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EXPERI MENTS | N COVPUTER- BASED SDI SERVI CE
AT BHEL AND PLANS FOR THE FUTURE

L J HARAVU, Deputy Manager, Bharat Heavy El ectricals
Limted, Corporate Research & Devel opnent, Vi kas Nagar,
Hyder abad 500 593

1 BACKGROUND
Il BHEL and Its Engi neering & Devel opnent Centres

Bharat Heavy Electricals Limted (BHEL) is anobng
the top ten international manufacturers of power plant
and rel ated equi pnment. BHEL's ni ne nmanufacturing
establ i shnents produce a conprehensive range of pro-
ducts to neet the needs of power generation, trans-

m ssion, distribution and utilization required by public
utilities; large and medi umindustries and the trans-
portation sectors of the econonmy. Consultancy and
back-up services of BHEL together wi th manufacturing
activity provides the total package of goods and ser-
vices to custoners. The Conpany's Corporate Research
and Devel opnent Unit conducts basic and applied re-
search in the fields of mechanical and electrical power


https://core.ac.uk/display/333967412?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Har avu

equi prent and systens, materials sciences applied ne-
chani cs, power el ectronicss insulation systens, electio-
technol ogy and related sciences: The Energy Systens and
New Products (ESNP) division also undertakes basic ana
applied research in thernal plant engineering, heat
transfer, fluidised conbustion systens, etc.

The product engineering and design function at BHEL
Is carried on at a nunber of Engineering & Devel opnent
Centres ( EDCs). The EDps were established in 1975 as
a result of a nmajor organizational change that itself
cane about out of the realisation that there was need
for BHEL:.

a) torationalise its design and production, which
hitherto was based on the different design phil osophies
of nmore than one coll aborator for a product;

b) to pool the technical know how and infornation
gat hered from col | aboration agreenents; and

c) to devel op where possible, an indigenous tech-
nol ogy based on know edge of different design phil oso-
phies (1).

The EDCs, together with the research divisions of BHEL,
are envisaged as an inportant neans of raising the engi-
neering and innovative capabilities of the firm as
opposed to nere manufacturing capabilities. The objec-
tives of the i DCs are:

a) to ensure that engineering and design of the
product |line are according to the best avail abl e know

how and
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b) to devel op, conpetitive, new and inproved desi gns
for specified technical requirenents,

Inplied in the objectives of the EDCs is the need
for support services that would enable the EDCs and R&D
Dvision to neet their objectives. Anmong the support
servi ces envisaged for the EDCs. technical infornmation
services cane to occupy a promnent position.

12 Cenesis of the Experinmental SDI Service

The objectives of the EDCs nake it necessary for
themto keep abreast of national and international tech-
nol ogi cal devel opnents. Anong the different ways in
whi ch such a need can be fulfilled is through the provi-
sion of a variety of current awareness, information re-
packaging and retrieval services to the EDCs. SD ser-
vice as a node of current awareness provision is an at-
tractive proposition since the SDI concept provides for
a high degree of selectivity in the contents of the dis-
sem nation, personalisation and feedback ensuring that
current user needs are always taken care of. The dynamc
character of SDI makes it much nore useful than tradi-
tional group oriented di ssem nation services,

A proposal to initiate experinental conputer-based
SO service to the EDCs was therefore made in 1976 and
was ent husi astically supported by the nmanagenent of BHEL.
The experinent was al so endorsed by BHEL's Advisory
Commttee on Library & Information nmatters.
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121 Options in Providing SD
The two options available to an organi sati on consi -
dering the provision of SD to its users are;

a) to buy profiles for its users with an established
search centre in India or abroad;

b) to create its own data base by primary scanning,
abstracting and indexing of newliterature, and devel op
user profiles, software, etc to inplenent an in-house SD .

The second option was chosen at BHEL. It was known
at that tine that INSDOC in collaboration with Il T, Md-
ras, would be providing SD based on | KSFEC tapes from
the mddle of 1977- It was, however, felt that it would
be available fromINSDOC It was also felt that the in-
house SDI woul d enable the better utilization of the
available infrastructure of information resources and
skills at BHEL, apart fromproviding the opportunity to
devel op i ndi genous capabilities to devel op, organi se and
nmanage conput er-based SD servi ces.

