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Snce Brown and Roshk0'5 dixovery' o f  'cohcicnt' sriocturer in piane luibulent mming layer flow, several 
riumer~cal stud~es using decrete vortcx models have been mnduclcd" WWh~lc such simulations have pro- 
vded much iils~ght Into the niiture of the flow, somr of the computed results have been quant~tatwely 
quite diffcrenl f lum rdcvdrlt cxpermcntal data. For inrlancc, the mavlmum Rcynolds stresses computed 
by Inoue' are up to about twce as much, and the mhxin~um third-otder momcnts about eight times as 
much .is the corrc\pondirrg expermsnvd value\. The marn difhculty with thew simulations is that unduly 
high fluctuat~ons result I£ the drsurets wrllces are points This dlCilcult). is often overcome by usmg vortices 
of finilr. core, but lhls proccdme mlroduces an artifieal and extraneous psr:uneter whwe cffec~ is  not 
precisely known. 

2. The model and the numerical scheme used 

Since m~xing layen studied in laboratory are found lo be scnritive to many external p~rsmetci.;5, any new 
numericai study should aim to simulatc a 'pure' or, as wc shall call it, a 'canonical' mivmg layer, devoid 
of the underirable effects of external parameters, both dynam~cal and numerical, and thus to gain more 
defirutivc understanding of the flow. A canonical miring lays Is defincd here as one that is iomed 
downstream of a acmnnfimte splitter plate and extends all the way to infinity downstream: thls configura- 
tion leads to a wrll-posed problcm wrth answers mdependent of flow length. rhich is othenviae a problem 
bemuse of thc long-range vortex interactionsh. Such a Row, in thc lmlt Re -r m, may be modclled m 
term, of the inviscid evolutio~i of an tntinitevimally thin vorlcx shcet shed from lhe Wailing edga ,,I the 
plate. Thc boundary layel on the plate ia replaced by n vortex shcel that remains bound to thc plate at 
all times; this is achieved by piacing on the plate a doublet sheet whose strength dlstrihuriun is determined 
by satisfying thc boundary condit~on of zero normal vcloclly. 

TCI compute the evolution of the vortev sheet aver the infimte domain, the lolluwing numerical scheme 
is used. The flow ficld is divided into four parts: (1) the legion upsrrcam of the trailing edge of the splitter 
plalc, (ii) the (main) computational doman,  (iu) a varlable 'buffer' space, and (iv) the downsueam far 
ficld (Fig. I). Thc upstream region from x = - ca to 2 = xi is replaced by a semiinfinite vortex shcet; 
slnce rhe vatiarion of the u velocity on the plate IS found to be negligible, the strength of the sheet may 
be takcn as AU - (I, - (I2 per unit length ( I / :  and U2 are the free-stream velocities above and below the 
plate). The doublet sheet is found to Imve a ctrength that decreases rapidly as one proceeds upstream 
from the trailing edge, and so can he aswmed to extend only up tu a finite distance (say from x = XRD 
to x = xi". Fig. 1). 

Inside the computational domain (extending fnm x = rr lo x = x , ) ,  the vortex sheet is divided into 
short linear elements. At each tlme-step, the induced vcloaties at the mid-points of the elements are computed 
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by direct evaiuation of the Biot-Savart integral. The velocities at the end-polnrr (uhere the Integral is 
smgular if neighbuuring elements are inciined ro each other) are then obraned usmg a iindar mterpolation 
scheme. The elements are moved over each time-step using a first-order Euler time-mtegration scheme 
while mainraining the c~rcularion constant. If an clement 1s seen to stretch beyond rwice its iniual lengrh. 
it is divided into halves before any further computation is carried on. As saih large structure leaves the 
computational domain, it is accommodated in the -buffer' space extending from x = x ,  to x = x R  (Fig. 1) 
until the whole structure has left the domain: it is then replaced by the far-field ~or t ia ry  distriburion 
(discussed later). The buffer space provides a 'soft' coupimg between the domain and the dounsrream far 
field. 

To smn with, the downsticam iar Beld (from r = xn to x = i rc) is replaced by a scmlinfimte vortex 
sheet of strength AL1 per unit lengrh. The msan aorticlty proflie 1s then computed inside the domain and 
the dowcstream far field is replaced by a number of scrniinfimts vortex sheets approximating this disrnbu- 
tion assurnhg conical sirnliarity (there is no mherent length scale in this piobiem). This iterative procedure 
is repeated until the profile conrerges in the mam domain. 

3. Results 

Tne free-stream relocitiec (ii and L'? (nomalised by 4C) are chosen as 2.5 and 1.5, to enable comparison 

woh ava~lable e~perimentai" and numerics? dam The con~purational domain extends from x~ = 0 to 
X,, = 2 (ininally = xu) .  The doubler sheer extends from x,, = - 10 to I,, = 0 along the x-axis and 
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Fri. 2 Compuicd profile of - u v  x-%mom. X. x - 1.5. FTO ? Computed profble of Xx-station%: X, x = 1 5 .  o. 
o, 3 = 1-8 Vcrmcal bar a h o w  the rprrsd of  maxlnrum x - 1 8  Proilk expermcntaily ohtamed by Spencer and 
mcsi valura obtmizd m thc lrbotaiorg hy varloua m v e \  Jonci7 is  shown usrng ? o l d  11m [or compar8ron 
Iigalon 

is divrdcd into 20 conatant-stcengih clements with higher element density near the L r d m g  edge The vorleh 
sheet rn the domain is divided lnttially mto 100 cunstant-strengh elements and IS  gven a small periurbatmn 
of wavelength 0.2 and ampl~turle 0-002 tu expeditc the rolling up. Thz tmc-step is 0.01 ime-umtr 

The ciilcuiiited mean vorticity prohle maide the dornarn converge, after four ~terat~ons. A qua-steady- 
mnme layer, with lineat groath along r ,  fonnr m i d e  the domam hv t imc i = I .  The meail alrurnwrre 
velocity profile is found to be withm the range of cxperlmental values The computed miring layer growth 
rate 6;. = S, , / (x  - 41). where 6, = ~ U / ( d ~ / d v ) , . , ,  is the vortiary thickness. and x,, the x-coordinate of 
the wrtual oiigin. IS about 0.053. This value fails nearly at the centre of the experimental scatter' a1 
x = AL'l(U, + U,) = 0.25. 

The maxma of the compured profiles of the rms qunntltics ii', (-0.22) and 0' ( 4 . 2 3 )  are found to be 
sli_el~ily h i g h  than experimentai values, which typmlly rangefrem 0.17 to 0-2 for a' and from 0.13 lo 
0.23 for ii'. The computed plofile of the Rcy~olds  shear stress - u'v' la shown In F I ~ .  2 against the nol l~  
dimensional parameter (y - J,,)/(A - xi,), where y&he y-coordmatc corrcapondlng tu local mean velocity .- 
U = ( L I ,  + U2)/2. The computed rnmimum of - u'v' is hetwcen 0-017 and 0.021 (experimental data 
range from 0-011 to 0-019). 

Thc profilcs of the thud-ordcr moments - 2'7 - >,F and \7 are averaged over 2200 time-steps. 
The computed profile of is shown in Fig. 3. The computcd maxmum (= 0.0017) and minimum 
(= - 0-0025) of arc about twice those reported by Spencer and Jones7 (corresponding values cam- 
puted by lnoue are 0.006 and -0-0053) 

The cornputcd chanjies from thc initial values of the total nrculatzon T. (he first monlents of vonicrty 
distribution M ,  and M,, ihe second momcni J .  and the Hamiltonian If are found to he small rndicating 
the accuracy of the numerical schcme. 

4. Conclusions 

The prcsrnr vortex sheet model of a mixing layer in general givcs more reallatic values of vanous flow 
qualltitics, in particulav the moments of the fluctuatmg velocities. 
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Investigation of flow over delta wings with leading edge separation by B.  M. Hiremath. 
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Department: Aerospace Engineering. 

1. Introduction 

Wings of delta planform arc well sultcd for high Mach number flight due to lhelr low wave drag. Further, 
at low subsonic speeds and at high incidences (corresponding to aircraft taking off and landing) the lifting 
capacity uf these wings is considerably rnbanced by the formation of leading edgc vortices. Bccause of 
these benefits, delta plan form wmgs are much in use and currently there 1s Large Interest in the study of 
flow past these wings at high incidences. 

Flow past delta wings at subsonic speeds has heen studied analyttcally. The first model [or such a flow 
was proposed hy Legendre. Later smdles based on improved models have been made by  dams', Brown 
and Michael', Mangler and ~rnlth', Holla and ~ernmdez"  and Smith6 These studies givc drtadsd inlor- 
mation about the strength and position of thc leading edge vortex sheet, the \,ortex core, thc spanwise 
pressure distribution and the normal force. 

Experimental stud~es of delra planform wings are relatively few. One of the rarl~csl such atudm w a s  
due ro squirc7. Later studies include those due to Wcntz and MacMohani an11 Earnshawv. More recently, 
detailed velocity measurements on a series of delta sings including clfects of swrcpnack, angle of attack, 
spanwise and chordwise camber has been reported by Sforza et 01'". 

2. Experimental stud] 

There has been an ongoing programme of analytical aild exporimenla1 reacarcli on della wings m thrs 
department. The analytical studies by Fernandez and Holla5 could locate the posltioil of the leading edge 
vortex ard  the puattiw of suction peak on thc spanwisr c.rmbe~cd ihrn wmgb. Static pressure measurements 
on the wing surface hiivc been reported b) H o h  and Ramnmurthy" on wings with spanwise camber. 
However, deralled flow measurements have not been atrempt~d till now. 

In the prescnt investrgauon, deta~lad velocity rneilsurenicnts havc bccn made on the wing and in the 
near wake of a set of three delta wing  with a plane. a simple camber and a reflex camber configurations, 
respectively, all with a span of 80 cm and an aspect ratio of 1-6. They use A th~ckncaa distribution of a 
NACA I'c4M rnodiiled section. The wtngs were tested In 7 u 5' closed-c~rcuit elliptic test sectlon wlnd 
tunnel. Using ;I biunt comcal-nosed five-huk pnrba, rile pessiire measurements wric madr at different 
chordwise rtarions 03 each wmg. A 3D prohe traverse mechnn~sm was designed and fabricated lor making 
flow field auney measurcmcnts at appropriately chosen grid pomls. The pnbe war calihrvted tor yaw and 
pitch of the approach veioclty in a low-speed wind tunnel, which hac 20 X 20 X 10" test aection and with 
a low turbuler.ce level. 



IISc THESES ABSTRACTS 415 

(a) (b) 
Frr. I Plane won$ at n = LO', (a) Axial flow, (h) Cross-flow vdoaty canroo: at n/c = i.1R 

3. Data analysis 

The five-hole probe pre\sure ilsta were norrnaliscd with rcspecl lo instantaneous dynamic pressure. 
Necessaiy computer propranis were devcloped to obtain the vortex strenglh and the miormatian a1 each 
gnd pomt of the cross-flow plane to plot the tollowing graphs at different chordw~se statloris of the wmgs 

1 .  Total veloc~ty contours 
2. Axial vclocity contours 

3. Cross-flaw velocity cunlours. 

4 Vortlcity mntoura. 

5 Crm-flow vclocity vector plots, and 

6.  Clrculatmn on each hali of the wlng 

Typical plots tor a plane wing at x/c  = 1-18 arc given in Figs 1 and 2. Using similar plots tor each of 
the cross-flow planes. the flow characteristics zre analysed to ohtain ~nfonnalion ahout the vortex core 
location and thc cilculatmn on the port and starboard sides of thc wing. The voiqex corc position is located 
by using d~n'erent methods indicated m Table I. Using lhcse data the following slud~es ,Ire made. 

1. A study of the behav~our of the lcadmg edge varticcs on the wmg and m the near w3ke on all the 
three wmgr tcste<l. 

2 Cornparlson of cambered wing charactenstics with that of the plane wing. 

3. Cornpanson of the characteristic.. or the two camhered wings tested. 

4. Comparison of these experimental results on the thxk wings with theoretical data for thin w m g  and 
hence dctrnrnnl- the usdulncbs of the theoreilcal data on thin w q s .  

5 Conlpar~son of the results ot vortex core location ohtamed by using different types of plots and find 
the merits of eilch method of plotlmg 

4. Conclusions 

1) The present study shows that on the plane wing. at 10" ~ncidence, in rcspcct of vortex sirength, sym- 
metry is realised between port and starhodrd s~des. But at 20" incidence a small amount of asymmetry 
is noticed. 

2) For a qualitative assessment ot vortex strength and its core lomt~on. the total head loss data from the 
kiel tubc would be sufficieut 

3) As the total velocity contaun and the m~ai veloc~ty contours are similar a t  ail rtations, an experiment 
with a pltot tube would give a lairly good rstimatc u l  the vortex strength and ~ t s  path. 
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nc. za. plane at ar = 1V vomaty contour at Rc. Zb Plane w m ~  ut u = 1(P cross-now velocity vcclor 
dc = I.(& t = Vortlclty, V = Frec stream velocity, plot at xlc = 1.18 
S = Wmg local sernrspan 

4) AI  10" mcidence, on the cambeled wing,, the vortex la weak and grows continuously up to ihe trading 
edgc while on the plane wmg rt is comparatively strong and grows up to x/c = 0-6 on the wing and 
beyond thls station it attenuates gradually In the wake, an  all the three wmgs, the vortex dxffuses as 
it moves in the streamwae direction. At 2O0incldence, on all the t h ~ e e  winga the voltex is ilrong and 
grows in strength up to d c  = 0.6. Subsequently, on the wing and In the near wake, it attenuates. 

5 )  A1 10" mcidence, the cambcr is observed lo  cause a weakening of the loadmg edge wrtex. But with 
increase of mcidence, the dliierence in the vortex strength in cornpanson with that on the plane wmg 
reduces progresswely in the rnlddlc lhml region of the wing. 

6) At 10" incidence, the vortex core locatlon 1s more outboard and nearer to the wmp surface on the 
cambered winga as cornpsired to that on the plmc wing. This ticnd is in agreement wlth theoretical 
data for thin wmgs. At 20" incidence, in the spanwise direction, the vortex on the cambered wing lies 
outtioard to that on the plane wing, and m the vertical direction, the vortex on the simple cambered 
wing is at a greater height above the wing as compared to its position on plane wmg. Such a bchaviou 
is consistent with the trend predicted by theory".' 

7) For all the wing cunfigurationr and at all rtalions oI mcaaurcmcnt, thc theorctical estmates of drcula- 
t ~ o n  are higher than the measured values. 

8) In the wake region, the measured data are msufticient to lead to any film conclusions 

9) This study shows that the theoretical method? bascd on the conical flow anti slender body thauy lor 
thin wings give a fairly good estimate of the vortex core locallon only in the middle third of the wing 
chord region. 
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Thesis Abstract (Ph.D.) 

Programmable nonlinear ADCsSome new techniques by Dinesh K. Anvekar. 
Research supervisor: B. S. Sonde. 
Department: Electrical Communication Engineering. 

1. Introduction 

The nonlinear analog to digital converter (NADC) is an important building block in several areas of 
electromcs, e.g., modem instrumentation, digital communication, hybrid computing and signal processing. 
In these application areas, some of the desirable features for the NADCs are: (i) digital programmability, 
(u) IC realizability, (iii) hardware simplicity, and (iv) higher convenion speed 

Although several schemes for NADCs have been reported in literature, only a few of them seem to 
£ulfill one or more of the above desirable features. Keeping this in view, it was felt necessary to undertake 
research work for the development of new NADCs capable of meeting most of the above features together. 
As a result, several new and interesting NADCs have been developed. The operation of these NADCs 
has been verified by experimental implementation using state-of-the-art hardwarelsoftware, computer simu- 
lation, and/or analytical evaluation. The highlights of these NADCs and the results of this research work 
are given below. 

2. Pmgrammable successive approximation NADCs 

In this class of NADCs, the main emphasis has been on achieving digital programmability by using optimal- 
sized ROM, or PLS in the successive approximation loop while at the same time optimizing the conversion 
speed. The highlighu of these NADCs are as follows: 

2.1. NADC wing oprimaCsized ROM 

In this NADC, optimal-sized ROM is used in place of SAR. A new technique of using LSB of the ROM 
address to hold the comparator output is utllized to minimize the ROM size. As compared to a reported 
NADC, considerable reduction in ROM size is possible here, e.g., 96 per cent for PCM codec application. 
This leads to apprec~able reduction in the die area required for the fabrication of NADC in IC form. 

2.2. ROM-prefeich high-speed NADC 

While the above NADC has optimal-sized ROM, its speed is limited bv the ROM access time. which is 
generally large. This problem iB overcome here by separating the ROM irom the successive approximation 
Imp, and by using a shift register instead of an SAR in the NADC realization. This leads to a net lower 
conversion time for the N&C due to the prefetching of successive approximation codes from the ROM 
during the time the DAC-comparator ioop is settling. The ROM requirement for this NADC is still the 
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2.3. N@-speed kybrrd NADC 

:n this NADC, a much hlglmr collvelsion ipced IS aclueved by comb~nmg [lie technv+w oi fl.!ril AD<' 
and successi\,e approximatloii ADC In general. ~t a p-blt flash ADC la used, them an p m h ~ t  convc imn 
1s completed In only rr cyclc.: In  practice, as large, valuca of p lend to ih~gher hriilw;trr mmplcwty, p = 2 
ol 3 is cconon:ically pstified. Thus. wlih p = 2 ,  a 21, Ixt convcrsron can bc completed in only ,I i-lacl 
c!,clca. l b i s  specd up m conversion 1s achwcd at the cost of two addit~onal DACs and compamrors. .end 
nominally extra ROM srie. malung this NADC siu:ahle for Ihigh-.;peed rcal-rinic i i p p l ~ ~ a i ~ o n s  

This NADC can be digitally programmed by knowing only thc cnd~points of the segments in the pteccwsc 
linear approxmation of the nonlinear charactcrishc. An mportant feature of thlr ncw N4DC Ir rhc prog- 
ranm~;lhility even for nonlinear chamctcrratics apprommatud by l iacx  scgments with unequal dlglta! mtci- 
vnls. Thus, thrs NADC is supertor to the p~ecewise llnear approximation NADC' reported m lhteraturo 

2.5. PLS-based NADC 

In thi\ NADC. digital programmability ls B ~ I I C I C ~  hy m ~ n g  a PLS mstead of ROM. As the PLS delay i\ 
usually much smallcr than rhe ROM access time. a much higher conversion spccd la poss~bla with this 
NADC, as compared to a s m ~ l a r  NADC usmg ROM. The CAD algorithm developed tor the  lug^ simplrfi- 
catiirn in this case can be mcuporillzd io the CAD software for autoinrlcd plogramming of the PLS This 
indeed helps m reducing the turn-around t m e  tor the dengn of such NADCa. 

