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Thesis Abstract (M.Sc.(Engng))

Fault diagnosis and diagnosability in multiprocessor systems by G. Elango
Research supervisor: Lawrence Jenkins
Department: Electrical Engineering

1. Introduction

in multiprocessor systems, fault tolcrance is achieved by the identification of faulty processors, and the
subsequent reconfiguration and recovery of the system. In such systems, each processor is required to
periodically test some of the other processors with which it is connected. When a healthy processor tests
a faulty ome, it indicates the presence of a fault; at other times, it indicates that ihe system 13 healthy.
The test results are represented by a directed graph, in which the nodes represent the processors, and the
edges represent the tests. An edge (i, j) has the label 0 if the ith processor evaluates the jth processor as
bealthy, and 1 if jt evaluates it as faulty. Since the tests that are carried out by a faulty processor are
ivalid a 1 link indicates that either or both of the processors at its ends must be faulty. The collection
of test results is a syndrome; fault diagnosis 1s the process of associating a set of faulty processors with a

specified syndrome,

2. Main resulis and conclusions

I this work, algorithms have been developed for the diagnosis of systems which have special interconnec-
tion patterns. The system structure has been exploited to obtain improved performance, as compared with
existing algorithms!.

The main thrust of the work is diagnosability of hybrid fault situations. In diagnosability characterization,
it has ofter been assumed that all faults are permanent, and that they do not propagatez. ‘This is not
always realistic, since some faults are intermittent, and are manifest only some of the time; when intermit-
tently fault processors are permitted, the situation is referred to as the hybrid fault sitation. Faults can
repagate, because when a faulty processor interacts with a healthy processor, the healthy processor can
b§come either intermittently or permanently faulty. The diagnosis of the hybrid fault situation is inherently
difficult, because the fault may be manifest, producing a 1 result, when some healthy processor tests it,
and it may not be manifest when another processor tests it. This work extends diagnosis results to hybrid
fault situations in which fault propagation is allowed.

Three new diagnosability measures have been defined; all of these refer to hybrid fauits®; with fault
Propagation. It js shown that these measures encompass as a special case the earlier measure which refers
‘ the permanent fanlt situation with no propagation. Characterizations for all the corresponding diag-
!‘T_Dsabilities are given, and the most general one is analysed in depth. The relationships among the three
Giagnosabilitics are established, and the interrelationships between their parameters obtained.

Diagnosability results have been obtained for the asymmetric invalidation model® in which it is assumed
.hzx whenever a permanently faulty processor tests another permanently faulty processor, it will always
1?‘imate the presence of a fault. A new diagnosability measure has been obtained for the hybrid fault
Stuation with the asymmetric invalidation model, in the presence of fault propagation. The corresponding

“agnosability has been characterized for this measure.
Graph theory has been applied to the disagreement graphs that correspond to the permanent fault
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situation with fault propagation. It has been established that the vestex cover sef® of the disagreemen
graph is a subset of the fault set and accounts for the syndrome. This result is of sigmficzmc;, o

. . . . the
development of an efficent fault diagnosis algorithm. ¢
References
1. DaHBURA, A T. AND Masson, G M An O fault identriication algorithm for diagnosable systems 1EEF
Trans , 1984, C-33, 486-492 T

2 Cuua, K T. anp Hakou, S.L. On fault dentriication in diagnosable systems, IEEE Trans., 1981, (=
414-422 )

3. Daupura, AT, anp Greedy diagnosis of hybrid fault situatons, [EEE Trans., 1983, C-31.

Masson, G M. 777782,

4. Huang, K. Diagnosability of system faults with propagation under asymmetnc invalds.
ton, Microprocessing Microprog., 1988, 723-730.

5. Bonpy, JLA. AND Mukrray, V.8.R Graph theory with applicanons, 1976, Elsevier-North-Holland.

Thesis Abstract (Ph.D.)

A stody of an R&D team in an Indian research orgamization: An ethnographic
approach by V. Suchitra Mouly

Research supervisors: Esther Ramani and A.K.N. Reddy

Department: Management Studies

1. Introduction

This research aims to provide a descriptive—analytical case study of an R&D team in a government-spon-
sored and funded organization in southern India. It aims to understand the microculture that is assumed
to underlie both the generation and interpretation of communicative behaviour among the membess of
this R&D team. We provide an information basc grounded in insiders’ perceptions of their daily life &
work and hope to facilitate an understanding of both the strengths and weaknesses of Indian R&D le.

This research is an alternative to two different but deep-rooted trends in the study of scientific organi-
zations in India. By and large, over the last fifty years, sociological studies of S&T in India have focused
on macro-level aspects such as institution building, policy making, planning and implementation of prog
rammes, Indepth studies of the functioning of specific research teams in S&T institutions are not available.
Micro-level descriptions focussing on the interactions between members of an R&D team and the paﬁe‘ﬂﬁ
of communication between them are still lacking in the Indian context. Where studies of specific organiz
tions have been undertaken, the focus has been on testing hypotheses and establishing relationships amozt
different variables. Often, based on surveys, these studies have been within a quantitative paradigm, wd
do not emphasize insiders’ perceptions. Our research therefore attempts to provide a micro-level qualfmtfw
study as opposed to both macro-level sociological studies of S&T and organization-based quantitat
studies in India.

2. Objectives and methodology

The objective of this study is to provide a ‘thick description’ of Indian R&D life by consolidatitg ﬂ’jj
members’ experience of their R&D projects’. We try to understand, through this rescarch, the pame 4
structure of onc Indian R&D team, the kinds of inferactions that occur, the importance of organizase
structure, whether it facilitates or impedes communication, and is relation to productivity and performan®

As an alternative to the quantitative survey research mode which dominates Organgzational St“dmr;
the Indian context, this research explores an ethnographic form of inquiry. In fact, the central concfin ",
this work is to argue for a more qualitative approach to the study of R&D life in India, and to demonsi
the conceptual coherence and methodological viability of such an approach.
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Fthnography, which is a descriptive study of a given culture, originates in cultural anthropology. It aims
ta describe the nature of interactions that occur among the members of a community on a day-to-day
basis. The emphasis in ethnography is on understanding another way of life, and not on seeking objectively
valid generah‘zatiousz'3. We use ethnographic research teols for our fieldwork, viz., participant observation
aad ethnographic interviews®, We also developed a communication study questionnaire for this study.

3, Majer findings and conclusions

Our research suggests that R&D cultures may be heterogeneous (as opposed to the prevalent view that
organizations are homogeneous) and could be made up of different subcultures. It also suggests that it
may be productive to view an Indian R&D organization as simmitaneously belonging to a larger primary
culture, while itself comprising several subcultures. The presence of these competing subcultures may be
sesn in the conflicting 1mages of selfhood that members of an R&D organization hold.

The research challenges a dominant view in organization studies that superior-subordinate relationships
are fixed and thus constitute the crux of organjzational behaviour. Our research reveals that R&D members
scem to simultaneously experience both superior and subordinate roles in different organizational group-
mgs, and thefr self-images, which crucially affect their organizational behaviour, are based on shifting
perceptions of their power to affect decision-making in specific groupings.

Notions such as ‘success’ and ‘faiture’ in R&D projects cannot be ‘objectively’ defined. Our study
suggests that members’ experiences shape their definitions. Further, members at different levels in the
R&D hierarchy define success/failure in divergent ways. Where there is little convergence between these
perceptions, a sense of personal apathy and frustration may prevail.

The view that is prevalent in the management science literature that organizations have cultures is
challenged by this study which is based on the notion that organizations are cultures. Further, these
cultures are complex derivatives of a primary culture and several professional subcultures.

Finally, this research challenges the dominant mode of investigation in Indian organizational settings,
the survey research mode, and offers a viable alternative to it, the ethnographic research mode®. Our
methodological finding is that even a partial suggestive ethnography gives us insights into the particular
ways in which members of a culture make sense of the universe they inhabit.

Apart from these specific, substantive findings, this research also discusses methodological findings such
& the role of subjectivity in qualitative research, the ethical dimensions of ethrographic research, and the
issue of generalizability of the research findings.

References
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Studies of the vibrational and magnetic properties of the layered compounds by
Radhika Rani Rao

Research supervisor: A.K. Raychaudhuri

Department: Physics
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1. Imtreduction

Among the large family of layered matenals!, transiton metal phosphorus trisulfides represented by Mpg,
(where M is a transition element, P, phosphorus, and $, sulphur) form a class by themselves with l;nerestz
mg structural and magnetic properties’. The amsotropy m the physical properties gives rise o a hogt of
interesting features in these two-dimensional compounds These compounds are isostructural having qu,‘
type structure with monoclinic symmetry and space group C2/m™*. ;

In the present investigation, we have studied the structural, vibrational and magentic Propertes of
FePS;, NiPS:; and their solid solutions Fe,..Nii PS; (0 = X = 1), We have found that in the solid
solutions, the replacement of Fe by Ni causes change n the relative strengths of mter and intralayer
couplings leading to a change in the amisotropy. In this sense it may be said that we can “tune’ the
anisotropy by chemical compositional changes. Our objective m this work is to look at the tuening of
anisotropy as one goes from FePS; to NiPS; and how it reflects in the vibrational and magnetic properties.

2. Experimental work

All the compounds were prepared by the method of Klingen et al 5. X-ray diffraction studies were carried
out on a Philips diffractometer (Model PW 1050) using Co-K,. radiation. The IR spectra were recorded
using IR Bruker IFS 113-V FTIR spectrometer Magnetic susceptibility was measured by Faraday balagce
method using Cahn 1000RG electrobalance. The vibrating sample magnetometer (EG&G Par Modet 155)
was used to measure field- and zero field-cooled susceptibilities.

3. Results and discussion

From the structural analysis, we show that there is a lattice compaction as the composition x is vared
from 0 to !, maintaining the same basic lattice symmetry. We find that the relative compaction is more
in the basal plane. These subtle structural changes are reflected in the vibrational spectrum and they also
determine the spin state of the ions We have found that most dominant change in the structure comes
from dm., (M=S distance) and the lattice contracts on going from FePS; to NiPSs. From the infrared (IR}
spectroscopi¢ studies on the solid solutions, Fe;_Ni,PS, at room temperature, we point out that there are
interesting changes in the vibrational spectra when Ni is substituted for Fe. The high-frequency (s > 31
em™") modes arise from the (P2S¢)*” unit and they do not get affected much by cation substitution bus
the low-frequency (o < 300 cm™") bands are sensitive to cation substitution. There are sigmficant changes
in the wibrational modes (including splitting of the bands) which may arise from FePS; to NiPS; The
low-frequency split bands (in the range 150-200 cm™") and the doublets around (280-302 em™) region ate
the new features of our data. We have tried to explain the splitting of the bands as arising from correlation
splitting and the doublet arises due to reduction in the interlayer coupling. From the temperature deper-
dence of IR spectra of FePS; we have found an interesting point that some of the changes brought abou
by the contraction of the lattice in going from FePSs to NiPSs can also be brought about by cooling FePS;
This also happens due to preferential compaction in the layer.

The fact that FePS; and NiPS, are both antiferromagnets at low temperatures with different types of
magnetic interaction gives rise to the interest in the mixed antiferromagnetic systems. FePS; is essenﬁal{y
an Ising system with strong anisotropy and NiPS; is an Heisenberg system with weak anisotropy’. This
essential difference comes from the crystal fields and the difference in the ground state term of these &0
ions Fe?* and Ni?* (Fe?* — df, Ni** - &°). In the present work, we have investigated the inferesting effects
of substituting Ni** (with weak anisotropy) in the essentially Ising system FePS; (with strong an!'Sﬂ“OPY?'
All the compounds show a maximum in x at a temperature Tp,y followed by the onset of antiferromagpetic
order at low temperatures at Ty. As the composition is changed there is a continuous change in T atd
also m the ratio Ty/Tye. Our results show that m the mixed antiferromagnetic system Fei—NiPS: the
strongly anisotropic Fe component mposes 1ts anisotropy on weakly amsotropic Ni component. We find
also no frustration or spin glass-like ordering at any composition.

We have also presented Mossbauer spectroscopy results on Fe,,NiPS; (0 = x = 08). We wz
calculated the composition and also tried to estimate the effective valence of Fe** for the MBH
systems.
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Tnvestigations of reentrant phase transitions in quoasi-binary liguid mixtures by T.
Narayanan

Research supervisors: E.S.R. Gopal and Anil Kumar

Department: Physics

1. Introduction

The teentrant phase transitions (RPT) imply that a system reenters a state macroscopically identical to
the initial ome, after two or more phase transitions, when a convenient thermodynamic field vanable is
altered monotomeally'. Quasi-bmary lquid muxtures are prme examples of the systems which manifest
this phenomena®™®. A typical reentrant binary liquid muxture exhibiis a closed-loop phase diagram whose
maximum and mnimum define the upper and lower critical solution temperatures (Ty and 7Ty, respec-
nvely); its loop size (AT) = Ty~T.. A double critical point (DCP) is realized when AT = 0.

The 3D Ising-like critical behaviour near a Ty or T, (when they are far apart) is well understood®.
Thes, it is interesting to examine the nature of DCP as it is formed by the coalescence of 2 Ty and T
coupled with the fact that the locus of 7ys and Tys 1s parabolic in nature in the appropriate field space”.
Iz a binary liquid mixture with closed-loop miscibulity curve, AT can be controlled with the aid of a
suitable third component”.

The theoretical models® concerning RPT in quasi-binary liquid mixtures predict a doubling of criticﬂal
exponents (CE) in the close vicinity of DCP. However, experimental investigations prior to this work™
could not yield an exact doubling of CEs due to the fact that the DCP was not probed close enough.
Furtherm:)w, the guestion regarding the nature of doubled CEs (lsing or mean field) also remained un-
answered’.

The present investigation is aimed (i) to observe the exact doubling of CEs by proving a AT as small
as feasible and hence to reveal the true nature of doubled CEs, (if) to describe the critical behaviour for
any AT by the same universal CE using  suitable alternate field variable.

The quasi-binary system studied are: 3-methylpyridine (MP)+water (W)-+heavy water (HW) and
MP+W+NaCl. The quantities measured are clectrical resistance (R) and phase diagram (order parameter).

2. Experimenta]
The. quasi-binary mixtures were made using MP (99%, Aldrich), HW (isotopic purity 99-6%, _BARHC,
India), freshly prepared W in an all-quartz triple distiller and analytical-grade NaCl (Ranbaxy, India). The
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chemicals were transferred with air-tight syringes (Flamilton) and weighed in an analytical balance with
resolution of 10pg. The conductivity cells with perforated circular platinum electrodes were blown frc
Pyrex glass tubes. The sample cells used for the visual observation of phase diagram were also made ¢
of Pyrex glass with typical volume of 2 ml.

The indispensible instrumentation fabricated for the present study are: (a) 2-stage paraffin oil thermos
with millidegree temperature controller (PID), (b) ac impedance bridge (ratio transformer based) with
resolution of 10 ppm The temperature was measured using a cahbrated (IPTS-68) PRT in conjuncti
with an ac bridge (ASL, UK) up to a sesolution of 0-26 mK. The detector used in the impedance brid
was a lock-in amplifier (SRS, USA). The R measurements were performed at spot frequencies 10, 20,
and 40 kHz. Lower frequencies were not probed due to possible significant contribution from electro
polarization and higher frequencies have instrument systematic errors. A typical run scanned the rap
0-001= | Tc—T | =5°C, where T¢ is Ty or T, and spanned 48-72 h. The measurements encompassed t
ATs; 78°C = AT= 1-01°C, near 7, for MP+W+WH, 30-96°C = AT = 1-67°C, near T, and 21°C
AT =< 1-9°C, near Ty for MP+W+NaCl.

The major experimental difficulties encountered are the temporal instability in R and AT and obtaini
the correct critical concentration (x.) for each sample!”, In this regard, MP+W+NaCl is a better sys
compared to MP+W+HW, as the former yields a swift equilibration in R and AT. Furthermore, t
quantity of sait needed is very small {(<0-2% by weight) and hence the binary nature of the system
preserved. The closed-loop phase diagram (AT = 22-06°C) of MP+W+HW was deternrined visually. T
system was preferred to sait-doped MP+W because of the better control in obtaining a given AT.

3. Results
The following expression adequately describes the measured R data for MP+W+HW
R =R + At + At + Ast + AMS, @

where Rcis R as ¢t — 8; t = | (Te—=T)Tc|; Ap-A,, the fitting parameters, 8, the CE and A, t
cortection-to-scaling exponent’ (= 0-5). A nonlinear least squares fit to eqn 1 was performed using 1
program CURFIT®. The retention of 44 term did not improve the fit significantly and it was discard:
The results of the three-parameter (4;~4,) fit indicated an effective increase in the value of 6 from
possible theoretical estimate! (=2p) to a doubled limit (within 7%) as AT was reduced from 78°C
1-01°C. Figure 1 depicts the variation of effective 8 with AT. The results supported an exact doubling
CEs jn terms of their Ising values in the limit of DCPL.

