition is di

( tate. ally the normal state is divided into secure and
u;se'curc:z sftates based on thfa security analysis function of the EMS. The distribution feederes ﬂtlllre
always in insecure state (a fault causes an interruption), which makes security analysis irrelevant

in distribution network operation. On the contrary, the normal state can be divided into two parts

based on the acceptability of the operational state. Th
: b . The unacceptable state do ontai
disturbed states, which are detected and alarmed by SCADA fﬁnctions, but ogisiynglgecfgzzlt?'ati}rl\%

- violations which must be detected using network analysis. These constraint 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 load
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

UNACCEPTABLE

ACCEPTABLE STATE
STATE

OPTIMAL
STATE

>
Sl o
T T T 1

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 statés (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 tran

— from faulted state to restorative state
— from restorative state to normal state

gitions:
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— from normal state to restorative state (maintenance outage)
— from unacceptable to acceptable ‘
— from non-optimal to optimal

Some of these transitions ma

. als i i
solation o el y also be automatic, depending on the system (e.g. automatic fault

1.5 The Need for New Computer Applications in The Control Center

SCA%%ws?iigrsn t(l::ﬁli(:}té\%:ﬁi _the (Iinaln (and often the only) computer tool in the control center. The
et ystem collects rea| ime data from Remote Terminal Units (RTU) using the communication
Ly G mv.g is prlocessed by the control center computer and displayed to the operator
TheSCADAS {nfor rﬁati ; e§‘a c1>t of data on the distribution process and gives alarms to the operator.
determin,ed © inform ? 11sp Czlxyed by the SQADA is often inadequate and several tasks can bé
Jegermined which a o?‘ Ix:gt,vs,o ‘;/e by a conventional SCADA system. The biggest weaknesses of the
analysis (to detéct unéccepfc);glznzf:tig)d ?(:f'l %li)ilinrsi:g‘?igumti:l)?s b ation netWOFE
! ble , n and for i i i
Generallythe SCADA system is inadequate because there is not enosl?gplf ?gﬁéﬁigfii;azéolﬁasp%izg;25 .

boar?lgfxrds; 22 ;Q};iijr;acslz(iuacy c:if the conventional SCADA system some cumbersome tools like mimic
boards and paper ip1< e used to support the netyvork operation, There might also be some written
ipsueue net;vork gt :t 2‘ I(:?ses (e.g. ;})1r1mary substation failure) and calculation programs for simulat-
o e ro analyéis a.mdorm?;:fgx" l: p?ii girggr%r}?s are de§igned not. for operational purposes but for
exberionco Inon otz and et g. The operations planning is mainly based on operators’
obviijgiLéZg ?(f :xlig vt]r::soufﬁcitency of the SCADA and use of cumbersome supporting tools, there is an
g moed for e mputer applications in the_ control center, But there are also some (,)ther trends
malds medium%)olta 1;){15 Illtaqegsary. Tbe overall importance of the distribution networks, especiall
at the medium yol rgf_te\gi , 18 ;lx}qreasmg. The slowing down of load-growth has often made networl)(I
- timp 1o ita ctla_, which means that the existing network must be operated more efficient-
J. Abthe samotin ri bil;gs;‘ ¢ Il)se?;gl;’gor; a&qasdare for economic reasons being monitored at one control
_ : stafl 1s decreasing. The requirements for th i
.are also becoming stricter. These problems can be managed better using adv;nc:dq;;)zﬁifgazfoi%pply

The le;::l(ﬁ) zl;ﬁ)régrir‘?;ils&?tes scyzt]::e)zgl analysis is needed to estimate the electrical state of the feeders
G data obtained fron eh OAD is not alone sufficient for real-time monitoring of the state of the
Slong foaqametme nots la;zv ole, Zlndcp defcaﬂgd data on network components and the load distribution
el i e ot Mo own. istribution network oriented state estimator combining load
modaling with remote 1 easrllj‘;gments of the SCADA is needed for real-time system analysis and
e mlions s ek b ppo g e s naapable e
_ K conty . annin ilizi i
for remedial control, eptimization of the network conﬁggration :.%n?lopl:gixiilelggolfﬁiifg}c‘:;iicx i:f:gecsd