3. Switched-capacitor NALKs 

T ~ L I  famlly of NADCs is particularly important in MOSICMOS IC !om, because thc AID cormcrsmn is 
performed by the manipulation of the charge stored in [he MOS capautors which arc lnteiconnected by 
analog witches Hme, digital programrnab~lity is achieved by contlolling the \wjtclnng requencr of Ihe 
analog switchcs. The highlights of lhesc NADCs arc as follows: 

3.1. Curve-runup and curve-rundowi NADC.? 

A new technique of stepped nonlil~cal c u v e  gencradon usmg a switched-cap;cltor integratol is used in 
thcse NADCs. As the slope of the nonlinear curvc at any point 1s comrollcd by the KOM output, the 
transfer characterntic realized by these NAUCs is easily programmable by changing the ROM contcntc. 
Simplicity of lhc circuit blocks enables cconom~cal monolithic IC implen?enl.ttion of both thcse NADCs. 
whereas the11 d~gltal programmability makcs them useful for interfacmg nonlinear transducers to prog- 
rammable insrrurncntatmn systems 

3 2 Chorgr-balancing hrADC 

This NADC n an extension a t  a reported charge-balancmg ADC to the nonlinear case by the addmon 
o l  ROM and extra hardware in thr: digital logic ssdion. The tlanrizr charactelistic of the NADC is 
easily programmable by changing thc contents of the ROM Thc use of standard bulld~ng blocks ~n the 
d~gital section, the parasitic- and gan-msensitiw contiguration ot the switched-upaotor circuit, and 
the capacitance ratio independence o l  the conversion procehs make tlus NADC easily realizable in IC 
form. 

3.3.  Improved A-lnw-encodmg NADC 

In this NADC, A-law PCM cncoding is achieved by successive approximation steps consiatmg of charge 
redistribution in a binary welghted capacitor anay. 711e chip area required for the capacitors of thn 
NADC is about 65-75 per cent less as compared to some of the reported designs. Thus, [he incorporation 
o l  this NAUC in codccs can considerably minimize thc overall IC cost. 
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3.1 A f p r i r l t m i  A-low NADC 

111 chi\ NADC, thc A-law PCM n,ord 15 ohtamed hy rhc Iogrcal mtcrprctation 01 the bits resulting from 
algorithmic AID conversion ilf the input volt:tge. As only a few ratio-mdcpendent capacrtors are required 
fiil thl.i AjD convel%iu!i, very economical tmplrmentation of the NADC in a small chip area is possible. 
Thc opcmtion can also be evtcndcd to u h w  PCM cncodmy,. 

4. Multjmicroproeessor-baaed NkDC system' 

'i'hls NADC sybtcin is uscfd for highel sprcd processing for thc elirninatim o l  errors due to nonlinearity 
and disturbing v;inablcs on transducer output slgnal as also for orhci high-spccd real-time instrurnentat~on 
iippixcatmns The noteworthy fei~turu\ ot the architecture of thc multirnicroprocersoi system are: 

( I )  Use of dual-port RAMa for coofl~ct~free intcrpiocessoi dam transfers; 

(it) A new cmcept of bl;rcl\hr,ard rnernwy for high-&peed common-data trnnafer among the rnicroprocrs- 
SOTS. 

The imporumt rcsults of performance cvalutaion of thc NADC systcrn with typ~cal task allocation for the 
rnicroprocrssors are. 

(i) Slgmf~cant improvement in processing speed by the use of dual- or tnple-m~croprocessor systems as 
conpired ro a singlu micropmcmsor system; 

(11) Supermiry ot the dual-microprocessor system owr the triple mxroprocessor system with regard to 
cost-cifectivenesr, 

(ili) Poiaib~lity of hlgher processing speed b y  using more than three microprocessors, but with much lower 
cost-cffectivmrsa. 

I .  AN~EKAR.  D K. AND SONDE, B S. Tmnsdncer output ~ g n a l  pmcesmg ustng dual and tnple rnmoprocersor syr- 

tcms. IEEE Tmru., 1989, IM-3, R3G816 

Thesis Abstract (Ph.3.) 

Studies on the degradation of tin oxidelsilicon interhces by Uma Raychaudhuri 
Research supervisors: M. Satyam, K. Ramkumar and D. B. Ghare. 
Department: Electrical Communication Engineering. 

In the laar fe* years, tin oxidc (SnOJin sillcon solar cells haw been proposed by somc as low-cost 
photovolwic deuce\. The phoravoltaic properties of SnOl/n SI heterolunctmns prepared by spray pyrolysis 
hive been itudlcd by 5everal inveariq,mrs'-'. However, haaic mechanisms. such as carrier transoort across 
the heteiuqunctmn. dependence of device charactenstics as =,ell as thc degradation of thcsc characteristics 
wth aacing on interface Darameters such as trans are vet to bc understood. In this work, an atremot has - - . ~ 

k e n  m;~de to find out the various reasons that may be responsible £or the observed degradation of the 
SnOlin S; cells. 

2. Experimental details 

The evperments consist of two parts: (i) preparation (by spray pyrolysis)' and characterization of tin oxide 
films before and after agemg. (ii) preparation and charactemtion of S n O h  Si 1nterfaces4 before and 
afrsr ageing. 
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control Sprayer 

Fro. 1. Crosssect~anal wew of tin oxide fdm spraying set-up 

Figure 1 shows the spray setup used in this investigation. The structural, electrical and optical properties 
of the SnO, films have been studied as the substrate temperature and deposition times are changed while 
keeping other parameters constant at standard values as reported by previous investigators. These proper- 
ties are again measured after ageing for one year. 

SnOdn Si interfaces have been fabricated by depositmg SnOi films on Si substrates by spray pyrolysis. 
Three types of samples have been prepared. 

a) Samples in which SnOL has been directly deposited on Si (n-type) substrates (named as INI-X), 

b) Samples in which a thin SiO? layer is interposed between SnOl and Si (named as OX-Y); and 

c) INI-X samples which are heated in oxygen atmosphere (named as OXAN-2) 

These samples have been characterized by the measurement of I-V and photo-voltaic characteristics 
before and after ageing. 

3. Results and discussion 

3.1. Studies on SnOZ f lm 

1. X-ray and ESCA indicate that SnOz film is formed by the above process. 
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Frc 2. Varivtmn oi resrsuviiy w t h  depoa~rron rime lor 
SnO> films ar substrate temperature of 3WC. 

2 Resistivity of the film decreases with film th~chncaa ( i .e . ,  deposit~on time (Fig. 2) ). This variation can 
be explained by salving an appropriate dtffision equation of alcohol vapours which reduce SnOi film 
leading to oqgen vacanner which Impart electrical cnnductwity. 

X Optical transmiasion spectrum of ~ h c  film shows gradual absarption edge (Fig. 3). This can be explained 
by a model which assumes uniformly distributed defect energy levels in the bandgap and the reiultrng 
transitions of electrons among rhcse Irvek due to the incident radiation. 

With ageing the a b r p t m n  edge shifts to higher energy. This 8s possible iI oxygen diffuses through Sn02 
film and reduces oxygen defects This speculdtion ts supported by the observed mcrzase in renstiuity ul 
film after ageing. 

3.2. S:ttdtes on SnOdn Si rnlerfuce 

1. Ln 1 13 curves of IPJI-X samples exhibiled ;wo linear region, (Fig. 4). It has been iuund that the 
ohscwed depeodencr of such cuwer an Si resetwily and temperatures couid not be explained hy ally 
single known tbeory of cainer transport A nzw rnodzl has hren proposed. It has been proposed that 
there are tao ainzuiraneous currcn: transport procciszs at the interface. One is trap-assoled current 
where udencr electrons from Si cnter rhe trap lcvels lying in tllc energy gap of SnOl hecause there 
are home trap ubich are avarlablc at marly the ramc energy levels (Fig. 5). The electrons irom theac 
energ level, are rben enritted to conduction band of Sn02. Thc second component of current is due 
to rhe c!ection ~n the conduction band of Si crossmg rhc hamrr at the intcrface by thermo~onic emmlon 
andlor hy dlffusmn. Based on this rnodcl, the observed I-V curvca and also their depcndence on Si 
rcaiatir:ty and lemperdture have becn explained. 

At eqoihbrium the rate o? filling of the traps at the interface IS squid lo the rate of release from them. 

Therefore. 

KdN,  - N<)dV = h;[exp - (4 - & - V)!K'r]NNi dV 

where N is the number uf available traps at interface. N,, the number of filled traps, and Ki ,  K2 are 
constants. 
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FIG. 4. I-V charactenmcb of a typ~cal SnO2In-Si cell in for. 
ward direction. 

.'g 
K,  + K2 exp -(E, - E, - V ) K T  

Therefore, the rate of emission of carriers from the traps located between E, and E, r V is 

The trap-assisted current is proportional to this emission rate. After simplification the current becomes, 

- E t 2E, 
where IOI = const. N,.N2 exp ------- . KT. 

KT 

It can be shown that n > 1. 

2. LnI vs V curves for OX-y samples exhibited ore linear region. It is speculated that the traps at the 
interface are passivated by the thin SiO, layer and therefore the trap-assisred component and current 
are not detectable. 
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FIG 6 .  I-V charaeteiist~ci of a typical Sn0d9O2In-1 cell 
m forward direction. 

3. LnI vs V curves a£ter ageing of the samples for one year indicated that current increased in OX-y 
samples while in the INI-X samples it showed a decrease. With ageing oxygen diffuses through SnOl 
to the interface and passivates some traps and hence the decrease in current with ageing in INI-X 
sampies. For OX-y samples the trap-assisted current is negligible and with ageing the reduction of traps 
leads to reduction in harrier height and hence the increase in the observed current. 

4. OXAN-Z samples exhibit similar behaviour as that of aged samples implying that on ageing the defect 
states are reduced in the energy gap due to oxidation4. 

The variation ov V= for all the grmps oi samples has been found to be compatible with vanations in 
dark current. 

3. Conclusion 

Based on the above resuits it is coilcluded that the slow penetration of  oxygen wlth time into SnOz film 
and to the interiact 1s responsible for the degradation of SnOiln Si interface which perhaps are responsible 
for the degradation of SnO& solar cells 
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Thesis Abstract (Ph.D.) 

Digital models for analysis and synthesis of ECG by M. Ramasubba Reddy 
Research supervisor: I. S. N. Murthy. 
Department: Electrical Engineering. 

1. Introduction 

The study of cardiac electrical activity - its ongin and propagation through various pathways and muscle 
tissues - m health and d~sease is the scieace of electrocardiography. ECG analvsis has a lone history of - . -  - .  
four decades outmde the domain of the clinlclan and is one of the extensively studied physiological signals 
in the present-day clmicai med~cine for the diagnosis of cardiac disorders. Delmzat~on of the component 
waves P, QRS, and T present in a given beat is fundamental to the methods of ECG - morphological study, 
rhythm analysis, data reductton. ECG analysis methods reported in literature till date can be classified as 
time- and frequency-doman analysis, or a combination of both, syntact~c pattern recognition, heuristic and 
knowledge-based expert system and dlpole field theory approaches, and polczero modelling, etc. Fairly 
well-defined characteristics with high slopes and amplitude will facilitate reliable detection of QRS complex 
in ECG waveform. The small amplitudes with similar slopes compared to those of QRS complex make 
the recognition of P and T waves difficult. There are not many methods in literature for detect~on and 
delineation of P and T waves, though these waves play greater role in the idenhfication of some abnor- 
mahties hke premature ventricular contractions (PVCs), mverted T waves in the case of MI patients, etc'. 

The work provides the necessary thrust for a complete and total solution of this fundamental problem. 
The mathematical aspects of the forward and Inverse transforms of discrete cosine transform (DCT), 
discrete sine transform (DST) with the11 linearity propertyz, the modelling techruques of Ste~glitz-McBridge 
and Shanks and the design aspect of EIR f&ers3 are briefly presented for ready reference. 

2. Method 

A parametric model is proposed that fits in a general framework in that the component waves of the 
signal are treated as events independent of each other and follows signal genesis aspects in a natural way. 
The model is conceived as consisting of three (or more) subsystems in parallel to account for all the three 
(or more) component waves. Since it is not possible to model the direct time-domain signal, discrete cosine 
transformed (DCT) version of the signal is used. The output, the impulse response of each subsystem 
when inverse transformed (IDCT), gives a component wave and the ECG signal is derived as the output 
from the whole system. Ihe method uses minimum number of parameters m its model wMe preselving 
high accuracy of signal approximation and is a fruitful proposition for efficient signal representation. The 
method establishes for the first time a direct relationship between the model parameters and waveform 
features, i.e., between system poles and zeros and the P, QRS, and T component waves of the time signal. 
A combination of the discrete cosine transform (DCT), a member from the family of orthogonal transfor- 
mations and the Steiglitz-McBride method, a recursive algorithm is used for estimating the model paramet- 
ers of a stable signal. The model comprises a system function driven by an impulse source for efficient 
representation of the ECG signal. A bell-shaped blphasic wave required two poles and two zeros in its 
system function while a triphasic wave needed an order (4, 4), that is, ~t is shown that DCTs of bi- and 
triphasic waves are the same as the impulse response of second- and fourth-order systems, respectively. 
The upright and inverted bells have identical representations for their transforms as well as system func- 
tions but for a change of sign. The ECG signal considered to be made up of such bell-shaped component 
waves allows to determine model order in a simple way. A study of spectrum of the transformed signal 
confirmed these model orders. While a normal wave with biphasic P, QRS and T waves required an order 
(6, 6 ) ,  abnormal beats of bizarre type required higher orders (10, 10) or (12, 12) in theu models. The 
results show that bizarre waves require higher orden than normals and a zero outside the unit circle for 
an inverted component wave. The pole-zero model obtained is then utilized propitiously for signal analysis 
and synthesis, i.e., not only for identification and delineation of the component waves but also for the 
synthesis of different waveforms. To study the effect of transforms on signal representation, time-domain 
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agnal is transformed usmg DST instead of DCT. The results ahowcd that DCT version of signal can be 
modclled hetter. When DCT and DST transformed s~gnnls are modc!led using Steiglitz-McBride and 
Shanks methods, 11 is observed that the Stelglitz-McBride method gave superior results compared to 
Shanks method. To check the system order selectloo for a given signal a transformed normal ECG beat 
is modelled with systems of ardcr (2, 2), (4, ?), (6, 6) and (8, 8). The modcl output gave only QRS 
complex when system order a (2, 2), QRS complex and T wave when ~t 1s (4, 4). and all the three 
components P, QRS and T, whrn the system order is increased to (6 ,  6). Fu~ther  mcreaae In system order 
reduced the normalized mean square crrar in the model output. These results confirmed the proposition 
that each biphasic component requires an order of (2, 2) and also shows that larger time domain peaks 
will get modelled in that order. In this simple way any time-domain signal of m peaks can be modelled 
with systcm order (2m, 2m). The results arc evaluated in both qualitative and quantitative terms. The 
model performance a found to be highly sattsfactory. While a comparison of model output w ~ t h  the 
original slgnal gave an excellem visual match, and the normalized mean square error between the two is 
well within a reasonable limit of 5 to 10 per cent, best results are obtained whcn the number of zeros is 
equal to the number of poles in the model and the algorithm converged m three to five iterations in most 
of the cases. The deletion of one (or more) polc(s) at a time, from the pole-zero plot, has resulted in the 
suppression of one (or more) wmponent wave(s) in the model output. Thus. this study not only establishes 
a one-to-one correspondence between the model pole($ and the component wsve(s) in the tune signal but 
also a way of wmponent delineation from a given signal. The synthesis of desired wavefonn is attempted 
by modlfyingJaltering the pole-zero plot of a normal waveform. Using background knowledge on modelling, 
various abnormai waveforms such as ST elevat~on, R on T ,  PVC, etc., have been synthesised. 

The transformed signa! specturm showed d~stmct peaks and valleys corresponding to each component 
wave in contrast to the featureless counterpart computed from the direct time signal. This aspect is 
exploited to determine the characteristics of suitable filters which are in turn used to filter the transformed 
signal. The filter output when inverse transformed gives the required component wave. ?he method is 
found to give fairly accurate and unambiguous delineation of a given signal into ~ t s  component wave\. The 
method is then extended to signals containing more than one beat in a single frame. All these aspens are 
illustrated with extensive examples. 

Finally, real-time mplementation details of a nonlinear transformation for the delmeation of P, QRS, 
and T waves and determination of their durations irom s given ECG wavefonn are given. The t r a n s f o m -  
tion which is in the form of a set of recursive relations has been implemented on Intel 8086 microprocessor- 
baced system Data acquisition module, numeric data processor and other modules along with the system 
have been developed to enable the implementation of the algorithm in real time. 

3. Results aad eoocllisions 

A dtgital model far the generauon of ECG slgnal o deve!oped from a system theoretrc pomt af wew. 
l 3 i s  pole-zero model appioxanared both normal and abnormal heat\ with hlgh accuracy and with minimum 
number of parameters and morc impcrtan!ly eslabllshed a diiect relationship berueen the modcl paramct- 
err and P. QRS, T component waver of the signal Thls nabrally leads Lo the delineation of a given ECG 
algnal into its component waves as well as synthesis o l  abnormal wa~cP,rms of different types by madrfymg 
the pole-zero pattern of a normal signal. Dcvelopmcnt of a marc formal mcthod of filtenng the trans- 
formed s iga l  enabled iinamb~guous and very accilrate delmeation of :he component waves in a given 
signal The componcnt wave, of a given ECG slgnal are delineated in real time using the direct umc- 
domain signai :hrough thc execution of a nonlincar transform on a microprocessor system developed 
specially fur the ptrrpose using 8086 processor and a numeric coprocessor 

4. Scope for further work 

The technques prcaented for both mudellmg the ECG stgnal and delineating the component waves by 
h e a r  filtenng a given signal hold great promise and are expectcd to lead to new dlrectlons in the analysis 
of other biasignals such as resplratoly signals, blood pressure waveforms, and signals contaming waveforms 
simiar to rectangular, triangular and the like and arbitrary waveforma with well-defined peaks in other 
fields such as seismology, speech, etc. 
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Thesis Abstract (Ph.D.) 