The analysis of R data for the system MP+W-+NaCl using eqn 1 showed some discrepancies in :
results near Ty to those near Ty, which are otherwise expected to be the same. This led us to reconsic
the validity of the field variable ¢ to describe the critical behaviour in RPT. An alternate way of describ
RPT is to consider the simultaneous access to both Ty and 7,%. This can be accomplished vexy con
niently using the field variable tyy = | [Ty~T)(Tp~T))TyT: | . The choice of this field variable follc
from the geometrical picture of phase transitions as well as Landau-Ginzburg theory of RPT*. Furth
more, the use of ty; recovers the universal value of 6 for any AT. The following expresssion was suifict
to describe the R data both near Ty and 7.

R = R + Rt + Raly™ + Rote® ¢

where Ry-R; ate the fitting parameters. Terms involving two possible analytical estimates for 6 (28 £
1-a) were found to be essential for conserving the uniformity near Ty and T7. The doubling of the ¢
in the vicinity of DCP can be visualized” from the expanded form of ty, [= £-+ (AT/T¢) q. At
AT = 0, tz, = £ and hence the doubling of CEs, if the field variable employed is . For very large &
the term dominates and Ising-like critical behaviour persists. For intermediate ATS, the situation is st
what complex as a result of the competition between  and ¢ terms. Far away from Tc, £ term leads o
t term and vice versa near T¢. Thus, the phenomenon becomes a crossover’ from the doubled CE to
single CE limit as ¢ is decreased to 0,
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The validity of £y for the analysis of RPT was further supplemented as the following expressions
completely described the closed-loop phase diagram and its diameter, respectively,
&)

- x =B

xtx

“

= x¢ + Dit + Doty + Dty O®

where B and Dy-Ds are fitting parameters. The striking feature of this method of analysis is that the entire
dosed-loop phase diagram (shown in Fig. 2) is adequately fitted with eqn 3. Moreover, the fit preserved
the Tsing value of B (0-325) to within 2%. Sumilarly, the diameter of the closed-loop phase diagram
pertains to an identical function® (eqn 4) as that of normal binary mixtures.

4. Discussion

Qur findings confirm that near a DCP a doubling of 3D-Ising CEs occurs in consonance with the geomet-
rical picture of phase transitions and model calculations. Invoking a new field variable (tyr) enabled us to
Eha:acterizc any experimental path of approach (involving variation of temperature) to the reentrant critical
iiae (including the DCF) by the same universal CE, which refers to a normal single eritical point for any
given property. This idea has been successfully tested for two different properties: the electrical resistance
and the order parameter.
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Thermodynamic properties of long chain esters: their lquid state and plasticizing
havior by H.X. Shobha

Research supervisor: K. Kishore

Department: Inorganic and Physical Chemistry

1. Introduction

The liquid state behavior of long chan molecules has an important relevance in polymer chemistry, T
chain esters and hydrocarbons, etc. (molecular weight 300-2000) are commonly used as plasticize:
polymers’. A systematic study of the macroscopic liquid state properties of these long-chain liquic
called for better understanding of the commonly observed deterrent phenomena of migration and vl
loss of plasticizers and heuce in predicting their efficiency. Despite the significance of long-chain lig
in understanding the liquid statc behavior in totality and their technological importance as plasticizers
lubricants, it is surprising that no effort has been made hitherto to study their liquid state behavior.

In the present investigation, an atternpt has been made to understand the influence of structure
molecular weight of long-chain esters (molecular weight 300-900) on their macroscopic thermodya:
properties such as heat of vaporization, flow and the glass transition behavior. In order to achieve
above objectives, following homologous serics of esters of varying molecular weight and structure }
been chosen: (i) 1,10-decanediol diesters and sebacic acid diesters which are linear, flexible molecules,
triglycerides and trimethylolethane triesters which are Y branched, compact molecules, and (iif) pentac
hrito] tetra esters which are + branched, rigid and highly compact molecules.

2. Results and discussion
2.1 The flow behavior

The absolute viscosity (m) and density data measured at different temperatures were used to obtain A
AHY and ASt. The plot of AHF against molecular weight gives information about the flowing segn
which corresponds to a molecular weight of about 600 for these esters”. The notion of blob has t
invoked to describe the segmental mobility’. The blob size is found to decrease with branching. Th
branched esters being more compact and spherical are closely packed compared to the other ester sel
which is consistent with the density data. The density values are more for branched esters compares
linear esters>*®_ In the case of ASi, their large negative values were attributed to the higher order requ
in the molecules surrounding the hole for the segmental flow to occur and to the hindrance offerec
the branched segment in the flow process®.

The dependence of viscosity on temperature in all the ester series was found to be non-Asrheniu
the temperature range considered but the modified free volume equation, namely, Vogel, Tan_un“
Fulcher (VTF) equation, which was used to study the temperature dependence of viscosity explains
dependence of temperature in the entire temperature region. This V1F equation has also been uset
derive glass-transition temperature (7,) and ‘configuration entropies’ (S;) in conjunction with Adam-G
equation. S, is found to vary significantly with branching — it is the lowest in the + branched esters
the highest in the linear esters. From the Angell’s classification” of ‘strong’ and ‘fragile’ liquids, it
been found that all these esters are ‘fragile’ liquids since they exhibit non-Arrhenius viscosity beha
Besides, the molecular weight dependence of viscosity also indicates their “fragility™.

3. The mechanism of vaporization

Group additivity method® has been used to evaluate the heat of vaporization. The calculated values ¥
well within 5% error with the experimental values®. The analysis of heat of vaporization dfllﬂ 25‘1
esters reveals that it is independent of molecular structure but dependent on (molecular Wﬂ&ht) -
suggests that the molecules coil up and evaporate in the form of spheres. The coiled spherical for
acquired due to the intramolecular van der Waal’s forces.
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Sucemctly, we can say that the heat of vaporization is indcpendent of the molecular structure due to
the molccules acquiring a coiled spherical form during vaporization, the heat of vaporization solely depend-
ing on the molecular weight of the esters. The flow behavior, on the other hand, seems to be dependent
on structure as well as on molecular weight. Below a molecular weight of 600, the molecules flow as a
whole but above it, the segmental motion ensues and the flow becomes basically independent of molecular
weight.

4. The role of esters as plasticizers for PVC

The above long-chain hiquid esters were used as plasticizers in PVC to assess their plasticizing behavior.
The T, of the plasticized PVC was experimentally measured by DSC and the reduction in 7, was quantified
a5 a measure of their plasticizing ability. Structural effects on the T, of the neat esters is well reflected
in the plasticizing system. The plasticizing behavior has been explained by the PVC-plasticizer interaction
using different techniques like dilute solution viscosity measurement, inverse gas chromatographic studies
and from the solubility parameters by proper selection of low-molecular weight model esters'®!. The
results were concordant with that observed in long-chain esters both as a function of molecular weight
and branching.

References

1. Sears, J.K. AND TOUCHETTE, N.W. Plasticizers, In E) lop of ical logy, 3rd edn, (Kirk, R. and
Othmer, D., eds), Vol. 18, p 111, 1982, Wiley

2. Ksseore, K., SHOBHA, HLK. AND 7. Phys Chem., 1990, 94, 1642-1648

MATTAMAL, G J.

3, KisHORE, K. aND SHORHA, H. K. J. Phys. Chem., 1992, 96, 8161-8168.

4. KisHore, K. AND MATTAMAL, G.J. J. Polym. Sci. Polym. Lett. Edn, 1986, 24, 53-55

5. ParLps, J.C. AND MaTTAMAL, G.J. J. Chem. Engng Data, 1978, 23, 1-6.

6. Sworka, H.K. anp KisHors, K J. Chem Engng Data, 1992, 37, 371-376.

7. AngELL, C.A. Chem. Rev., 1990, 90, 523-542.

§. SmESNGER, M.F. A. Rev. Phys Chem., 1988, 39, 269-290.

9. BENSON, S.W Thermochemical kinetics, 2nd edn, 1976, Wiley

10, SeoBHA, H.K. aNp KisHore, K. Macromolecules, 1992, 25, 67656769.

1. KisHore, K. and SHOBHA, H.K Indian J. Chem. A., 1992, 32, 590-595.

Thesis Abstract (Ph.D.)
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L Introduction

?ﬂlymem are usually made electrically conducting by forming charge-transfer complexes with either electron
domors or electron acceptors and the conducting property may range from an insulator to a metallic
aterial™ Recently, extensive research on polymeric materials that are dopable to give substances that
bave an electrical conductivity approaching that of a metal has kindled new interest in their potential
@mmercial applications. However, very few commercial applications of polymeric charge-transfer com-
?Jﬂeﬁ exist today. In this context, the use of poly-(N-vinyl carbazole)-2,4,7-trinitrofluorenone, (PVK-INF),
& electrophotography® and of poly (2-vinyl pyridine)-iodine, (2PVP-I,) as a cell electrode in ifnplamable
andize pacemakers® may be cited. The success of the PVK-TNF complex in the electrographic industry
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organic systems can compete favourably with inorganic materials. Provided that the mechanica] and proces.
sing properties can be achieved, there will probably be further applications of polymeric cha:ge»tran;f:r
complexes.

In an effort to understand the mode, site and nature of the interaction, spectroscopic studies (UV-visibie
electron paramagnetic resonance, nuclear magnetic resonance and infrared) on polymer donors, namelv.
poly(2-vinyl pyndine) (2PVP), poly(2-vinylpyridine-co-styrene) (2PVP-co-St), poly(4-vinyl pyndine) (4PV};5
and poly(p-phenylene sulfide) (PPS) with iodine, p-chloranil (pCHL), o-chioranil (oCHL), tetracyano-
ethylene (TCNE), 2, 3-dichloro-5,6-dicyano-1, 4-benzoquinone (DDQ), 7,7 8,8 -tetracyanoquinodimethane
(TCNQ), 2,4,7-trinitro-9-fluorenone (TNF), 2,4,5,7-tetranitro-9-fluorenone (TENF) acceptors have been
carried out. For comparison with the polymeric complexes, analogous low malecular weight donor.
namely, 2-picoline (2PIC) and 4-picoling (4PIC) with the same set of acceptors have also been investigated,

2. Experimental

Charge-transfer complexes have been prepared by different methods (solution, powder and melt-quench
methods) and characterized by spectroscopic techniques. Absorption spectra were measured m
dichloroethane at 25°C using Hitachi U-3400 spectrophotometer The EPR spectra of the complexes were
obtained on a Varian B-109 spectrometer operating in the X-band. The "H NMR spectra of the complexes
were recorded on a Bruker WH 270 MHz and also Varian T-60 NMR spectrometer using DMSO-d; as a
solvent and TMS as an internal standard. IR spectra of the complexes were recorded as neat films between
two KBr plates on a Perkin~Elmer 597 infrared spectrophotometer.

3. Results and discussion

Equilibrium constant (K), molar absorptivities (E), molar ratio (n), rate of forward (&) and backward
reactions (k_;) have been calculated for the charge-transfer complexes of all the polymenc as weli as low
molecular weight donors with the acceptors DDQ, TCNQ and I,. The equilibrium constant and mofr
absorptivities for the polymeric charge-transfer complexes are much higher than those found for the corres-
ponding model complexes, while the time required for the formation of the product from polymeric charge-
transfer complexes is lower than that for the low molecular weight complexes which takes several dags ©
form the product, and hence the product analyses are difficult. Polymer effect was observed in the vyt
pyridine polymers with large pendant n electron system. In the case of charge-transfer complexes of aft
the donors with pCHL and oCHL, 4 broad band was observed due to charge-transfer complex formation
which vanishes quickly. The reaction of a donor with TCNE immediately results in & product. The com-
plexes formed between each of the donors with TNF or TENF as an acceptor are very weak It was ool
possible to calculate the kinetic parameters for the complexes with pCHL, 0CHL, TCNE, TNF and TENF.
A new method has been proposed to determine the kinetic parameters (K, ky, k-, E and molar rafio}
This method is applicable to systems when the optical absorption is due to the charge-transfer complex
and when one of the components is in large excess. This method has several advantages, for exam!:lc.
molar absorptivities of the polymers are not necessary, absorption need not be extrapolated to zer0 e
of mixing, etc.

Electron paramagnetic resonance studies (both in solid and solution) are performed on the systcms
mentioned above. EPR signal was observed for the charge-transfer complexes of all the donors with the
PCHL, oCHL, TCNQ and DDQ, whereas with I, and TCNE, these systems were EPR silent Hyperfise
splitting was not observed. The shape of the EPR signal is similar for the complexes of an acceptor Wit
different polymer donors. The g-values of the complexes investigated are close to free electron g¥ahe.
The g-values and linewidths for a particular complex are independent of temperature, method of preprt
tion and the amount of dopant used. The spin concentration of the paramaguetic charge-transfer complss
generally increases with the strength of the donor-acceptor tendencies. The paramagneﬂc c'hafge' .
complexes exhibit an exponential temperature dependence of spin concentration charactenstic o‘f SEMICOE
ductors. The initially formed paramagnetic charge-transfer complexes transform finally t0 2 dipmaghet
product. However, the reaction in the solid state is extremely slow relative to that in solution.

Infrared and nuclear magnetic resonance spectra of the polymeric as well as low molecular weight
complexes are examined and compared with the spectra of the components. The infrared spectra
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complexes of all the donors with the acceptors pCHL, oCHL, DDQ, TCNQ, TCNE and I, show some
marked changes in the band positions. For example, the C=C and C=N stretching band {usually a doublet)
of preolines is shifted to higher wavenumber and the corresponding shift was not observed in the polymeric
complexes. Also the absorption due to C=N stretching of the acceptor has been observed (in all the
complexes) as an intense band (when the acceptors are DDQ, TCNOQ and TCNE). The shifts in frequency
2ad some alteration of intensities in the infrared spectra reflect the formation of radical ion salts.

In the 'H NMR spectra of the complexes of 2PIC and 4PIC donors with the acceptors I, pCHL., oCHI.,
TCNQ, TCNE and DDQ, all the aromatic and methyl proton signals of picolines are shifted downfield.
A possible explanation of these shifts involves induced polarization of the picoline molecule resulting from
strong electrostatic interactions at the non-bonded electron pair of nitrogen. Such a polarization would
lead to & more positive character at the protons and subsequent downfield shifts. The infrared and 'H
NMR spectra of the complexes of the polymeric as well as low molecular weight donors with TNF and
TENF arc very stmilar to a superposition of the spectra of their components. This is becausc of the lower
concentration of the complexed pyridine units in the polymer chajn compared to the uncomplexed one.
The acceptor and donor molecules are most probably in parallel configuration.

Generally, a similar spectral behaviour was observed for each of the donors (polymeric as well as low
molecular weight) with 2 common acceptor. The reaction of cach of the donors with the acceptors pCHL,
oCHL, DDQ and TCNQ showed a rapid charge-transfer complex formation which occurs with the forma-
tion of free radicals, followed by a slow reaction to a diamagnetic product. Whereas with iodine as accep-
tor, the rapid formation of charge-transfer complex formation, which occurs without the formaticn of free
radicals, is followed by a slow reaction to form a product. A product is formed immediately for the
reaction of a donor with TCNE as acceptor. The complex formed from the reaction of each of the donors
with TNF and TENF as acceptors is weak.
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L Tntroduction

Laminar flow past a horizontal circular cylinder is an important problem in fluid mechanics and it contilnues
ta be of importance due to the academic interest associated with it and its industrial importance’. n
‘ft'buology} there are several situations where an accurate estimation of heat transfer requires that the
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requires that the effects of buoyancy be properly accounted for mixed convection from a cylinder 15 of
importance in the fields of hot-wire and hot-film anemometry, heat-exchanger design, cooling of electron
equipment, design of electric transmission cables, etc. In the field of thermal anemometry, an expression
for the heat loss from the cylinder is usually used to measure the velocity of the flow®. Since buoyancy
force can significantly affect heat-transfer from the cylinder3"5, there is a need for accurate conelarion;
which predict the rate of heat transfer in the presence of buoyancy and at low velocities, In the presea
work a numerical study of laminar mixed convection from a cylinder has been undertaken.

2. Results and discussion

The angle y made by the direction of forced flow with the gravity vector is an important parameter 1
studies of mixed convection®. Flow regimes associated with a v of 0, 90 and 180° are, Tespectively, known
as the parallel, contra, and the cross flow regimes.

