
ELECTRICAL PRESSURE TRANSDUCERS- 
DESIGN AND APPLICATION OF 

A DISSERTATION 
submitted in partial fulfilment of 

the requirements for the award of the Degree 
of 

MASTER OF ENGINEERING 
in 

ELECTRICAL ENGINEERING 
(Measurements & Instrumentation) 

by 

R. SREENIVASARAO 

.cam ► _ 	~ 	— _.-- 	' 

DEPARTMENT OF ELECTRICAL ENGINEERING 
UNIVERSITY OF ROORKEE 

ROORKEE (INDIA) 
July, 1977 



CER xI 3`I C TI 

CMI ED that the dissertation entitLa6 "Electrical 
pressur transdioers - design. and 	,cation" i.e► is being 
suit by 81zri B,R W VA RiO In partial alt 
for the *vd of the degree of Muter of g.n+ wing in Elect 
meal engineering (MEASURENT8 AND IN= M NTS O of 

vorsM of floo*ee is a recoz of th student' s +rte►ot 
Carried out by hth rrnd+ 	supervision and gtddance. T 
matter .bdted in tds d;sa.rtat.m baa not been su1,.tt*d 
for the award of any other Degree 0 Diploma. 

This, to to further Certify that he baa worked for a 
of _sonths fit _ P 	' 7 to . r ` ' 7 7 

for preparing this dissertation at this 1Ynivorsit. 

D, 	IP ,  7.71 Eleetnies3. Engineering Department 
%Ivarx . r 	*se 



The author . sh*s to *cthoedgs his deep san*a of 
gratitude to ;, ' S * Ce Saxsna R&dqp in . tri . tgtneering  
Departinsmt, University of fioortee, for his expert guidance and 

c►tirruad enoonragnt without whiob It would have b 
asib s to bring the work to this stage,'Ie had been very 'kind 
in devoting *ucb of his valuable time in guiding at every stage 
of this work and In giving valuabie suggestions in the expert 
mental and foation work,, 

The author Is highly thankful 	Prof. 'T.8#M, Rao►, 
Uead of ILectrioal gn.eer1ngDepartment, University of 
Roorkee for facilities offezed offered 	 n the Deptment in connection  

tb this work. 
H also exprasSO, his sincere this to Prof, Shenker 

Lal, Head of Mechanical nginoering Department, 	dty of 
* for r viding facilities in connection sdth the testing 

of resure tramcars developed by the author. 
The author is017  grateful to Prof. T J. 1Crishia. 

swa , Professor and, head of Aero,Ertgineoring Dept, and 
Pena sear O.N.V, Rea$ Ar., Engineering Deparisnt, Indian 
1nstituts of 8ci+ance, Bangalore for their hdM advice and 
encouragement to t+ 	post-graduate studies, Also the 
author is highly thankftl to the gitbrttjes or Indian Instit.. 
u of 8 l enc sono for sanctioning study leave► to enable 
1 to ac* eta p+$st-graduate stns. 

Finally th&ks are also dao to the supporting staff 
or flio4ngth..rtng laboratory and Woitahov in connection with 
the fabrication work* 



Thu dissertation deals dth the desi gn of Tarlous 
types of eectrieal pressurw is $dW3erl (Resistivs,oapaottiv.  
inductive and to eloetric) 	above atospho r5.c pr+ ssur►ffi 

d the design of the associated electronic instrumentation 
system. 

Three types of elect4+rl prenre transducers 
(strain gaug.s +teative an4 . 'a' Vis) have bean 4eignd 
end d+velop d for measurement of very low s nd reszres 
(rap $ 0 to 10 ems, of tor) , A nisasuring instxwaent has 
also been developed for use tth the at v traneducors, 

'The speci4 fiats of str4n gagotype  Is use of 
four active strain gauges in the arias of the bridge circuit 
In pusb-**3i mode* These games are cemetted to see W+m 
beading stress, it is ' sI''wn tId.s method d es ecnsitivtt, 

Capacitive type is oemned tth stamen gauge type 
by timing tvo additional erode plates one on each side of 
the esas diaphragm on r*t ch the stern gds an cemented. 

' The special features of LVDT type is develop of 
m*it*ture TAVD ` u lt, with niZl cotizpenhssting arrsngeant. 