The provision of in-hjuse SD services requires:

a) a regular input of new docunents;

b) trained staff to index and describe the new
docurments and skills in interacting with and under st and-
ing users and their needs, to create and nodify search
profiles; and

c) accessibility to a conputer and availability
of conputer prograns for data base creation® searching
and printing of SO notifications.
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The first requirenment was net to a large extent at
BHEL since it has already well established libraries m
the older of its manufacturing establishnments and at its
Gorporate. R&D Unit. Newlibraries and information faci-
lities have al so been set up in the recently established
manuf acturing and service units.

Trained library staff to index and describe new
docurents was also available at the different BHEL |ibra-
ries. It was decided, however, to provide training to
| nprove such skills.

Most of the manufacturing units have in-house com
puters. However, the software needed for SO data base
creation and SD searching were not avail abl e.

It was decided to request the Docunentation Research
and Training Centre (DRTC, Bangalore, to provide initial
training in indexing, profiling and input preparation.

The DRTC al so was to provide the conputer prograns suitable
for 1L 1900 series conputers.

A one-week Wirkshop in May 1976 was organi zed by
DRTC for the library and information personnel of the
different BHKL Uhits The workshop oriented participants
to the principles, concepts and techniques of SD , input
preparation, indexing and search profiling. The experi -
nmental SDI service was started.in July 1976. In wnat fol -
| ows, the various features of the experinmental service
are descri bed.
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2 THE EXPER MENTAL SDI PRQIECT
21 Input Procedures

An inportant feature of BHEL's SDI was the fact that
input to the SDI was contributed as a decentral i sed ope-
ration with each of the BHEL units doing the scanni ng and
I ndexi ng of docunents added to their libraries. Each
library was allocated a distinct set of journals to be
scanned. The journals were allocated to each library
after taking into account the relative strengths of each
library and the product profile of the Unit of which the
library was a part. Scanning was done by each Unit to
select itens relevant not only to that particular unit
but also to other units. A total of about 300 journals
were scanned by the different units.

St andard wor ksheets, designed by DRTC, were provi ded
to the different libraries to be used to record indexing
and bi bl i ographic infornmation for different docunents.

The different kinds of docunents that could be Input in-
cluded books, technical reports, periodical articles,
trade catal ogues, patents and standards. |n the experi -
nental SDI, however, it was decided to input nainly perio-
dical articles. A sanple of the worksheet for peri odical
articles is provided as Annexure |.

211 | ndexi ng

| ndexi ng of input itens was done using a standard
thesaurus such as the Thesaurus of Engineering & oci-intj-
fie Terns (TEST). There was also provision to classify
input itens using the UDC
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212 Central Processing

The input worksheets filled-in at the different units
were sent to the Technical Information Centre at BHEL's
Corporate R&D which acts as the Central Processing Faci -
l[ity. The information staif at the Corporate R&D
edited the input; the editing work being confined mainly
in ensuring that the conventions necessary for conputer
processing were in fact adhered to. Very little editing
of the indexing work of the different units was done.

213 User Profiles

I n accordance with well-established practice, users
selected to receive SDI notifications were asked to ex-
press their information needs in as detailed a manner as
they desired. They were also requested to cite one or
two papers that they had found relevant to their needs.
The statenent of needs and cited references were used as
the basis for creating the search expressions to be
eval uated during the SDI runs.

A significant feature of the user profiles at BHEL
was the fact that nost of them were group-oriented pro-
files. ne of the causes of the group orientation was
the fact that each EDC was expected to contribute only
one profile, with the result that the stated need attenpted
to reflect the needs of a large group of between 15 and
20 persons. This resulted in need statenments that wore
very broad based in quite a few cases.