The governing equations along with the appropriate boundary conditions have been solved using finite
difference methods. The vorticity—stream function approach and the alternating direction impliert scheme
with a variable grid spacing in the radial direction have been used. The dimensionless equations governing
the transient problem are given below. Here ¥, {. ¥, u, v are the dimensionless temperature, vorticity.
stream function, angular velocity and radial velocity, respectively Re, Gr, and Pr are the Reynoids.
Grashof, and Prandt]l numbers. The angles are measured as in Fig. 1
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The non-dimensional variables are defined as follows:

» 5
U= WUy v = V/Uuy = 7 = IR, & = (T-THTy=T2), ¥ = W/UR, L= LUR &

Here, U, and r are the free-stream velocity and the radius of the cylinder, respectively. The §01ut;30n0f
equos (1) through (4) together with the appropriate boundary conditions gives the desired solution. Oy;:s
dary conditions should be specified on the surface of the cylinder, at ‘infinity’, and on the stmc'?;uO;s
(when symmetry exists). The boundary condition for the temperature on the heated cylinder surface oslip
directly from its definition while the conditions for stream function and vorticity follow from the
condition’. Thus, on the cylinder surface we have,
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u e g
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F1G. 2. Stream function and isothorm plots for y = 135%, Re = 40, Pr = 073, (a) Gr = 800, (b) Gr = 8000 (c) Isothers,
Gr = 800 (d) Isotherms, Gr = 8000.

. . -
of the solution domain requires to be solved for these regimes. The following well-known boundary c
ditions are used for the symmetry lines.

av 3y
= ——=u= = 0.,
b g

In the present work, the problem is solved for a variety of flow regimes (y) and for dlfferenft Re,ﬂ(?o;
and Pr. Figure 2 shows some sample results in the form of stream function and isotherm plots ofr a{mm
regime corresponding to y = 135°. A general correlation has been proposed to cstimat.e heat-trans ‘?:e and
the cylinder when angle vy is arbitrary. Tt was shown that information useful in the field of botwi
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pot-film anemometry can be obtamned from this correlation. Since a wide variety of fluids are wsually
epcountered in the field of anemometry, the effect of Prandtl number variation on heat-transfer from the
evinder is studied for a range of fluid Prandtl number (10‘2 = Pr 107% and correlations are proposed.
Tae problem of mixed convection round a wire (Re <€ 1) was considered and correlations have been
proposed to estimate heat-transfer. Finally, the problem of conjugate mixed convection around a cylinder
is considered as it 13 of importance in the field of thermal anemometry. Results indicate that the isothermal
solution can be used if the ratio of solid to liquid thermal conductivities is greater than or equal to 500.
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1, introduction

Mixed-flow turbomachines find application as circulating water pumps of power stations, diagonal flow
turbines and in that region of industrial use which lies between the ranges of conventional centrifugal and
axial flow machmes. The aerodynamics of mixed-flow machmnes are particularly interesting as they are
midway, displaying features of both centrifugal and axial flow This work describes an experimental inves-
tigation of flow through a mixed-flow pump in an aerodynamic test rig.

2. Experimental

The pump tested had a conical hub-type semi-open rotor fitted m a bowl casing followed by a stator guide
vane row. Surveys of aerodynamic parameters have been made up and downstream of the rotor and stator
blading. A method of measurement of all the three components of velocity by a single-inclined rotatable
hot-wire has been successfully umplemented in the present investigation. A high amplification bifluid in-
cined-tube micromanometer was designed and used for the measurement of low pressures.

3. Results

Measurement showed that at reduced flow rates, reversal of flow ocours near the tip upstream of the rotor
nd near the hub downstream. At high flow rates, the flow reverses near tip at downstream only. In fact,
there is only a limited regime of operation on the characteristic curve where the flow is not reversed
be.fore or after the jmpeller. The best fluid-dynamic efficiency point is observed to be almost midway of
s non-reversed flow regime.

T!xe teversed flow eddy at inlet by itself is very narrow but it induces pre-swirl over a large portion of
e inlet annulus. Evidence suggests that fluid particles from within the zone of reversal are entrained by
N?d WX with the clean flow outside continuously so that the inlet flow too is essentially ‘turbutent’ and
¥ithout any expressible circumferential regularity. Similar inferences hold good downstream of the impeller
o at reduced flow rates.
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The role of the relative eddy' in modifying the flow outlet angle 1n a turbomachine is
clarified in studies with mixed-flow configurations. The effect of it appears in the blade-to-bla
‘through-flow’ eddy. It 13 shown that the effect of the through-flow eddy is extremely important and must
be considered for better prediction of outlet flow angles. Other basic phenomena which influence the flow
outlet angle are the tip clearance leakage flow?, the meridional velocty change® and secondary flow!,
Suitable analytical models for prediction of these effects have been discussed.

oSt easily
de plane as

For prediction of performance of a turbomachine, one requires the capability to predict, apart from the
fluid outlet angle, as also the spanwise variation of meridional velocity and loss coefficients. Through-flow
solutions of the mean hub-to-tip stream surface has been carried out for the pump under consideration
by streamline curvature computation technique’ and compared with experimental results. The results of
attempts for theoretical assessment of total pressure loss are compared with experimental measuremens,
It is seen that existing loss models are inadequate for loss prediction and further work is required in tis
direction to be able to predict loss with reasonable accuracy in such machines.

The pattern of variation of yaw angle downstream of the stator row suggests the existence of a circulatory
motion of fluid in each blade-to-Dlade channel of the stator, associated with the presence of axial compr}
nent of vorticity downstream of the rotor row. Hence a stator, while removing the swarl shed by a rotor,
may impart another swirl to the flow—the tangential component of velocity near the hub tending to be
in the opposite direction to that near the casing. This behes a comjecture® that the flow, downstream of
a stator row of any pump, will necessarily be swirl-free at the design pomt at the least.

The head-flow characteristic of the machine showed a droop at reduced flow rates, typical of what one
usually notices in an axial flow machine with the onset of blade stall. Study of the time history of velocity
downstream of rotor illustrates that, unlike rotating ‘stall-cells’ in axial flow machines, the blade stall in
the present case does not possess any regular pattern nor any unique speed of propagation. Near the hub
at downstream of rotor, where the flow finally reverses upon reduction of flow rate, the stall appears as
patches of ‘blockage’-type disturbance over an otherwise systematic train of blade wakes when the fiow
coefficient reaches a value where the droop in the characteristic curve starts.

The study reveals the possibility of estimating the overall flow pattern by using relatively straightforward
methods and the necessity of more information regarding losses and their distribution for a closer predic-
tion of the machine characteristics.
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1. Introduction

The availability of fast-power switching devices has opened up the application of SMPS for practically 2
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power supply applications. SMPS feature high efficiency, small size and weight and low cost. The operation
of the basic switching converter circuits has been extensively covered in the literature'. Many modelling
techniques such as circuit averaging?, describing functions®, state-space averaging®, current-injected model-
ling', variable structure system®, etc., have been successtully applied for the analysis of SMPS. The state-
space averaging method has emerged as popular among these methods and is well suited for computer-
aided analysis.

Fi. 1. A general switched-mode converter,

This work reviews briefly the state-space averaging method and develops a convenient formulation of
the system equations suitable for computer solution. A software is developed based on this formulation,
which takes input data from circuit parameters and provides the performance functions of the converter.
An SMPS evaluator has been built which provides the necessary input signals such as control-input mod-
ulation, switching frequency modualtion, input voltage modulation, etc., to test any SMPS. An automated
measurement system consisting of a PC, a frequency response analyser and the SMPS evaluator have been
tegrated for the measurement and verification of the basic SMPS performance functions. Analysis and
Measurement results on a few basic converters are presented.

2, Theory

{& typical switched mode converter is shown in Fig. 1. The converter switches between two linear circuits
& cach of the switching period. Under the assumption that the state velocity (x} is constant in each of
the subperiods, we may approximate the state velocity with an equivalent state veloaty which is the
werage of the state velocities in the two different subperiods. The assumption that the state velocity is
comstant in each interval will be valid provided the circuit time constants® are much higher than the
switching period. The averaged system description then is given by®

Pr=[Ad + Ay(1-d)] x + [bid + By(1-D] Vy + [md + my(1-d)] i, (&)
v = [gd + g(1-d)] x + [kid + ke(1—d)] i, )
@)

iy = [pd + py(1~a)) x

¥here d = duty ratio. Thus the averaged system eqns (1) to (3) give an approximate equivalent continuous
stem which may be analysed following standard state-space methods.
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3. Performance functions of the converter
The system equation given by eqn (1) indicates the state velocities of the equivalent system as a function

of the input variables (duty ratio d, input voltage V,, load change ) and the system state x. Equations
(2) and (3) give the output of the converter as a function of the state x, and mput variables 4, Vgand j,.

Under steady state the converter operates with input voltage V,, duty ratio D and load R (i, = (), Th

3
steady-state solution is then

X =-A1bV,

¢
Vo = gX (5
I = pX (6
where
A = AD + A1-D)
b = bD + b(1-D)
g = qD + g(1-D)
p = piD + q(1-D)
D = steady-state duty ratio.

The control of the converter is through the duty ratio d. Usually the converter is operated in closed
loop such that the output voltage is maintained through controlling d against variations in v, or load (R).
To obtain various dynamic performance functions of the converter, the system input variables may be
perturbed (d = D + d, vy = vy + ¥y i, = I, x = X + %), and separated into steady state and smal
signal parts. The small signal model thus obtained may be linearised (dropping the nonlmear product
terms) to obtain the following linear small signal model of the converter.

Px = A% + by + mi, + fd

=

Yo = (q1—~q2) X3 + g% + ki,
= (p—p) X2 + pi @
6D + k(1-D)

= [(A1—ADX + (bi—b)V]

where the hat (") indicates small signal ac variables. Equation (7) may be rearranged as

e
oo

£ AR+ Y, + m, 0 (0

From eqns (8), (9) and (10) we may obtain the following dynamic performance equations of the conver-
ter

a) Audio susceptibility [Vo/v, (d = 0; i, = 0)] F.

F = g(s] —A*)"'p* o
b) Input admittance [iy/v; (d = 0; i, = 0)] Y.
Y = p(SI-A*ylp* @

¢) Output impedance [V,/i; (2 = 0; %, = 0)]Z.
Z =~ g(SI-A"Ym* 4+ k ©
d) Control gain [3,/@ (¥, = 0; 7, = 0)]G.

=

G = (q1—q) X + g(SI-A*)"1p*
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inzmance functions of switching converters.

4. Computer-aided awaiysis of converters

When the system parameters are known (P, Ay, Ay, by, by, my, my, p1, Po, g1, G2, ks Ko, vp D), eqn
{# to (6) and (11) to (14) may bc used to evaluate the steady state and dynamic performance of the
waverter. The ON and OFF period system matrices are input to the program. The program evaluates the
deady-state solution at first. Then the dynamic performance functions are evaluated as a function of
fequency. The transfer functions thus evaluated are available either in normalized pole-zero form or in
amore convenient Bode Plot®.

5 SMPS evaluator

To measurc the performance functions of the comverter, an SMPS evaluator was built. The evaluator
povides a voltage source Ve (to be used as input power for the converter under test) and a set of drive
Sgnals to be used to drive the switches in the converter under test. The steady-state switching fl'eqflﬁﬂCY
if} and the duty ratio (D) may be set anywhere in the range of 20 to 100 kHz and 0-2 to 0-8, Tespectively.
The steady-state source voltage (V,) may be set in the range of 15 to 20 volts. Further, sinusoidal modula-

. 2
tions may be superimposed using a signal gemerator on V, F, and D at any frequency.

¢ Computer-aided measurement of performance functions
The measurement of the dynamic performance function is done using a Schlumberger 1250 fr::qu‘ency
response amalyser (FRA). The FRA has one output channel which is a signal generator whose amplltu@e
and frequency are controllable (0-15V; 0-64 kHz) and two input channels. To measure any dynamic
performance function (say 9,/7,), the generator output is connected to the appropriate input (V) of the
MPS evaluator. The evaluator output v, and drive signals are connected to the converter under test gvo
ed vg) are connected to channels 2 and &i of the FRA, respectively. On starting the test, the FRA .ca:rnes
it the test and displays the measured transfer function in magpitude and phase format. By repeating the
it et different generator frequencies the transfer function as a function of frequency may be geqeratfid.
e the testing involves a pumber of settings and repetition at different frequencies, it is well suited for
dtomation. A resident program in the PC does the instrument scttings and collects the te’st‘dala. The
E:im e displayed in the Bode Plot format so that a fast comparison with theoretical prediction can be
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7. Experimenial results

To test the effectiveness of ithe system, a few simple converters were bult and tested. An exhaustive ser
of test results are already reported by Chattopadhyay and Ramanarayanan’. A representative frequency
on a boost converter is shown in Fig. 3. -

8. Conclusion

A PC-based analysis and evaluation system for switching converters has been developed and tesied on
simple converters for its effectiveness. Such a computer-aided evaluation facility is a great help in our
future work to analyse the effect of different nonidealities in switching converters, design and study of
suitable closed-loop compensators and to study scaled-down models of larger power converters.
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Algorithms for dynamic secure economic dispatch by Manoj Kumar Sinha
Research supervisors: P.S. Nagendra Rao and D. Thukaram
Department: Electrical Engineering

1. Introduction

The main objectives in power system operation are to maintain the continuity of supply and also to gu? T
a certain quality of supply in the most economical way. Although it is very difficult to guaraniee St
system operation under all conditions, it can be enhanced significantly. The economic dispatch probiem Ej
constrained minimization problem. Traditionally, the constraints considered in this minimization probles ;-
the units’ capacity limits only. However, in the recent past, it s being recognized that the Wpey.‘{f rﬁ
function should be enlarged so as to consider some more operational and security Of’“smm me "
enlarged scope, the economic dispatch problem can no longer be treated as static optimization profies
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stanc optimization problem. Instead, it becomes a dynamiic ope. The need of addressing the economic
ispatch problem in this broader scope has been recogmzed as one of the unresolved problems.

2, Dynamic secure economic dispatch

The conventional economic dispa\tch"z is aimed at meeting the instantaneous load demand in the most
economical way. As the load vartes continuously the units are scheduled on a point-to-point basis so as
1o follow the changing load. When the schedules for a forecasted foad curve are obtained based on a set
of instantaneous load demands, then it may not be possible to change the generation of the umits as
dietated by the schedules due to the constraints on the rates at which the thermal units can be loaded or
deloaded. Hence, if the economic dispatch is to provide a practically viable solution, these constraints
must be included in the problem formulation. The inclusion of the units’ rate constraints makes the prob-
iem a dynamic one. Further, it is preferable to include the requirements of minimum spinmng reserves®
and also the constraints on station and network limits which are important in enhancing the system security
into a broader economic dispatch problem. When all the above features are included with those of the
coaventional ones the enlarged problem can be referred to as the dypamic secure economic dispatch
{DSED) problem™*. Algortithms for the DSED problem must be efficient as the solutions are required in

real time.

3. Contribution of the thesis

This work is essentially concerned with the development of efficient algorithm for the solution of the
gymamic secure economic dispatch (DSED) problem. In the first part of the work, the problem is consi-
dered assuming linear cost functions®. Existing solution algorithms for this problem are in the linear prog-
nmming framework. This work takes a different path. Attempts are made to develop computationally
efficient heuristic algorithms, which exploit the special nature of the problem. Two types of procedures
bave been developed. The first is meant for determining the optimal schedule considering a subset of the
specified set of constraints involving very little computations. The sccond is meant for systematically mod-
ifying the above suboptimal/unfeasible (in the overall context) solutions towards optimal value over a
sequence of steps. At each step of the modification the algorithms seek to change the schedule so that
the cost cscalation is kept as small as possible.

In the second part of the work, the DSED problem is investigated assuming quadratic cost functions.
The motivation for this effort is the fact that the static economic dispatch problem is invariably based on
quadratic cost functions. However, except for a small attempt, there appears to have been no significant
dfort to formulate and solve the DSED problem considering the quadratic cost functions. The problem
when formulated in this way, turns out to be a standard QP (Quadratic Programming) problem. However,
attempts 1o solve this using a standard QP package were not very fruitful. Hence, even in this case an
heuristic algorithm is developed which is similar to that of the linear cost function case.