In a fault situation fast fault location is essential in reducin -
i ducing the out i i

g@i?éﬁ?fgst fﬁég; h?}\lre tradltllonally been located by time-consum%ng and t?gg;llé:grigg)fg)::isr,nvgr}:tlzllel
s chings. Mos n);,t e z;{nmﬁda outage costs of customers are due to faults in the public medium-volt-
ago distributio faultw'l(‘)ﬁ S. A ost qf the outage costs are accumulated during the time taken to locate
and isolate the fau .'ve e 1nt egtr'a’?(%n of dlfferept computer systems and automation devices, and new
O are methods éitimgo e(ril ia or‘developmg new tools for use in fault management’ further
Tciag e benegﬁ  time Znhjlmp(li*ogmg the quality of supply using the existing or less me;npowcr
Tho greatest benefits are dc leve y the methods which are able to tell as accurately as possiblé '
whero the fault is si ated along the feegler, where the fault definitely is not, and what kind of

gs should be done, either automatically or manually. The known locatior’l of the fault mak(())s

it possible to quickly isolate the fault i
commections. wievs thoy et ulted section and to restore the unfaulted network by back-up

- 2. COMPUTER SYSTEM INTEGRATION

The need for new applications is obvious i

. ; ( . and the potential for developing t
3:& lr:;et?ged dl's tm%mly available in some existing systems. A number ofpxiﬁagi:ht)lgrsnfg?txl:\?;ii?i?xd. 'zll‘hg
cale g distribution network have been developed and the computer capacity is nowagdal;s

~ customers’ energy consumption and customer groups. That
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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
geographical 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 reasonable. 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 network. The data needed by the new applications includes
the switching status of disconnectors and circuit breakers, the feeder current and weather measure-

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

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. ‘ N
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 system
(DMS). ' : ,
In the above integration strategy the DMS forms a junction of the two approaches, vertical and
horizontal integration, as seenin fig. 3. 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, to the customers via a telephone answering machine and to the
ficld crews.




1320 SWITCHGEAR AND PROTECTION
Distribution 7
management
PC-workstations S — SYSTEM

| LOCAL AREA NETWORK

DATA BASES OTHER
: ‘ s COMPUTER
- network data
= customer data NETWORKS

- load models -

- background maps &
"l
REMOTE USE -
SUBSTATION ~— SATELLITE
EQUIPMENT NAVIGATOR
DISTRIBUTION
NETWORK

Fig. 8. The integration of the DMS.

The idea of open system architecture makes the integration of the systems of different suppliers
feasxlble;. However, the SCA;DA and AM/FM/GIS systems are rather complicated and case-by-case
specialized so that the transition to areal 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 the basic models and functions of an intelligent distribution management
gystem, which has been jointly developed by the distribution automation group of the Tampore
University of Technology, 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 is illustrated in fig. 4. The system consists of five layers—user interface,

. application functions, models and computation methods, data interfaces and external systema and
data gources.
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USER INTERFACE
( Graphical views and controls ) CWindows)
i

{
APPLICATION FUNCTION

(Topolagy supervision)  (_Network state monitoring )  ((Field crew management )

(Event analysis and fault location )} (Fault isolation and restoration planning )

Outage reporting

(Customer service and low véltage network ana!yslsj

\ ( Switching Planning

' '
MODELING AND CALCULATION TECHNIQUES

Network model Topologyanalysis CLoad model and load flow calculatiorD

- (State estimation and load forecasting )

(Telephone answering machine service )

( Optimization of network operation )

G’ault current calculations and protection analysisD

(Outage cost modsling and reliability caloulations )

\\ (Route and terrain data modeling and optimization )