Some contributions to the instrumentation techniques For ultrasonic measurements by 
Laxman Pathak. 
Research supervisors: E. S. Raja Gopal and V. S. Raghunaihan. 
Department: Instrumentation and Services Unit. 

1. Introduction 

Ultrasonics has a wide range of scientific and engineering applicat~ons. The scientific applicaUons include 
study of material properties, while the engineermg applications include nondestructive testtng, flow and 
thickness measurement, leak detection, etc. The instrumentation for scientific appi~cations requires high 
resolution. Engineering applications, on the other hand, require instmments capable of working reliably 
in hostile environments. 

In the present work the use of ultrasonic techniques to two speciailsed applications is described The 
first is the development I improvement of the instrumentation used for hieh-resolution ultiasonic 
measurements which includes the development of automatic echo-select logic for attenuation measurement, 
and stand-alone pulse-echo-over la^ facility for velocity measurement. The second is the development of . . 
an instrument using puise-echo principle, code named BAT, for profiling dimensional deviations of in-reac- 
tor components of the fast-breeder test reactor at Kalpakkam. 

c echo-select logic for attenuation measurement 

Ultrasonic attenuation coefficient is measured by introducing a burst of ultrasonic energy in the sample 
and finding the ratio of the amplitudes of two selected echoes. The amplitude of the echoes in general is 
related by 

where A, and A2 are the amplmdes of the two echoes and d is the distance travelled between registering 
the two echoes and a the attenuation coefficient'. 

I t  can be clearly seen that the measurement of the attenuation coefficient depends upon the preclse 
location and measurement of the echo peaks. When the attenuation is measured as a function of some 
varying parameter such as temperature, the transit tune through the sample also varies resulting in the 
shift of the echo position. This calls for the adjustment of the sample and hold circuits2. A novel automatic 
echo-select logic was developed for attenuation measurement which eliminates manual intervention during 
the experiment, thereby improving the accuracy of measurement. The echo-select loge developed latches 
on to the selected echoes to eliminate this manual adjustment. Figure 1 shows the block diagram of 
automatic echo-select logic. The echo train received by the transducer is amplified and the envelop of the 
echo train is fed as input to the echo-select logic. This in turn generates discharge pulses to abort the two 
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FIG. 1 Black diagram of automatic echo selecttan scheme 

peak detectors until the selected echoes arrite. The selected pulses are then stored on sample holds. The 
logarithmic difference of the held peaks give the value of the attenuation coeffic~ent. Since the selection 
and derection of the p a k s  are done automatically, the measured value is always a true representation of 
the attenuation coefficient, and is free from the problems due to peak dnfts. The logic is implemented 
using easily available l T L  counters and comparators. Attenuation measurement between any two echoes 
can he easily made by the selection of echo numben by means of thumbwheel switches3, 4. This logic 
makes the attenuation measurement amenable to microprocessor control. 

3. Stand-alone pulseseho-overlap facility for velocitf measurement 

For ultrasonic velocity measurement. the time d~Wrence between any two echoes is measured. Of various 
techniques avazlable for velocrty measurement, the pulse-echo-overlap techmque is very popular since it 
permlts simultaneous measurement of atteouatlon and velocity and requlrcs only two good echoes for a 
 measurement^ A stand-abne unxr for velocity measorenient has been developed baaed on pulse-echo- 
overlap technique. 

The circu~t dlagram of a stand-alone pulse-echo-overlap system is shown in Fig. 2. Since the resolution 
of frequency synthesizer decldes the resolution of velocity measurement, a dtgitnl frequency synthesizer of 
0.01 Hz resolution in 1 MHz was designed and developed but 1s descr~bed elsewhere6. A broadband pulse 
of 230 V amplitude, generated using P 203 IC, emtea the transducer bonded closely to the specimen. 
The recwed cchoes are fed to the Y-input of an osalloscope. By careful adjustment of the trigger rate 
of the oscilloscope (the X-input), it is posslble to see two echoes of the echo tram overlapped on the 
screen Under this condition of overlap, the tngger rate applled to the input of the oscilloscope gives the 
travel tzme and thus the velocq of sound in the spemmen. To atd the overlap, a decade fraction of the 
trigger pulses fed at X-input is used to trigger the high-voltage pulse generator P203. Additional intensify- 
Ing pulses are penerated using adjustable delays to intensify the beam at selected echoes. Overlap technique 
requires in general oscilloscope with intensity modulation facility to intensify the selected echoes. An 
alternative strategy was adopted wherein intenslfymg pulses and received echo train are added in opera- 
tional amplifier thereby driving the oscilloscope beam out of screen when selected echoes are not present. 
This enables one to use ordinary oscilloscope wthout intensity modulation facility7. 

The stand-alone pulse-echo-overlap system was employed ~n the residual stress evaluation in stainless 
steel specimens. The velocity of ultrasonic waves in a material depends upon the elastic properties of the 
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Fro. 2. Ctrcuit dxagram of stand-alone pulsescho-ovodap ~ystem. 
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medmm. Theretore, when 2 material driornrs io response to an applied load, a small shlft in  tiltraa~mc 
vzluclty ucculs. Thc velocity and the stress m the material are relatcd by thc follow~ng equation: 

wlrcrc V 1s the actual measured velocity, V, the vcloaty of ultrasound in the material free trom tress,  A 
the acoustoeiastlc constant and rr the residual stress. Thus, hy measuring velocity on a reference, stress-free 
spccimen and then cvaluatjng thz velocity in the matcrial under invcstlgeoon, the rcsidual stress can be 
found8. 

3. Profiling of guide tube 

During a fuel-handiing operation, a large component (guide tube) inside the primary reactor veaacl uf  the 
FBTR (fast-brceder test reactor) developcd an unexpected bendY"'. Further opcration of the reactor was 
impossible without repiacing the defectlw component with a new one Eflorts to ictlieve tbz bcnt tubc 
by pulling were futile, indicating a !age bend. Lifting the reactor plug, in which guide tube was mounted 
and removing the guide rube was a major operation requiring n year's tlme An alternative solution was 
to cut the defective tube inside Into (wo segments which could be retrieved. It was necessary to profile 
the guide tube to see it n could be removed aiter mttmg mto two pleces. Vanous methods were conceived 
and some were attempted, with d~fferenr degree of success. O l  these, ultrason~c method, described here, 
was capable of profiling the entire 3-m lcngth of the gmdz tube, even in the presence of multiple bends. 

While designing thc system. it bad to be borne in mind thar measurement had to be done in reactor 
with associated problems of limited accesqihility for profiling demce, and high ambient temperature o i  
about 180°C For this purpose, an ultra%onic probe for profile measurement using air transducers of 40 
KHz frequency was developed, based on a pulse-echo-ranging technique. Profile generated using this 
method did not require any cxlrapolatmns and the measured deviations wuld be trusted to within 20 mm. 

Thoxgh puke-echo-ranging technque is commonly used in radar. ultrasonic level meter and other appli- 
cations, the challenges involved in the adoption of this technique for the guide tube profilmg were: 
(i) Experiments had to be done in a hostile environment: (ii) The problem due to beam divergeucc (at 
4:) KHr u is considerabie) had to be tackled; (ii) Commercially ava~lable transducer5 had 
to bs  modified to aithcand thz temperatures or about 180°C: (ir) Plovislon lor coding the delector 
assembly had to be made; (v) Camect for vclocltq coefficient of sound !n argon medium at varying temp- 
eratures. since rht: temperature profile inside the reactor was not known; ("1) Corrcct values of deflectmn 
of guide tube at each elevadon e icn  in the preacnce of multiple bends in dlffcrent planes: (vii) Capture 
the ultraiomc echo waveforms and store thcm in a computer for further analys~s. since multiple ~ u n s  of 
pofiling i? .i aodlunl-drained condit~on ot the FBTR were not possible. 

The divergence p~obieln was orercorne hi. dcsigning suitable acoustic wavcguidcr into the mechanical 
assembly. The mcchamcal assembly melf was des~gned to prov~de fur external injection of argon to cool 
the tramiucc~m The transducers produced from the msrket were d~smourltcd and welc lcaascmbled using 
high-remnperature-resistant adhesives and were tested ~n mock-up cnvmnments. Aftcr sevcral tnals, trans- 
ducers workmi: up ro 180°C with coohng arrangements were made. 

Suitable software was developcd on an IBM PCIXT which was connected to the instrumzntatmn to 
calculate the deflection in the presence of multiple bends. A last data acquiution system was dcsigncd to 
capture the echo waveforms and store them in memory of the P C K T  for further analysis. 

After several mock-up trials the guide tube was profiled in situ. Figure 3 shows in eiru profilmg. From 
the profile thus obtained, it was possible to confirm that the cut pieczs of guide tube could be removed 
wlthout any problenl. It was found later from Lhc cut segments of the guide lube that the plufile and 
deflection deduced from the ultrasonic measurements were in close agreement wlth the actual shape of 
the bent guide tubs. 
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5. Concluaiona 

Applicatmn ot uiirasonlc technques ~n scienrlfic and a ~pzcific enginewing prohlem have been discussed. 
Methods of i m p ~ o b ~ n g  the nieilaurcrncilt ac'uracy of ult~asonic atknuatlon in laboraroly environment. 
urmg the novel autornatlc echo-select  log^ has hcen dealt wnh. The pulse-echo overlap method ot mcasur- 
mg the ~~l t tawnic  velo~ity ha\  advdntag~s OVCI othel nictlrod.; Simple orcurt ~n~mval iona 10 makc this 
mcasurcment easy usmg ordinary oscilloicapc and a broadband c s c ~ t m o o  source are descnbed. A srnnd 
alonr cqulpmenl w n g  the above clrcurr has bccn used to Imd rhi rcsdual stress in alinnlrbr steel samples 
with good accuracy. 

Thc lcchmquz of pulse-dcho ranging has hem applied Lu a piachcal ploblcm of prufilmg an inacccsslblr. 
reactor component has been d~scusscd Vanoua dcs~gn fcaturcs to ovcrcornc thc tlcld-related difiicultlss 
in adaprmg the lcchnque to achieve ao acwrate solution h a w  heen brought uut Ultrasunrci, in combina- 
tion with rhe caplb~litles of computers. has grcal potentla1 of becoming a powariul analysli and cnpineerinE 
loul of the futme 



$52 11% THESES ABSTRACTS 

6 Pariinr. L., MLIRILI. N AND 

Ahfnlnlr. V P. 

7 PAlltrl~, L A~"PIIII'VIP*MI, K 

Modlfisd dutOmatlC echo selectlun loqlc for uitraaonlc atrenuatton mrasure~ 
mrnt system. Rev Sci Inrbum.. 1984, 55. 1168-1169 
Ph.ysiio1 ncnt~.rr~rs. Vol. 12 (eds. W P Mason and R N Thurston). 1976, 
Acvdemx Prerr. 

Stand-alone pulse-echo-overlap facthry for ultrasonic wave translr tme 
measurements. Rev So Insirurn , 1984, 55. 1817-1822 
Achiemng pulse-echo overlap wifh scopes having no mtenslty nioduliiiton, 
RE,, SCI himurn , 1986, 57, 123-124 
Couplant eonenion for ultrasonic measurement. Br I NDT, 1989, 31, 
18-81 
Pro'. Inr Synzp. on Fosz Breeder Rendor os n Futurr Source of Power, Kal- 
pakkam, Indm 1647 December, 1985 
Fnsf breeder macram. Proc Cutif. F m  Breeder Reacton, London. May 17- 
19. 1966 

Thesis Abstract (Ph.D .) 

Thermodynamic studies on selected ceramic oxide systems by G. M. Kale. 
Research supervisors: K. T. Jacob and G. N. K. Iyengar. 
Department: Metallurgy. 

1. Introduction 

The ever-increasing demand for new materials with improved physical, chemical and mechanical properties 
for applications ~n high-technology areas at elevated temperatures has stimulated Interest in systematic 
invcatigatmn of phase relations in niulucomponent ceramlc olude systems and thermodynamic properties 
of several ternary oxides. These data aie useful for assessing matends compatib~liry m a number of 
apphcations. Accurate thermodynamic data on interoxide compounds are essent~al for computer generation 
of reliable phase diagrams. Hence, focus of the mvestlaations is on dererminatmn of correct phase relations 
and accurate thermodynamic dara In selected technologdly important cerarnlc oxide systems in w h ~ h  the 
data are either not available or are inconsistent. 

2. Experimental methods 

In the study of several ceramic oxide syatems. phase relations were ohtamed by phase characterization 
after tsothemal equilibrium of the rnxxtures of known inmal composltlon. The equdlbrun phase mixtures 
were characterized by opt~cal microscopy. x-ray dlffracrion anaiysls. energy dlsperswe analysis of x-rays 
and electron-probe microanalysis. The thermodynamic properties of binary and ternary metal oludes were 
obtained by the solid-state galvanic cell technique lncorporatmg oxide or fluonde solid electrolytes. 

3. Major cootributions 

The ceramic oxide systems studled and the important results ohtamed are hlghhghted below. 

3 1. Thennodynamic studies on Fe, Co, Ni orthosil~cures 

The standard Gibbs' energy of formarion of 3d transltmn metal (Fe, Co, Ni) orthosdicates has been 
measured using the solid-siate galvamc cells. 

Pt,m + M~SIO, + BO21~(Y,O;)ZrO2I/M + MO,Pt, M = Fe, Co, Ni, and 

Pt, FqO, + Fe,SiOl + SiO~/ l (Y2O3)ZrO~1~i  + N10, Pt. 

A schematic d~agram of a typccal solid-slate galvanic cell 1s shown m Fig I The applicauon of CaF2 solid 
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RG. 1. Schematic diagram of cell. 

electrolyte for oxygen potential measurements is well documented in literature. The oxygen potential re- 
sponse has been attributed by Chou and Rappl to the transport of dissolved oxygen in CaF2. 
Ramanarayanan et UP attributed the oxygen potential response to the presence of CaO precip~tates and 
an exchange reaction between C& and O2 w h ~ h  establishes an equivalent fluoride potential at the elec- 
trodes. Since silica present in the electrode of the cell Pt,Ni + NizSiOd + SiOdCaFdNi + NiO, Pt is ex- 
pected to react with CaO formed at the surface of Cap2, the emf of this cell was measured as a function 
of time in order to elucidate the mechamsm of oxygen potential response in C a q .  

3.2. Phase relations and thermodynamic properries of compoundr m MI-MZ-0 (Ml-M2 = Ni-Mo, 
Cu-Cr, Cu-Y) systems 

Phase relations and thermodynamic properties in three ternary systems of the type M1-M2-0 (Ml-M2 
= Ni-Mo, Cu-Cr, Cu-y) were established. Phase relations in Ni-Mo-0 system at 1373 K were estab- 
lished by employing isothermal equilibration of several samples consisting of two- or three-phase as- 
semblages taken in different molar ratios in evacuated and sealed quartz capsules. Thermodynamic prop- 
erties of interoxides in these systems were obtained by emf method incorporating stabilized zirconia as the 
solid electrolyte. Based on the present results, isothermal section of Cu-Cr-0 (1150 K) and Cu-Y-0 
(723, 950, 1373 K) bas been constructed. A section of Cu-Y-0 at 9% K is shown in Fig. 2. 
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FIG 3. Vanunon of the partial cnfhdpy of Na10 as a func- 
tion of compo~it~on m thz Nailcan-sulid solunon wicer. 

3.3 .  Thermmiynaniic snrdies on 2-3 spuds and their so ld  solunonr 

Gbhs' energy of formation of Co,Od from COO and O2 has been obmned hy emf measurements. Thc 
cmf measurement\, high-teniperature x-ray dlffract~on, electrrcvl conductivity, DTA and TGA studies indi- 
cated that Co;O, undergoes a second or hlgher order phasa transition at 1120 ( t20)  K. This transition 1s 
asmciated with electronic spin unpairing in Cdi mns and rearrangement of cations on the spinel Lattice 
altes. A new value of crystal field stah~lization energy (CFSE) for Co" has been calculated from thc 
spectroscaplc data. ? h i  haa been used along with thc CFSE of dl- and trivalent Fe, Mn and Co2' reported 
in the Literature to model thcmodynarnic properties of mixing in F@-Mn;04, Fe@-Co304 and 
Ma,O4-Co,04 soinel soild sulurion systems. The activity-composhm relations in FeAI2O4-FeCrz04 spinel 
solxi solutmn at 1823 t i  bas been obtained by cmpluyinp gas-solid equilibration method. Bascd on the 
results obtained in thk study, it has been shown that lhc excess free energy of mlxmg is primarily due to 
the strain enthalpy term arising from the m i n g  of AL" and Cr'+ of d~ffering iomc radii on octahedral 
site of spinel lattice 

3.4.  Thermodynamrc m d i e s  on Nai'on (Na,+,Zr,Si,P;.,OL2, O e x S 3 )  and K-6-aiurnmn 

The thermodynamic activity of Na20 ~n Naaicm solid solution (Nal+,Zr2S~,P3.,01~, O X x t 3 )  has been 
measured aa a function of temperature and composition by emf technique The present result? are consis- 
tent with the literature data for Ionic conductiviry' and cell volume4 of Nasicon at .x = 2. The variation 
O€ partiill enthalpy a s  a function of composmon of Nasicon solid solut~on s s h o w  m Fig. 3. The activity 
of K2O a a-alumina + K-P-alumina biphasic mutture has been measured as a function of temperature by 
employng solld-state galvanic cell technique. The present results resolve the dmrepancy in high-tempera- 
lure thermodynamic stability of ti-8-alumina. 

3.5. Phae relnnons ond ihermodynarnic properties of compounds m RaO-Y203 sy,~tern 

Phase relarions in BaO-Y203 system wcre established by isothermal equilibration method. The Glbbs' 



11% THESES ABSTRACTS 435 

energy of iuriniilion of BaYlO, and Ba;Y,O,, from compooent oxldes har hcrn measured by an emf 
technique incoipoiatinp BaE2+? mol%AI:Oi as the composite sold clcctrolytc. 