4. Conclusions

?hc fllgorithms developed in this work to solve the DSED problem (assuming linear and quadratic cost
m“"f“ms) have been tested on different systems. The results are presented and are compared wilth those
obtained by the earlier approach. The comparison shows that thcse QP methods are more efficient and
uld be applied for large systems.
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Multifactor ageing of bigh-voltage rotating machine stator insulation by M.B. Srinivas
Research supervisor: T.S. Ramu
Department: High Voltage Engineering

1. Introduction

Modelling and analysis of insulation failure due to ageing under multifactor stress is a subject of consider-
able current interest. Various phenomenological models have been suggested from time to time to describe
the long-time behaviour of insulation systems and some of them are still being used to estimate the life
of insulation!?. Also, diagnostic test procedures exist for monitoring the status of insulation during service.

The contribution of the present work is two fold. The first is the development of a phenomenclogical
multifactor stress model for predicting the life of electrical insulation undcr the combined action of elcctri-
cal, thermal and mechanical stresses. This model has been tested using the ageing failure data on high
voltage rotating machine stator insulation. The second contribution includes the development of a diagnos-
tic test method for assessing the level of degradation of rotating machine insulation in service using the
results of partial discharge pulse/magnitude data. A possible method of predicting the useful remaining
life has also been suggested.

2. Theoretical

Several aspects of insulation ageing under combined electrical and thermal stresses have been covered
earlier*®. The model for failure of insulation in the presence of mechanical stresses can be shown 10 be
an inverse power law, similar to the electrical failure model.

2.1 Multistress model

The insulation life at any electric stress E and at room temperature can be expressed by the empiricel
power law thus,

L = KE™ t
in which K and n are constants.

When thermal and mechanical stresses are also present in addition to electrical stress_. the power lavel
constants can be treated as functions of 7 and § and the above expression should be weighed by therm!
and mechanical ageing terms thus:

7
L(E,T.S) = K(T,8) E™T9 exp(B/T) $™™ - E

Now, if Ey, Ty and S are the operating stresses, then,

Lo = LB, Ty, ) K(Ty, S0) B0 cxp(BITy) Sy - v
By virtu§ of the phenomenological fact that the endurance coefficient is a decreasing ‘f““mo" of ?h‘b;;
supplementary stresses T and §, and assuming, as fixst approximation, that the interaction betwee? it
stresses is small, it is possible to express n(7,5) as a linear combination of the endurance coefficients
the thermal and mechanical stresses are present separately with electric stress as:

n(T,8) = n(I) + n(S). &
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Table [

Comparison of experimental and estigated lives

Agang stresses Estunated Experumental
. life* life**

T 4 M (hours) (hours)
fc (k) (kglen?)

180 20 o 1558 1400

W W 55 186 190

a0 W 0 643 680

a0 26 552 77 80

10 i) 0 290 200

30 26 664 24 25

* Sec eqn (7).

** exacted from the corresponding Weibull plot.

Table [

Coeffivient of correlation between diagnostic properties, breakdown vollage, Uy and the siress factor, G
Parsmeter G Atan & AC/C Epy Ry Uy Sk

G - 0-4483 0-2861 0-4692 -02778 -0-9429 ~0-9472

dtand ~(-4483 - 0-9282 ~0-2210 —(-9556 —0-6462 —0-5725

AcIC 0-2861 0-9282 - --0-5509 ~—0-9943 —~0-4181 ~0-3249

Ey 04692 —0-2210 —0-5509 - 0-4971 —0-4845 ~0-5678

Ry ~0-2778 —0-9556 —0-9943 0-4971 - 0-4412 0-3505

Y, —0-9429 —0-6462 —0-4181 —0-4845 0-4412 - 0-9949

3 —0-9472. ~0-5725 —0-3249 —0-5678 0-3505 0-9949 -

Also, it is known phenomenclogically that n(7) and n(S) are decreasing functions of 7 and §,

tespectively, thus:
n(8) =a — bS

w(T) = ¢ - AIT.
When 8 is very small or zero and T is less thap or equal to the room temperature, then #(7,5)

s given by,

1S = ate = ng (say).

Therefore, life £, can be written as,

L=L.,.K<T)S).(

ES
By

)€ ) )

-y -,

AGE

[ (+-3)

©)

®

To determine the constant in the above equation, experiments have to be conducted at single electric,
thermal and mechanical stresses, combined electrical and thermal stresses and combined electrical, thermal

wd mechanical stresses.

3. Experimental

The specimens for ageing experiments have all been derived from fuli size 11 kV rotating



390 IISc THESES ABSTRACTS

Conductors

200(280)

|
|
I el

630(800)

200(280)

:

11kV coil
< > Epoxy-bonded mica-
13 splitting insulation
Insulation between
T section is made at
215 5 polyester/synthetic
varnish

28

Semiconducting layer
for stress relief

“
Copper conductors
3.25 > e (12 nos) in each row

e

Section on ‘X X’

Fig. 1. Full-size coil geometry (all dimensjons are in mm),

F(X)
F(X)
60

f(x)

(a)

100

FOO — 80

F(X%
60

— 50
(%
— 40
— 30
-~ 20

- N, — 10

~.

1 1 1 i ) ] I} L>lp
5 6 7 8 9 1011 1213
(b)
(x) = density function, F(X) = distribution function

& 50
Fio. 2. Statistical distribution of pulse cousts afier {3)
hours, and (b) 3000 hours of ageing.



1ISc THESES ABSTRACTS 391

machine stator coils shown in Fig. 1. The edges of the conductors were rounded off longitudinally to radii
at which the electric stress concentration is a minimum. In running the ageing experiments, two types of
specimens were used: (i) full-size coils, and (ii) short lengths of coils derived from the above. Full-size
cofis have been used in all experimental runs where vibrational (fatigue) stresses have been applied.
However, when the mechanical stresses were not applied, shorter lengths of coils have been used. Exper-
iments were conducted both under single and multifactor stress conditions.

4, Results and discussion

The times to failure of overhang insulation under combined electrical, thermal and vibration (fatigue)
stresses are assumed to follow a two-parameter Weibull distribution since the degradation 1s a weak link
process. The parameters of distribution were estimated using maximum likelihood estimation technique.
These parameter estimates were in turn used to arrive at the values of model constants. Table I compares
the life estimates using the suggested model with experimentally obtained lives. As can be seen, the lives
obtained using the model are quite close to the experimental lives.

As mentioned earlier, a diagnostic test method has been proposed based on diagnostic measurements
such as incremental loss tamgent, capacitance change, partial discharge pulse count/magnitude and PD
energy carried out on machine insulation. These measurements have been correlated with dielectric strength
of insulation. Table II presents correlations between them. While some properties correlate well with dielectric
strength, others do not. For example, dc resistance and AC/C, A tan & and AC/C are well correlated.

A second and more interesting observation was made when partial discharge pulse amplitude distxibu-
tions were plotted as functions of time. As can be inferred from Fig. 2, at the beginning of the ageing
period, the distributions were skewed to the left. As ageing progressed, the skewness approached zero.
Further ageing would make the density function skewed to the right. Failure invariably occurs after this
condition is reached. As can be seen from Table II, the correlation coefficient between skewness and loss

of dielectric strength is very high (> 0-9).

6. Conclasions

The work reported provides a means of estimating life as well as assessing the level of degradation of
high-voltage machine insulation under multifactor strets. The constants of inverse power law are treated
# fonctions of thermal and mechanical stresses, These constants can be obtained by conducting single as
well as multistress ageing experiments, which in turn can be unsed to obtain life at any stress or stresses.
The diagnostic test procedure proposed makes use of skewness of partial discharge pulse amplitude dis-
tribution as a measure of degree of deterioration of machine insulation.
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Thesis Abstract (M.Sc. (Engng))

Development of ratio-transformer-based self-balancing ac bridge for very low capaci-
tance measurements by C. Nagaraja Murthy

Research supervisor: M.V. Lele

Department: Instrumentation and Services Unit

L Introduction

The accurate measurement of low-capacitances using conventional bridges in the presence of stray and
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Fic. 1 Functional block diagram of self-baluncing ratio-transtormer bridge.

ground capacitances is very cumbersome. This problem can be solved by using a three-tr_:rmina! capacitor
and a ratio-transformer impedance bridge. Although these bridges provide good resolution and accuracy
in measurements, manual balancing hardly meets today’s requirement for speed of measurement anq agto-
mation. An attempt has been made to design and construct a ratio-transformer-based sej]f—balancmg ac
bridge for the measurement of low capacitances having a resolution less than 1 part in 10°.

2. Functional description

Figure 1 represents the functional block diagram of the self-balancing ratio-transformer bridge. The derals
of the building blocks of the system are described here.

A Weinbridge oscillator having a good frequency (1kHz) and amplitude stability is used for the exclw}t‘l{g
of the bridge. The heart of the bridge is a four-decade inductive voltage divider (TVP) waund on al J
permeability (1x10%) super mumetal core. The universally accepted technique of winding VIVDS dete opees
by Hill and Miller' has been used here. This winding technique on a high permeability corc et
equality of coupling between all sections of the windings and makes them virtually 1fiea] raltl;? ﬁm;;
DIP-type reed relays having very low-contact resistance have been used for the selection of n;n 1:“
tappings. The decoder logic to activate these relays is implemented using digital ICs. The rl:] bridee
capacitor Cu and the standard capacitor Cs are connected as shown in the figure. The output of den state
is fed to a lock-in-amplifier detector, comprising a pre-amplifier, programmable gain amp lifier anadmmc
variable filter as the front end of the detector. The output of the filter and the output of the qu D
reference generator is fed to PSD through a reference signal selector circuit. The output of themmm
digitised using an A/D converter and is fod to the computer. The personal computer |.mder ﬂ:f then the
control adjusts the voltage ratio tappings using the relays for the balance of the bridge an o
“Comparison” or “Intercept’ technique is applied for computing the value of the unknown capacior
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3. Experimental resuits

The accuracy of comparison and self-consistency in winding and inter connections of the ratio-transformer
is determined using Hillhouse and Kline* method and is found to be accurate within 5 parts per million.
The bridge utility has been illustrated with the help of the capacitance transducer experimental arrangement
for measuring small displacements. The bridge is found to be very sensitive for the measurement of
displacements less than a fraction of a micron.

The self-balancing bridge has also been used for measuring the cell constant, i.e., the thermal expansion
cocfficient of OFHC copper in the temperature range of 90 o 340 K by taking germanium as a standard
sample in the capacitance cell assembly. Figure 2 represents the variation of UC with temperature for
germanium and Pig. 3 shows the variation of cell constant (thermal expansion coefficient of OFHC copper}
with temperature. It can be seen from Fig. 3 that the results are accurate within 5% of the reported values
in the literature for OFHC copper®. Finally, the present system provides a facility for the automation of
2 system which requires precise and ‘accurate measurement of low capacitances in the presence of ground
capacitances or to measure any parameter which can be converled into capacitance change.
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Thesis Abstract (M.Sc.(Engng))

Knowledge-based interpretation of remote-sensing data by L. Chandra Sekhara Sarma
Research supervisor: V.V.S. Sarma
Department: Computer Science and Automation

L. Tntroduction

The art and scjence of relating image characteristics to real-world objects and phepomena is _callz.zd imag;
Derpretation. This involves examining images for the purpose of identifying objects and judging theiz
Significance for a given application. Remote-sensing satellite images with reference data pravide a basis
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for extraction of information for various purposes such as land use/land cover mapping, hydrology,
5, Iy s

eology,
and geography'. eslogt.

Visual 1nterpreters study rcmotclyh sensed data and attempt to identify corresponding physical obyectyy
phenomena through logical processes”. Complementary to visual interpretation are computer-assisted digital
techmques which are in operation are totally dependent on multispectral charactenstics of individual pfxalg
of an image’. However, image mterpretation is more than reading and manipulating individeal pixcls as
it involves spatial, structural and temporal aspects and articulating heuristic knowledge acquired by cxperi
ence. Core activity of interpretation can be described as plausible combination of pieces of evidential
information from various sources such as images, collateral data and experimental knowledge. This aclivity
is more in the nature of explorative and qgualitative reasoning in the line of artificial intelligence (AT) wd
expert systems (ES). Al techniques have given a boom to the development of intelligent image interpre-
tation systems.

2. Contribution of the thesis

In this work, we review well-known operational digital techniques for classification of images and highlight
their inadequacies for automatic image interpretation to meet expert-level performance. Further,
we focus on knowledge-based approaches to remote-sensing image interpretation and demonstrate the
application of a knowledge-based methodology for image interpretation of standard false colour composite
(FCC) using Dempster-Shafer theory of evidence. The underlying assumption in our approach is that
human-like interpretation is a form of intelligence-computation mvolving qualitative reasoning.

We analyse the knowledge elcited in the application theme of land usefland cover mapping from the
experts available at the National Natural Resources Management Systems Office, Department of Space.
Bangalore, and identify the types of knowledge in the domain of image interpretation. This analysis is
helpful in deciding the choice of knowledge representation scheme, uncertainty handling scheme and relia-
bility and performance analysis™®.

Knowledge representation 15 of key importance in the development of any knowledge-based systen. We
carry out studies on the suitability of image data base management system (IDBMS) based on relational
data model® to serve the purpose of representing feature-oriented image knowledge. Our studies reved
that the static storage model provided by the classical relational mode} is inefficient in capturing the
abstraction at various levels of spatial resolution. We find that stuctural limitations, lack of semantics and
extension capability arc the major disadvantages of IDBMS based on relation data model for using them
as a basis for knowledge-based approaches to image interpretation. As an alternate approach, we have
conceptualized detectable image objects as region/area, line and point objects. This helps in abstracuonl at
various spatial resolution levels and provides a basis for integration with the geographical information
system (GIS). The conceptualization suggests that object-oriented approach for the representation of Lh_ese
objects is the natural and appropriate choice. Feature values of these objects are stored in 2 flexible
storage structure using property lists. Heuristic information is stored in the form of rules.

Reasoning is of paramount mmportance in any intelligent analysis activity and thus plays a key role it
obtaining best possible results of interpretation. We view image interpretation as a data fusion activiey 12
which each interpretation key is treated as a knowledge source providing evidence to formulate a umique
identification name in combination with other interpretation keys for the object under study. Since m‘f
feature values represented by interpretation keys are fuzzy human expressions, we take user’s confidercs
in describing a feature into account to handle the uncertainty.

P

We explore and demonstrate the possibility of using Dempster-Shafer (D-S) theory of ev1dence‘;‘°
combine the evidence from various interpretation keys for interpretation of siandard FQC of IRS‘ Af;
Basic probability assignment, a representative of apportioned user belief in a proposition, is the bass _‘;
evidence combination. Unlike Bayesian method, D-S theory of evidence provides an evidential 1ute?.
with support and plausibility. With this user’s ignorance can be carried forward till the end ?f processifg
in a structured manner and user has choice to distribute his beliel to any clement or subset of xdent‘!ﬁcﬂﬁ
names. Dempster’s combination rule tries to discard conflicts by way of normalization and brings
consensus.



IISc THESES ABSTRACTS 395

3, Performance evaluation

A prototype expert system has been developed implementing the above schemes on IBM PC i GC LISP
with 2 view to evaluate the performance of the system. In this, we have bifurcated the given image into
mutually exclusive logical objects. Two methods of calculating basic probability assignments, namely, sys-
tem method and confidence method have been attempted. These methods are combined with (without)
‘eaming’ using (not using) Dempster’s rule of combination. Thus eight options arise. Three IRS-1A FCCs
contamning coastal belts and vegetation covers have been analyzed exploring all the eight options using this
system. Analysis of the results is done with various threshold values of plausibility, belief and evidential
intervals. The results of identification are compared with human expert’s opinion and found satisfactory.
Explanation facility is provided by tracing the rules fired in the sequence. Online storage of data about
new image objects found on the image has been provided so that the image base gets updated for future

enquiries.

4. Conclusions

We observe that the time taken to reason with objects represented in property lsts is significantly large
when compared with the if.. then rule form. Though we have taken standard FCC of IRS-1A for identifi-
cation and analysis of results, the system can also be used to interpret black-and-white image or any other
photographic data product for which experts can design an interpretation key. In an abstract sense, the
reasoning process in our system is analogous to that of human interpreter. Because of this, we feel that
this knowledge-based approach brings skilled interpreters closer to computer-assisted classification aids.
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Thesis Abstract (M.Sc.(Engng))

Downward trimming of thick film resistors by T. Badrinarayana
Research supervisors: M. Satyam and K. Ramkumar
Department: Electrical Communication Engineering

L. Introduction

Tl_'lmming is the process of adjusting fabricated resistor to the required value. So far the resisto_rs are
fimmed upwards by removing the material from certain regions by various methods like ultrasonic, air
abrasive!, |ager? and electron beam trimming. A process of reducing the resistance by transforming the
Siructure of the thick film resistors of both types, namely, (1) Frit glass-based ruthenum oxide resistors,
ad (2) Polymer-baged resistors, are studied and is reported here.
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2. Experimental work

Resistors, of glass as well as polymer type, are screen-printed on alumina and glass epoxy substrate
respectively. They are processed using standard thick film technologies applicable in each case. The fr
glass-based resistors are trimmed downwards by exposing them to laser radiation in the form of track
between the electrodes. The polymer-based resistors are trimmed downwards by exposing the entire resiste
to infrared radiation for a certain time. The details of the trimming are given below.