214 Conput er Frograns
Prograns used In the SDI project were devel oped by
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DRTC and are described in detail in the manual prepared
for the SD Wrkshop (2). Only a brief description wll
be given here. Two prograns are used in the SD pro-
ject. The first program (CORC) is used in order to
create a bibliographic data base on magnetic tape from
card input containing the bibliographic and indexing
information for different docunents. This program
creates fixed length records of 512 characters. The
format of the tape, however, is a directory oriented
one as foll ows:

Char act er
Posi ti on Dat a Renar ks
0-3 Record Length Bi nary
4-7 Sequence No. Bi nary
8-29 Qdinal val ue Used so as to achieve an
of the d ass ordering by dass Nunber in
Nunber accordance with the order

prescribed by the schene
of classification.

30* Facet Structure Binary. UWsed to represent
the structure of a subject
in a facet anal ytical schene
of classification

31-54 Tags Bi nary. The data corres-
ponding to a tag is indi-
cated as a starting address

relative to the first
character of the record

55- 310 Data E enents

511 End of Record
Synbol

Not used at BHEL
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The tape format permts quick access to various
data elenments in the record. The program provides the
option to output the bibliographical data base on the
line printer in class nunber order.

A second program SDBI, reads the user profile
data on cards conprising the User's nane and address,
profile terns and the Bool ean | ogi cal search expression.
The search expression is first converted into Polish
Notation. The availability of the |ogical expression
in Polish Notation enables its evaluation in a single
left-to-right scan. Also, in evaluating expressions in
Polish Notation, it is not necessary to process all the
operands and operators. The evaluation can termnate
at a point at which there is no possibility of the search
expression being true for a given docunent. The pro-
gramm ng needed, however, to convert |ogical expressions
to Polish Notation is fairly invol ved,

The SDBlI programpermts the use of the follow ng
termtypes in search expressions in addition to descri p-
tors.

a) Jdass Nunber bg Aut hor _ _
c) Journal title d) Pl ace of publication
e) Publisher f) Date of publication, and

g) Language.

The program eval uates one search expression at a
time against the entire docunent data base on tape.
The tape is rewound to start posixion after each search
expression is nmatched against, the entire data base re-
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resulting in as many passes of the tape.as the nunber

of searches (profiles) ina SD run. This limtation

of the programis due to the limted core storage avai La
ble in the ICL 1900 series conputers.

SDBlI outputs to the line printer the user's address,
profile terns, the search expression and the biblio-
graphical details of itens that matched his profiles. A
sanple of the output is given as Annexure |II. Both
OORC and SDBlI were witten in COBQL.

3 PROBLEMS & SCLUTI ONS
The problens faced in the experinental project
pertained mainly to the follow ng:

a) Quality of input b) Quality of user profiles
c) Quantum of i nput d) Conputer prograns.

31 Quality of Input

The input that was received fromthe different
libraries was found wanting chiefly in the quality of
I ndexing. It was found that itens were indexed only
superficially in a mgjority of the cases. Indexers in
the different units had not used well established cri-
teria for the identification of indexable concepts.
The average depth of indexing per docunent was three,
Tne capabilities cf the conputer for multidi nmensi onal
searches was hardly utilized due to inexhaustive indexing.

Anot her aspect of the input indexing was the
| ack of vocabul ary control. Mre than one thesaurus,

10
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dependi ng upon what was available locally was used.

In a situation in which the file is to be used ex-
clusively for current awareness provision and where the
files are not going to be cunmulated for retrospective
searching, the lack of vocabulary control is not very
serious. The users profile and search expression, how
ever, need to be constructed taking into account this
fact.

32 Quality of User Profiles

The profiles developed for the SDI were w dely
varying in quality. As already pointed out, the state-
ment of needs given by nost of the recipients were broad
statenents, e.g. 'Frequency response nethods and neasure-
ment. Hol ography. Laser systens. Telenetering. Data

acquisition. Electron mcroscopy'. At tines, the need
statenent was vague, e.g. 'Hgh voltage engineering -
partial discharges in insulation'. |In such situations,

there is need for a nmeaningful interaction between users
and the information analyst so that a profile that
reflects the users requirenents can be nade.

| deal |y, the devel opnment of a profile has to be seen
as an iterative process : the user reacting to the outputs
of the SDI over a period of tine, and the information
anal yst maki ng changes in the list of profile terns and
search expression |ogic depending upon the user's recictions
to outputs. The information analyst has also to be
sensitive to the anmount of noise that the user will tole-
rate.. It is useful If the user and the information

11
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anal yst can communi cate with each other in as interper-
sonal manner. Interpersonal contact with users at BHEL
Is not always feasible. The result was that the profiles
either retrieved too nany references or mssed refe-
rences that were rel evant-.