The major concluimns d~vwn based on the prcscnt itivestigalion are aurnmarized: 

1 The third-law analyus of the standard frec energy of formation of Fc2Si0,(ul), CozSiO.,(ol) and 
N~&lO,(ol) trom component oxldes and the d m  on oxygen potential for the fzyallte-quartz-magrlet~te 
equdibrium yield tcmpcraturc-independent values of 

2. The present experimental findings suggest that CaF2 is predominantly an F- ton conductor. 

3. Only onz ternary ondc, NlMoO4, la present in NI-Mo-0 systcm at 1373 K. NiMoOd can bc formed 
enher by the oxidation of NiOcMoOa mixture or by Ihe oxrdatloil or NiO+Mo02 mixture or by the 
reaction of NiO wrth MOO;. 

A .  The isobnnc rection of CuO-Cu20-Cr203 at an oxygen partial prcsrurc of 2-1 X 10' Pa obtaincd in 
this study ib mole consistent with the thermodp~amic data on interoxides than that reported by Gadalla 
and ~ h l t e ' .  

5 .  'fie system Cu-Y-0 contans two ternary oxder,  CuYO, and Cu2Y2OS. Based on the thermodynamic 
data on these two interoxides it 1s shown that the topology of thc Cu-Y-0 tcrnaly phase diagram rs 
sensitrve to temperature. 

6. 'The discrepaucy m hlgh-temperature thermodynam~c data of Coi04 IS resolved w t h  the discovery of 
new higher ordcr piiasa-transition-coup1111g electronic spin unpamng in Co'+ and cationic rearraoge- 
ment on splnel lartlce 

7. The actinties ot component sprnels in hercynite-chromite solid solut~on show posltrve deviation from 
ideality at 1623 K. The excess Gibbs' energy of xixmg m FeAla0,FeC~201 sohd solution is explained 
in terms of the srram enthalpy term arismg from the mixing of A['+ and Cl" of differing mmc radu 
on the octahcdral site of spinel lattice 

8. The max~ma in partial entropy and partla1 enthalpy of Na20 in Nasicon sohd solution are consistent 
with the maxima in iomc conductivity and cell volume at x = 2 

9 The discrepancy in the high-temperature thcrmudynamic stability of K-P-alumina reported in  lileraturc 
has becn resolved. 

10. Only two atable ternary oxides, BaY20, and Ba,Y409, were detected m BaGY,O; ryatem. The other 
two tcrnary oxides. BalYz07 and Ba2Y20s reported by Kwestroo el a/" were not detected. 
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The mcasuremcnt oI oxygen chemical potential with calc~um fluorde 
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1981, 39, 319-229. 
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203-220 

The system CuO-Cu20-ChOs and kts beanng on the performance of bastc 
rafractorie5 m copper-moltmg furnaces, Trans Br Cerornrc Soc., 1964, 63, 
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Theslc Absrract (Ph.D.) 

Casting teehndogy for titanium and tilamiurn alloyAharaeterisation of metal-mould 
reactions in zircon sand and investment moaalds and evalmakion of a hgpoenlectic cast 
Ti-% alloy by Rathindra La1 Saha. 
Research supervisors: K. T. Jacob and P. Kama Rao (DMKL). 
Department: Metallurgy. 

Titanium and ~ t s  alloys have emerged as important engmeeing materials in vlew of their high spccific 
strength and excellent corruslon reastancc. The metal is, however, cosrly since tt rcquires use of high 
encrgy and cornplcx technology to overcome problem of its highly reactive nature at higher temperatures 
encountered at various steps of manufacture. Casting technique expected to provrde a wable and 
economtc:d route to produce near net-shaped ~on~ponenl r .  I-Iowever, special and co~t ly  mould rnalelials 
are required to minimisc metal-mould reactions for casting of titanium and rts alloys1. It 1s thercfore 
approptiate to explorc mzthods for minimiration of mcral-mould readions whxh may subsequently deter- 
mine ccunomiad n ~ o t l ~ ~ I s  for production of titanium castings. With this a m  in mind, following aspects of 
titaniuin-castmg technology have bcen studied. 

(a) development of suilablc zircon sand moulds w ~ l h  minimal metal-mould reaction, 

(b) investigation of the stability of rare-earth oxldcs as face msl  material for lnvestmenr moulds. and 

(cj development of Low-mclting cast eutectic alloy. 

2. Experimental 

For studyng metal-mould reactions titanrum rods were cast In non-consumable electrode vacuum arc 
furnace usmg drop-cast crucible, deslgned for the purpose, under partial pressure of argon, l h e  same 
method waq also used lo caal hypoeutectic Ti-Si alloy pancakes using conventional water-cooled copper 
cruable. However, the components were cast in skull-ca3ting attachment of a 250-kg vacuum arc furnace 
using consumable electrode. Graphite suscepux was used to study reactions between liquid titanium and 
rare-earth oxides, in isothermal condition, in a vacuum-resistur furnacc. 

3. Results aod cnncluionr 

3 1. Zircon sund moulds 

Rammed graphre mnulds L .sed commercially for the production of rltsn:mn castings for less critical 
;~pphcntmris. However, zircol. .and can scrve as chcaper suhsrmte for graphite2 ~f metal-mould reactions 
arc minimiced in this study, sodium dicatc-bonded zircon sand can serve as cheaper substitute for 
graph& ~f metal-mould reactions arc minimired. In thtr study, sodiiim silicate-bonded zircon sand nlould 
rystenl was used. The resultan1 muuld-hardening constltutenls mainly responsible for extenswe reactmn 
with liquid trtanlmn were dentifled ar SiOz and moisture. Methoda lo mmirnlre effecr of these constiluents 
on metal-mould reactions have been proposed. The addition of sodlum silicate was optimiscd (3  wt%) to 
obrain iea\onahie mould strength at  a mould-firing temperature of 873 K. This cond~l~on exhibited consid- 
erable oxygen contam~nation (1700 ppm) in castings. The addition of 7-5 pel cent ZrO? to the mould mix 
led to a decrease in oxygen contammstmn to 1200 ppm. However, constant Increase in hydrogen m 
castings ih both the above condrtrons indicated that significant amounl of mostare is still present in the 
mould In ordcr ro completely remove watcr molecules locked in silica gel network. it was found that 
moulds need to be fired at temperatures a 127iK. Castings displayed dramatic reduction in oxygen con- 
tamination associated with moisture (M ppmj. Use of sodturn aluminate as a binder further reduced 
coutamination due to mould oxides to a low value of 40 ppm while contamination due to moisture re- 
maincd unaffected. These findings were also demonstrated on w o  component csslmgs. 

Tiranrum is known to harden sigmficantly on mmor addiuons of interstitla1 solutes. It is, thereforc, 



IISc TiIESES ABSTRACTS 

200 LOO 600 800 loo0 

Depth frdm surfaco(prn) 

FIG 1. Effect of firing temperature on microhardness of 
cast rod m sodium sil~cae-bonded moulds contalnmg 7.5 
per cent ZrOi 

expected that microhardness profiles obtained on cast titanium rods may provide a good index for meral- 
mould reaction. Hardness profiles (Fig. 1) displayed two distlnct regimes implying occurrence of metal- 
mould reaction in two steps: 

(1) First metal-mould reaction takes place during fi3ing of mould when the resulting products distribute 
themselves unifomly in the liquid metal because of the presence of turbulence and high difiuhvity. 
This stage of reaction is characterised by the invariant part of the hardness profile starting at a distance 
of about 700 pm from the surface. 

(2) Metal-mould reaction continues even after the establishment of quiescent conditions in the mould. 
This leads to further contamination of the surface of the casting. This diffusion zone is represented 
by that part of the microhardness profile which exhibits dewease in mxrohardness with increase in 
distance away from the surface. 

The diffusion depth of Si and Zr, estimated from microprobe analysis, was found to be about 100 Fm. 
This suggests that diffusion depth (700 pm) indicated by microhardness curve therefore is mainly due to 
oxygen. 

The study showed that metal-mould reaction in titanium castings can be minimised by fuing zircon sand 
moulds at higher temperatures and hardness profile can provide good index to relatively grade the stability 
of oxide base moulds Zircon sand mould system has been shown to be a viable method to cast titanium 
and its alloys. 

3.2. Investment moulds 

Investment mould systems used successfully for titanium castings are generally proprietary in nature. Rare- 
earth oxides exhibit reasonable inertness to titanium and are considered as potential cand~dates for face 
coat applications3. In this study, a number of rare-earth oxides along with ZrOi were evaluated for their 
relative stability against liquid titanium. 

Two methods were employed to evaluate contamination levels. In one case, the experimental rods were 
cast in investment shells with different face coats, followed by evaluation of microhardness and b u k  
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oxygen content to obtain relative grading of oxides. Oxygen profile was also evaluated using secondary 
ion mass spectroscopy (SIMS). The oxygen profile was found to follow a trend almost slm~lar to that 
ui microhardness profile particularly in regard to dlstdnce at which invariant portion of the curve 
begins. This further confirms the earher assumption that microhardness profile can be considered to 
represent rhe Oxygen profile for pract~cal purposes. The relatlve gradrng of face coat oxides obtamed 
~n order of decreasing stabihty was YiO,, NdlO,, didymium oxide (Nd103.Pr203). Sm103, Gd201, Zr02  
and CeO?. 

In another method, the ti tan~um rod was isothermally heated In contact with rare-earth oxides, 
above ~ t s  melting pamt (1941 K) for 300 s. This method provided severe condmons for metal-mould 
reaction. The oxygen analysis carried out in the reacted titanium metal also provlded a good mdex for 
grading of face coat oxides. Y20, exhibited least reaction followed by NdlOz and dldymium oxide 
(Nd20;. Pg0, )  These results are similar to those obtained with microhardness profile. 

It was also observed that contamination of oxygen and metallic solute in titanium from the rare-earth 
oxide face coat does not correspond to their mass balance. Similar result was also obtamed in zircon 
sand moulds which indicates that oxides do not fully dissolve in liquid tltanlum hut oxygen from the 
oxides 1s preferentially transferred to titanium and the metallic species are left behind in the mould 
possibly in the form of Lower oxides. Thermodynamical solubility products of Y,O, and ZrOl were 
computed and compared with those of expermentally observed values. The experimental solub~lity 
product of Y203 was in good agreement with computed values, whereas results were Less satisfactory 
with ZrO,. 

One of the methods to produce inexpensive castings is to develop low-melting eutectic alloys. This will 
not only lead to savings in energy consumption but would significantly reduce metal-cible and 
metal-mould reactions'. In  this studv. Ti-Si system was investigated uo to eutectic com~osition. A - .  
b)poeulecrlc c.xnpos~tiom T A . 5  n r ' o  31) an, sclrcred for rnoJ~fc:rtiun s ludm 2, ~r J y l n \ e J  
rnax tnum strength ,? I0 MP1) 1 he alloy can he or ~ndu,trcrl ~ m ~ s r r a n c c  pro\.kd:J 11, du.rd~tv ( 5  6 ~ c r  - .  . .  . 
cent elongation) can be improved. In this work, effect of minor additions of low-surface tension ele- 
ments (Na. Sr, Se T e  and Bi) was studied to improve ductility of the alloy. 

It was observed that minor add~tions of BI (0.1 wt%) resulted in two-fold improvement in 
ductility (1.8 per cent elongation). Differential thermal analysls (DTA) of Ti-Si-Bi alloys indicated 
that small additions of Bi lower the solldlfication temperature by about 10 K resulting in undercooling. 
A small increase in S1 in both eutectic and dendritic regions was also observed uslng EPMA analysis, 
indicating incremental shift In Si content at the euteatlc horizontal. These effects seem to be responsible 
for fine dismbutlon of dendrite and eutectic reglons because of increase in the number of nucleation 
events and mcrease in volume fraction of dendrite, respectively. The effect of minor addition of 
Bi on Ti-6-5 Si alloy therefoze appears to be similar to that of Na modificatmn of AI-Si eutectic 
alloy. 
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Thermodynamics of ailloys-Theory, CxperiEneiiat and application by S. Srikanth. 
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Department: Metallurgy. 

1. Introduction 

m.e research program reported ~n thi\ work wa\ das~gned to include both theory and experiment. Theorct- 
ical iesearcb was oriented towads the represatation of tlrcrmodynarnic data of dilute multrcomponcnt 
solutions and on exploring the possibdity of denving structural detach on solld and iquid alloys from tlie 
corresponding thermodynamic properties Fxper~rrrents were focused on the measurements ol activlttes m 
liquid and sohd alloys by Knudsen effusion and solid-srate emf technique Thc usc of metastable equihhria 
for measurement of thermodynam~c properties o i  solid d a y s  has been explorcd A novel entropy meter 
fur measuring partial cnttopy oi the reactive component in au alloy has been designed Fmally, the physlcal 
~hernmry of the reductmn of c a h a  by alummiurn m vacuum has bccn completely charactensed 

2. Theorcticsl studies on the rcpresrntatian of thermodynamic properties of dilute rnultieo~nponent solutions 

Different forrnaliarns uscd for the repiesentatmn of thermodynamic d d a  of dllutc multicomponeot solu~iuna 
arc critically evuluated. The thermodynamic consistency of thc interaction parameter iorrnalism is analysed. 
Application of path-dcpendcnt integrals lo the \dudon of the Gibbs-Duhem equation in the absence of 
ntarhemalical exactness is suggested. Specla1 relat~o~mhips between intcractlon parameters are dc~ived foj 
thc truncated MacLaunn series expansion for Iny by solving the GibbbDuhem equation. A thermodynam~ 
ically conrirtenl quadfatic himalisrn kas been developed for drlutc multicontponenl solutions The qundra- 
t ~ c  formalism is campared with the conventional second-urder MacLaurin series representation and the 
rrlatians between them are denved. 'The approach of Pelton and Bale' and SchuhmannZ lo overcome 
thermodynamic mconsistency o I  the interaction parameter Iarmalism is dlacussed It ia shown that Peltun 
and Bale's first-order mod~tied tormalmn, Schuhmann's formalism and the second-order intersmon 
parameter formalism incorporating specral relatiom yield identical results. The dilfrrent iornlalisms are 
d~scussed in thc light of available expenmental data and their compatibility with varlous statist~cal models 
of solution thermodynamics is elucidated. Optmns available for the representatmn of thermodynamcz data 
and iestrainta imposed by each c lmre  nf representalion are discussed. 

3. Vdume etfeets and associations in liquid alleys 

The associated solutlon model has been modfled to include volume effects. The aze of the complex is 
intrnduced as an explicit variable Two approaches are considered. In the fixst. an analytical nlerhod is 
employed for dctermimng the model parameters. 'The treatment is limited to A$ type complexes and thc 
volum~ of the complex cannot be d~termined expltcitly and the thermodynam~c properties are calrulatsd 
Crom the model paamctera as a function of the relatwe volumz of the complex The approach is lmited 
to regular associated solutrons, whcre the rnteraction energla are independent of temperature. in the 
numerical approach an optimlsat~on procedure using a modified conjugate gradient method 1s rntroduced 
for evaluating the model parameters. In this approach. thc assumption of equal atomic volumes of fres 
atoms and temperature independence of interactLon energies are relaxed and the analysis is more general, 
pcrmilling the existence of cnmplexes of the type A,Bh. Expressions iol the conccnlration-conccnt~atron 
structure factor and the liquidus in compound formmg liquid alloys are deduced in terms of the parameters 
of the acsociated solution model. The analysis is applied to the thermodynamic rnwing functions of liquid 
Ca-AI, S b l n ,  Mg-Zn, 1Mg-Sn and Ga-Te alloys. 

4. Thermodynamic meamrements on liquid alloys 

To explore the posslb~lity of deriving structural information. activity measurements were carried out In a 
few selected wmplex-forming liquid alloys. Activity of calcium in liquid A1-C? alloys (Xc, c0.38) was 
determined by Knudscn effusion-mas loss analysis. Activity of A1 in Ca-rich alloys (XI:,> 0.44) was 



11% THESES ABSTRACTS 

NI +NiO 

& G C u -  Ni  + NiO 

FIG. 1. Schematic diagram of the entropy meter for deter 
mining partial molar entropy of NI in solid Cn-NI alloys. 

calculated from the measured distnbutlon coefficient for Al between the alloy and a thin foil of pure iron, 
using data far the Fe-A1 system reported in the Ilterature. By combining the results of Knudsen effusion 
and distnbutmn studies with the G~bbsDuhem relation, activities of both components and integral Gibbs' 
energy of rnix~ng for the complete composition range have been obtained at 1373 K. For liquid Mg-ZN 
alloys. vapour species effusing from a magnesia Knudsen cell containing Mg-Zn alloy at 923 K were 
condensed on a water-cooled copper plate. The equilibrium composition of the vapour phase over the 
alloy was detemmed from chemical analysis of the condensate. The activity coefticients of both compo- 
nents in the alloy were denved from the data using a modified GibbsDuhem relation. Activity of gallium 
in liquid Ga-Te alloys was measured at 1120 K using a solid-state cell incorporating yttria-doped thoria 
as the solid electrolyte. Activity of tellurium was derived by Gibbs-Duhem integration. The concenmtion- 
concentration structure factor derived from the experimental act~vities for all these alloys indicates complex- 
ing behaviour in the liquid state. 

5. Thermodynamic meamremenis on sdid alloys 

The use of metastable equilibria for the determinat~on of Gibbs' energies of solids was explored. Attempts 



were made to measure actlvitier of hoth components in colrd N I X "  and NI-Mn alloys at 650 K usmg a 
solid-blate galvanic cell incorporating a new composite sold elect~olylc. The alloy phase wa, equilibrated 
in separate expetiments with iluortdcs of each component and fluorme potentml was measued. When the 
diffcrencc i n  Ghbr'  cnergics of formal~or? of the flrrorides was mal l ,  emi of thr cell with metastable 
clectiodea was constant fur a reasonable period. In systems wlth Iarge drivmg force for d~api.scemcnt 
rcanian, the use of rnetastahlr equ~iihria was not fully soccessful. 

The Gibbs energy of formation of the lntermctalllc cornpond AuiNa was de tcmned in the tcmpcrature 
range 565-925 K using a solid-state galvdnlc ccll eniphrymg @-alumina as the adid clect~olyte The srabihly 
of rhe Laves-phase Au2Na is discussed from the viewpomi of chargc transfer, slze and coordination factors. 