X :
DATA INTERFACE

(Interfaoe programs) Intermediary files

oDBC I Network Protocols
i

. . )
DATA SOURCES AND EXTERNAL SYSTEMS
(AMFWaGIS ) (SCADA) (_cIS ) (Telephone answering machine)

(‘Background maps ) ('Load models) (GPs)

: Fig. 4. The layers of the DMS, i Lovet ddat
sis of the system is flexible integration of the DMS and external systems and data source,
The'{d‘l;:ab?nterfaces szparate 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, 'whlck.x 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, cololz
graphics, and explanation texts. The basis of the user interface is a geographically formeq netwolr)
image on background maps. The scale of the viewed backg'ro_und maps depends on the zooming sfga e,
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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Th i i i
The & ; ;:fr\;vﬁglz 1;?3%2 }fljgcz:ic(t):wefmouse fqnctlons fox: zooming, selection and diagram generation
e tiagrain has active func blns 0'11‘4 changing .the switching status, network tracing and checkin :
the numerical member v: IE' e?. The colors in the network image visualize the inference ancgl
 gajculation results. 1g aphical views are supplemented by text windows to inform the user. Th
n be results, instructiorns and warnings. The useful output are the geographical nrz.imez

of network components like disconnect istributi
O oiwors compone ctors and distribution transformers in addition to the numerical

Vv Ovld B i 1
( o ‘ A A ). h same comrinon g‘raph]cal u3er 1nterface fOl‘ diferent

3.2 Modeling and Computation Techniques

3.21T ‘ i
ropra :lhtz I:Ief;tﬁ\trjoril: gloﬂel.l'f‘he core of the DMS is an object-oriented network model which
Soprosents the real time o sgnu ated state of the network, The main objects are line sections and
e satie s of nods ﬂ:le rlllot e celxcn. be a dlsconnectpr, busbar, circuit breaker, branching point, ctc
ot ioploBY of the &13 gv(g‘ is modglled| l_)y “is connected to" relations of the objects and thé
moembers to model the sta\:aic’:3 (liu}é %zaT;giéi;:;f:f ~£I£(():I§l" Tglgtions- 'The e e
stutus, etc.) component data. For deeper network ana’llysi.s ta}llr:a objgssnz)lf(‘:o(xr: II;DZE‘: ;)tp tolzree;’esxl(;f‘f{hc{&%

be expanded dynamically usin i ] iti
of oxpan y using the direct access from object to additional data (e.g. terrain conditions

Th -resi g i
time applcation. The objoctionted medaig teshmicy snees i putational capabilty for roat
app ) nique makes i i ki
(heuristics, fuzzy reasoning) methodologies in the appcllication reilsoﬁ;u}igzséfb iizos;:felfnnowwdge based

3227 i i
stars poiiggé?%eﬁ?%?ﬁc Toll)olqu analys.ls,_ Ioa'd flow and fault current calculations are the
starting point for the network analysis and .optu.mzatlon functions. The topology analysis function
uses the static net real-timeenlé}cg ang dynamic sw1tch§ng status information for connectivity analysis
and bo construct a real time n W‘OI‘f model. The static network model includes all constructed lines
and transformers, and real II\I/lIe }nlormatlon on the states of breakers and disconnectors is used to
voltage netwlorks are ope;:l;ed ig.ldiyalti;ca;ll‘l}fﬁsoﬁtf?: ltlfil;rre'nt pll‘OteC;CliOIl, N
tage ' ) . e sim
switching states causing de-energized line sections agd substalt)i(?nsoor ecgsggc? {)o%%:m%}lg 35;533?333

cold line sections, i.e. line sections with
y 1.e. out voltage, ; , i
on screen to help the operator to detect the error§ inzﬁlli Sv]veif}fii‘gztﬁit are meshed are displayed