Mre recently, the problemresulting out of a broad
need statenent and lack of facilities for interpersonal
contact has been tried to be resolved as fol |l ows.

Tne information anal yst at BHEL's Corporate R&D
does a manual search using an appropriate abstracts jour-
nal, e.g. Hectrical and H ectronics Abstracts, to
receive a fewreferences with a high probability of rele-
vance to that user. The abstract or original is then
studied to identify concepts that should be represented
in the user profile. These are then searched in technical
dictionaries, glossaries and thesauri to find out other
terns that should be considered for inclusion in the
users profile. In doing the search in an abstracts jour-
nals an attenpt is nade to identify concepts which are
related to the concepts in the need statenent in various
ways. These rel ationships are sought as answers to
guestions such as, what test nmethods are reported in the
literature? Wat, neasurenent techniques are reported?
Is the work in the field nainly theoretical or is it
experinmental ? The answers to these questions provide
val uabl e clues that could be used to expand a need state-
ment that was initially vague and ill-defined. A case
study of a typical profile to illustrate the above net hod
I's given bel ow

12
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321 Case Study
Users need statenent : H gh voltage engi neering -
partial discharges in insulation.

Ref erences provided by user: N

Met hod followed: As a first step, both Thesaurof acet
and TEST were consulted to locate the termpartial dis-
charges. Both the thesauri did not contain the term
The term 'H ectrical D scharges' was found. The facet
classification of Thesaurofacet was consulted under the
class nunber for El ectrical D scharges. The terns
‘Carona', 'Surface D scharges' and 'Fl ashover' were found
to be other terns related to Electrical D scharges in a
hi erarchi cal nmanner. A search was done in two issues of
El ectrical and B ectronics Abstracts to retrieve a few
references on El ectrical D scharges. Many ref erences
to articles on H ectrical D scharges were found and two
of themcontained the term 'Partial D scharges'. The
abstracts of these revealed that the term 'Partial dis-
charges' was synonynous with 'Corona’ and that it is a
surface discharge. The articles also reveal ed that
"Partial discharge phenonenon' are studied in relation
to insulation of high voltage transforners, transm ssion
| ines, switch-gear end rectifiers. It was also, found
that the study of partial discharge was, by and | arge,
theoretical in nature, though there was a reference to
the use of ultrasonic nethods of nmeasurenent ci parti al
di scharges. Mbost of the references revealed that the
naj or concern was the testing and neasurenent of parti al
di scharges in insulation.

13
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Armed with the concepts found as a result of such
search, it was possible to construct a profile that net
t he approval of the user when he was asked to get the
terns in his profile along with his first SD output.
The user, in fact, was able to provide neani ngful feed-
back. He indicated that he was not concerned much with
the study of partial discharges in the insulation of
rectifiers and that he wanted us to add the term 'inpul se
voltages' to his profile. Anendnents have since been
made to the users profile.

The success that this nethod has achi eved | eads the
author to believe that simlar spade work by infornation
anal ysts would lead to nore neaningful interaction even
I n cases where the interaction is interpersonal.

33 Qantum of | nput

The volune of output that a user will receive is,
to sonme extent, dependent upon the nunber of itens that
are input to the data base. A BHEL, the average nonthly
I nput was of the order of about 300 itens consisting
mainly of periodical articles. These cane from peri odi-
cals mainly in the English |anguage. This size of input
together wth the lack of exhaustivity in indexing and
| nadequat e user profiles resulted in the output of an
average of 3 to 7 itens per user. In sone cases, a
user did not get any output at all. Justifiably, users
felt that the size of coverage of the SO was poor and
that in order To nake it nore useful, the system shoul d
mnitor a larger quantity of journals.