Tnc actiwty of mckcl in solid Cu-Ni alloys has been measurcd at 1000 K using a solid-ara~c galvanic 
cell incorporating (CaO)Zr02 as the solid electioly:e Partral mo!ur entropy of rn-kel In solid Cu-NI alloys 
has b6cn measured directly uang a newly developed twin solid-state thcrmoccl! apparatw A schematic 
diaggmm of the entropy rnetcr 1s shown in h g .  1 A consistent sct ot thermodynamic data for the Cu-NI 
system was denved hy combining the rewlt.; of thr present smdy with selectid data on enthalpy and free 
e n e r g  ol mixing of Lqu~d alloys and the phasc diaqram. The miscibility gap and the chemical sp~nodal 
boundaries obtained from the evaluated data arc m good agreement with x-ray and dituse neutron scatler- 
ing studies reported in the literatarc. 

6. Process airalysis 

Thc physical chem~stry of the 'aluminothemic' reducfmn of CaO in vacuum 1s analysed. Baslc thcr- 
modynamic data required fm the alraiysis have been generated by 1 variety of cxpctiments Irh addition 
to actwity mcasurcments in llquid AI-Ca alloys, they include alloy-oxide equ~libration studies in thc systcm 
Ca-AIL0 and measurements of the eqoilrbnum vapom pressure of Ca coirespondmg to the reductinn 
reitction: 

Aluriliary daca for the Gibbs' eneqres of formation of caic~um aluminares were taken from the hterature. 
The various stages of reduction, the end products and the corresponding equilibrium partial pressures of 
calcium havc been established hom thermodynamic consideratmns. 

Thesis Abstract (Ph.D.) 

Phase transformations in Ti-N and Ti-Fe-N alloys and superconductivity by D. 
Sundararaman. 
Research supervisors: S. Rangallathan and V. S. Raghunatlian. 
Department: Metallurgy. 

It is well known that mechanical and physical properties of titanium and its alloys are dependent sensitively 
upon the prcscncc of interstitial elements like carbon. nitrogen and axygeo'. Among thcse, nitrogen is an 
effective stabii~ser of the hexagonal closepacked &-titanium, in addlhon to tmparting maximum strength to 
titanium and its alloys. The Ti-N system has not been studied in detail as cornparcd to T i 4  and TI-C 
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systems','. Considering the atom size of nitrogen solute against the typical octahedral void size of a- 
tltanrum, there exlsts a certam probabiiity of distortion of the host latllce. Consequent stram energy 
contribution mfluences the overaz stab~lity of the vanous phases that could form in Ti-N system by vanous 
decompos~tlon processes The increase in the strain energy of the lattice caused by the occupation of 
interstitials results m two s~gnificant effects: (i) nitrogen solubility is severely restricted and (ii) even with 
the low solub~llty an ordering of nltrogen in the lattice is favoured. The present study 1s aimed at under- 
standing the ordenng of nitrogen atoms In hcp titanium and the subsequent prenpitatlon of TIN, (a') 
tetragonal phase from the supersaturated matrix Further, the study has been extended to examine the 
role of nitrogen on the phase transformations that occur in binary TI-Fe alloys. 

2. Experimental procedures 

Thm foils of 25-50 pm thickness of titanmm, Ti-2 aio, 6 d o  Fe were nitrided in flowing ultra-high purity 
nitrogen gas m the a-phase fields and quenched from the @-phase regions of the respective alloys. Some 
of the Ti-1.6 d o  N alloy samples were aged in the temperature interval 300-673 K for various durations 
extending up to 50 hours. Both the quenching and ageing treatments were done in a vacuun better than 
1 0 - 9 a .  T, measurements were carried out for both quenched and aged conditions of Ti-N alloys resis- 
tively using a four-probe technique in a conventional Liquid helium exchange gas cryostat. Both conven- 
tional transm~ssion electron microscopy and hlgh-resolution electron mmoscopy were carried out to charac- 
tense the phase transformations occurring in the systems. 

3. Nitrogen ordering-a theoretical approach 

The energetics of interstitial ordering has been analysed using a quasl-chemical approach incorporating 
interactions up to second nearest neighbours". A nitrogen housing scheme has been proposed with a view 
ta rninimse the strong coulombrc repulsion and to offer mmimum lattice distorhons. Modelhng on t h s  
basis, it is found that the combined effect of first and second near-neighbour mteractlons gwes rise to the 
formation of ordered superstructures. A rnartensitic transformation of the ordered domains is predicted 
around the composition of 16 aio nitrogen, as a result of the stress field associated with the interstitial 
atoms6. 

4. Base transformstions in Ti-N and Ti-Fe-N alloys 

4.1. Ti-N alloys 

The early stages of the decomposition of the supersaturated a" phase which was obtamed on quenching 
the Ti-1-6 d o  N alloy have been found to be associated with a tweed constrast indlcative of early stages 
of precipitation' (Fig. 1). The tetragonally ordered a '  phase formed from a" by continuous ordering trans- 
forms to incoherent T I ~ N  precipitates on agelng in the temperature range 323673 K. While no perceptible 
growth of homogeneously transformed a' phase 1s observed in the matnx, lath boundary precipitahon of 
a'fFilN occurs during low-temperature ageing (T < 373K). On agemg at high temperatures (T>373K), 
both matrix and lath boundary precipitation of Ti2N take place uniformly by nucleation and growth process. 

The orientation relationship between the a" and a' phases has been identified as 

The experimental results obtained on the precipitation of TizN fxom supersaturated a" phase suggest that 
the transformation a''- TiNX (X - 0.2-0-5) has been shown to sahsfy the invanant plane strain condi- 
tions (IPS)'. The lattice correspondence between a and u' phases is as shown in Fig. 2. 

High-resolution Images were obtained in both the quenched and aged samples of the Ti-1.6 d o  N alloy. 
Images shown in Fig. 3 have been interpreted using the geometrical projection of atomsg from the anti- 
ruriie Ti2N structure. On comparing the mmulated and actual hlgh-resolution image it is concluded that 
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Ro 1 Electron merogiilph of a typcvl regton whlch had 
undergone a pre-prempmtlon reacnon Tweed conrrast s 
lnd~catlve of the local formarlon of nlrrogen-l~cb zoner 

- 
Flo 2. High-resalutmn structure mage of the ordered o' phase in the quenched sample. The whlte dots mirespond to 
the Ti atom configuiat~ons In rhe anti-ruide structure Inset shows the SAD pattern used to obtain the image 

only TI atoms are imaged as white dots. The mterfaces between the ula' phases rcmain coherent m the 
quenched condmon of the alloy, whlle they become incoherent on  contmuous precipitation of nitrogen 
atoms, from the matnx. 

I1 1s tnferred that the disordered supersaturated d' transforms to TilN by the following predommant 
reactlon sequences 

(i) rr" i a + a' - a + TllN by conmnuous ordenng at T 4 1173 K; 
( ~ i )  a" -, a + T12N by hetemgeneous nucleation and growth at T > 473 K. 
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In  a ~ . ~ n ~ u r r r n i  irody. TI-Fc (1 m.1 6 ~. o Fu) alloys h*v; ken . r r~e i :~~a r sd  :n uude rmnd  crmcall! rhe 
m t u n  i r j  mancnmdc ard o m c p  redcrloirr Ir th: I@r of ihe \rud,es ~n TI-5 s>\lern. 11 is crpecrzd that 
nmupsn ro:o:e a.r~ulJ h a ~ z  ,i i ~ g m f i a n r  mr.uenct on lbssz rsacrlons Oprlcal m:tallogr,iphy r e t e d c d  rhc 
prcaencc 0 ;  heiapn.11 ir: phaw ~n a mati:, 01 rcialncc! 3 phiiss on qusnihrnp the TI-6 d o  Fc day, The 
hi~,!<on,tl a, pir;rc ;xnihncd tan dlrr.n;t murpho log~r~ .  one obeying Burgers  ortcntmon relarton ' i d  rhc 
athe. nor c c n - u i m q  to nn) ,pcs:fic otisnt.~lion rc titian The  retained p phaic shili\eJ the cx~r twcc  o: 
d>x.m ;a1 ome$;a i lui tuai~ons" i well AS [hi. presei~ci. Of he-%die omega pllaae preclptarmn Thc nltro- 
ysn  bcanng TI-0 a:o Fc a h )  on qamchmg 11 cumpa~iiblc rates poducsd  only Burgzi s oriented rnartrnsm 
d a x b  nrd !no retamed IJ phasc could be de1e:tcd In other wardc, rhc nltrogro addllion sdems to inhibit 
:he p - p + o rcacmn ithlic nromotmg the p - ni ieacrion' 

Many o? the nirrogen rnaircnhlx co:o!ue\ in borh the TI-3 a'o Fc-2 a,a S and TI-6 do Fe-1-5 a'o ii 
allo)s hate i hoao  ctyni ot ~ n m ~ i  stager of d<compni>r~on. c x h ~ b l t . n ~  Iedlurei i m ~ l a r  10 r im  nbralced 111 

TI-l h aln N alloy Electron d~lfracrmn ansl>ses confmn rhat thc product mcrosrrucrure n o s a w s  r l l ~  
teriugonil TI+ q r u n u r e  Thc e k p e n m ~ n t d  ob<enat lonr  dong  s l r h  :kc rheoret~ial  ?rci ict lmr un rritturc1;- 

ordcnn: hclra\,our suggest th.ir the i e x t i o w  in !nrel>tnid alloys p iuce id  fraquenll) q m l , e  1111 11 rezcl ie~ 
zquhSr:um conpa,ltmn i n  tb; nroccrr. the iy\rem rnmrri\c\ the torn! w e q y  b! Iha l  r c i ' i i ngmznrs  lo 
t o m  it i.ir.s*! of rn;m,;sblr or isrcd ph.lier 
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asrociatcd w t h  the precipltsteirnatnx mterfacea could be rcsponaiblc h r  thc cninloccd T, R c  btidin-fIeld 
dcpendcnce on ageing has lo be lakcn mlu accuitn! while in lap~r i inp  the aqomaloas hehavmur of super- 
conductwity The high-resolution clectron microscopy lnorh carired our in the TI-1.6 a10 N alloy lends 
wpport to the above-mentioned view. 

6 .  Conclusions 

The malor cunclusions uf the work are surn~nanserl below: 
(I) 'Chcorend studies on the energetics of the ordcnng of N-atoms and prcciprtalnm indicate !ha1 lherc cmts 

a mtrcal conc.enmtan around I6 aio N be.vond which hexagonal structure o i  a-TI lis rendered unstable. 
(2) 'Chz stnxtural transformation from hexagonal lo terragonal (anti~runle structure) takes piacc martens- 

lically and liie microscopic \ham assocrated wlth the transfomaltun u" -aTipjr (S - 0 2-0.3) IS shown 
to satlsfy the IPS condlt~ons. 

(3) Preapitation ot thc sccond phase In Ti-Fe-N alloy with a telragonal structure follow\ a hirnilnr srqu- 
ence observed m dilute TL-N alloy,. 

(4) The actual T, values have been iound to be atrongly dcpcndent upon the N-concentratvm and micros- 
tructure The stramfield criterion sngocst+ the dcpcndcocc of T, on the nature and distribution of the 
atram-held patterns m and around thc cchcrent interphases of a and a' When the swan-field mtersc- 
lion czaaes Lo be long range in nature. depr;idatlon m T, 1s noticed 
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Numerical and analytic studies of generalised Burgers equations by K. R. C .  Nair. 
Research supervisors: P. L. Sachdev and V. Ci. Tikekar. 
Department: Mathematics. 

1. Introduction 

The Burgers equation (BE) u, + xu, = (8/2)u,, 6 > 0 represeots nonl~near wavc motlor1 in d dlffuslve 
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medium It descnbes a haiance betw,een nonlinear convection and (small) viscous diffusion. However, 
mathcmat~cal madela such as those representing nonlinear wave motion in acoustics, electromagnetism, 
etc., are not so s~mple. This zs because of their geometric spreading and mater~al mhomogeneity. BE is 
lineansable through Cole-Hopf transformation to the heat equation. The generalised Burgers equations 
(GBEs). In general. do not admit lineansatmn. Perturbation methods have been extenswely used by several 
investigators for solving GBEs, but these solutions are valid only over restricted space-time regions. 
Asyrnptoric methods are very powerful tools for solving differential equations; but the solutions usually 
involve arbitrary cons:ants or result in the solution of the onginal equations on different scales. Numerical 
solutions are real genuine solurions which may be obtained over the entire space-time range; numerical 
methods pose severe difficulties especially when the imtial function is &scontinuous'. 

2. Numerical and allsilytical Investigation 

The present study is aimed at dewsing numerical methods for solving GBEs w ~ t h  continuous or discontinu- 
ous initial protiles and finding analytic solut~ons for certain space-time domains. A uniform characterisat~on 
of the GBEs by relatmg them via s~mdarity transformations to a second-order nonlinear ordinary differen- 
tial equation (ODE) which we refer to as eeneralised Euler-Painleve equation (GEPE) is also concewed. 
This ;s simila; to the Painleve property f i r  the Karteweg-de Vries ( K ~ v )  type of donhnear dispersive 
wave equations. 

A hybrid numerical scheme is devised by adopting pseudospectral and predictor-corrector implicit finite 
difference methods and is employed for solving GBEs2. This scheme IS first validated with the known 
analytic solution of the BE. For the nonplanar BE 

the numerical computations are carried out all the way from a sawtooth initial profile to the final decay 
vra embryonic shock, Taylor shock, thick shock and old age. For the cylindrical case we have a generalised 
similarity form of solufjon, motivated by known analytic form for the plane case, leading to an explicit 
analytic determination of the Reynolds number. The analytic (asymptotic) form of the Reynolds number 
for nonplanar cases is completely determined by finding the constants from the numerical solution. 

The evolution and decay of cylindrical and spherical nonlinear acoustic waves generated by a sinusoidal 
source is governed by 

J'n - wo = eg(R)Vw 

with g(R) = 1, RI2 + R,, and exp(R/R,) for plane. cylindrical, and spherical symmetries, respectively. e 
and Q, are two nondimensional Darameters. Tne analvtic solutions of rhls GBE for aiR) = 1 (plane BE) - .  . .. 
were tint reproduced numerically. This has helped to demarcate various regimes over which different 
analytic solutions-iwiscid (Fubini), sawtooth, composite, Fay, and old age-hold. For the nonplanar 
cases, numerical solut~ons are found to agree excellently with the.analytic (asymptotic) results2. For the 
canonical problem of the cylindrical Burgers equation, treated by Enflo, the old age constant was deter- 
mined numencally and found to be in good agreement with his estimate of the same. The saturation 
phenomenon-the amplitude of the final old age wave becommg independent of the amplitude of the wave 
at the source-for the cylindrical case, is also demonstrated. An interestmg feature of the numerical 
solution is the re-emergence of the symmetry of the solution about the maximum of the amplitude in the 
Old age. The evolution of the waves for different source geometries is depicted graphically3. We have 
investigated GBE via similarity transformations to discover their characterisation and ldentificatton by the 
GEPE 

YT' + of2 + f(x)yy' + g(x)$ + by' + c = 0 

in the same way as Painleve equations characterise KdV type of equations. Here, a, b, and c are real 
constants and fix) and g(x) are smooth functions. We treated the followmg GBEs of physical interest for 
the study mentioned above': 

u, + uPu, = ( S ~ ) U , ,  p > 0; (1) 



IISc TKESES ABSTRACTS 447 

For p = l i (J  + I), J = 1, 2 we arc able to get an exact one parameter family of solutions in terms of 
exponential and error functions for eqn (3) and for p = p, = (1 - n) l ( 1  + nj for eqn (2). 
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Studies of doping effects in the binary liquid system aceto-nitrile + cyclohexane and 
the development of associated instrumentation by B.  Ravi Gopal. 
Research supervisors: E. S. Raja Gopal and V. C. Vani. 
Department: Physics. 

1. Introduction 

Many physical systems exhibit phase transitions culminating in a critical point. The system undergoes a 
second-order phase transit~on wherein the first derwative of the free energy with respect to volume, en- 
tropy, etc., is continuous'. A few well-known examples are that below the critical temperature, fluids 
separate into liqulds and vapour, certain fluid mixtures into two phases with differing compositions, fer- 
romagnets spontaneously magnetize, ferroelectrics develop a polarisation, liquid helium becomes a 
superfluid and certain metals and their alloys become superconducting. 

Binary liquids are two-component liqmd mlxtures of polar + nonpolar, weak acid + water, weak base 
+ water or polymer + poor solvent tgpes2,3. They exhibit complete miscibilrty above the upper solution 
critical temperature and phase separate into two coexisting phases below T,. The interest in the critical 
phenomena of binary liquid systems is largely due to the fact that the crit~cal temperature is more easily 
accessible than in any other  stern^.^. Major experimental quantities of investigative interest near the 
liquid-liquid T, involve phase diagram, correlation length, specific heat, osmotic susceptibility, shear nscos- 
ity, interfacial tension and electrical transport properties. 

The binary liquid system cyclohexane and acetonitrile at the critical concentration is chosen for the study 
under the effect of two dopant-water and acetic anhydnde. Its coexistence curve has been studied 
earlie$. This system is characterised by a very small density difference of the order of 1 part in 500 at 
20"C, with acetonitrile being the heavier liquid at this temperature. The thermal expansion coefficients of 
cydohexane and acetonitrile, being 0.00120K-' and 0.00138K-', respectively, indicate that there 1s a de- 
nsity crossover or a density inversion a t  a temperature of -34T called the density inversion temperature 
1,. This work is primarily concentrated on the density inversion characteristics and the interfacial tension 
variation due to the addition of dopants. Further, precision thermal and electronics instrumentation de- 
veloped is also discussed. 
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2. Thenwal and electronic instrumentation 

 he experiments have been carned out ~n a thermostat with 10 litres of liquid paraffin as the thermostat~c 
fluid. ~ ~ c h a n i c a l  stirrers ensure :emperatwe homogenerty The heat input is vLa immersion heaters 

with low-voltage dc. Thermal mulation usmg ceramic wool a~ded by an actwe thermal barrier 
which forms a 40 k1"C h e l d  serves to nunimise amb~ent temperature variation effects on the thermostatic 
fluid. 

Analog control has been chosen for the present temperature-controller design. The PID principle offers 
excellent undershoot and overshoot mlnimisation in addltion to allowing control near zero-error levels. 
The preamplif~er IS designed uslng MP221 chopper amplliier hybrid module. The P, I and D stages have 
been implemented with LM725 mstrumentation OP amps. The overall control stabihty achieved has been 
f lmK over time periods of the order of 72 to 100 hours. 