AU three types of transducers ware eperim t4ly 

tested and found that the response ware .nom. Pertbrinanoe 
ofLTDT type as found to be better then the strain gauge and 
capacitive type transducers. 
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A transducer is defined as a sensing device that 
converts . phrsi 	Via+ t and off, cal compositionnto 
lectric1  pheumatic or hydraulic output signals for the mss 

of msuureaent (1).. In the present ort electrical, pressure 
transducers are understood to mean devices ic convert input 
pressure Into electrical output dgnialss their output/input 
and output/time relationships being predictable to a imwn 
dew of accuracy at specified operating condittonso 

Electrical fissure transducers consist of rnochanic, 
sensing eleient and electric4 transduction em tsO • This 
feature cis for a rtise both In the mechanical . and eleotri.. 
cal fields for the design and development. lectrical measure. 
its offer the advantages of simple indicating , 	rr. 

t 

tolesietering as v, U as information precesstng and also rob%aus 
to the colter. 

Or very low 4nd pressure nea ire mt (in the order  
of 0 to 70 cmi of water) in most gas** manometers are. used, 
Electrical signal, in proportion to pressure is needed In many 
instances, 'ibis there is necessity r for chw$ aconite and 
reliable pressure transducers in order to .+ tric&.ly measure 
pressure, In this work viM p si measurement was kept in 
*tnd, Thr design mets given in this work can be applied  
other fluids also with suttabla modifications. 



2hs vord.ng principles of moot of the ,.eatrieal 
pressure transducers are vsl3. known t  but the design and 
fabrication  presents enortious difficulties especiaU ' where 
precision and save" environmental conditione axe! tn^volved4 
In the present rear] design and fabrication of ooinmonlr used 
e3.eetrieal pressure transduce (reGisttve1  induotiv.$  capa-
altive and per. +r .ectri o) are discussed In detail as per the 
following proe re* 
C) T present the degn and fabrication . details In a conv. 

lent fare to suable the design of electrical pressure 
transducers most ccon.y used for various applications. 

(b) To design and fabricate the following pros sure transducers 
th the associated instrumentation for wind pressure mama,,  

urement In the range 0 to ' ems. of vator s 
(i) Strain gmtga type,  

tii) LVDT type 
(111) Cap ti ve type 

(a) TO test and calibrate the a ye three types of transducers 
experimentally. 

Cd) To give some tyztca3..des to shov the various  app Ca. 

tion pos 1 ]itiss. 
T)d s oris Is divided Into rive chapters. The  second 

chapter deals with the demon of press sensing .am is 
(bourdon tubers, me1sn+ ►, thin plates, capsules and b*Uwa) 
and tray duct .of elements Cresistive iu tctiv% capacitive 



and p&ezo-400trle including their sub .t pee) . A munber or 
design equationx are developed and Ott fabrication details 
are also included.. The measuring drouit details for scleot 
ion and dsign is also discus d, 

k-, 

214 tt Lrd chapter deals with the designs  fabrication 
and experimental. testing of straingauge, LVU , and capacitive 
pressure  transducers developed for vial pressure measurement 
rang4 s 0 to 70 cuts, of 'va'e l') • Details of the measuring  

instrwient developed for the above purpose ore also givz. 
The øped.ai. features of the transducer and the measuring inst.► 
ruraent are oLatned. Results or they expeimental test are 
discussed. 

Considerations for various app.aation$and s e 
trpieal ariilnplee of applications 	 Included, In chapter four  
with a view of eheving the various application possibilities. 

Fifth and the lost chapter contains the contusions 
and scope for farther work. It is concluded that the LVDT  
transducer pertornsnoe vas observed to be better than the 
strain gauge and capacitive transduce. 

m 
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s =m sensing elements are made of metas. 
stresses apeaing. as a result of element stns balance  the 
external pressures. The most freLu r y used pressure sensing  
elm's are (3) $ 

:. B0urdo 'lubes 
r M ?r aes 

3. TIt Plates 
4. Cafes 
5 &~13,axs 

cored into a circle or spiral, The differ nee between they tnter.ø 
nel and external pree øu'es cause a deflection of the closed and 
of the tube constituting a rnasure of that difforenco. 

A meabrane Is a flat or corrugated Sheet metal (ustsa. y 
a disc) fixed around the peripbo ', The deflection. of the mfr. 
anon 10 a measure of the difference of presurea acting upon both 
membrane  sides, Its stiffness to bending forces Is neglected. 