14
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The author found by sinply counting the references
in two issues of EEA, that about 6 out of 10 references
of potential value to users at BHEL were witten in
| anguages other than English. Such a count, done as it
was for a small sanple, cannot obviously be used to
nmake valid conclusions. |t does point, however, to the
possibility that unless itens in non-English periodicals
are also input, the coverage of the SD woul d be poor
Since amjority of the periodicals received in the
different libraries of BHEL are in English, the only way
this can be achieved is to scan secondary sources to add
to the input. This is now being done in addition to the
scanning of primary journals.

Anot her dinension to the experinental SD was
added when INSDOC in col |l aboration with [l T, Mdras,
commenced the | ong awaited SDI service based on | NSPEC
tapes. It is obvious that the in-house SO cannot
achi eve the size and coverage of | NSPEC Al so dependi ng
entirely on periodicals as the source of input for the
I n-house SO would only duplicate what woul d perhaps be
avail able from the | NSFEC tapes much earlier than what
the in-house SDI can provide. One justification for
duplicating in BHEL's SDI what woul d be avail able on the
| NSFEC tapes is the hope that the in-house SDI wll one
day serve a larger section of the technical personnel
ax BHEL at a | esser cost ccraparfco. to using commercia
services. Another justification is the need to build a
data base, that after sone years, could be used for
retrospective searching. Such a data base woul d be

15
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selective, miltidisciplinary and quite concievably use-
ful not only to BHEL, but to other users interested in
power engi neeri ng.

For the present, a decision has been taken to con-
tinue the input itens for primary periodicals as well as
from secondary periodicals. A so, a decision to scan
patent and report indexes so as to provide additional
input to the SD has been taken. These steps would in-
crease the size of the nonthly input to the SO and at

the sane tine cover docunent types not adequately covered
by | NSPECT

34 Conputer Prograns

Probl ens pertaining to the conputer prograns used
in the SO project stemmed nainly fromthe speed at which
the prograns operate. For an average nonthly input of
300 itens and for about 30 profiles, the processing tine
required is about 6 hours of conputer tine. n an ave-
rage, it takes between 15 and 18 mnutes to process one
search expression. The reason for the relatively slow
speed, as already pointed out, is the fact that it re-
quires as nmany passes of the tape as there are search
expressions. The speed of the search programis dependent
upon both data base size as well as the conplexity of
the search expression.

The cost of conputer tine for a nonthly SO run
I's about Rs 4,800/- at Rs 800/- per hour on the | CL 1900.

16
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The speed of the progranms seriously limts plans to
extend the service to a larger clientele at BHEL. A new
set of prograns for data base creation, user profile
validation and searching have been comm ssioned. These
prograns make use of disc storage and inverted file
organi zation for the descriptor file. These prograns
are described in a later section of this paper.

4 FUTURE PLANS
41 SDI as a Network-Based Service

SDI cannot be viewed in isolation. It should be
consi dered as one conponent in a service-mXx conprising
group oriented dissem nation services, retrospective
search services, technical enquiry services, reference,
back-up and referral services. It would be necessary to
integrate SDI with other services so that the intellectua
effort, conputer time, etc invested in such service Is
fully utilized for the provision of a package, of services.
In addition, It would be necessary to consider how the
network of BHEL Libraries m ght acquire a conprehensive
range of docunents in the field of power engineering and
t echnol ogy w t hout unnecessary duplication, based on a
wel | thought out and planned acquisitions prograns. It
need hardly be stressed that the quality, range and
quantity of input material determnes to a great extent
the quality and value of various services.

The long range plan at BHEL is to produce a data
base conprising of and describing a wide range of docu-
mentary material generated within BHEL and outside. The

17
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data base would be created out of input to be contributed
by all the BHEL Libraries. An acquisitions policy for

the conpany to be defined will ensure that the range aid
quality of input naterial is conprehensive enough to

cover present and probabl e needs not only of BHEL but
other industries, public utilities, educational and re-
search organi zati ons needi ng power engi neering and rel ated
I nformati on.