Temperature readings during the course of the expenments have been recorded with resolutions of 0.26 
mK using reslstmce thermometric methods. The sensor used is a platinum-resistance element. The ele- 
ment's resistance was measured by a 6'12 digit programmable Keithley model 1923 multimeter with an 
IEEE488 interface and four-lead resistance measurement capability. The 1923 was interfaced to a PUXT 
using the IEEE-488 bus. The instrument control software developed is capable of accepting user-defined 
constants m the Callendar-van Dusen equatlon relating resistance to temperature. 

Powcr shutdowns in the laboratory have unfortunately been a common feature and conventional backup 
power sources did not qualify to meet the requirements in one way or the other. For this reason, a 
low-cost. high-reliability and high-stabdity uninterrupted power source employing pulse width moduiation 
has been designed and Fabricated. The load regulation achieved has been =1.3 per cent and the efficiency 
IS better than 85 per cent. 

3. Experimental 

As mentioned earher. there is a density inversion In the present binary system around 34°C. The add~tion 
of a dopant in small quantities has an effect on the t, of the system and on other physical parameters. 
The doping with water and with acetic anhydride changes the initial density of the component phases and 
thus alters I,. Experiments have been pelformed to determine the inversion temperatures a t  different 
concentrations of the dopants. A simplified model ior the rate of change of t, with dopant quantity for 
both the cases of doping has been presented6. This model assumes that (i) the volumes of mixing are zero, 
(ii) the thennal expansion coefficients of the individual phases are not altered due to the addition of the 
dopant, and (iii) the densities of cyclohexane- and acetonitrile-rich phases, due to their mutual solubilities, 
are altered in a weighted manner. The experimental results agree weU with the simplified model. High- 
resolution proton nmr spectroscopy has been used to estimate the partition coefficient k of an impurity 
between two liquid phases. 

Two other physical quantities that undergo a change with doping are the critical temperature and the 
interfacial tension. Theories predict',8 that impurities which increase T, are surface ~nactive and increase 
the value of the interfacial tension u, while surface-active agents that decrease T. also decrease rr. Exper- 
iments have been performed at different concentrations of both water and acetic anhydride and the results 
have been presented to verify the theoretical predictions while making comparisons with previously quoted 
data for the undoped systemQ. The value of the critical exponent p of surface tension for both the doping 
cases has been evaluated with a Least square fit of the experimental data. p = 1.26 i- 0.03 does not show 
very appreciable shift due to doping, which 1s in accordance with theory. The value of u shows a shift in 
the positive direction with water doping as does the value of T,. The data are analysed with the assumption 
that the volume of mixing is zero. There IS a decrease m the value of the interfacial tension and T, due 
t o  acetic anhydride doping. Figure 1 is a plot of m vs temperature for the undaped and doped cases. Thrs 
is in good accordance with theoretical predictions. In the relation v = o,(-t)', however, the value of the 
amplitude ua undergoes a decrease from around 77 dynesicm to around 42 dynedcm in the case of water 
doping with 0.01 wt % of water with respect to acetonifrile and to approximately 13 dynedcm in the case 
of acetic anhydride doping with 0.042 wt % of acetic anhydride with respect to acetonitrile. 
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Investigations of moIecular interactions by photoelectron and electron energy loss spec- 
troscopies by T. Pradeep. 
Research supervisors: C .  N. R. Rao and M. S. Hegde. 
Department: Solid State and Structural Chemistry Unit. 

1. Introduction 

Though the literature abounds with information on the thermodynamic and srructural aspects of molecular 
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complexes, there has been no systematic effort to understand the11 electronic structures1. Electron spectres. 
copic techniques such as ultraviolet photoelectron spectroscopy (UVPES) and electron energy-loss spectros- 
copy (EELS) provide unique means of obtainmg direct information on the electron states of these systems. 
First part of thn work involves the study of several donor-acceptor complexes and of van der Waals 
molecules by the He1 photoeiectron spectroscopy in the vapour phase. Electron energy-loss investigation 
of the electronic transitions of molecular complexes constitutes the second part of the work. The results 
are discussed in the light of ab-mino quantum chemical calculahons. 

2. Experimental 

Ivdigenously designed and fabricated photoelectron (PE) and electron energy-loss spectrometers2" were 
employed in this investigation. Generally, the samples were prepared by co-condensing the donors with 
equal amounts of acceptors in a glass ampoule under vacuum. D~mers  of alcohols, carboxyiic acids and 
the van der Wails molecule Xe ... HCI were studied with the use of molecular beams. Features due to the 
free donor or the acceptor molecules were present in many of the systems and these were removed by 
spectrum stnpping. Molecular orbital (MO) calculations were carried out w~th  the Gaussian 86 system of 
programmes' usmg the STO-3G, 3-21G and 6-31G* basis sets- 

3. Results and dddisemsian 

The results of the investigat~ons of electromc structures of a variety of electron donor-acceptor complexes, 
hydrogen-bonded systems and van der Waals molecules by employing ultraviolet (HeI) photoelectron spec- 
troscopy are presented in Pan I along wlth results from MO calculations. In the complexes of BH3 with 
H,S and H 2 0  the highest occupied molecular orbitals are BH3 derived6. The PE spectra of the strong 
adducts of BF, with H1O. CH30H, (C,H,),O and CH,CN as well as of weak complexes of BF, with NO, 
H,S and (C2H5),S show that the ionization energies of the fluorine lone pair orbitals of BF3 are shifted 
in proportion to the strength of the donor-acceptor interaction7. BE3 seems to form a contact pair with 
CS2. He1 spectra of the 1:l adducts of AiCll and GaCI] with (CSH&O and (C2H&S are similar to those 
of BE; complexes. He1 photoelectron spectra of complexes formed by SO2 with the electron donors 
trimethyl amine, triethyl amine, diethyl ether and diethyl sulphide show that the shift in the ionization 
energy of the lone pair orbital of the donor in these complexes varies proportionally w ~ t h  the binding 
energy as well as the magnitude of charge-transfer to SOZ8. Some of the SO2-acceptor systems were also 
investigated. Based on these investigations, the energy-lev& diagrams of the complexes of BH,, BF3 and 
SO, have been constructed. 

Hydrogen-bonded complexes (C2H&0. HCI and SO2. HCI show marginal shifts in the ionization ener- 
gies of the constituents. Photoelectron spectra of the dimers of methanol and ethanol obtained by employ- 
ing the molecular-beam photoelectron spectrometer could be assigned on the basis of the orbital ordering 
predicted with a linear hydrogen-bond geometry. The photoelectron spectrum of the van der Wads 
molecule Xe .... HCI shows that while the ground state ion is bound with a dissociation energy of 3.34 eV, 
some af the exclted ionic states are repulsiveg. 

Electron energy-loss spectroscopic studies of the electronic transitions of electron donor-acceptor com- 
plexes, hydrogen-bonded complexes and other systems in vapour phase are presented in Part 11. The 
energy losses are assigned to various tranntions based on experimental orbital energies and quantum 
chemical calculations. The molecular complexes studied are BHI.HIS, BH3.COS and BF~.H$. Vacuum 
ulhavi0k.t transit~ons of AICl,, A1Bq and FeCl, have been obtained by means of vapanr-phase EELS. 
Electronic transitions of Fe2Cls are also discussed Electron energy-loss spectra of the complexes of SO2 
with ( C z H W ,  (C?H?)zo and (CjH&S have been obtamed in vapour phase. Only the a m i n 4 0 2  complex 
shows a band ascribable to the charge-transfer transition. 

Electronic transitions of diethyl ether-HCI and SO,.HCI complexes show small shifts from those of HCL 
and the free electron donors as expected of weakly interacting systems! Electronic spectra of the dimers 
of formic and acetic acids are markedly different from those of the monomers. Dimers show characteristic 
n -t m' and n -t ?re transitions in the 7-11 eV region. Based on the results from He1 photoelectron and 
electron energy-loss spectroscopic investigations, the complete molecular orbital schemes of BH,.H2S, 
BF3.HB and the dimers of carboxylic acids have been constructed. 
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Thesis Abstract (Ph.D.) 

Electron spectroscopic investigations of the interaction of O3 and CO with clean and 
modified transition metal surfaces and of superconducting euprates by M. K. 
Rajumon. 
Research supervisors: C. N. R. Rao and M. S. Hegde. 
Department: Solid State and Structural Chemistry Unit 

1. Introduction 

Techniques of electron spectroscopy have been most useful in the investigation of the electronic structure 
of solids and the interaction of gas malecules with various solid  surface^'^. Basically, these techniques 
involve kinetic energy analysis of the electrons ejected due to the impact of photons or electrons. The 
basic energy balance equation for this process is 

where hv is the photon energy, Eb the binding energy of the level from which the electron is ejected, Ek 
the kinetic energy of the emitted electron and 0 the work function of the spectrometer. The most com- 
monly used methods are x-ray photoelectron spectroscopy (XPS), ultrav~olet photoelectron spectroscopy 
(UPS) and Auger electron spectroscopy (AES). To study the vibrational modes of the adsorbed atoms, 
electron energy-loss spectroscpy (EELS) is employed. Here, a low-energy electron beam (-5 eV) is al- 
lowed to interact with the surface and the loss in energy of the primary beam gives information about the 
vibrational modes of the adsorbent surface as well as the adsorbed specles. The work primarily deals with 
the study of adsorption of 0, and CO with clean and modified transition metal surfaces as well as simulated 
catalysts prepared in siru in the electron spectrometer. In addit~on, electron spectroscopic studies have 
been carried out on some interesting high T, superconducting cuprates. 
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2. Results and discussion 

~ d m p t i o n  of oxygen has bcen studtcd on tllc (100). (110) arid (111) suhces  of Ag. Cu and NI employing 
XPS and UPS' Besides atornjc spcaes w~th a O(15) hind~ng energy of 530 eV, molecular adiorptmn ,s 
ioulld un all the thrce Ag surfaces associated with a characteristic O(ls) hlnding energy at 532 eV. He11 
spectra show a feature around 3 eV due to the molecular specleb Molecular adsorption 1s also found on 
all the thrce suriaccs of Cu with a charactenstic hmding cncrgy of 533 cV. The proportmn of molecular 
rpecies IS maximum on the (111) aurlacrs and least on the (110) surfaces of both Ag and Cu. On NI 
surfaces there 1s 110 ~ O ~ C C U / . I T  adsorptmn; a unique <)(Is) feahlrc ascnbed to 0'- specicc is found at 531 
cV The intensity ot this feature doe5 not vary aigrufmnely with temperature I" contraat to the O(k) 
teature due to the molecular specie5 or, the Ag and Cu surfaces 

Changsi m the \alencc band rnd thc coil: levclr of Al-pramotcd Ni and Cu surfxrs and the mteractlun 
of CO and O7 wth these silrtaces have been invest~gated using XPS, UPS, AES and vibrational EELS 
tcchniques Interactm of O2 with such modified surfaces gwcs nse to A120; Lcaving behind the transamn 
metals unalfecteda. CO adsorbed un Al-promoted NI and Cu sulfates undergoes facile disaooat~un at 300K 
or bclow5 A precursor moiecuiar state, wth a lnrgc separmion hetween the 4" and the 50  orb~tals is 
obscrvcd when CO ib adsorbed on Al-promoted NI and Cu surface\. An unusually low C-O stretching 
frequency at 1300 cm-' is obqcrved on the Al-promoted NI surface The svtellltes observed in the photo- 
cle~trau spectra of CO adsorbed on a clean Cu surfacc arc ahacnt on the Al-plomoled Cu surface. 

Adsorpra,n or CO on Ni-deposited TL and Nb surtaces, around 3WK, ia dissociative compared to the clean 
Ni surface where it is molecular! On a clcan Ti or Nh surface, hol*,ever, adsorption of CO is rnolccular at 
80K wcrh a large separdion Lietween the (1 + 5o) and the 4 r  orh~tals. nus precursor statc dissociates well 
below 3MJ K. Core-level specna m the C(ls) and O(1s) regtons also rupport these obsenrations 

The caralytic and chemisorptivc properties of tlanrltion metals can hc grcatly madificd by supporting 
these metais on vanous substrates lake 1)02 and AI2O,. lntcractm of CO with NIIAIIO1 and Nul'lO2 
surf-aces prepared in siru m the clectron spectrometer has been investigated by UPS and XPS"'. Adsorptmn 
of CO on these surlaccs is disroc~atwc at 3OOK unlike on a clean Ni surface where it 1s molecular at this 

obse~atlons suggest that strong metal support interaction (SMSI) can he induced in NiTTiO2 by high-temp- 
elature annealing. 

Core-level photoclectron rpectroscoprc studies have also been performed on T12Ca,,.,Bd2C~nO~,,+4, 
TICa,.,Nd,Si.Cu2O, and Bi, .Pba5-(Cn,Sr),,, ,Cu,,02,, id which arc all hole supercondur.tors8. The Cu Zp2n 
speLlra show ihnt tbcre 1s no Cu" in these cupratcs. Therc is substantial rcduction in the relatne inlcnsity 
of the satellite [wlth respect to the main peak) as the Tc Increases I" a gmen famdy. 'The O(ls) spectra 
of the TI cuprates &how some evidence For oxygen holes. A photoclectron spectroscopic atudy of supercon- 
ducting Nd,.&e0 ,,-CuOcs shows that Ce ~n thls cuprate is essentially ~n the ?+ stateb. Whde the electron 
donated by Cc does not appcar to affect the Cu 3d band, we still find evidence for the presence of 
considerable Cu'--reiilted configurations due to covalency effects. A role for oxygen hales and Cu'+ species 
is indicated just as in other cuprate supercanductnrs. 
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Thesis Abstract (M.Sc. (Engng)) 

An expert system approach to material for process equipment by P. S. Sundar. 
Research supervisor: D. N. Seshadri. 
Department: Chemical Engineering. 

In the advancement of process technology, designers often encounter the problem of material of construc- 
tion selection. The selection of appropriate materials tor the fabrication ol chemical process equipment is 
an important link between the process design stage and translating it into realityH. 

The matenal specialist has specific knowledge regarding the selection, use and problems relating to 
various materials. The specialist also employs certain judgement and reasoning gained through experience 
to effect the selection. Many of the design tasks involving human judgement and reasoning in chemical 
engineering design are increasmgly automated using expert systems, an artific~al intelligence toolc7. The 
aim of this work is to develop a prototype expert system to aid materials of construction selection in 
chemical process equipment design. 

2. Knowledge representation 

The factors affecting the selection process are classified as: 

- Material properties 
Mechanical (tensile strength, modulus, elongation, etc.) 
' Physical (density) 
' Chemical (corrosion characteristics, composition) . . 
* Thermal (rhermal conductivity) 
* Fabrication (machinabdity, joinahility, formability) 

- Senice conditions 
* Temperature 
" Pressure 
* Flow rates 
* Chemicals handled 
* Presence of suspended particles, etc. 

- Cost 

- Availability 

- Other factors such as: 
* Acceptable rate of failure 
* Setvice experience 
* Code (ASME, BSI) approval. 

The importance of the above properties and their relevance in the selection of materials is described in 
literature2,"' 

-. ..~ - -. . - ..- . ~ 
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In the light of the above class!iication, four knowledge groups are ident~fied: 

(a) Knowledge about materials and their propertles 

(b) Knowledge of chemlcal process equipment 

(c) Knowledge of functional and matenal propertles (a functional property 1s defined as a property re. 
quned m a deslgn context to satisfy a requirement For example, rigldity 1s a functional property 
required when high loads are expected. Thermal shock resistance is a functional property required for 
wlthstandlng hlgh temperatures. Material properties are those properties w h ~ h  are either measured or 
estimated, such as tensile strength.) 

(d) Experimental knowi<dge: Tins knowledge a gained through actual usage of matenals in specific appii- 
cations. 

The selection task IS consultation based slnce the speciahst will Interact w ~ t h  the user, initiates queries, 
excludes candidate materials based on context information and finally speclfy materials. The specialist also 
reselects matenals based on additional or modified constraints. The knowledge components performed are 
mamly symbolic with no ngorous numeric computatmn. Therefore, tho approach is basically qualitative 
combined with a few quanutatwe procedures. 

3. Architecture of the expert system 

The architecture is hybrid with rules and frames to represent the knowledge components. The expert 
system consists af two main modules, the knowledge acquisition module, KBF and the consultation mod- 
ule, MATCON. The select~on methodology adopted is as foUows. 

3.1. Define conrexr 

The context a defined by identifying the equipment and the part for which material selection is to be 
made. The relevant equipmentipart frames are recalled and the slots filled. Further definition of the 
environment is done through a query-based procedure. 

3.2. Idenhfy properties and allocate weights 

The functional and material properties relevant to the context are identified and we~ghts allocated to 
indicate their relative importance. T h ~ s  is handled through a weights estimation procedure usmg the rules 
of the system. Every rule has an overall premse importance and a rule importance. The conclusion 
strength of the rule is given by the product of the overall premise importance and the rule importance. 
The overall conclusion strength dendes the weight of the property. 

3.5  Find inttial candidates and heurntic seorch 

The material inclusion~exclusion type rules decide the initial candidates. These are heuristic ~ l e s  derived 
from experience to gve  pruned search tree. Each initial candidate has a path selection factor between 0.0 
and 1.0 iudicatlng the promise of the candidate. Same initial candidates may lead to further branching. 
A branch selection factor is evaluated to decide the suitability of each path before the heuristic search a 
canied on further. At the end of the search, a set of material specifications is obtained for comparison. 

3.4. Compare specifcutions 

The specifications are compared in terns of values of material properties. Based on the value of the 
matenal p r o p e e  and the order in which the comparaon has to be done, a rank is awarded to the 
specification. The ran!& and the weight of the material properties decide the selection index of the spedfi- 
cation. The user is presented with a list of specifications in the decreasing order of selection index. Detailed 
cost comparison of the specifications in the selection list is done thereafter. 

4. Testing af the expert system 

Two types of tests are mnducred: 

Wide tesc The knowledge base and inference methods are verified by giving a wide range of equipmenti 
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~ a i t s .  This test was aimed to rest rhe systcm'r capability to rccagnize arid icspaml :o changes ;i~ ititicture 
and tuncrion oi equlpment/part Selection nrns were conducted io i  a heat-exchanger tube, vessel shell, 
ciushing roll arid a gasbet for plping. 