2. Trimming of frit glass-based resistors

A CW argon jon laser with an output power of 4 walts was used m trimming these resistors. The bear
diameter was adjusted to the required diameter by using a lens and the resistor to be trimmed was move
at constant speed along its length in a direction perpendicular to the beam. At this rate of movement an
power density it was found that the material had not evaporated but got transformed leading to Io‘f;e
resistance values. This is due to the formation of high conductivity tracks possibly through the segregatio
of conducting phase from the paste. An SEM photograph of a trimmed resistor is shown in Fig 1.

2.1 Design of trimmng rracks

The trimming tracks are designed using resistor analogue’ consisting of discrete resistors, of value ¥
kiloohms each, connected i the form of a network. Blectrodes are formed such that the number of 'xow
are proportional (o the width and the number of columns are proportional to the length of the resistor
Trimmed portion of the resistor is simulated by shorting appropriate rows and columns in the ;}awmk
The vanation of resistance with increase in trim length is measured for different resistors a_nq it is fOU{J‘
thut the resistance decreases with increase in trim length. Typical variation of pormalized reslstanFe W}ﬂ
trim length for different track widths (W) is shown in Fig 2. Using these curves onc can design lmmAmﬂvz
tracks to get the required decrease in resistance. These tracks can also be designed using computer S
lation as described below. In this method, the potential distribution in a Tesistor is calculated by findin;
solution to Laplace’s equation using a finite difference technique with an applied voltage of 1 voit 73?‘:}15
the resistor. The current flowing through the resistor has been then computed which essentially gives &
conductance of the resistor.

3. Trimming of polymer resistors

Polymer resistors are, trimmed by exposing them to infrared radiation for short periods like 4’5122:1]‘
seconds. It is found that the value of resistance decreases m each cycle of exposure to IR radiafon-
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also decreases with increase in voltage applied to the IR source, with exposore time and with the number
of exposures. This behaviour is observed in resistors with different compositions. A design method has
teen arrived at through the understanding of the mechanism.

3.1. Proposed mechanism

It is known that polymer films contain cavities which start shrinking when the polymer is subjected to a
temperature which is above the glass transition temperature. The rate of cavity shrinkage is found fo
depend on the viscosity and surface tension of the polymer at that temperature. As the cavity size decreases
vith time, the effective cross-section for the current increases and the resistance decreases. Since the
temperature of the fitm depends on the voltage applied to the IR source, the time of exposure, the
aumber of exposures and on the interval between the exposures, the change in resistance is also expected
10 depend upon these parameters. A model has been proposed through which the percentage change in
resistance can be estimated in terms of number of exposures, duration of exposures, efc. Typical measured
aud caleulated variation of the normalized resistances with the number of cycles is shows in Fig. 3 for
resistors with different compositions. From this, one may obtain the radiation exposure schedule to get
ihe required change in resistance.
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A design environment for layout module generators by Govind T. Chari
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1. Introduction

Productive design frameworks based on structured design methods for high-density and high-performance
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very large scale integrated (VLSI) circuits are still evolving. The search for structured design methods had
naturally led to the use of design languages as formal notations for descriptive purposes. The thrust ig
research on language-based approaches to IC design came with the coining of the term silicon compilation
which was first used to describe the concept of assembling parameterised pieces of layout. Today this
popular term has a much larger and broader connotation. Parameterised description of layout entities are
more commonly known as layout module generators.

The use of module generators and the resultant procedural approach to layout design is considered
practical and suited for an open-ended layout design framework. This work reports our efforts towards
the design and implementation of a design environment for layout module generators. The implementatior
constitutes a case study and is meant to provide an interactive and incremental style of layout design. As
part of this effort a critical review of the various layout design approaches, including attempts to use
language-based approach in layout design, has been done. Using a suitable taxonomical scheme, our
perspective of the trends in these design approaches is presented through which the relevance of procedurl
approach to layout design is established.

2. Motivation

The issues involved in the design of layout module generator specification language and the provision of
a system for design of module generators is described. A survey of the available literature on related
efforts in this area such as ICL!, ALI?, SAM®, GDT*, ICEWATER?, etc., has been done. It is found that
the acceptance and success of generator design tools (GDT) is mainly due to its graphical design interface
and the common database approach for various tools within the design system. These aspects of a design
environment for module generators, which resemble programs, motivated us to investigate the possibility
of extending and utilismg the principles of software development environments. An alternate approach to
provide an integrated design environment with graphical interface is elaborated. Considerations and various
decisions involved in deriving the system architecture and the issues related to the design of module
generator specification language are carefully analysed. The choice of the generator specification language
constructs and a basic system configuration of the design environment are described in detail. The layout
module generator specification language proposed is an extensjon of the C programming language.

3. Tmplementation

Implementation details of the basic system configuration of the design environment are discussed. The
current implementation of the basic system comprises the source description translator module, the object
manager module, the interpreter module, the design rule checker module and the display module. The
environment supports a subset of the C progr: ing language a d by the constructs for layour
module generator description, and has the following features:

(2) It uses the abstract syntax tree as the intermediary code. The choice of intermediary form has bees
influenced by the decision to allow for a tree-based editor to be incorporated.

(b) It uses the compile-load-interpret technique. The interpretive mechanism provides for incremental
execution with breakpointing and design tracing facility.

(c) The execution mechanism is also supported by an online design rule checker and various nin time
support facilities.

_Illustrative examples of some layout module generator specifications and layouts generated through them,
using this system, are also presented.

. The cmrent implementation demonstrates the applicability of our approach for constructing an integraied
interactive design environment for layout module generators. Enhancements required to incorporate &
the C language constructs are explained. The design of a structure-oriented editor to provide & full graphi-
cal programming environment is briefly described.

Finally, a comparison of relevant aspects of this approach with similar aspects, as reported 1:11 t!m fter
ature, of other generator design systems is made. The advantages of our approach are aiso highlighted:
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Analysis of the end-to-end performance of integrated services networks by T.V.J.

Ganesh Babu
Research supervisor: Anurag Kumar
Department: Electrical Communication Engineering

1. The model

In this work, we analyse end-to-end packet delays in integrated services networks that combine circuit and
packet-switched traffic. We consider a network comprising switching nodes and transmission links. Each
ok bas a number of fuli duplex channels that are shared by circuit and pocket-switched traffic. The
vell-known movable boundary scheme! is used to share the channels. Hence, as far as circuit traffic is
woncerned, we just have a circuit switching network with channels dedicated for circuit traffic. We assume
umform traffic for circuit and packet arrivals on all the node pairs. Fixed routing for circuits and packets
is assumed. Routmg for circuit and packet traffic is defined by the same routing matrix.

L An approximate analysis method

With static rovting and the uniform traffic assumption, we can calculate the probability at each link that
all the circuit channels are busy. Nest we calculate the composite arrival rate of packets at each link, from
the routing matrix and the packet arrival rates for all the source-destination pairs. Next we consider each
limk in isolation, and assume that the blocking probability of circuit channels on the link is due to an
independent Poisson circuit arrival process to the link. Further, we assume that the composite arrival
process of packets to the same link is Poisson with arrival rate as calculated above. We now have an
azalysable model that can be used to obtain the approximate mean delay for packets at that link in the
detwork, The approximate end-to-end mean delay of packets on a route will be the sum of the mean
delays on the links constituting that route.

In a general circuit switching network, if there is a unique route between each source—~destination pai.r
then the stationary joint distribution of the number of circuits between source—destination pair is in 2
product form®?. For simple networks, with uniform traffic for cirenits, it is possible to caleulate the block-
8¢ probabiiity of each link directly from the product-form solution. For petworks with a single full duplex
thancel on each link, the problen; of calculating link blocking probabilities can be expressed inltermsy of
3 number of path-counting problems on the connectivity graph of the network. This caleulation is carried
out for N-node tandem networks and for the 2d hypercube network.

3. Numerical results (approximation and simulation): Single channel per link
E}‘e approximation technique is used to obtain mean end-to-end packet delay. We have used regenerative
smulation 1o obtain the estimates and confidence intervals for the exact values.
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Since a tandem network is not homogeneous (as is the hypercube network), the mean packet delay on
each link has to be estimated individually, in order to estimate end-to-end mean packet delay. Since the
load on the central link(s) is the maximum, we, however, only maintain regeneration statistics for the
central link(s). The simulation is run until an adequately narrow confidence interval is obtained for the
central link(s). From the simulation resuits and the corresponding values obtained from the approximate
analysis, we make the following observations:
(i) At low packet occupancy and circuit occupancy, the approximation overestimates the mean packet
delay.

(if) For a particular packet load as the circuit occupancy increases from a low to a high vahe, the
approximation overestimates at low-circuit occupancies and underestimates at high-circuit occupancies.

(i) At low-circuit occupancy, the overestimation by the approximation increases as we move from left to
right downstream along the network.

(iv) As circuit occupancy increases, first the approximation underestimates at upstream links and overes-
timates at downstream links, and at even higher circuit occupanices the approximation underestimates
at all links.

From the simulation results and the corresponding approximation values for end-to-end mean packet
delay in a 2d hypercube, we draw almost the same conclusions as we have done for the tandem nettwuﬂ!
case, i.e., the approximation overestimates under low-circuit occupancy and packet load, and as circuit
occupancy increases, we see the tendency of underestimation even though it is not as significant a5 in fhe
tandem network case. Note, though, that the routing on the hypercube is such that some links rectiv
only Poisson packet arrivals, Thus, the approximation will not underestimate significantly even under large
circuit loads.

We then attempt to explain these observations.

4. A detailed study of the approximation

*We simualte two simple models. In both the models, there are two single-server queues in tandem. Peckets
entering the queue of Server 1, after finishing their service, will enter the queue of Server 2. In the first
model (say Model I, circuits arriving will seize both servers simultaneously. In the second mofifl (s2y
Model 1I), the servers will be seized by independent circuit arrivals and no arriving circuit can séize 57

servers. The approximate model for link 2 mn both the models is the same as the isolated link model ¥t
single channel that integrates circuit switched traffic and packet switched traffic and implements movibe
boundary scheme (say Model IIT). We compare the simulation estimates of mean delay sXl""’w,.'mby
packet at Server 2 of both models with the results obtained by analysing the approximate model for link 2

Let S; and Sy be the random variables representing the sojourn times of packets at Server 2 of Modds
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I and II, respectively. Let S;z be the random variable represcnting the sojourn time of packets at the
single serve of Model I1I. Then, these rcsults suggest that

E(S) = E(Su) < (Su)
Note that the first link has the samc stochastic behaviour in Models I and IL. The packet departure process
fom Server 1 of both the models is bursty. This is because the interdeparture times of packets from
Server 1 have a coefficient of variation greater than 1, and the successive interdeparture times are corre-
lated (which we have proved along the lines of Burke®). The observed inequality thus suggests that if
there are multiple link circuits then the approximation tends to overestimate the packet delays, whercas if
there are only single link circuns then the approximation tends to underestimate the packet delays at the
second link of the 2-link model.

Note, however, that the bursts in the packet departure process from Server 1 occur because packets
accumulate while a circuit holds the server, and are released in a burst when the circuit terminates. In
Model I, this burst of packets will find the sccond server free of any circuit, whereas in Model II there
is 2 probability that this burst of packets will again encounter a server occupied by a circuit. Thus in
Model 1, there is a correlation between server availability and bursts in the arrival stream, which helps in
reducing delay even below that in Model III. On the other hand, the combined effect of a bursty packet
arrival process and uncorrelated circuit arrivals makes the delay at node 2 in Model II exceed that in
Model TII.

Using the path-counting techniques for networks with single full duplex channel on each link it can be
proved that the mean number of active circuits in the network is an increasing function of the offered
load per route, i.e., the average number of active circuits increases as the load increases. This suggests
that for large loads, the number of links per active circuit should decrease as load increases. It can be
proved that the average length of the active circuits approaches 1 as the offered load per route goes to
ufinity. From these results, we make the following conjecture: the average length of active circuits is a
decreasing function of the offered load per route. This conjecture is tested and found true for typical
setworks.

At low-circuit loads, the overestimation at downstream links of the tandem network increases. This is
because, at downstream links, there is proporticnately more internodal bursty packet traffic than fresh
Poisson packet traffic. Thus, at low and medium circuit loads, the further downstream a link is, the more
is the effect discussed in the previous paragraph (note that the tandem network is symmetric with respect
to circuit traffic). At high-circuit loads, there are mostly single link circuits and hence the approximation
underestimates at all links.

5. Networks with muitiple channels per link

W& also apply the approximate analysis to networks with multiple channels per link. We used the approx-
mation procedure (outlined in Kelly®) to calculate blocking probabilities of various links in a 6-node
tzndem etwork in which each link has four full duplex chapnels, three dedicated to circuit-switched traffic
wd one to packet-switched traffic. We approximate each link of the network by an isolated link with the
“ame number of circuit channels and packet channels and a Poisson circuit arrival process and a Poisson
packet arrival process. Assuming that the link-blocking probability calculated by the fixed point nmethod®
?dee 0 a Poisson circuit arrival process, we calculate the equivalent Poisson circuit arrival rate, using
Erzng’s formula, Further, given the packet arrival rate for each source-destination pair, and the routing
matrix, we find the packet arrival rate at each link. This yields an approximate model for each link, whose
walvsis we have basically adopted from Kraimeche and Schwartz®.

By comparing mean delay experienced by packets obtained through simulation at lin‘k 3 0{ a G-node
Indem petwork with cach link having four full duplex channels, three dedicated to circuit traffic Aand one
© packet traffic and their corresponding approximate estimates, we make the following observations.

b _ﬁ\e underload region, packets do not rely much on circuit channels. Hence, the approximation
=hnigque works well, In fact, if there were no circuits at all, the packet network would be produ?( fngm
2 the analysis would be exact. Near overload region, the positive correlation between server availability
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and agrival of bursts to the server is not much, because again packets do not rely that much on cirenit
channels, when the circnit occupancy is low. But, as circuit occupancy increases, this correlation d decreases
and arriving bursts experience more delay. Hence, the approximation works well at low-circuit occupancies
and underestimates at high-circuit occupancies. In the deep overload region, there exists a very good
positive correlation between server availability and arrival of bursts to the server, when the circuit oceu.
pancy is low and hence approximation overestimates. As circuit occupancy increases, because of decrease
in this correlation, the approximation underestimates.

6. Adaptive routing of packet traffic

If alternate routing is possible for packets then we can adaptively route the packets to improve the perfor-
mance of packets in an integrated services network. We study only the case of a single channel per link.
Circuit traffic follows fixed routing.

In the first adaptive routing technique, selection of one, among various alternate links, which can reduce
the number of hops to reach the destination by one, is done based on mean work at these hnks. We also
consider a variant of this technique. In this case, the selection is done by considering the length of multiple
link circuits on these alternate links in addition to considering the mean work at these links.

We implemented both the above techniques in the simulation of a d2 hypercube network. Both the
adaptive routing schemes are based on the mean work at any queue which is obtained essentially from
our approximate model. Comparing simulation results those based on adaptive routing with the simolation
results that are based on usual routing, we conclude, that the adaptive routing based on mean work &
more effective as the packet Joad increases and is less effective as the circuit load increases. This is becanse
the fluctuation of packet traffic 1s much more as packet load increases compared to that caused by increase
in circuit load. Our variant adaptive routing technique also behaves in the same way except that it improves
the delay performance of packets slightly at low circuit load compared to the adaptive routing technigue
that is based on mean work.
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1. Introduction

Precision motion control systems are required in a large number of applications like biomedical and ait:fﬂ )
ical instruments, computer peripherals, machine tools, robots, automobiles and all types of manuf: Smn:
equipment. These systems may be built around electromechanical, hydraulic or ppeumatic actuators.
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of the commonly used electromechanical actuators are step motors, dc and ac servo motors and solenoids.
One of the most popular elettromechanical actuator used is the step motor. The step motor is an elec-
omagnetic device which converts digital ‘pulse inputs into mcremental output motion. Each pulse advances
the step motor by a step increment and latches it magnetically at the precise point to which it is stepped.
It is this precise stepping characteristic that makes step motor most attractive, as it can be operated, in
principle, in an open-loop mode.