Thin plat* is similar to m bz'ane but has t1d.oess 
eh*oditics the properties as 	to e!lbrefle.. Stiffness 

In banding is considered, 
Ti. ► mares joined alms their edges c*ati t. 4 

capsule. Xmb.nøs and c,.psuls are very sensitive elastic 
measuring elsaents used in4nly for the, measurement of low pressures. 



Bifli are t? u vsUsd tubes with corrugation rings 
perpendicular 	 generating ne. Bellows deflect demos 
UpM the difference 'bet~. interne. and externat presrniru. Thr 
range or  ot application depends upon conation ring numb.r1atial 
eM dimensionsof the ale~u t, 

Figure l (a).-(h) shows a selection of pressure sing 

elements schematic diagram (2).  

F . ¶ a 4 	I` Figure 2.2 shows the re .ations p of effect. 
tv. pressure p and the deflection t of a selected point of the 

.ca rat (3) . In boy on tube$ thin point IS $tuatd an the tube 
free end and in membranes,  t- npi at+ , capsuleS and bellows on 
the a,ds Of ssittr .y 

8ensitivity of the .fit is defined as the ratio 
s * 	* tan d `° Bou + . tubes and bellows ire a rectt.liitear 
shar #test .e and therefore e * oo t t. 'Membrane and capsule 

characteristics era mostly ourvi4in.ar 4th varinhle a. 
The ownwna of hzterids and elastic  retardation 

occur in pressure sensing elements as in springs. Its wring 
element. elastic retardation rets In a ditterenoe between the 
characteristic for rising mss and that for the falling pre 
szre and thus different defittion Vault► correspond to a given  
vale* of .sue. The result of these phenomena will be the 
metre nt Indicationest, can*d th. error of ateri .s. 
To reduc. It elastic measuring elements are sub 3e 	to, a st.a' 

b lis.atton process, aster...s hex i.giVac as 

q a r x 3.00% vhuvf, is them mua valueofste cls 



and f to the m&3dx= defleoon of the oieiment, Pressure 
safldng *le!Tlents show a bystords index of 0.3 to 2%. 

The tperature effect on tho pressure seine set 
must be taken into acint. The deflection of the elemeiit is a 
function or prssure acting upon the elammt1l  yomsp riod*1es of 
the matia1 and ooeffieients depiding upon the geometric shape 
and dinistous of the e1eaant. The effect of teiper'atiir, is to 
vary,  the *mg* d4us, It mar be asi ed that idth In the 
range of pmueauy oecux'itag tperature variations yogic modu. 
his VarLss according to the linear relationship (3) 

zE0  (1 +)1AT) 

whre E - app modulus at temperature TC 1 	.o 	oungs 
zaodulus at rference t*perature ()0C) t 1' 	theriial co.'emw  
ciett of y6mgs moduZus variation, A T w. temper atuz!e variation 
In relation,  to reference teapez'ature. 

Additional, deflection A fT  of the elastiC eløit 
caused by variation of AM60 modulus E in eonseuenee Of  tenpa.. 
rates variation results in tha4 error of the instrument. 
Ass1ng at temperature To  the deflection to. is related by  
to * 	vbUo at temperature TO  the deflection f Is related 

by UK fit 	APO- e have 



tR fT 	'1 
4) 
	

♦ 2. 

substi toting £2 	Ci + o 2) in eq,. (2. 	have 

	

6 f T a 	` 	, ~ 	 (2*4) 

snbstitung the value or i"2 feq. (.3) in e4.(2„4) we get 

+ 	( ""' 	fir"'' 	•) 	ws+ 	w.r 	... 	(2.6) 

The lationhtp In eq. (,5) Is valid for reti.&tuear  

charaeteriatie of aA elastic element. For tb curvi-linoar coma.. 
ctezistio, E4 T is tomit as foflowas 

A •ours.-3.ine charaoterl.stj.a aay be expressed by the 

relation 

	

° 	' 	... 	... 	.$) 
a sad a are ooUstant, Sitar to above paw we have 

ç 

and 'tt u to 	r 	1, 	.'. 	•• ,► (.a) 