Srmziwi:y m L  The system's response to changing seivice cond~tions mas studlcd usmg this tcst. An rxnmple 
of this type 1s the maler~al selection for a gabket under various condltmns of chernxals handled, rernper- 
ature. pressuic and concentratmn of chemicals. 

5. Conclusions 

The compancnts of knowlcdge base relevant tor material sclcction 1n the process dornam have bcen iden- 
tified The archwcture for the proposed expert system is a f m t  princ~ple-based hybnd architecture wlth 
heuristic search 

The expert system searches fruin among the wide cho~ce o l  1n11ml candidates and a able to narrow I! 

duwn to a few spccifrcat~ons Thc archltecturc aupports changes in cqulprnenrlpart stluctulc and function 
and madifications in the rule base. The expert system also responds weli to changes m service conditmnr 
It also reasons from the fundamcntal knawlcdge when rcquired The deslgner also has the plowion to 
nddirnoiiify constramts before dccidmg hnal specifications 

The lmirations of the mateiial selection exprrl system arc: the lirnired explanation capabil~ty, use of 
titcrature-bascd knowleda; and lack of detailed cost estimatmn. Extensive tcsting a also ncccssaiy to make 
the prototype system aperatzonal 
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Thesis Abstract (MSc. (Engng)) 

PEG-A programming environment generator by Y. Venkateshwara Prasad 
Research supervisor: Y. N. Srikant. 
Department: Computer Science and Automation. 

1. Introduction 

One of the most important problems of software angtnecnng research e to d~scover ways to InLTease 
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productivity and etficisncy of programmers and of programs. The ever-increasing complexq and s l z  of 

solt,trr.arz projecti havc m:dc t l h  la& evcn moic d~lttiull Thc rescadi in this d~reamn has rcaultcd m 
the deveiopmeni of a variety of integrated programming environments (IPEs). An IPE consist', of various 

prugrammlng tools such as editor, cornprler and debugger embddded m 11 ID a ~ c h  a way that they cooperate 
wttll each orber eticc~jvely to provide the programme, u comfortiihle p rogram-dcve lop~~~c~~t  lacillty. Cornell 
program <)nthmizerl, GANDAIP envronmcnts' and Magp~e  system1 are some of the well-known IPEs. 
Another important outcurne ol iesea~clr in this field 1s the developnlcnt of generato~s for gencratmg IPEs. 
The  has icsulted from the nece\ijty m provdc rhc proginmmer Lhc bamc user mtrriacc In tllc severd 
iPEs he may use d e p e n d q  on hra cham of the programmmg hnguagc. Gwen thc spcafication of prop- 
r a m m q  language the geneiaror budda an IYE tar thal language Synthcslzcr gcne~ntoi" and GHNDALF 
system' am rxilmple nf cnviionmcni gcneratom 

The cribring piogriimmmp enwroimt-nt genuatorr arc b a d  un the structwridrt ing modcl Though 
thlr adinng model has certain advantages ~t does not support a frce style of editing as the text editors do 
Allhough the dzslgn of atructurc aditors slaitcd wth  the EMILY systcm' almost 20 ).cars ago, thca Impact 
on the proga;lmming commun~ty s negligible Since The prercnt programming community 1s in favour of 
the text modcl of edlting. we have found the need for an IPE generator based on this model of editing 
W e  havc nnmcd o m  generalor as the PEG systzrn (fm programmmg cnvmnmeul geneialur) 

The exlsling 1PEs based on tcxt model ot edttmg (e.g., ~ a g p i e ' )  support a m g l c  lnnguage and the 
pvrsmg and semantic analysis techniques appl~ed depend hcavlly on thc naturc of Ihe languirge they sup- 
port The incremental recursive descent parsmg (IRDP) method proposed by ush ives  a unitom, simple 
language-mdcpzndent method fol ~ncren~cntal parsrng tot LL(1) gramm;os. We havc made use of thla 
method to mplernent the incr~mental parsing generator module of the PEG system. 

Semanhc anaiy% in the present generators e based e~ the r  on a c t m  routmes or on thc attribute grammar 
(AG) concept. The m a t h e m a t d  way of representing context-senaltlve propertm of programmmg lan- 
guages and thc availability of systenlatlc mellmds tor the inilernental evilluatron of the attnbutrs have 
made the AG-based approach more useful for hullding semantic analyzer generators. Murching et al' 
dlscuas a method of generatmg an incremental attribute analyzer evaluator (IAE) tor a subclass af attribute 
grammars c:fllcd the ordered aitr~butc granlnmr IOAGs) u',mg lecurnre procedures PEG'S module fur 
generstmg the semantic analyzer and the code generator is based on this work. 

The IRDP described in this work and m Murching cr all rebuilds portions of the phrse tree while the 
IAE of Murching' applies only to parse trees modlfied using the subtree replacement method. We have 
sxtendud ihc IAE to mahe 11 work together wlth the IRDP Furthcr, the IRDP and the IAE have been 
extended to handle multiple changes in the program text and the pane tree, respect~vely. 

2. An oreniew of PEG-generated environments 

A PEG-generated envmmnent contains thn-e modules Thcy are the ed~tor module, the 1KIl1' module 
and the IAE module. The IR[)P and the IAE are lnvoked from the e d m r  module which is the user 
mterf~cc. The IAE modub can be designed ro peliorm ~ncremenrsl code generation also. The lnternal 
representation of the program lexr used by the edltor and the IKDP ic a linked bst o i  takcns The status 
of the token indicates whether the token has been newly inserted or deleted or untouched. The editor 
sapplieb pointers corresponding to each conunuous sequence of altered tokcns to the IRDP lor reparsing 
This helps the IRDP in avoiding srannmg the ahalc token list lo, finding changcd tokens. Tho iRDP in 
turn supplies pointers correspondmg to the roots of the modified subtrees to the IAE. 

3. An overview of the PEG system 

The PEG system supports a pseudo-AG specihcatm language (SLAG) for specifying the specificaliom of 
the language for which an environment is to be generared. The PEG system contains a scanner module 
thal processes the specihcamn Ble. The scdnner generates a lex input specificatloll filc wlxch is used to 
generate the lexical analyzer part of the rd~tor.  The remaining part of the editor is mdependcnt of any 
programming language. The scanner also generates data structures representing production rules and 
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attribute-dependency relatlons. It also converts the attribute evaluation tunct~ons supphed in the mput 
spec~ficatmn file Into corresponding C language mutlnes which foml pait of thc IAE. The data structures 
generated by the scanner are then p~ocessed by the attribute evaluator generator which fint chccks whether 
the attnbute dependencier satisfy the OAG condnion or nut  IF t!x grammar is an OAG then n genemtes 
an i~cremmtal attribute evaluator. Another module XI thc PEG aystcm t a k a  tbc production list generated 
by the scanner as input and generates the d~rector symbols lor each of the prodoctmn. In !h~s process ~t 
also checks whether the grammar satisfies the I.L(l) condltionb. Furthcr. thir module iupportr ed~tmg 
(only deletion) of elemenla of drcctor symbol sets. This helps resolvmg ambiguitiss m the gmmmur. 
Finally. the PEG system compiles all the generated programs and links them wlth the language-independent 
portion of thc edllor and the IRDP dnvcr to get the final IPE for the desmd programming langouze. 

4. Experiments on the PEG system 

We have succcsslully generated an IPE for a small suhcet of Pascal. Thc incremental altrihulc evaluator 
of this IPE generates MC68020 assembler code also. 
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Thesis Abstract (M.Sc (Engng)) 

Computer-aided analysis of the electric field variations due to the presence of elec- 
troconvections and double layer near the interface of the solid-liquid composite dielec- 
tric system using charge simulation method by Jade Vinu. 
Research supervisor: M. S.  Naidu. 
Department: High Voltage Engineering. 

1. lntroduaion 

The E-field vanations in a solid-liqu~d compowte dielectric system m the inter-electrode gap of a unifum 
electrode configuration due to the cledro-hydrodynamic motion of the liquid, the prcscnce of the double 
layer at the interface of the solid-hqud insulants and then mutual inreractlons have been calculated by 
charge sin~ulation method. These variations have been abtarned a1 different diuances from the interCace 
independently for a simple liquid dielectric medmm, a composite solid-liquid insuiant wlthout llquld motion 
and for a composite dielectric with electro-hydrodynam~cally propolled charge doud in the liquid medium, 
and analysed comparatively in a 2D geometry. 

2. System d e l s  for simulation and parameten considered 

In the analysa, the t a n p m a l  and normal field strengths at d~fferent depths m the mter-electrode gap as 4 
a fuuct~on of normaked &stance between the electrodes have been calculated for three dfferent systems 
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D 0.2 0-4 0.6 0 s 10 

o = h o d c  a 1 = Cathode 
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Fro. 1 Variahan of field strength (E) as a fnnnian of nor- 
malized distance (rid) between electrodes at n dtstance of 
10 and 1 mm fmm the axis of symmetry of the electrodes 
for System A. 

0 =Anode a I = Cathode 

N o r m h d  distance (dd) 

ho 2. Companson of vanation of electric field strength 
(E) as a functmn of normallzed distance (dd) between Sys- 
tem A and System B at a distance of 10 and 1 rnm from 
the axis of symmetry of the electrodes on which the m e r  
face of Syrlem B exlsu. 

involving liquids of d~electric constants 2.6 and 4.2 with a sohd of dielectnc constant 3.2. System A 
comprises a plane h~gh-voltage electrode of radius 100 mm and an infiniteplane ground electrode placed 
at a distance of 20 mm from each other. System B comprises the same electrode configuration of System 
A w~th a composite solid-liquid insulation in the inter-electrode gap, their interface being parallel to the 
appIied field. System C has four subsystems depending on the location of the charge cloud on the liquid 
side of the composite insulation system and is exactly the same as that of the system B except for the 
presence of spherical charge cloud Subsystems C1, C2, C3 and C4 have charge clouds of radius 3-0, 3.5, 
4-0 and 4.5 mm, respectively, located at distances of 40, 30, 20 and 10 mm, respectively, from the mterface 
with a potential of 0.2, 0.4, 0.6 and 0-9 p.u., respectively. In  all these cases, the charge cloud is Located 
15 mm from the ground electrode. 

3. Nnme~ical method adopted 

Charge simulation method (CSM) of simulation and cornputation has been applied for the first time to 
the composite solid-liquid insulation systems due to its inherent ability to represent the interfacial charge 
presence and its supenor accuracy and ease in precise representation of charge clouds and space charges 
in the medium. Implementation of the CSM involves four basic steps, (i) replacement of surface charges 
on conductors by fictitious charges inside the conductor, (ii) solution of set of unknown charges, (iii) 
calculation of the potential at check points along the equi-potential boundary, and (iv) calculation of 
potentials and fields at any given point in the region of interest'". 

Analysis of System A indicates that the E-field exhibits a variation of 5.26 per cent across the electrode. 
This agrees with the experimental results obtained at room temperatures. These results using CSM show 
an excellent agreement with the only available data as shorn in Fig. 1'. A comparison of E-field variations 
of Systems A and B indicates the effect of presence of charges at the interface on the behanour of 
solid-liquid insulation system. The variation of E-field at a distance of 10 mm from the interface is 6-93 
per cent and that at 1 mm is 29.7 per cent, an average variation of 23.1 per cent as shown in Fig. 2. 
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~~ 0 =Anode a 1 = Cathode 

Normalized &stance (zid) Normalized distance (dd) 

F ~ G .  3 Comparison of variatmn of elecUic field mength FIG. 4. Comparison ot varlatlan of electric held strength 
(E) aa a function of  normallzed &stance ( d d )  between Syr- (E) as a function of normallred distance (dd) between Sys- 
tem B and Subsystem CI at a dlrtancc of 10 and 1 mm tem B and Subsystem C4 at a distance of 10 and I mm 
h m  the interface of the systems from the mrertace 01 rhc iyaternq. 

Analys~s of Subsystem C1 shown m Fig. 3 mdicates the effect of charge transpon due to clectro-hyd- 
radynamic (EHD) motion and its interaction with electrical double layer (EDL) at the interface. The 
variation of E-field of System B when compared with that of Suhrystem Cl  indicates that it has no effect 
on thc pattcrn of E-Gcld near the mterface and lhc interaction of Lhe EDL- and EHD-propeilcd charge 
cloud is negligible. When the charge cloud 1s 10 mm from the mterface (Subsystem C4) the E-field vari- 
ation a completely different from that of other subsyatems of C as can be seen from Fig. 4. I t  1s observed 
that the variation is considrrably large and that the maximum E-field variation is at 4 mm from the 
interface followed by slightly lower E-field vanation at 1 mm from the interface. Tlrese results clearly 
ahuw that maximum E-ficld variations occur not very near the interface hut away from it11 to 4 mm) 
and confirms the experimental observations in wh~ch breakdown was reported to occur not very near the 
mnterface but at a distance of 1 mm from it4. The maximum percentage potential error and maximum 
potential discrepancy was of thc order of 4 and 1.45, respcctwely, m the analysis 

5. Conclusions 

The computed E-Geld variations clearly indicate that due to the propulsion of charge cloud by EHD mofion 
of hquid from the outer electrode region of the compslte sohd-liquid insulation towards the intcrfacc and its 
interaction with c h q e  diatnbuted on this mteliace due to EDL, the E-field is very much altered near and 
around the mnterface. This shows the contribution of EHD, EDL and bs mutual interaction towards enhance- 
ment of conductivity near the mterface of the above system and subsequent breakdown of the system. 
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Thesis Abstract (M.Sc.(Engng)) 

On the evaluation of remaining iik of NV rotating machine stator insulation based on 
diagnostic measurements by H. N. Geetha. 
Rescdrch supervisor: T. S .  Ramu. 
Department: High Voltage Engineering. 

1. lntruductiou 

In recent tuxes, resenrch mto the different aspccts of insulation destgn m h~gh-voltage rotaung machines 
has acquxed considerable promlnencc. Tha long-time bchaviour of insulaliun usndliy termed as agemg has 
been a subject ol concentlared study m the last few years The mvestigatmns envisaged m this work 
addreas thc problem of dcvcloprnent of an analyt~cal method for processing clectricnl insulat~on iailure 
data w h ~ h  are often tmcs characleri~ed by a very high degree of acattcr and isolation o l  properties which 
are sensltive to the duratmn of ageing, at the same tune beanng a lugh degree ot correlation with dertmc- 
tive propertiec like dielectric strength. 

2. Tlreoreticui 

Based an the physical mechanisms of h l u r c  under d~licrent slress cond~tions, a functmnal relationship 
between the general~sed stress S and t m e  to lallure 1 can be ufntten as: 

t = f(S,PA) 

where S, are the stresses and Px the undefmed constants. As appllzd io clectrical insulation failure, one 
would be mteiestcd in expressing the time that elapses From the instant at which the stress(s) a (are) 
apphed to the inatant at whlch failure of the system ensues. Under constant clectrical strcss, it a possible 
to characterizc the times to falure of nominally identical specimens by a We~bull cumulative probablhty 
function in three parameters, thus: 

F(r) = 1 - Exp [(I-u)/iIP. 

More often it happens that the thlrd p a m t e r  u which represents a mmimurn time beforc which an 
insulation doe\ not fail will be so small that a is gmerally ignored. Theretore, a degenerate disuibution 
is assumed 

Therc are essentrally three different analytical techniques adopted in the analysls of ageing data, viz., 

i) Linear regression 
11) Lmear estimation 

(a) Best linear unbiased estimation (BL.UE) 
(b) Best linear invariant estimation (BLIE) 

iii) Maximum lincliiood cstimatmn. 

While methods (I) and (iii) are covered in grcat depth clsewhcre", method (ii) appears to have a scanty 
treatment in the literature. The Linear cstlmation method can be shown to be a statlshcally efficient and 
robust method partrcularly in the analyss of incomplete data, a data set in which all the specimens under- 
going ageing are not run to failure. 

3. Experimeotal 

The insulation system in question is epoxybonded m m  used as major msulatmn in high-voltage machine 
staton. Thls two-mmponent system a evolved by bonthng together virgin mlca splittings with selected 
solventless epoxy resin. The thermosetting resin matrix thus Formed exhibits superior dielectric pnlpertm 
and mechanical characteristics. In the series of experiments carried out, actual rotating machme conductors 
rated for h6!11 kV operating voltage with the insulating material descnbed above have been used. 

4. R m l t s  and dim,~sian 

The most pressing problem in asessing the rehability of insulation or in the calculation of remammg life 
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of statmn apparatus msulat~on has been one of diagnosing the hazard by making non-destructive measurc- 
ments Such diagnost~c teat procedures suffer from a voy dlstlnct drawback that the measured d~agnastlc 
properties may not bear a hlgh degree of conespondencc with the dcstructive piopedies such iis the 
dielcctnc strength. It shnuld bc added here that the ~ m p e n d i ~ g  failure of any insulation is accuratciy 
Indicated only by destructive propcrllub and hence credence can be placed only by such a test procedure 
which brings about marilllurn lnfornlation on the msulatlon. This scemrngly controvsrs~al issue can be 
sorted out by realzing a rasgibic connection betwecn the measured values of the destructwe and diagnostic 
properties. 

The numbcr density of partial discharge pulses of different magn~ludcs arc characterized by disiribution5. 
In gencral, they do not conform to any known distribuuon and hence calculations haw to be performed 
regarding the data as distnbution hez. A striking result of the pulse-count analysts at dlfkrcnt intervnls 
or time under constant stress is the sh~ft in the modal position of the pulse-count frequency d~stiibuuon. 
For new msulatlon, the distnhution 1s skewed to the left. After ageing progresses lo a certain level, the 
skewness becomes zero (Gaussian) and later gocs ovm to poaltiveness (becomes hkswcd to the right). It 
has been obscncd that these results are simlar both for positlve and nee,ative d~scharge pulses. 

5. Cundusioo 

The work pertans to acqms~tion, evaluation and vahdaaon of insulation failure data with a mew to prop- 
osing tangible non-destructme (diagnoatlc) test methods, ao aa to be ahle to predict useful relnalning I~fe 
of generator stator insulation with a reasonable degree of accuracy. An account of the vanabihtm in the 
estimated values of the parameter.: of the underlying statistical distributions is expressed by way of conh- 
dencc intavals. 
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Thesis Abstract (M.Sc.(Engng)) 

Fatigue thresholds-Ductile iron by V. Raghu Prakash. 
Research supervisors: Mandyam N. Srinivasan. 
Department: Mechanical Engineering. 