The open-loop mode of operation for step motor is simple and inexpensive. It consists of switching the
supply to various phases of the motor winding in a sequential manner at predefined time intervals. Fach
switching will make the rotor to move by a fixed angular increment, without any risk of cumnulative angular
error, as long as the load and acceleration/deceleration rates remain within acceptable range.

In open-loop mode of operation, the motor cannot be operated at any speed where the load torque is equal
to the motor dynamic torque, which will lead to loss of synchronism. To avoid this Joss of synchronism, some
safety margin should be given between the load torque and the motor torque throughout the speed range.
This safety margin leads to under utilisation of torque capabilities of the motor. The performance of a step
motor can be greatly emhanced if it is operated in closed-loop, using some form of self-synchronisation,

In self-synchronisation, the phase voltages are switched with reference to the rotor position. The motor
phase current lags from the voltage depending on the motor speed because of the inductive behaviour of the
motor winding. For an optimum motor torque the phase angle between the supply voltage and the rotor
position should be varied depending on the motor speed to compensate the lag in the phase current’. The
Totor position can be derived directly with an encoder coupled to the rotor. However, the use of encoder
increases the inertia, space requirement and cost. To overcome this, many indirect methods of deriving the
osition information have been developed. Most of these methods have difficulties at the implementation level.

L Current difference method®

A new method has been developed to derive the rotor position indirectly, termed as current difference
method, The current difference is the difference between the actual current in ome phase of the motor
ad the corresponding current that would circulate in the same phase in a stafled motor. In actual case,
te stalled motor current is simulated with an RC circuit whose time constant is matched to the motor
electrical time constant. The actual phase current is measured with a current shunt. This current difference
sgnal is the current that would circulate in a phase due to back EMF only.

This current difference signal is used as reference to switch the phase voltages. The signal is a sinusoidal
waveform, which is converted into a square waveform and directly used to switch the motor voltages. This
waveform is to be delayed depending on the motor speed for an optimum motor torque generation. A
ﬂG:iéd-loop step motor system was simulated to establish the effectiveness of the proposed self-synchroni-
sation scheme. Based on the simulation results a microprocessor-based controller was designed. The values
of the delay that needs to be introduced were stored as look-up tables. The speed of the motor is derived
by measuring the cumrent difference waveform pulse width. The pulse width data is used as pointer to
fetch the delay data from the look-up table. This delay data is loaded into digital monostable which delays
ihe switching voltage. With this controller, the motor is made to generate optimum torque throughout the
speed range. Practical results have shown good correlation with simulated data.

3, Practical implementation®

A point-to-point positioning system with indirect rotor position sensing was designed. This system was
N on an 8-bit microprocessor. In this point-to-point move, the controller starts the motor a few steps
"f open loop and switches to self-synchronisation. This open-loop start is required because the current
dfffﬁmnce signal for switching the phase voltage will not be available when the rotor is stationary. Once
fbe notor is switched into self-synchronised mode, the motor goes into acceleration phase and the speed
DEIeAses 1o a maximum value where the motor dynamic torque matches the load torque. Since the motor
Totates in self-sjnchronised mode, it will continue to rotate even when the motor torque is equal to load
*tque, which is not the case in open-loop operation. The controller has to keep some steps for deceler-
0t from the total steps to be moved. The number of steps reserved for deceleration is taken as muitiples



404 NSc THESES ABSTRACTS

of the number of steps taken by the motor during the acceleration phase. In short moves, the motor wili
not reach the maxmum speed because the controller will start the deceleration phase before it reaghes
the maximum speed

The deceleration is the difficult phase in a move, where the motor should stop without any over shoor.
The method of deceleration tried here is simple and gives good resuits. The delay data which was nsed
during the acceleration phase is loaded into the digital monostable in a reverse order after the motor
moves through a multiple of the step. This type of acceleration and deceleration mode can take some
amount of load variation, as proven by experimentation.

4. Effect of parameter variation®

The crrcuitry used to derive the current difference signal is very simple to implement, 1 comparison to
other methods reported in literature. With minor modifications this circuit has been adopted to chopper
drives as well. But in any of these methods of indirect measurement of the rotor position using passwe
elements, it is necessary to establsh the validity of the signal under all operatmg conditions, as the
parameters of the circuit can omly be perfectly matched with those of the motor at any one operatmg
pomnt. The parameters of the motor will change with temperature or from motor to motor of the same
name plate ratings. It is established both theoretically and cxperimentally that the effect of parameter
variation is insignificant on the behaviour of the closed-loop system.

5. Conclusions

Operating the step motor under self-synchronised mode based on the current difference method leads to
good dynamic performance and makes the system less sensitive to parameter variations. The deceleration
method tried was not efficient and requires further study. All the techniques developed through this studs
can also be implemented for brushless dc motors.
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1. Introduction

Closed truncated conical shells are widely used in civil engineering practice as chimney stacks, .Shm?f
elevated water tanks and for foundations of tall structures. These structures are ge""'wny: Sumamdﬁ;‘o
asymmetric loads like wind load, soil reaction, etc. Open conical shells have wide appﬁca‘[}on as “’0, i
clements and are normally subjected to dead and live loads. This work attempts to provide a P B
insight to the behaviour of closed conical shell subjected to asymmetric load and conical shell panel
jected to dead load.



IS¢ THESES ABSTRACTS . 405

2. Method of analysis and results

4 simplified set of differential equations, similar to Donnell’s equations for cylindrical shell, have been
used o study the bending behaviour of truncated conical shell of revolution and panel of constant thick-
aess, The governing partial differential equations have been reduced to ordmary differential equations, in
axial coordinate, by using Fourier series expansion in the circumferential direction. These ordinary
differential equations will have variable coefficient and have been solved by using finite difference method'.
Nemencal results have been obtained for two sets of boundary conditions for a truncated conical shell of
revolution, namely, larger end fixed and smaller end free and vice versa. As a limiting case, results for a
cantilever cylindrical shell of revolution subjected to wind load have been obtained and a comparison with
the available results has been made. For a cantilever truncated conical shell of revolution results have also
been obtamed by using the power series method? and these have been compared with the results obtained
using the fimte difference method. Some of the results of bending analysis have also been compared with
the membrane theory results.

Analysis of an allround simply supported conical shell panel subjected to either dead load or a cosine
load variation has been made by using Fourier expansion in transverse direction which satisfies the simply
supported boundary. An experimental study using the photoelastic method has also been made for a
conical sheil panel subjected to a cosine load variation. Stress freezing and slicing techpigues have been
wed to find the stress distribution along some sections of the shell and have been compared with the
results of the numerical method.

3. Conclusions

it has been shown that the numerical method adopted here is computationally more efficient compared
fo the power series method. It is also shown that for comical shells of revolution with base angle greater
than 75°, the membrane theory is vakd over the major portion of the shell (except near the fixed edge).
For purpose of design, an equivalent cylindrical shell analysis concept has been introduced particularly to
determine the longitudinal bending moment in the shell. Experimental results confirmed the accuracy and
reliability of the results obtained from the numerical method.
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L Introduction

Proper understanding of dynamic behaviour of railway tracks is essential to provide fast, efficient and safe
fansportation. The main function of a railway track is to safely distribute the weight of the train to the
Efoufld. Thus, radway track acts as a load-carrying structural system which provides elastic support to the
Woving loads, However, in the process, with.the passage of time the track settles at points of high stresses.
This leads to the development of irregularities in the track in various directions. It is necessary to measure
and model these irregularities systematically so as to properly understand the track dynamics and to
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*haracterize the random dynamic forces acting on the vehicles. Thus, structural properties and geometrical
roperties are of prime importance in characterizing railway tracks.

). Scope of the present work

The work reported aims at understanding the influence of track-foundation interaction and track ir-
‘egularities on the dynamic behaviour of railway tracks. The scope of the investigation is as follows:

1} To develop a generalised beam on elastic foundation (BEF) model for rajlway tracks, which can include
the effect of foundation inertia.
%) To develop a random process model for track unevenness from measured data.

3. Summary, results and discussion

3.1. Structural model for railway track

The most popnlar model for the analysis of railway trcks under a moving force is the BEF model'
sonsisting of an infimitely long beam resting on a set of closely spaced independent springs. However,
‘his model does not account for the foundation imertia, which comsiderably influences the response
under dynamic conditions®. In the present investigation, the effect of foundation inertia is jucluded by
modelling the track as an infinitely long beam resting on a series of closely spaced, independent axial
rods of finite length, fixed at the bottom and connected to the béam at the top. The effect of an axial
thrust in the beam is also included along with the effect of damping in the beam and foundation. T?l:
foundation inertia has been shown to be important in as much as it can reduce the critical velocity
significantly. Also, the foundation inertia can induce higher stresses in the foundation leading t0‘§€Pj
aration between the beam and the foundation. In Fig. 1, the effect of foundation inertia on the crificai
velocity is shown. In this figure, o, is the critical velocity parameter and §, the mass parametgr- Bf
0 corresponds to the massless foundation case. The effect of axial force parameter is also depicted in
this figure.

3.2. Modelling of vertical track irregularity

Recorded data of vertical unevenness and absolute vertical profile (AVP) from various stretches of Indiae
railway tracks have been statistically, analysed. A record of vertical unevenness over a kilomet‘er lcngﬂ}’ﬁ
shown in Fig. 2. A stationary gaussian random process model is proposed for the vertical mgl'ﬂ“my'
Such a process is completely defined by its PSD function. Two typical PSD functions are shown in Fg
3. As a practical application of the model, a theoretical estimate of the peak amplitude of various orders
in a given track length js obtained. Numerical results from this estimate are compared with actually ob
served values to validate the proposed model. The comparison is found to be good. Results of such 2
comparison for two different track stretches are shown in Table I. Here ¢ is a parameter estimated frott
the PSD function. L, is the length of the track stretch. N is the total expected mumber of peaks ad o
is the peak amplitude standardised with respect to the standard deviation.
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Table T
Peak amplitudes
SUL, € = 0-548, Ly = 900 m, N = 174

Order § 1 2 3 4 5 6 7 8 9 10

Esimated () 4377 3709 3406 3214 3073 2962 2870 2792 2724 2663
2890 2807 2725 2643

Observed (o) 4136 3930 3-638 3-346 3-055 2972

$BIL, € = 0-925, Ly = 880 m, N = 110

Order § 1 2 3 4 5 6 7 38 9 10

Esimated () 4089 3363  3.028 2813 2653 2526 2419 2328 2247 2175
2004 205 1982

Observed (o) 3400 3009 2963  2-854 283 2189 2142

Possible improvements to the track model in the light of the above studies have also been di§cusse¢‘i.
In particular, equations of motion which can include the random vertical profile of the rack and inclastic
foindanon behaviour are derived.

4. Condlusions

'The study reported here contributes to a better understanding of track~f0unqaﬁon interaction ?nd Frack
f-“"'glﬂan'ties. The results can be directly used for finding the critical vel?Clty of 2 traf:k Wh]c}.l is an
mportant design parameter. From the knowledge of an estimated PSD mn?tlon, for t}'ack irregularity,
mumber and level of the peaks can be found by the procedure explained in the thesis.

the
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. PC-based interferometer for radio astromomy by N. Jayaprakash
tesearch supervisors: B. S. Sonde and V. Radhakrishnan {(Raman Research Institute)
Yepartment: Electrical Communication Engineering

. Introduction

iterferometry is now a well-established experimental technique of considerable importance in seience and
:chnology. In these nearly ten decades of its existence, it has advanced greatly, almost in step with the
dvances in electronics, optics and related fields. While the first interferometer was developed by Michel-
n in 1890 to estimate stellar diameters, more recent developments in interferometry have taken its
pplication areas into other branches of science, such as radio astronomy, spectroscopy, etc. To the as-
onomer, interferometry provides a means of measurement of stellar diameters and more recently a pow-
ful tool in high-resolution radio astronomy, both implying studies of the angular distribution of radiation
u the sky. For the spectroscopist, it facilitates measurement of speciral distributions and represents a new
swchnique for high-resolving power and mcreased sensitivity. To the optical designer, it is a method of
isting lenses and, to the biologist 1t is a new branch of microscopy. To the metrologist and the engineer,
is now an important means of converting the international standard of length into a practical scale.

Interference occurs when radiation follows more than one path from its source to the point of detection.
may be described as the departure of the resultant intensity from the laws of addition. This is because
5 the point of detection is moved, the intensity oscillates about the sum of the separate intensities from
iwch path, leading to maxima and minima in the intensity pattern. These are generally called interference
inges. The technique of interferometry is derived from these interference patterns. And today, it has
volved into one of the most important methods of experimental physics, with applications extending to
any branches of science and technology, as indicated earlier.

The first use of interferometry in radio astronomy was reported in 1947'%, Since then, many radic
terferometers have been developed and used in astronomical studies*®. The first radio interferometer
iade use of the reflections from the surface of the sea to provide the second path; but later instruments
ere developed making use of two separate antennas in the system. The powerful technique of aperture
mthesis was a spin-off from radio interferometers. This technique has formed the basis for several zew
wdio telescopes that were built in later years, with resolutions, yntil then thought of as unrealisable. Some
f these interferometers are now operating over a wide range of radio frequencies for a variety of as
onomical applications all over the world. In the last over four decades, there has been considerable
svelopment and improvement in the techniques employed, and the electronics involved in realising these
tterferometers. Major advances in interferometry in recent years have largely been influenced by:

a) Progress in electronics,

b) Advances in computers; and

c) Wider range of applications.

While the advances in electronics during this period have greatly influenced the development of vbetta
1d improved instrumentation for the radio interferometer, progress in digital computers has contributed
great deal in the field of analysis of observed data. This is particularly important as the study of ﬂk‘
stribution of radiation over the sky involves manipulation of a large database. However, more recently,
i the cost of computers has begun to decrease and their functionality increased, they have also bees vt
r data acquisition in radio interferometry. As a result, there is now a wide variety of m.au}ﬁa.me w
inicomputers in use all over the world in radio astronomy applications. However, some limitations &
ffered by these radio interferometer systems. A few of them are:

a) Lack of standardisation in data structures

b) Incompatibility of secondary storage media

<) Multiplicity of programs for the same type of analysis in different systems

d) Need for two separate computers, viz., (i) data acquisition, and (i) data analysis.
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This bas resulted in the data acquired at one location not being easily analysed at another location
leading to problems in free exchange of unprocessed data from one observatory to another. This has also
resulted in lack of flexibility that is so much needed in this important field. Also there is a need for
preliminary online data analysis, to monitor it for interference, which is especially predominant at low
frequencies. This would avoid the collcction of unnecessary data, thereby saving data storage space. Con-
sidering these limitations, and keeping in view the recent developments in personal computers (PCs) and
teir possible uses in instrumentation, it was decided to conduct a detailed investigation on the use of PCs
to radjo interferometer at 150MHz, it was decided to try out the new ideas resulting from this investigation
in the system design and implémentation of this new interferometer. This interferometer, which can be
apily termed as an intelligent instrument, would not ouly solve the problem of data transportability but
?lso incorporate a real-time data acquisition system (DAS) in it. This would enable online data acquisition,
interference monitoring and storage, as well as offline data apalysis all in the same system. The result of
this investigation is the development of a PC-based radio interferometer, which is described in detail.

2. Highlights and, results
fﬂlc bighlights of the work are the development of a PC-based radio interferometer with the following
important characteristics:

4) Standardisation in data structure

b) Flexibility of data manipulation online .

©) Easy transportability of unprocessed data between different observatories

d Facihity for real-time interference rejection

€) Convenient initial data processing offline

f) Low cost in system implementation.

The main contributions of the work are:
A d;tailed analytical study of a DAS
b) Design and development of a PC-based DAS

<) Experimental verification of the DAS by simulation .
4) Overalj system integration to realise a PC-based radio interferometer (Fig.1)

e} C(mducting initial astronomical observations using this system.
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The fringes obtained from a radio source (Cygnus A) usiog this mterferometer are shown in Fig. 2, The
number of fringes expected for this source and that actually measured by the system tally fully, clearls
indicating satisfactory overall performance. .