3.2. i
gros grgd(c;&(iilzg)idels antdlLoad Elow Ca_lculatlon. In the DMS the load models of customer
Groubs are optaine ?igara ely and mclugled in the system. The DMS uses the hourly load models
Sovering each h mogel e year a'llld mclughng loads for special days like Diwali, Christmas and New
ears e .right e 0‘fstﬁz':m easl,{l y be adgustegl for each year’s calendar so that the first day of each
T e g ecté}(,i , e w;e and the special ('}ays are in the right position. These hourly models
e e & fgr ted ﬁlrlnsat\(r)lmz grg Os&;nda(xi*d de}\?ations directly as powers (kW). Load-temperature

; : and each month are modeled using li i

:ﬁggﬁgﬁ;ﬁeﬁ?g (1; g%rgsfgzig dlrectl)If as l;W/° C. All the values are gi‘legselxlllt?clir Lfseigx;r{? stsot?i.tgl:]lg
o nere group. In this way the loads for each hour of the year are presented

Using these models the vital informati i

ese | ion, which the electric utility should h i

energy, location in the network, and type of customer. In practice mos); utilities gggﬁéi sgihin}rll:\lflel

enough information about their custom ili 1
lnsasication o 18 wronms oaeit Custon ers to utilize all the load models. Instead the more gencral

deve'f:;eg)?gag%vg vcvaliulagon of a radial network differs from calculation of a looped network. The
oot s oo Ob'scé)g; urte (Lils%s the objects of.the network model but for the sake of efﬁcier.xcy it
{5 not complete }1’ j to ented. However, thq objects store and validate the input values of the load

. ple, real-time load flow calculation uses the measured busbar voltages at the primary

_substation as input data. The measured value received from the SCADA is vulnerable to errors in

data transfer and cannot be used directly without validation

Because the load models for 46 cust
_ e the lo: omer types present the load as a rand i i
Gaussian drxstrlbutxon, the effect of randomness and uncertainties can be consildeggi-gt?;é;t;lizaTls):?E
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load flow calculations. Calculation 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 check violations of the technical constraints. The load currents and voltage drops could be
caleulated as random variables, but this would cause quite complicated equations. In practice \t.is
better to use the loads of some predetermined excess probability and to calculate corresponding fond
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 configuration, the

loads of distribution substations must be estimated and a load forecast must be available for each

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 uscd
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 finalload 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
calculated 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 week’s respective hour are updated and

a one week load forecast is thus constantly available. . \

3.2.4 Fault Current Calculation and Protection Analysis. In addition to load flow calcula-
tion, fault current analysis is needed to check the acceptability of the network 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 ¢ircuit
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.

 8.2.56 Outage Cost Modeling And Reliability Calculations. Switching planning, forexample,
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 forecast.
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netw?)glia;gseoflzslg:rif)? t\ﬁzliglllly tnowadays utilized in the reliability calculations of a distribution
network as one part of the thg- erm planning process, in which the average annual reliability indices
. € outage costs are used to determine restoration priorities and in

calculating the sum of expected hourly outage costs in the network as an operational reliability index,

ixg nt;:ies Ic‘zlllciligtl;t;}(’l ;arlllgléll]ation eia_ch feeder is analyzed zone by zone. The expected failure rate of the
A outageeczzili/ :1}35 Soggige iiurdatm'n of each of the other zones of the feeder is analyzed
the e o ptage cost vaues o e load points, the total expected outage costs of a feAeder and

3.2. i i
s di C(i fr?e%(go‘?;;ctlhi‘erra}n Data Modeling and Route Optimization.. For manual operations
8. disconnectors) the mc;wngktlmeg must be determined because they can vary quite considerabl
i e bes o, &?aﬁgrin cllzigacles iin r}l}llral areas can be long and the real route can be man);
S the ; and. The geographical database is utilized i 1 i
moving times, Based on the road network data, an object-oriented model is generatzarcll,cvilgit::l}?zﬁlgsits}é:

ofroad section and crossing point objects and the relations between them. Road sections are classified

;gﬁ)tgzr:e‘g'?sso ?)Itlgrﬁifr}: gt};ﬁz };(a)li ;zss c;vlv;é tralvellixlg speed and transition time. The road network model
. ‘ calcu i i
between two points is sought using Dijkstra’s illg%%'i?}lli:.novmg fimes ofthe orew. The fastest route