The data base pl anned woul d be used to produce a
nunber of outputs, such as group oriented di ssem nation
servi ces, personalised SDI, Union Catal ogues, D recto-
ries of ongoing research. The data base w Il be cunun
| ative in nature and capabl e of being used for retros-
pective searching. The services would need to be backed
up by docunent copying, translation and referal services.
Each library of the BHEL would need to develop a retrieva
systemto be able to respond to |ocal user needs quickly.
Such a, retrieval systemis seen as a sub-set of the total
data base to be developed. A sone future date, it is
envi saged that subject specialists in the different
EDCs and the R&D divisions of BHEL will be in a position
to utilise the docunent base avail able in the conpany
and the various services available locally and centrally,
to be able to repackage information useful in design,
production, standardization and problem solving in
general .

The realization of such a plan at BHEL woul d re-
quire the augnentation of skills of library and infor-

18
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mat i on manpower at BHEL, devel opnent of common and
nmutual |y conpati bl e procedures, formats and tool s and

t he devel opnent of conputer prograns for data base crea-
tion and production of various products and services
nmentioned above. Al these will be taken up as projects
by the technical information centre at BHEL's Corporate
R&D.

A second Wrkshop for the Library & Information
personnel of BHEL was held in 1977 in collaboration with
DRTC. G her intensive courses on specific areas such
as i ndexing, bibliographic description, profile editing.
etc are contenpl at ed.

A project to conpile a Union Catal ogue of Periodi-
cals available in BHEL libraries has been conpl et ed.
Projects of a simlar nature have been taken up to com
put er - produce Uni on Catal ogue of standards and technical
reports. These woul d be updated periodically since the
files woul d be nachine readable. Al so, the data for these
fromall the BHEL libraries would ultinmately becone part
of the data base pl anned.

42 New Conputer Prograns for the |In-House SD

A new set of conputer prograns have been devel oped
for the in-house SD . These are described briefly
bel ow.

1. A programthat validates docunment and descri ptor
data on cards and creates two tape files. The tape

19
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files are later |oaded on discs as indexed sequenti al
files using the file organi zation software of 1CL 1900.

2. Aprogramto validate and create the user pro-
file file on tape.

3. A search and output program This nmakes use of
the two indexed sequential files and user profile data
on t ape.

4. File maintenance prograns to cumul ate the
nmonthly input files. The cumulated files will be stored
on t apes.

The salient features of these prograns are:

1. Inprovenent in search tine requirenents by a
factor of 60 as conpared to the prograns that were pre-
viously used. In a data base size of 300 itens and 30
search expressions, the tine taken for search and out put
I s about 6 m nutes.

2. The possibility for cumulation of the files
created for the nonthly SD runs to facilitate retros-
pective searches. Such searches can be nade agai nst
files of upto 10,000 docunents in a batch.

The details of the file structures used, file orga-
ni zation and eval uati on of search expressions are being
presented in a separate paper to be presented in this
sem nar

20
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5 QGONCLUSI ON

The experinental SD project has provided val uabl e
experience in the organi zati on and nmanagenent of a
conputer-based SO as well as in the technical aspects
of SDI. The project will remain an experinental one
at least for another year, by which tine the service
wll be extended to about 100 users in EHH, Data per-
taining to costs of in-house SD provision and reactions
of users will be collecxed so that the viability or
ot herwi se of in-house nay be established.
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ANNEXURE - |

FormC A rticle in
Peri odi cal

BHEL SDI PRQJECT

Work Sheet : Machi ne Readabl e Bi bliographi cal Database

Tag;

1

2

(Please fill in by typing)

Data El enents Descri ption
G ass Nunmber (See Note 2)

Descri ptor (i ncl udi ng
report code! nunber, if
applicable) (See Note 3
and 4)

Name of the Aut hor

4 Title of the article

5

10.