3. Conclusions

These studies and investigations have indicated that a PC-based system is attractive m several Tespects for
a small radio interferometer. The preliminary tests conducted so far on astronomucal observations, show
that this interferometer can give useful data/results in an economical and elegant manner. Considering the
present trends in PCs, se., availability of more and more computing power at higher and higher speeds
at steadily decreasing costs, it is likely that this approach will become more popular and an accepted
standard practice in future instrumentation for radio astronomical applications of similar scale.
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Analysis of tropical convection using satellite data by Asha Guruprasad
Research supervisor: Sulochana Gadgil
Department: Centre for Atmospheric Sciences

1. Introduction

Organised convection in the tropics occurs primarily in the intertropical convergence zone (ITCZ): Many
of the important phenomena in the tropics such as the EI-Nmo or the monsoons involve large displace-
ments of the ITCZ. Understanding the nature of the space-time variations of the ITCZ is therefore an
important problem in tropical metcorology. After the advent of meteorological satellites, it has become
possible to study the variation of the planetary scale convection over time scales rangmg from the daily
to interannual by analysis of the relevant fields such as the outgoing longwave radiation (OLR), albedo
(reflectivity of the radiating surface), ete. The work reported js aimed at increasing our knowledge of the
nature of the intraseasonal and interannual variations of the ITCZ using digital satellite data.

The monsoon is a manifestation of the migration of the ITCZ from the oceanic region on to the Mdm:
subcontinent during the summer season. Major features of the intraseasonal variations of the ITCZ O‘f:
the Indian longitudes during the summer monsoon have been brought out by eatlier studies of satcli?
imagery. These are:

(i) Oscillations in the intensity of the continental ITCZ between active and weak spells or breaks.

(ii) A bimodal distribution of convection with latitude due to the presence of an ITCZ over the equsit-
rial Indian Ocean as well as one over the continent.

(iii) Poleward propagations of the ITCZ from the equatorial Indian Ocean on to the contineat at
vals of 2-6 weeks. .

2. Contributions of the thesis

. ective methed
In order to study whether these features are observed over other parts of the tropics, an objective 1
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to delineate the ITCA from the 2.5° daily data on OLR and albedo has been developed’, The method
involves identification of the grid points with a large fraction of deep convective clouds by the imposition of
a bispectral threshold (185 WM2 for daytime OLR and 0-5 for albedo). Such selected grid points are then
filiered to retain only the large-scale convection. The variations of the ITCZ deduced by this method compares
well with that obtained by the subjective analysis of satellite imageryz, The region of convection delineated
s very similar to that obtained by the analysis of the equivalent blackbody temperature data on pixel scale®.

2.1. Analysis of the interannual variation

The intraseasonal variation of the ITCZ over different parts of the tropics is analysed. It is found that
oscillation between active and weak spells is a basic feature of the ITCZ. Bimodality is found only over
the Asian momsoon zone. Poleward propagations are seen over the Asian winter monsoon regions only in

some years.

1.2. Analysis of the interannual varation

The interannual variation of the ITCZ has been studied. Since rainfall is known to be well correlated with
the presence of highly reflective clouds in the tropics* we expected the variation in the number of convec-
tive days in a month (counted as the number of days on which the threshold criteria for OLR and albedo
are satisfied) to be related to the variation in the rainfall over the Indian region. However, the interannual
variation of the number of convective days during the period 1974-1985 was found to be not completely
consistent with that of rainfall. Therefore, the variations of a more basic variable, viz., monthly mean
OLR were analysed. This analysis of the variation of the OLR and rainfall over the Indian region suggests
the possibility of a systematic bias in the OLR (both daytime as well as daily average) with consistently
lower values during 1982-85 as compared with 1974~78. It is also shown that the bias can be removed by
an empirical formula akin to the one used in earlier corrections®.

References

An objective method for the identification of the intertropical convergence
zone, J Climate, 1990, 3, 558-567.

On the maximum cloud zone and the ITCZ over the Indian longitudes during
the southwest monsoon, Mon Wea Rev., 1980, 108, 1840-1853.

1. GapGIL, 8. AND GURUPRASAD, A.

2 $%xa, D. R anp Gapon, S.

3. Muragamr, M. Analysis of the deep convective activity over the western Pacific and south-
east Asia, Part I: Diurnal variation, J. Met. Soc. Jap., 1983, 61, 60-76.
4. KLoNsky, B. J. anD Ramace, C. S A technique for estimating tropical ocean rainfall from satellite observations,

I, Appl. Met., 1976, 15, 972~975.
5. Ganor, S., GURUPRASAD, A. AND Systematic bias m the NOAA outgoing longwave radiation data set,
SravIvasan, I. 7. Climate, 1992, §, 867-875.

Thesis Abstract (Ph.D.)

?rdlodeﬂing the lifted minimum phenomenon in the atmosphere by A. S. Vasudeva
urthy

Research supervisors: R. Narasimha, J. Stinivasan and S. Kesavan (TIFR)
Department: Mechanical Engineering

1. Intreduction

The Ramdas paradox or the lifted minimum phenomenon has been a long-standing m.icrometfeorol?gical

puzle. It concerns the vertical distribution of air temperature which, near the groundl during mg'hts,
°Ws, in general, increase with height up to some distance above the ground before it starts‘falhn.gA

However, Ramdas and Atmanathan’ reported that on calm clear nights in Pune and other places in India
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they observed the minimum temperature not at the ground but at a height of order 20 cm (Fig. 1) abo
it. These observations are intriguing because ground (with infrared emissivity close to one) is a 20
radiator compared to air (less than 0-3) and hence may be expected to cool to a temperature below th
of air above it. Ramdas and Atmanathan found that the layer of air at 20 cm remained cooler than 1
ground for well over three hours. Although these results were at first treated with suspicion, they has
smce been amply confirmed by many other investigators in different parts of the world (Lake?), leadit
to what has since become known as the lifted minimum phenomenon or Ramdas paradox. Raschke® ar
Oke* have made exhaustive and well-documented studies. Oke, m particular, states that clear skies ar
‘winds below 1m/s (at a height of 25 cm) appear to be the two basic requirements for the existence of i
lifted minimum.

Several physical explanations of the phenomenon have been offered, in particular by Ramanathan an
Ramdas®, Lake® and Geiger'. Although most investigators consider radiation to play a dominant role |
the occurrence of the lifted minimum, the different explanations are generally contradictory and the precis
mechanism has never been quantitatively explained.

The only attempt so far at a mathematical treatment of the problem is due to Zdunkowski®, whos
nurnerical calculations assuming a quasi-gray radiative model indicated that the existence of a haze lay
near the ground is essential for the occurrence of the lifted minimum. There are two main difficulues wit
this model. Firstly, no haze layer was reported by either Ramanathan and Ramdas® or Oke*. In particelz
Oke (being aware of Zdunkowski’s theory) was specially looking for possible haze. Secondly, the therm:
diffusivity assumed by Zdunkowski at heights below 10 cm is about 18 times lower than the molecule
value for air, which is unphysical

2. Model description

The present work attempts to explain the phenomenon by formulating and solving the appropriate energ
transport equation under the conditions that appear necessary to cause the lifted minmmum. It is assume:
that (1) surface temperature variation, atmospheric humidity and wind can all be considered to be pre
scribed; (2) there is no atmospheric scattering: and (3) the temperature T 1s homogeneous in the horizonts
plane, and so depends only on height z and time 2 The evolution of the temperature profile 15 the!
governed by energy balance,

aT

betp = (0, + O+ Q) g
ot az

where p, is the density of air, ¢,, the specific heat of air at constant pressure, and the total energy flx
is conveniently split into conduction (Q,), convection (0, including turbulent transport) and radiation (Q;)
0, is assumed to be porportional to the gradient of the potential temperature through an eddy diffusivit
that is itself proportional to the friction velocity »* times z and a function of the Richardson number lh§
is derived from the extemsive experimental data avaiable. A simple broadband flux emissivity m?dEI :
used for Q,. The resulting nonlinear partial integro-differential equation s then supplemented wtﬂ} the
following initial/boundary conditions. At the lower boundary (taken as ground) the temperature at tmé
after sunset is prescribéd as

T =T, - B VT, @

where @ is a constant that varies with the mverse square root of the thermal conductivity of the soil &
2 ~> o the temperature is assumed to fall at the standard lapse rate (I') of 9-8 K/km

aT

—(z=>w, )=,

8z

The initial condition is prescribed to be

T(z0) = Ty, ~ T z . (‘)
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The resulting initial/boundary value problem is then solved by the method of lines with a spatial discreti-
zation that allows for a progressively finer resolution as the surface is approached.

3. Results and conclusions

As noted above most investigators have suggested that radiation plays a strong role in the formation of
the Iifted minimum. Therefore, in the first instange, heat transfer due to radiation alone was considered
in eqn (1), ie., we set Q. = Q, = 0. The resulting equation was then integrated up to two hours. The
solutions obtained show the classical radiative slip (or discontinuity) at the ground. The slip [Te®) —
T(0* )] is then studied as a function of ground emissivity (gg), ground cooling rate (B) and humidity
content (gg) near the ground. It 1s then shown that the slip varies rapidly with ¢, and B. In particular,
for values of € nOt too close to unity ( < 0-994) and B not too high (<7 K/ 1) the temperature
profiles show a strong resemblance to the observations with lifted minimum. However, these profiles are
characterized by discontinuities and have the air layer just above the ground (z = 01 as the level of
minimum temperature. This leads to the surmise that the lifted minimum could be caused by the smoothing
of the radiative slip by thermal diffusion (molecular, turbulent or both). Consequently, Q. and , are
introduced in succession and the resulting equation is again mtegrated for up to two hours. The solutions
abtained by introducing (. show a lifted minimum at heights varying between 15 and 30 cm. The solutions
obtained by introducing Q, tend to weaken the structure of the lifted minimum. By farther computations,
it is shown that the amount of O, at 25 cm should not exceed about four times that of Q, if a lifted
minimum s to form. In the next instance, the temperature profile of air near the ground just after sunset
and the observed ground cooling taken from Ramanathan and Ramdas® are used as initial and boundary
conditions on eqn (1) and the solutions are compared with observations. Good agreement js found between
the calenlated and the observed temperature profiles (Fig. 2). The dependence of the lifted minimum on the
parameters e, B and gq is then studied, leading to maps which should be useful in predicting the phﬁnomenon.
In addition, the lifted minimum as a function of the surface Boltzmann number (ratio of convective energy
x to that of radiative energy fiux) and other associated nondimensional numbers is also studied.
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Sparkover characteristics of inhomogeneeus field gaps in compressed SFs under compo-
site stresses by G. S. Punekar

Research supervisor: M. S. Naidu

Department: High Voltage Engineering

1. Introduction

Although clectrical characteristics of SFg have been extensively studied for both uniform and non-uniform
field conditions with ac, dc and impulse voltages, relatively very little work has been done using composiie
voltage (impulse voltage superimposed on dc or ac voltage) stresses, especially under non-uniform fields.
Studies with impulse voltages superimposed on dc are important due to the following reasons™::

a) In a de-GIS, these are the typical voltages encountered.

b) The disconnector switch of the Ac-GIS also experiences these stresses under practical conditions,
and

¢) The composite voltage studies with inhomogeneous fields help in a better understanding of corona
stabilization and its influence on the breakdown of electronegative gascs.

In a practical system, the fault initiation is always from a point of inliomogeneity which 1mz\y be in the
form of a microprotrusion or a fine metallic particle and these cannot be avoided for sure’.

In view of the above, composite voltage characteristics of SFy gas gaps werc investigated in detail along
with pure dc and lightning impulse voltage characteristics. The investigation was carried out using the,
needle plane and hemispherically capped rod-plane gap configurations with two different field factors, {f
= 9-744 and 24-93, respectively), for a 10-mm gap separation, over the SFs gas pressure range of _041 0
0-5 MPa (absolute). To facilitate the experimental work, a high-pressure test chamber along Wjﬂh an
inexpensive SFy recycling system was specially designed, fabricated and tested to meet the scarcity and
cost considerations of the SFg gas.

The circuit arrangement used to produce composite voltages is shown in Fig. 1. The results reported
bere are for the laboratory pure (99-8%) SFs gas gaps. No external irradiation of the gap was emplayed
in the present investigation. The voltage-pressure characteristics of the needle plane gap with pure do wd
standard lighting impulse (1-2/50 us) stresses are as shown in Fig. 2. The experimental resﬁts of_ m_b ﬁfsf
quadrant and the fourth quadrant study (rod-plane gap) are given in Fig. 3. The mean values indicated
in these figures are the 50% probability breakdown voltages (Vi) obtained using the ‘wp and dowe
method (a statistical technique). Also marked on the X-axis are the positive dc corona inception voltages.
The overall accuracy of the Vi, values is better than = 5%.

2: Results and discussion

From Fig. 2, comparing the positive dc breakdown voltages with the positive impulsc “’Oltag“ ov_etg
pressure range studied, it is scen that the anamolous behaviour of the gas resuls in impulse ratio o
than one. This strange behaviour is being widely studied* and is thought to be due to Space charges
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the gap prior to sparkover. In this region, termed as the corona stabilization tegion, sparks curved in
shape were observed due to the neutralisation of the positive ion space charge which results in the weaken-
mg of the electnic field along the gap axis (see Fig.4).

. From the first quadrant study (Fig. 3) for dc bias voltages below the corona onset voltage, an increase
in the total (composite) breakdown voltage is observed when compared to the pure impulse breakdown
woliage (without the dc bias). A similar observation was made earlier by Gockenbach! for the case of a
Smm dia sphere to plane gap of 3 mm, at a pressure of 0-1 MPa. Increase in the dc bias valtages above
the corona onset voltage was observed to increase the total breakdown voltage which is attributed to the space
charge shielding around the point electrode. It is also observed that the breakdown voltages obtained with
the composite voltages are always Ingher than those obtamed at either the lightning impulse voltage or the
de voltage acting separately. A similar observation for the switching impulse voltage superimposed on the
& peak was also reported by Ams and Srivatsava’.

‘Fnr the unlike polarity composite voltages (4th quadrant) a decrease in the total breakdown voltage
with the increase in the de-to-impulse ratio is observed. The most important observation to be made is
that the breakdown voltages obtamed with the composite voltages of this type can be lower than either
the de voltage or the lightning impulse voltage acting separately at this gas pressure, ie., 02 MPa (near
the most effective corona stabilization region)

3. Conclusions

The study has led to a better understanding of the anamolous behaviour of .SFs which is due to space
Charges. Also, the criticality of the composite stresses (of polarity reversal type) in deciding the withstand

lew
*evels of non-uniform SFs configuration has been brought out.
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Modulo-PCM cedec implementation wsing single TMS 32010 digital signal processor

by H. R. Ramanujam
Research supervisors: A. P. Shivaprasad and P. V. Ananda Mohan

Department: Electrical Communication Engineering

1. Introduction

The CCITT standardised algorithm for the ADPCM coder uses adaptive quantizer and adaptive predictors
of order six with two poles and six zeros. It is quite cumbersome to implcment the algorithm 1 VLSI
form and requires the use of dedicated signal processors. The modulo-PCM (MPCM)' coding techmque
proposed by Ramamoorthy is simpler compared to the ADPCM. In this scheme, only the fractional part
of the spcech sample s coded and transmitted using 4 bits. This fractional part is computed based on a
parameter ‘d” which is computed for every block of 100 samples by choosing the absolute maximum of
the adjacent sample differences within this block The parameter ‘d’ is also coded and transmitted as ‘side
information’ at the rate of 800 bits per second along with the main speech data Thus, the gross bit rate
becomes 32-8 kbs. At the recewver, the integer part is computed using ‘d’ and a first-order predictor. This
integer part js then added to the decoded fractional part for the reconstruction of the speech sample.

2. Modulo-PCM codec

In view of the simplicity of the MPCM, its implementation using commercially available digital signal
processors (DSP chips) has been attempted. For implementing this codec 1n stand-alone chip, TMS 320107
is found to be an ideal choice because it has the requisitc number of on chip data RAM and programme
ROM with the necessary processing power. Hence, the MPCM codec was built using the TMS 32010
amalog interface board in conjuction with the evaluation module. The analog interface board has anralog-fo-
digital converters and digital-to-analog converters with 12-bit resolution. It also has anti-aliasing and smoo-
thing filters. The MPCM was tested for its speech quality and it was found to be satisfactory. Then,
various CCITT-specified tests for specch, namely, linearity, frequency response, quantization distortion
and idle channel noise were carried out using 2 standard PCM tester. Also, before implementing the
MPCM codec on TMS 32010, its algorithm was verified by simulating the codec in FORTRAN on VAX-11
computer and results on SNR at different frequencies and input signal levels were obtained.

3. Conclusions

Both the software and the hardware aspects of the Modulo-PCM are considered and the results of the

smulation as well as the hardware tests conducted using the analog interface board are presented. These

wesults have confirmed the feasibility of an economical implementation of the MPCM coder for speech

signal using the DSP chip.
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Investigations of total pressure distortion of an aircraft intake model by T. K.
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Total Pressure distortion generated by the intake of a fighter-type aircraft imposes serious limitations ou
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Fig. 1. Details of intake model.

the operation of its engine'. The experimental study and the follow up analysis reported here were con
dacted on an air intake model corresponding to a fi ghter aircraft configuration (Fig.1). The instrumentatioa
of the aerodynamic interface plane (AIP) for measuring the steady state and fluctuating pressure signals
and computer-based data acquisition systems were developed by the author who also developed the
software for data acquisition and analysis.