Eac}'fﬁi ;esrgjtiixé Iti:(indit;ior}? of overhead line sections have been stored in the geographical-database

it o e Soction f{;:'(:;vtsils 1 ;tl;l 1ds ilxrxl :. ff;«::;(elst, ﬁgl& or swamp, if there are trees on only one side of it if
: ] , a . 0 €, . ’

A b A locat?ons. e height above sea level. The terrain conditions are

3.3 Functions

mon'iI:C};;]gMz%(;vrxriles an extensive group of intelligent functions to support the distribution network

mont fromgt’he functii?xaa%;rcﬁ‘:tl%f%?:;aplqnf pla?ning and optimization. The whole operation of the
. isinter i i i

the operations by remote control or by advisi1a1§ tﬁzss%;lflfét theoperatoris responsible for performing

Othei.z.;p'l].;gg;(iggsg'y I?gpertﬂlsnon. The network topology supervision function is the basis for all
e et ons. © sn;‘%h ]?) I\t/i[unctlon, tl}e. conventional mimic boards and paper maps can be
rep SCADX he di rrxx) 2 r}x, ;th e S. The positions of tl_le remote controlled switches are obtained from
the SCA crew)ilxmlfor . ? states of the mz}nugl switches are updated manually to the DMS using
the field crew info, églaogxﬁ . ]I; Iz\alldsdltlop to sw1tcl§mg'state information, a line stump can be set as open
e VS T }(13 . U§1ng the switching state information the actual network topology
le an objects?,If e DY ax"e b g si?;':él le based on the depth—ﬁrst strategy and "is-connected-to" relation
of the obje y oops or de-energized load-points in the network, the DMS gives

sup ;;Il‘ihe?i n};e;vgg‘l; :ggglf%ggé Lsr gr:rsir;tgcil ﬁo; Zhi screen using different colors to distinguish line sections
n . % X
are shown in white and the loops are shown iﬁr;g:ia‘lry transformers. The de-energized line sections

top ;I;}\lz?d?ilx? x:rv;ci)rk refptr};esentatxon is based on geographic network maps. A small window is used
oo an o comgz‘r’x :d '(te:h wglxlol% network and a large one for zooming. In the larger window the
hetwork map s combine tyvx ! e background map. To clarify the schematic details of the network
the user can select a cation for vyhlqh a local diagram is generated dynamically and displayed on

en. By pointing a line section in the diagram the downstream network (the line sections fed

by the selected line section) is traced on the geographic network view. An example ofthe user interface

of the system is shown in fig. 5.

e i?n?:fl SI;I ;?Y)?t%{e ig?te Ii\{’[onétormg. Hourly state estimation is performed to monitor the
electrical state of th wqu an Fo check whether the state is accceptable or not, i.e. whether any
fechnical constrain sharl:; violated in the network. As a result of the state monitoring function, all
e enions where sho aﬁlrcult currents, voltage or load currents violate or are near to violaéing
line sections and suls)s&tl:;iionvsva'{‘;g It‘lesiernct:g :::ﬁ})%rs-;%lﬁgt(})xn s}clreen. 'fhis :la.p};{lies ot e
. lons. ' e’ er he wants to look at voltages, loadi

ig:im)zral;l}iogeter morebaccu}'ately, i.e. each line section of the network, The limigtifl,g (\)/Z(lltlzlzaisfg:

g arms can be adjusted by the user and the operator has the last word on whether the

. gtgte of the network is gf:ceptable 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 _

yellow pen and the alarm level using a thick red pen. The DMS also uses alarm lists and audio alarms
giving information on the reason for the alarm. Standard windows compatible audio cards can be
used. By pointing the mouse the user can also look at the supply voltage and loading of any

distribution substation.

To keep the network in an accepted state allthe
using the load forecasting results for distribution su
the state is especially important during expected pe
action that may be required. In the absence of good quality
a ‘worst-case’ value for the forecasted temperature to study the state of the network
difficult conditions.