11
12

Title of the periodical
(Abbr evi at ed)

Vol ume Nunber, |ssue
Nunber

Year of Publication
Pagi nati on

Any ot her information,
e.g. |SSN for periodical

Any ot her information
(such as Seri es)

Code for BHEL Unit

Language of the Docunent
if other than English

22
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Not e: -

1.

| S: 2381- 1963 (Recommendati ons for Bibliographical
Ref erence) or a catal oguing code (AACR CCC, etc)
may be used for the purpose of choice and rendering
of data el enents.

d ve class Nunber, if used.

Descriptors nmay be obtatai ned using a thesaurus,
such as the EJC Thesaurus or TEST.

Qoup the descriptors .according to the subject of
the docunent. |f a docunment discusses nore than
one subject, list together the descriptors pertain-
in? to each subject. |f a descriptor occurs in
ditfferent subjects of the same docunient, it should
be repeated. For exanple, a docunent may cover
topics on the follow ng two subjects:

1. Evaluation of conputer prograns devel oped
for the purpose of SDI.

2. Evaluation of conputer prograns devel oped
for the purpose of MS In India.

The descriptors should be listed as foll ows:
For 1: Conputer prograns, SDI, Evaluation

For 2: Oor(;puter prograns, M.S, Evaluation,
| ndi a.
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Har avu

ANNEXURE | |

K C BANDCPADHYAY, SR DEV. ENG NEER, HEAVY PLANT
ENG\N.  BHOPAL

B A TURBOGENERATCRS

B B ROTATI NG (ENERATCRS

B C ALTERNATI NG CURRENT CGENERATCRS
B D BRUSHLESS (ENERATCRS

B E SYNCHRONGQUS CENERATCRS

B F DI RECT QURRENT CGENERATCRS
B G ASYNCHRONGOUS CGENERATCRS
H EXA TATI ON

| EXA TERS

J ALTERNATI NG CQURRENT EXQA TERS
K CRYSTAL RECTI FI ERS

L SEM CONDUCTCR RECTI FI ERS
M THYR STORS

N THYR STOR RECTI FI ERS

O WND NGS

P ROTCR W NDI NGS

Q FI ELD WNDI NG5

R TRANSI ENT RESPONSE

S VOLTAGE CONTRCL

B T VOLTAGE CONTRCLLERS

B U GOCLI NG

B V GOCQLI NG SYSTEMVG

W W wWWWwWwWwWWwWw
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Conput er - base- SDI Servi ce at BHEL

( ( AAB+C+D+E+F+Q + (HH +J) ) + (( ( AAB+CGHDHEFFQ + (HH +J) ) +
( K+ +MEN+OHPHOQHRESHT+UHY) )

31 CEXA TATI ON, VOLTAGE CONTRCLLERS, TURBOCGE-
NERATCRS, EXA TERS, TRANSI STORRECTI FI ERS
PRESTON (F. D) EXCI TATI ON SYSTEMS FCR LARCE
CGENERATORS. G E C JOURNAL G- SC ENCE AND
TECHNCLOGY 44, 1; 1977, 31.
BHEL - RD.

141 (621 313 32:621.3.013.8

SYNCHRONQUS CGENERATCRS, ALTERNATI NG QURRENT
GENERATCORS, DI RECT CURRENT, EXC TERS,
ELECTR CAL PROTECTI ON (EAR,

LEDR (2). NEW FI ELD SUPPRESS| ON EQUI PMENT

FOR SYNCHRONQUS MACH NES WTH A ROTATI NG

DC EXA TER

CZEC : . HEAVY | NDUSTRY. 7; 1977; 31- 35.

BHEL - BHOPAL.

146  621. 314. 634: 621. 313. 2.

THYR STCR RECTI FI ERS, C RCUI TS, TURBO
GENERATORS, STEAM TURBI NES, EXC TATI ON,
RECTI FI ERS

LAMF (L J). SHUNT THYR STCR RECTI FI ERS FCR

THE GENEREX EXA TATI ON SYSTEN

|EEE TR NS. ON PVR APPS. SYS, JULY, AUG 1977;
1219- 1225-

BHEL - BHCPAL.
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