Measurement of distortion is usually undertaken to evaluate the intake/enginc compatibility during ihe
development of an aircraf’. There can be instances when the evaluation of distortion levels in already
existing intake configurations is required, like in prototype testing and pilot training. In such cases, itis
possible to reduce flight test instrumentation required if a knowledge of the behaviour of the mtakffi
available from model tests. With this possibility, the test data have been analysed and reviewed and it §
shown that the distortion levels can be evaluated accurately using data from a limited rmmbcr'Of totel
pressure probes. The same knowledge is also useful in selecting appropriate estimation _techmq“ for
monitoring distortion and forecasting maximum distortion levels, with minimal instrumentation.

2. Test setup and instrumentation

The tests were conducted on a 1/3rd scale model of a futuristic fighter aircraft in the 14 x 9 OW‘}?I‘;:::
Wind Tunnel at IISc. New instrumentation systems were developed to meet the specific needs r;m u
testing. The AIP was instrumented with 8 total pressure rakes, each having 5 total pressure P! p;;mbcs

ejector was used for simulating the engine mass flow through the intake. The 40 total pressute
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contained in 8 rakes at the AIP were comnected to two scannivalves mounted inside the mode. A pressure
data acquisition system based on a PC/AT microcomputer was specially developed and used for these tests.
Steady-state distortion evaluation had been done with the model attitude of & = 0 to 30° and ¢ = 0 and
5§ and free stream velocity of 33 and 45 m/s.

High-frequency response Kulite transducers of 0.093" diameter and a high-speed data acquisition system
were configured for the measurement of fluctuating pressures at the AIP. A limited number of tests were
camied out with the model attitude of o = 0 to 30°, & = 0 and 5°. Several computer programs have been
developed to edit, validate and process the pressure data for obtaining pressure recovery, distortion de-
scriptors and contour maps. Figure 2 shows a typical pressure contour map. The distortion calculation was
based on GE’s (General Electric Company, USA) methodology. Statistical analysis was also carried out
to find the character of the fluctuating pressures.

3. Analysis of data
The total pressure recovery is defined as
Total pressure recovery = (T Py/40) /Py x 100%
where P, = total pressure at probe,
Py = free stream total pressure.

The total pressure recovery is found to be good (88 to 92 %) for all the cases tested. The recovery
icreases with o up to 20° and this can be attributed to wing sheilding. Instantaneous recovery has shown
higher values. -

For the same ejector conditions, there is a reduction of mass flow in the intake of about 0-4 kg/s (7%)
when « is increased form 0 to 30°. Dynamic tests also show a similar reduction in the mass flow.

The maps of steady-state total pressure across AIP have shown that there are two distinct crescent-
shaped high-pressure zones due to flows from the two legs of the bifurcated duct. The flow pattern
remaips symmetrical up to a = 20° about plane of symmety of the model. Maps of instantaneous total
ressure show random pattern due to pressure fluctuations.

GE distortion descriptors IDC and IDR are calculated using the following definitions.
Maximum circumferential distortion IDC is given by
Maximum IDC = Max. of [(IDC1 + IDC2)/2 . .. (IDC4 + 1DC5)/2)
where IDC1. . .IDC5 are circumferential distortion on each-ring given by

Pave, = Pumi .
IDC = _AVO: T TMmi EX(6) i=1to 5 rings

PAVG
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The radial distortion IDR is given by
Pave — Pave,
IDR = Y6 Tavde { = 1to5 rings.
Pave

Puvg, s average pressure on ring i, Py, the minimum pressure on ring i, Paye, the face average
pressure, and £X (8,), the extent factor -

With « varying from 0 to 30°, the steady-state IDC is approximately constant and IDR has shown :
decreasing trend. Maximum dynamic distortions have increased with «. The occurrence of distortion witt
values between 90 and 100% of their maximum value 1s randomly distributed during the test.

Analysis of steady-statc test data and dynamic icst data has shown that the low-pressure areas thy
contribute to distortion lie around probes situated in the centre portion of AIP for this intake. Hence.
measurement of total pressure at these locations is sufficient for distortion evaluation. Reduced number
of probes at AIP means less instrumentation requirements for flight testing the intake configuration.

Fluctuating pressure signals are checked for stationarity, power spectrum and amplitude distribution.
The mean and RMS values are constant within 9%. Power spectrum obtained from the data showed
approximately flat frequency response in most cases and the amplitude probability density function has
normal distribution. Knowing the character of pressure fluctuations the distortion values can be monitored
on line usmg a prediction technique and when implemented with other engine operating parameters, can
serve as a surge warning to the pilot in prototype testing.

4. Conclusions

As part of the work, support systems for undertaking intake tests have been developed for the IiSc
low-specd wind tunnel. Instrumentation for the evaluation of steady state and dynamic distortion has been
successfully developed and validated. Development and consolidation of many computer programs has
been achieved. This will also meet any data processing needs for future intake tests.

The total pressurc rccovery of the intake model which was tested is found to be good. Massflow
variation is about 7% with variation of «. While the steady-state total pressure contours show reasonable
symmetry, instantaneous pressure contours show random patterns. Maximum values of distortions accured
with o = 30° and = 5°. The random occurrence of IDC and IDR with values between 90 and 100%
of their maxinium values is useful in forecasting a probable peak distortion condition. As the low-pressare
zones were found to lie at the centre of the AIP, pressure measurements in this area are sufficient L
evaluate distortion accurately for the model tested. Use of such limited measurements for estimatiag di-
torlion leads to significant savings in instrumentation and simplification n flight test procedures. In th!s
context, normal distribution and flat power spectra are highly desirable characteristics. The distortior
values evaluated with limited number of probes is accurate and comparable to that of 40 probe arrange-
ment recommended by the cngine manufacturer.
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1. Introduction

Flaps have becn in use for a long time as devices to increase the lifting ability of wings, particularly
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improve low-speed performances, viz., take-off and landing. In recent times, flaps have also been used to
improve airplane performance at high speeds and in particular at high lift conditions encountered by
high-performance airplanes during manoeuvres. Especially, spanwise segmented flaps both at leading and
trailing edges are gaining increased use to generate optimum spanwise loading and to avoid tip stalling.
With the emerging trend in aircraft design, wherein the computational tools are used right from the initial
design phase, it is of immense importance to develop fast and reliable methods for the analysis of complex

wings with deployed flaps.

2. Background and wotivation for the current work

Even though several methods are available for the analysis of wing-body configurations based on both
vortex lattice panel methods and singularity distribution panel methods, like, for example, methods of
Margason and Lamar' & Woodward?, the problem of wings with spanwise segmented flaps has not been
considered in these methods. Wings with flaps can be analysed only in an indirect way by ireating the
fiap portions as having additional incidence equal to flap deflection angle over and above that of free
stream by these methods. Some of the methods like that of Dillenius ez a/’ which can analyse wings with
flaps are meant for some special-type flaps like jet-blown flaps.

Another very important aspect to be comsidered a priori in any program for the analysis of complex
geometries, which has been hitherto neglected greatly in literature, is the development of highly versatile
geometzic input procedures, This is specially more critical for analysis of wings with flaps using vortex
lattice methods wherein a stable numerical result depends to a large degree on geometric layout of lattice.

With this in view, in the present investigation, very efficient numerical methods within the philosophy
of simple vortex lattice and source panel techniques have been developed for the analysis of wing-body—
Tap configurations in compressible jnviscid flows. The emphasis of the work is on the analysis of spanwise
segmented flaps both at leading and trailing edges. The most important task is to develop a model for
flow near wing-flap gaps and program the procedures in a highly optimum way for computer core and
time 5o that these can be run on small computing systems including personal computers.

3. Summary of the present work

34 Analysis of simple wings with spanwise segmented flaps by planar horse shoe vortex lattice method
One of the very widely used methods in thin-wing theory is the planar horse shoe vortex lattice method
which is well developed and documented in literature for plane wings. This method has been extended to
‘hf poblem of analysis of simple swept-tampered wings with spanwise segmented flaps at leading and
wailing edges. Extensive numerical experimentations have been carried out to establish the criterion for
12pid convergence of the numerical solution, especially as applied to wings with flaps. Also the problems
Dear wing-flap junctures have been studied in detail and the remedial measures adopted numerically to
overcome these problems suggested. Another important aspect considered here is the development of
#ppropriate method of applying compressibility corrections, especially for flap configurations.

32 Nor-planar vortex lattice method for arbitrary wing—flap configurations

In the planar horse shoe vortex lattice method, the trailing legs leave the wing surface in the plane of the
pa:.x?I to infinity. Since it is physically appropriate to graze the trailing vortices on the wing surface up to
triling edge and then make trail to infinity, a non-planar vortex lattice method has been cFeveloped to
melyse wing-flap configurations. This program can analyse wings with complex geometries with deflected
ﬁa'pg and can treat an additional lifting surface. A very important, hitherto unaddressed problem of mod-
eliing of flow near wing-flap juncture, has been dealt with in detail. The effect of flap gap modelling has
bee clearly demonstrated by applying it to typical configurations of increasing complexity. Ver'y large
tmputing time reduction has been achieved by high level of optimisation used in programming 'the
method. The results of a typical wing-flap case with flap deflected by 10°, with and without gap modelling,
B presented in Fig. 1 from which the improvement in the results with gap modelling predicting the correct
Sehaviour of ¢, values near wing-flap juncture can be observed. :
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. 2. C, distribution on a tangent-ogtve-boat tail body: companson with expermental and Woodward results.

33 Wing thickness effects

Using the principle of linear superposition to get the final solution, wing volume effects are included using
2 constant source flat panel method for estimating induced velocities created by wing thickness surface. at
2¢10 incidence. The method used to estimate the wing thickness source strengths is devoid of any numer-lcal
difficulties near leading edge, as compared to a number of available methods based on the camber-thick-
0SS separation.

34 Body effects

As 2 logical conclusion to the analysis of wing-flap configuration, the effects of body are considered. »E,vcn
though the well-known source panel method is used a combined analytical techn_ique and an optimum
ey of programming 1o analyse arbitrary bodies has shown a computer time reduction by a factor of 6 to
&, thus increasing its utility on small computers. Typical result for a tangeni—ogive-boat tail body is shown
in Fig. 2 along with the results of Woodward®. As can be seent, the results of current work compare better
¥ith the experimental results than those of Woodward.

3s. Wing-body interference i
Different models have been tried out for wing-body interference problem to arrive at a mlodel which 5ives
€, distribution comparable to experiments in wing-body interference regio%L Results ol?tmned for a wing—
bﬁdy—ﬂap configuration arc shown in Fig. 3. As can be seen” from the figure, there is good agreement
between theory and experiment.
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4. Conclusions

Methods and computer programs have been developed to analyse arbitrary wing—body-flap configurations
usmg the classical vortex lattice and constant source panel methods. Enough intelligence and logic have
teen built into the geometry package to automatically panel complex wing planforms with spanwise seg-
mented flaps at both leading and trailing edges to generate lattice layout for producing numencally stable
results with minimal input specifications. Improvements and optimisation in programiming techniques have
resuited in saving substantial amount of CPU time. New method to model the flow in the wing-flap
juncture has been developed. A good comparison between theoretical and experimental values has been
obrained, within the limits of linear inviscid theory, in 8C,, C, and total forces and moments for various
wing-lap configurations proving conclusively the validity of the techniques employed and methods de-

veloped in the current work.
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1. Introdaction

The contribution of science and technology to social and economic well being of a nation was aptly
recognised by the Indian Science Policy Resolution 1958. This has resulted in considerable investment in
tesearch and development activities. Several measures like tax benefits, import facilities, etc., were ex-
tended to encourage research in industries. Though the growth in science and technology is quite impres-
sive, contributions of R&D are subjected to severe criticism®. Scientists and engineers constitute the core
of human resources and are considered as a leverage to achieve organizational excellence™. Studies on
B&D management have indicated that the performance of scientists and engineers is a complex phenomena
influenced by several factors®.

2. Objectives
The main purpose of the present study was to explore and describe the current human resource devalc_:pv
ment practices with respect to the performance and satisfaction of scientists and engineers. The major
objectives of the study were:
(1) to define and measure human resource development dimensions as perceived by R&D .pezsonnel'.
{©) to compare human resource development dimensions among R&D groups of manufacturing orgeni-
zations,
(i) to critically evaluate human resource development practices in relation to moderator (organizational
climate, orgamizational structure, technology) and output variables (job satisfaction, performance,
. job involvement, obsolescence, reward satisfaction and career satisfaction). .
() 1o suggest appropriate actions for effective human resource development of Indian R&D personnel.
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. Methodology

nitially, a theoretical research model was proposed, which served as a basis to consider the variables to
e included, to define the variables, to decide the method of data collection and analysis. Based on the
efinition of variables, a 75-item questionnaire was developed, standardised and used to collect the data,

Three R&D divisions, one each from the state public sector, central public sector and private sector
rere chosen for the study. One hundred and forty scientists and engineers of these organisations partic-
ated in the study.

The data were analysed in two phases. Initially, the respondents were grouped according to their age
nd qualifications. The difference in the perception of the variables was tested for their significance. Later,
e same analogy was extended to compare the human resource development dimensions across the organi-
ations. In the second phase of data analysis a normal correlation model was used to relate the human
esource development dimensions with human resource development outcomes and the moderator vari-
bles.

.« Results and discussion

Jata analysis of the state public sector indicated that human resource development dimensions were rated
rom average to somewhat above average. There was no significant difference in the perception of the
ariables among different groups of respondents. Several human resource development dimensions were
ated high among others. These include greater focus on utilization of capabilities while planaing for
aanpower, increased organizational involvement in recrnitment and selection, greater role clarity during
nduction, assignment of critical tasks while designing jobs, scope for utilization of appraisal feedback, and
he indication of need for self-development.

Correlation analysis ndicated strong linkages between the resource development dimensions and the
wman resource development outcomes, namely, job satisfaction and job involvement. Job design seems
o be the only human resource development dimension influencing the performance of the scientists and
:ngineers. Moderator variables, organizational climate and technology had significant relations with human
esource development dimensions, whereas the moderator variable, organizational structure, did not ind-
:ate significant linkages.

Data analysis of the central public sector has indicated that the effectiveness of the human resource
levelopment dimensions was perceived somewhat lower than average. The elders perceived the job design
ind induction practices better than youngsters; similarly, graduates perceived better induction pracﬁfrs
han post-graduates. Flexibility of manpower planning in assigning suitable tasks in the case of tarmiuat\fm
»f R&D projects, organizational involvement in recruitment and selection practices, providing role claity
luring induction, assigning critical tasks while designing jobs, satisfaction over the utilization of appraisat
‘eedback and the need to develop skills were rated higher among the variables.

Correlation analysis indicated that all the human resource development dimensions had siguiﬁc’-:l!‘lt }'515'
ions with job satisfaction, performance and career satisfaction. The moderator variables, organizational
dimate and technology, had strong linkages with human resource development dimensions, whereas the
srganizational structure did not show any significant relationship.

Data analysis of the private sector has shown that all the human resource development dimensions were
-ated above average. There was no significant difference in the perception of the human resource d:vclt_m-
nent dimensions among the different groups of scientists and engineers. Flexibility in assigning altemsit®
asks in the case of termination of projects, organizational involvement in recruitment and selection, pro-
7iding role clarity during induction, variety and automomy while designing jobs, utilization Oi apprast
‘eedback for salary administration and for reward, the need for self development were rated hlg}l angx
he variables. Job satisfaction was the only human resource development outcome that had_ Slzﬂl‘?"ﬂ'fdi
‘elationship with all the human resource development dimensions. Micro climate had strong 1mkage w
Ul the human resource development dimensions while organizational structure did not indicate a8y signific-
mt relationship.
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A comparison of human resource development dimensions across the organizations indicated that scien-
* tists and engineers of the private sector had better perception than their counterparts in the public sector.
Among the public sector units, research personnel of the state public sector had better perception. Analysis
indicated that scientists and engineers who had perceived the human resource development dimensions
high have also perceived the human resource development outcomes as high and vice versa.

5, Conclusion

The present study has developed measures for assessing the effectiveness of human resource development
practices. It has helped to understand the perception of human resource development dimensions by
different groups of scientists and engineers. The study has revealed significant relationships between the
human resource development dimensions and the human resource development outcomes as well as the

moderator variables.
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