Planning the remedial control
interactive process activated by the
(study mode) and chooses one reme

time, the state monitoring can be done in advance
bstations and temperature forecasts. Forecasting
ak hours of the year in order to plan the corvective

temperature forecasts, the user can input
in extremoly

s needed to remove the constraint violations is supported by an
detection of constraint violations. The user switches to simulation
dial control alternative and the system analyzes the effect of the

control and displays the results. A successful result needs one or several loops. In voltage or load
capacity problems the possible remedial controls are voltage regulation, switching of capacitors,
changing of open points and load-shedding in extreme cases. The protection problems can be removed
by changing the relay settings or the open points of the network. ,

3.3.3 Field Crew Management. The fieid crew management function of the DMS provides a
tool for supervision of the working groups and optimization of the driving routes. The working group
information needed is stored in a crew database maintained by the DMS. The crew data includes,
for example, persons, the vehicle and location of the group. The location of the group is pointed on
the geographic map on the screen or obtained from the global positioning system (GPS).
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The field crew location data is used in switching planning functions of the system and interac-

tively in seeking, for example, the nearest group to a specific task,

. rg;ﬁ:t g:etlﬁt ggzgzisbaqd Fault Location. When a distribution system transfers from the
) , the obtains information from the process. In the case ofa permanent fault, th
primary system transfers to faulted state and operations are needed 4 e

The basic event analysis is made b i :
) 1 y the protective relay, other substation automati
gCﬁ;DSA S}I'lstetm: In §h1§ 8}.1nalySIS the faulted feeder, the type of fault (earth fault, 2-pha?easiﬁ)?ti?i:\t}ilte
Soxr)n : Ce s (er c1rcu1t),1t e I}leasured fault current and detected fault indicators are determined In,
ases deeper analysis is needed by the DMS to detect the possible malfunctions of the protect.ive

devi . -
evices and concurrent events. The analysis is also used to produce an assumption of the cause of

the fault (e.g. arc, fallen tree, etc.).

In a fault situation the available data is tran 1
‘ , sferred from the SCADA via the LAN to th
g}l}xécsiézr:lieaf;i:rip&feo(}))gec‘g modfel of the f}a)tulted feeder and inferences the possible faul(z Io:alt)igfg,
. ening of a circuit breaker caused by a fault to the feeder fi ] .
screen illustrating the possible fault locations is carri eally withest oy e s
; ] ied out automatically without \
actions in about 10-30 seconds. In locating a feeder fault icati ombi e oot ant
. . t the application comb th
and terrain data of the faulted feeder, an estimate of t}il uf 1t di . i ion on the operatior
' ) t distance, informati th i
of fault detectors, measurements, the ili eather conditi ’ aristic knowloden o
, Te: , prevailing weather conditions, and the heuristic }
operators. In short circuit faults the calculated fault dist is the i nformation mead e
( _ ; : _ the main informati di
inferencing. The electrical distance between the feedi & point o o is deterirog
: eding point and the fault location i i
by comparing the calculated fault currents with the measured short-circuit cx?ﬁfe;%nafddtigil;ggeo(}'

fault, which are registered by uP-based protection relays. The possible fault locations are ranked

;3;17;; 1;tr$2tizz (i)?oorfll:)?ir lsg;ln’(ifg (e.f;.dfault cciletectors, terrain conditions,, weather information)
Fuzz, el the knowledge and information as various m hip f i i .
inference model. By combining the fuzz i ons s o, nchimed ane
. '  the y sets, alternative fault locations can be achieved
arranged according to their feasibility based on all the available information on the fault lsiZEati;lld.