1. htroduetion 

Dynamically loaded cast ducale iron components such as crank shafts and cam shafts are deslgned for a 
service life of 10' cycles. Cast components, m general, have defects or stress raiser, such as blow holes. 
porosity and the like. 'Coat-effefectivc', bulk manufacture of crank shafts free from defects, in practice, is 
not a feas~ble proposition. Fatigue cracks could nitlate from these imperfections and grow to cause frac- 
ture. Faduredee service life of crank shafts can be ensured by onsidermg 'threshold stress intenslly' 
concepts in fatigue deslgn. Threshold stress intensity refers to a load range which, when applied to a crack, 
results in fatigue crack growth rate less than 1 mm in J O  million cycles. This range is sensitive lo material, 
microstructure and mean stress'. Threshold dependence on load history can be explamed through crack 
closure-premature contact of the crack faces dunng unloading pomon of a fatigue cycle2. Understanding 
fatigue threshold behaviow under constant amplitude loading at different mean stresses aids prediction of 
fatigue life for crank shafts cxpericncing complex loading m semce3. 

Towards this, an experimental investigation of threshold crack gmwth response for ductile Iron having 
as-cast, fenitic and pearlitic microstnrcture at stress ratios (ratio between the minimum and maximum 
applied s u e s )  ranging between 0.1 and 0.5 was taken up. Fatigue threshold tests were conducted using 
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FIG. 3 Threshold erack g r o w  curve at drffennt stress RG. 4. M~srustructural effect at a s t m s  ratio of 0.1. Solid 
ratios for ferriuc ductile iron. Solid symbols reprcscnt ef symbols represent effectwe mcri~mtenar?y ranges 
feawe rues-mtensq ranger 

a mmputer-controlled load-shedding test program. Crack length and crack closure estimates were made 
using a nack mouth opening displacement (CMOD) gagc. Stress ratio effect on fatigue thresholds have 
been explained through crack closure concepts. 
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Table I 
~ k ~ h ~ l d  s t r r s  intensities for ductile iron (MPaV%i) 

strers ratio 0 10 0.23 0-40 0-50 

~ h ~ ~ ~ h o i e i n t e n s i t y  BKlk A 8 h . e  AKth AK1h.u AKrh AKrlt,r AKrh b K ~ h , ~  

As~Cast 13.3 5.30 6.0 5-26 
Ferritic 9-70 4.72 8.60 4.77 8 0 4-77 6-5 4-78 
Pearlclic 144  5 33 8-90 5-33 8.6 5-36 7 0 5.39 

2. Experimental 

Ductlle iron conforming to ASTM A 536 80-55-06 grade was poured in thc laboratory as Y-block plates 
and heat trcatcd to obtain ferrite, pearlire and a combination ai the two In the matrix. Compact tenvon 
specmens (63.5 X 61.0 X 11.0 mm) were fabricated from these plates and were tcsted for thrcahold 

'farigue crack propilgatrun on a ~mputer-conlrolled 25-ton Instron servo-hydraulic test frame. 

Crack length was measured online using compliance technique and a CMOD gage was developed and 
calibrated. Threshold tests were conducted as per ASThl-recommended K-decreasing test schcdula. During 
testing, crack length estmates wcre made at periodical mtervals of cycles. A able  of crack Icngth- 
incremental cycles, peakhaugh loads was recorded on the computer. in addit~on, n set of 256 load-CMOD 
paints waa sampled at a low fieque~lcy and stored on thc computcr 

3. Analysis 

Data on crack length cumulative nurnher of cycles were regressed by a seven-point polynomial and crack 
growth rate (daldN) computed at thc mid-point. Stress-intensity rangc (hK) corresponding to crack length 
at the mid-point was computed and crack growth rate (daldN - AK) plots obtained for test conditions 
imcst~gated (Figs 1 to 4). 

Crack closurc expressed as a percentage of K,, was obtained by compliance offsct procedure wirh 5 
per cent compliance variation as the cliterion. Effectwe stress intensity range (AK,) at each crack length 
was estimated and crick growth rate plot ohtamed on effect~ve stress-mlenstiy basis (Figs 1 to 4). Applied 
and effective threshold stress intensity (AKth, AKth, e) for the ductile irons tested was obtained by strarght 
line fit through the crack growth curves (Table I). 

4. Results and discossion 

Crack growth rate plots shown in Figs 1 4  suggest that (i) mean stress dependence for as-cast and pearlitic 
ductile iron 1s high compared to ferritic ductile iron, and (1;) pearhtic and as-cast ductile irons have good 
resistance to crack growth at a @Yen stress-intensity range. Translated into engineering texms. this would 
imply higher service Life at a given load range for as-~ast and pearlitic components compared to fenitic 
iron components. However, realking that crack growth can be affected by closure of crack faces, a 
geometry and loading-dependent parameter, it is essential to assess intrinsic threshold stress intensity. 

Effective slmsr-intznsity ranges at all stress ratios for pearlitic and as-cast ductile iron did not show 
appreciable dlfierences from ferritic iron. Crack closure was responsible for higher applied threshold stress 
intensities for pealitic and as-cast Iron. Conventional plasticity-based crack closure levels are associated 
with high ductility-pearlitic or as-cast duchle irons had lower ductility compared to ferntlc iron. Fracture 
surface exarmnatton of these two irons revealed hlgher roughness comaprcd to ferritic iron which resulted 
in roughness-induced crack closure. Crack closure as estimated through CMOD gage could explain mean 
stress effect for all the ductile irons considered in the present case, as opposed to the work of Ciriswold 
and Stephens"FFafigue threshold values for laboratory-cast ductile irons are in close conformity with the 
values reported for production castings4. 

5. C0oclusion 

It is hoped that the knowledge of fatigue threshold stress intensities, combined with fracture toughness 
data of ductile iron, aids selection of operating stress levels for fracture prevention 'in-service'. 
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Thesis Abstract (M.Sc. (Engng)) 

Flexural behaviour of unmodified and modified fibre reinforced epoxy based compo- 
sites by K. Padmanabhan. 
Research supervisor: Kishore. 
Department: Metallurgy. 

1. Introduction 

Composite materials are among the oldest and newest of structural materials. The three-point flexure test 
used to determine the flexural strength and modulus of such materials is one of the most common and 
also one of the most maunderstood tests'. The test measures the flexural properties of lammated compo- 
sites rather than the material properties. The state of stress m the gage section is not uniform like in 
tension tests. 

While wmposites like elassleooxv and carbodeoaxv are h e a r  (elastic) in their tensile, compressive and 
flexural behak~our, those-reinfdrced with ~ e v l a ~ . f i b r e s  show a donlinear behaviour when tested in com- 
pression or flexure. The stress-strain curve of a Kevlarleoory composite exhibits an elastic-pedectly plastic 
behaviour in flexure. As a consequence of the plastic bdha\;iour in the compressLon face, ;he neutral axis 
shifts downward towards the tenslle face2. Hence, the flexural srrength of these composites is inferior to 
carbon or graphitelepoxy composites, for the same pattern of reinforcement. 

The present effort was hence an attempt, not only to relate the composite structure to the flexural 
properties of Kevlarlepoxy systems but also to explore ways to lmprove the flexural properties of these 
systems. More precisely, the aspen of flexural behawour has been looked into from the point of n e w  of: 

- fabric weave as a parameter, 

- coating the compression side first and then both the sides of composite laminate with a well-adhering 
layer of hard carbon in a state of internal stress, 

- asymmetric hybridization of Kevlarlepoxy with carbodepow on the compression side, and 

- the role played by circular defects in the flexural properties. 

Fmally, the influence of particulate additions of alumina as a second-phase dispenoid m the range of 
2-5 Volume per cent on the flexural behaviour of glasslepoxy composites was also investigated. 

EPOXY resins were chosen as the matrix materials m Kevlar as well as glass fibre-reinforced composites 
due to rbeir superior properties over other polymers. The glasdepoxy composites, with and without alumina 
fillers, were fabricated in the form of Laminates by compression-moulding technique. Kevlar fabridepow 
composites of two different weaves (Style 10394ne weave and Style 28Srough weave) were fabricated 
from the 'prepregs' (fibres impregnated with partially and or B-staged resin) through compression moulding 
and autoclave route. The asymmetric laminates of carbon-Kevlariepoxy were prepared by the autoclave 
route with the top layer of fibres being carbon. 
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The volumc fract~on estimation ot the hbre was camcd out by 'burnout' tests ~n glassIepany composites. 
However, in Kevlarlcpovy composites a rlnlple dens~ty mcasurcmenr test was used to evaluate thc same. 
For various lammates the 1/1 was bctween 0-5 and 0 65. 

Flexure teal cpccmena with gconletrles according to ASTM D790 M specifications' wrre machined and 
tests wcir conducted at support span to depth (LID) ratlo of 16, 32, 40 and 60 at thrcc diffcrcnt crosshcad 
reloatirs. The tension and comprersion teal spaclmens wrre prepared from Kcrlar/epory larnmates, in 
accordance with ASTM D 3039-82 for tcnsile tcsts and ASTM D 3410-82 for curopessioa tests. 

On seleclcd flcaule test specimens of Kcvlar!cpoxy cornpa\iles, holes or circular &prerrion\ of 4 a i  8 
mm dm were dnlled on e~ther  side of the mld-span to study the eftcct of circular defccts (unfilled and 
filled) on t h ~  tlewre streilgth 

Carbon RF sputter coating was depos~ted by PACVD (plasma-assisted chernml papour depos~tmn) on 
0". 90" fine weave KevlarIepoxy flehur? specimens to study the effcct ol carbon coating an the flexural 
propen~zsd. 

The data ohtained from tension and comprassiur tests were utilurd io the calcuialmns concerning the 
asyrnrnctric b~maieriai beams in flexure. 

The fracture icaturcs of the iailed specimcns were observed moallg wmg a icanning electron msroscope 
(SEM). The samples were sputter coated wlth gold prior to SEM observatmns Far providing a conductive 
layer to the electrons. 

3. Resulb and conclusions 

Of the two drfferent Kevlal fibre weaves used as rernforcements, the fme 5-Satin weave (Style 1039) 
exhibits higher MFYS (maxmmum fibre yield streas) and E, (modulus of elasticny in bending) values 
Premature compressive pelding and buckling of Fibres, which are more prevalent m thc lough &Satin 
weave (Style 285)-retnforced composite are manly respons~ble tor their low flexural strength and strain at 
ultimate iracture (UTF). In the fine-weave-reinforced composite the EB ~ a l w s  are highcr because o i  better 
cross-sectional homogeneity in the composite laminates as a result of increased number of plies for the 
same cross-section Tests carried out at three drfferent loading rates show that the Loading rate sensitivity 
for the composites reinforced with Fine weave is highe~. Fractographic investigations reveal fibro displace- 
ment, matnx shear and significant fibre fracture at the interlacing points, m both the composites. Pro- 
nounced 'fibre looping'. on the tensile face of the samples arising from the mbomogeneous drawing of the 
fibre tested at a higher loading ratc (0.2 mmis), was also noticed. 

Hard-carbon chin-l~lm coatings deposited on the fine-weave Kz%ld~lcpory flexural specimens caused sig- 
nificant vanations in their maximum f ~ h r e  ylzld stress. h W S  and Bs values. At lower loading rates (10.' 
mnIs 10.' mmk) Ihc MFYS and En value, showzd rnodhcationa up to 8 and 20 pei cent, respectively. 
The modifications werc more in specimcns where a double side coating was carried out. The cause for 
such variations is attnbuted to the state of stress-related effects arising near the filmlsubstrate intetface 
along with good adhcsm of carbon to the cpoxyhased material. 

The improvement in the flexural properties due to asymmetric hybridisations o i  Kevlar Fibrcs hy 6 
volumc per cent of carbon fibres on the compression face was much bettcr compared to those obtained 
from carbon coatmgs. Whereas the Improvements in the EB values depend on the I Ex,,i, (&'EL), 
ratio that of the strength depends on the highcr compressive strength of the carbon fibres In fact, the 
carhon layer enabled the development towards the tme ultimate tensile shength of Kevlar. Posltlve devia- 
hons from the hybrid cffect werc noticed as m one case where an increaae in the EB values was recorded 
for the himatcrial even though the EJEk ratio was 0.7 ( i . ~ . ,  lcss than unity). By and large, similar to the 
trend ohserved in carbon coatlngs the improvements m En values were more impressive than thosc in 
MFYS values. Here again, the carbon O0!90" Kevlar i45" (Type 8) bimaterial composite exhibitcd a 100 
per cent mprovement in modulus and 31 per cent improvemcnt in strength. The loading rate sensitivity 
c f i  the bimaterial does not show an increasing trend like the plain composite. The brmatenal arrangement 
1s more effective at lower loading rates. In SEM observations, it was seen that the delaminations m a 



466 IISc THESES ABSTRACTS 

T~~~ B compoule were contmuoua and regular due to the vasl ddCerence In the rate of deformation of 
carbar, and ~ e v l i r  fibres. The ran-rich regmni In the carbon1Kevl;ir lnteriacc rercnl chcvron-hke fracture 
feaiures whlch appear pran to deiarn~natlon The coniprcsslve failures, icspoms~blc for the reduced flexllrdl 
strength of Krvlar ararnnl cornposttes, are also preaerll in thc asymmetrrc h)bnd composite. but to a lesser 
extent, due to the presence of carbon iibres in the compresston face. 

In the evpenment on dcfecta, through holes (open or nmforced) reduced the MFYS values of Kevlarl 
epoxy composite, considerably. IIowever, thls reductlor1 was less in laminates wllh reinforced holes com- 
pamd to thosc bcanng open  bole^. The strcngth rcduclion m the case of these illlcd or unfilled holes IS 

due to the stress redlstr~hution in thc rcnsilc facc o f  the samples, resulting In wess  cracking at the hole 
edge and not at lhc rnidspn Open depressions reduced the ilcxural strength and they could he made up 
tor by filling them with epaxlca or bonding aiumlnlum dlscs on lu these dcpressiuns. When aluminturn 
reinforccment5 arc used thcrc 1s strength rnhanccment compared to the plain undalnaged laminates. 'me 
failurc analys~r of thcae samples reveals that stress redistribution takes placc at  the tensile face due to the 
bonded aluminium reinlorcemcnl\ ~n the compression itcc. 

Finally, partmiate addilions of alum~na in glass i*briciepoxy composites reveal the contrasting role 
played by these d~spersodi on the interlammar and tlsnslaminar properties. The additions m the range 
of 2-5 volume per cent improved the translaminar tlexural strength. while the inrerlarn~nar slnngth de- 
creased. The translaminar bending modulus exhibited an ~ncreasing liend whereas its interlaminar valuc 
showed a decrcasr, up to add~tmns of 3 volume per cent. Further. thc loadingrate sens~tivity of the 
laminates conlainmg alumina as a second-phase dispcrsion was found to be higher than the ones contamng 
no alumina In interlammar as well as translaminar tcals. Fr'ractograph~c features hke crack-tip 'pinning' or 
'bluntmg', crack-front bowiug out and step formanon lu lhc legions of inhomngenr~ty were naticcd and 
thci~ s~gnlficancc highlighted 
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Thesis Abstract (M.Sc. (Engng)) 

Blade manipulations in channel flow by R. S. Kulkarni 
Research supervisor: A. Prabhu. 
Department: Aerospace Engneenng. 

Studies during the past decadc have suggested thc posaibihiy that active and passive devices interfe~ing 
with the ordered structure of a turbulent boundary layer may lead to reduced drag. Recent surveys by 
Bushncll' anti Nagih2 summarnr the status of rzsearch on these devices, among which blade manipulators 
(also variously called large eddy break-up devices (LEBU) and nbbons) have attracted the greatest arten- 
tion 

Howcvcr, even though a varlety of measuremenla have suggested a net rcductmn m drag beyond about 
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velocny (u,) of 19.7 m1s (24500 based on h and average veloc~ty U,, = 17.5 mk). The manlpuiator 
~ ~ ~ ~ ~ l d ~  number based on chord 1s in the range 246Mb26600, which should be sufficiently low to ensure 
laminar houndaiy layers on the manipulatorn). The mass flow was kept wnsrant at 0.50 kgis +I%, 
correspondmg to a pressure drop of about 150 mm of alcohol across the venturi 

The basic channel flow agreed with those reported by Dean". Two-dimensronality was also good 

3. Results and discussion 
Figure 2 shows the measured pressure vdnatlon along the channel. Case 1, corresponding to the free 
channel, shows a linear pressure drop. The pressure distribution with the manipulators shows thar in no 
case is the pressure drop with the manipulator less than m the frec channel. The increase in the pressure 
drop just behind the man~pulator should be a reflection o i  the manipulator drag, which is the lowest in 
case 2 and the h~ghest in case 5 Case 4 has lower drag than case 3. The pressure distribution is seen to 
reiax back to the same constant gradient far downstream as in the iree-channel flow. However, the total 
pressure drop to any point is in no case lower, and m general, higher than m free-channel flow. 

Figure 3 shows the variation of the pressure gradient along the channel for case 3 nomalised by that 
in a free channel. (The gradient was obtained graphically from the measured pressure distnbution). It is 
clearly seen thar the pressure gradient first increased just behind the manipulator, then drops to values as 
low as 60 per cent of rhe free-channel value, and finally relaxes back to the free-channel value in about 
25 channel heights. 

Since the velocity profile is developing behind the manipulators due to development of wake behind the 
manipulators, pressure gradient will not be a direct indicator of skin friction. Momentum change due to 
the profiles also contributes to alter the skin friction. Momentum change from the measured velocity 
profiles indicated that they tend to increase the s k i  friction. However, this Increase seems to amount to 
only about 114 of the reduction obtained by pressure gradient. Hence, it 1s likely that the skin fricoon 
reduces locally by about 30 per cent. 

Finally, we note that as the pressure drop is in no case lower than the free-channel value even when 
the channel flow has relaxed fuliy, the manipulators used do not yield any net drag reduction. 

The present study has clearly demonstrated that skii-friction reduction as large as 30 per cent can result 
From the insertion of blade devices in a channel. However, the net drag does not seem to decrease with 
the insertion of blade devices in a channel. However, the net drag does not seem to decrease with the 
insertion of the manipulators. It is not completely clear at this stage whether the same conclusion would 
be valid in boundary-layer flows as well. 
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