3.3.56 Fault Isolation and Restoration Pl i i
d ) ' ! atio anning. Confirmation of the fault 1 ion i
gi);ilnnji(é (l))tytﬁrétszp:;g\; 'expgrlmepttahiw?ﬁhglg measures to isolate the faulted lim;1 sec&%arfslo%ﬁz
: 1ons1s assisted by the DMS, Theisolative switchin rati :
in two phases; first by remote controlled disconnect e e B e
. ; . mote c¢ ors and then using manual o ti Th
possible fault locations and likelihoods that disconnect i g ve used in the
switching planning. If one fault location or faulted omots comtrollod pome b orautt are used 1n the
. remote controlled zone is clearly the t likel
one (e.g. all the remote controlled disconnectors are provided wi i wlt detectors and
: _ ote th tele-monitored fault detect
the fault distance is known), the faulted rem controlled 2 i PO
‘ ) ote controlled zone can be determined qui i
without any uhnecessary switchings and openi ircui e o
] pening of the circuit breaker, Ifthere fault d
along the feeder and the fault distance is unknown (e.g. i ¢ of oal oolated metwodksy
he fe ' g th faults of neutral isolated k
the switching planning problem is more compli T The ru i e e
t : plicated. The rule-based inference model based h
zone by zone rolling” strategy has been develo is 1 i S ote sontroliod
ped for this issue, In this method remot trolled
zones are checked one by one according to the feeding di i i tcable becaus
are ¢ ! 1 ' g direction. The method is applicable b
the switchings are accomplished rapidly using remote controlled disconnectors andpfnlyaonz o;gi‘ilsg

of the circuit breal ! i
of the « (11 ' reaker occurs during the fault location before the faulted remote controlled zone is

The DMS includes two inference models for the i ‘
€ WO ir planning of manually operated switchings.
first model uses the bisection strategy. The other and more advancgd Ix)nodel i:wbla(;eldngofl ’It‘ﬁ:

minimization of the expected value of the outa i iling
nization ' ge costs of customer, iti
The mioving time of the working crew is also taken into account, i the prevalhng\load conditions.

The DMS proposes the switchings to the oper i

_ i perator or switches the remote controlled di

3utomz}tlcally. As a result of an experimental switching, the system knows one or more 1280032: 3:}:?5}81
o not include the fault. These zones can be restored during the fault location.

+ The last immediate operation needed in faulted i i
‘ : ( : state is restoration of the supply of interrupted’
gﬁ:tci)rrlrézg.c 'tIi‘}\:: 1 Iflitci);attllxon pla;nmng_ can belmade interactively or independentl}lr) g}y the systenll) In
\ . e system gives relevant information on the outag: d back .
cohpections and proposes the best alternative, but th an ch bet one. The impact of
the chosen operations on the network is anal , 4 the constrainte e Ampact of
‘ 0 yzed and the constraints are checked. The interacti
process continues until the successful goal is reached. Like fault isolation, the restoration opératigxz
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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 back-up connection is not sufficient, geveral 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 arc filled
in by the operator using dialog boxes. 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, and
determines which distribution substations are without electricity. The task is to inference the outage
time of each distribution substation. For each outage part the fault management application
caleulates 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 calculated 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
center 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 uscr
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 faultin a low-voltage network, 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 confiri:2d, 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.

3.3.8 Customer Service and Low Voltage Network 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 sereen an approximative 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-network
are 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 color of the DMS.
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In the switching planning for maintenance outages the principles are mainly the same as in
restoration by manually operated disconnectors. The planning can be interactive or independent,
After a successful planning process the system generates the switching sequence. , n

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
; located in different places. Once the maintenance is finished, the DMS assists in generating the
| required outage report.

s ! In the emergency state of a bulk bower 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
fecders 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. o .
3.3.10 Optimization of Network Operation. In optimizing the network operation the objective !
is to minimize the total costs of network operation su%)ject to 8t;lle operating Ic)onstraints. Possible NETWORK REIDAYEP&')‘JE%
| measures are changing the open points of the network, controlling the voltage by on-load tap changers | 3 : DATABASE ‘g\llML'J:LAT oR
and capacitors. The heuristic optimization is based on the real-time and forecasted network calcula- oo SYS&IE(B‘,II'S) ~
tions and can be interactive or independent. The independent optimization can be activated auto- S (AWF
matically, for example, once an hour, The result of optimization is a proposal for optimizing o

operations. Fig. 6. The development platform

There are several alternative ways of carrying out network reconfi ration functions. The =L ion . ) er
objective can be loss reduction or reliability improvement. The loss reductioiumethod can be applicd 4.2 Computer System Integrat local area network (LAN), which provides a9°§SS ngt:rft(l))ﬂﬁas
using either all the switches or only the remote controlled switches and the reliability improvement The DMS PC is connected to a N(I)/c GIS, etc.). The basic idea in integrating the ing ex}])] < to improve
method only by remote switches. The progress of the reconfiguration is illustrated by a curve, which information systems (SCADA, AM%F d data interfaces and partially separated progra
shows the reduction of the objective function. The final result is the achieved numeric improvement - to other systems is to have well-de ?e ation is illustrated in fig. 7.
and the switching sequence. the flexibility of the system. The integr

Since the estimated and forecasted loads include load-voltage dependences, the user can simulate
a change in the selected busbar voltage. In the case of peak 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

Network
| program

Interface
program

AM/FM/GIS
data
base

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 implémen- :
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 ;
object-oriented programming) and the ideas of the developed inference models were proven to be ~ Interface
suitable for the next prototype. In 1992 C++ was chosen as a programming language and in 1993 , g;tsa F?rogram

Microsoft Windows was selected as an operating environment. In graphical user interface program- ‘ base

Customer
data

DMS
data
base

The development plattform at TUT consists of the DMS-PC (with Microsoft Visual C+), :
S.P.LD.E.R. MicroSCADA and substation automation (feeder terminals and RTU) by ABB Transmit ‘ S
Co., and AM/FM/GIS by Versoft Ltd. The data interfaces have been developed in cooperation with MS
ABB Transmit Co. and Versoft Ltd. The platform is illustrated in fig. 6. - Fig. 7. Data interfaces of the D
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4.2.1 The Networ -y
network model. The in}’z @3:5) ,tlgenerate the DMS’s internal
data needed,ig.r ; r/gi%\\. _ﬁﬁase, from which the
updated to ﬁheééwd ) ill‘-l;-’ aéﬁ reinforcetments) are
DMS’s object oriented : grface program generates the

> used by the actual DMS. Using
o ga r every network information
ared=-with coding the who'e system.
1S simplifies the interface
lating of the DMS’s database
rtheactaal DMS.

this kind of interface a se
The use of stendardlRatmte '
of standard|ldata ' 1518y
further with possibﬂ y Q. ge:sf S',I}‘Ilf;ec? 7
can be done as a bﬁickground’pxyééés&wiffﬁ)ut' greaél'ydlsturbr
The transferred data incluéles: i
— line section data of s ?bstations and feeders
— codes of line section riodes
— coordinates of line se
— typeofline-sectionr?
— line section length |
— line data (resistance,greactance, ete.)
— distribution-transforimer-data—
~— primary tr ansfgﬁi‘ﬁjq‘i‘;ﬁiﬁgﬁﬁ ] oW
— switching 18Vié§\_t t‘?,gz};::{;ﬂ‘ } ,wé‘%ﬁﬁ%zé@
({1 d o ) SLTMRATTIE 2
shari aZi)Zy'It‘ng SS((}JAA]])JAAJ;%?%'&S% 'llhe bab:;c ideainthe Sgﬁﬁ?’xﬁ@o‘;{}%‘gtion s that there are rqsources
y -The'S€ADA system ‘mraimtainsboth thetyclic &tnd event based data
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calls, the answering machine reads the content of the file and forms the answering méssage based
on 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 xnt 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 the
zooming area is small enough (e.g. 6 km wide).

The background maps are founded on commercial digital geographical maps. These includce a
large volume of data, which is problematic in viewing large regions. The size of a commercial file
including the geographic data of 6400 km?2 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 km? 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 beforeéhand 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 notebook, 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 as
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
also included 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

sources.