It is a+ 	that In eq. (2.8) if n * I, it reduces to ei. C 2.5) 0 



A bouxdon tube is eofted into a circle and has 
an oval or flat - sided crossi.seecn as sn in .go 3* Cce. 
times tubes of oar mss-seotiou► arc. show► in g.2.3, are also 
us e4 The tube is atth+ C. to a bass iiob has a bale connecting  
the tubs interior vi th the space ib re pres u e is to, be ga 
The free end of t tab* Is closed by one end piece ose det3é- 
etions are utiuissd ftr trsne of on* 

Th, calcul ati on of baud tube consists In det+mrmi 
In# the tube ms 	s, Its erose.eectton, wall  thio iess , tube 
characteristic Gill... the raiat$.onshtp between of ctie pressure  
and tree end di splacea ent) and tbe a<ting for". • The prtncipl* 
of calculation of burdon tubes Is given bels Oig 2.4) (3), 

Theeffectivepresser p oh cis the displacanent 
of the free end is the difference between the pressure pi  inside 
the tub* and the anbient pressure p2. 

P = ., P2 

mer the tube is loaded by presse p , the initial coiling  
ane $o  decreases to ' (radia),. The tub, deflection is 

Dispicøient of the tube end may slso be eressed by novenent 
of point As 

Ths equation for the bourdon tuba + h raeterisU.o is 
appro dssre bit satisfactory in practical app Ucatio w 
Tij Gas" are catogori.sed as ftuows, 

Tn vall tubes  .m. ratio 4  0.6 to 0„'? and 

Tbleirn3.l tubes ... ratio , > O6 to 0.?  



Fo, ttd1ok VAU tubes 	P Lf~lw 
 

12b 

vhàre x '' / x and X are constant parameters. 

Values of C& and P aft dan In table 2.1. The relationship 

botw*ea z and Z Is grapbieally represend. In 	2.5, The 
analytical expression relating z and X is 

equations (2.9) and (240) enable calculation of 
LIF 

 
0 

The ovenent of point A of the tree end of the tube 
in the radial and tang,nti*l directions Is given by 

y % (s) 	 ,•, (a.2) 

• ftTi R0 (0V0) •,• 	 ... 	(24i3) 

- rr 

Ri1t*t moveneut :rt22 	• •' 	2. 14) 

Per 	MOO a value most frequentay enoounte?ed in practice is 

t 0 5.8R0 y.. 

Maaim deflection occurs In the direction A 	This 
angle 0 Is given by 



To  61r,  V 

If the 	 e V0 * 	the angle 0 a 100. 
The fortes aethig in re8iei and tangante3 directions 

at the free end of the tis are as fOUOV* 

For tbin wall tom* s 	 I 

pab (3. 4) 	r• 

r tidek «e.l tttbeiu 

o 	D vo Cos Yo 

where 6 and E are zn*erical coeff1ents gi tea. in tab Le 23.. 
A bourdm tub* characteristic in linear untfl. the 

Propctioneiity :fit end the corroepondftig pressure p tezti are 
att, ne .,, The worldng range of the tut* sbouid be sborter tha* 
the qty age so that *rre ent K ptez *here 

prax 
p max is the maxima vor1dng pressure. ` Value of K is takwt 
as S * a In the ss ofpressure ?arLaons, K ss 5 at 
ra,id3.7 varPing pres 	es and K * 3 for tub" soaking at tpirs. 
is ,aeding + aeCo  Ieressing the value of K :meas tube 



Tom* -W 2*1 1 Nirnrteai values of Cøffpf Bourdondes* 
~j 

' C 



}' t.r1 s. The proporttoua1it +" Unit of th. tubs .rise# v 

as ratio of the + as e»sect on is decreased,  vaU thicsss t 

increased and coiUng res R0  reduced, The proportionaXity 
rhe can be condderab increased by boat treansnt MA stabi. 
2isatton of the too* 

Bourdou tubes are generally used or masurng prest.  
ures not ' ca 0.8 sianupper 1*t of their m+asu&ng 
range dd .sue the *aterin3. ends Øpe o the tube, 
don tubes are generaUy made of brass p oma' brie or s 

characteristics. Corrugated m byes ha e• tie* defectious, 
The shape of tho rMi. *Voss section of 4 . fi e is coed 
Its proft]e and pla's a dectøve role I 	tcxitning its chic. 
teristios, Zntrouction of the corruistion comes 4 reduction  
of stresses requiting from mane tomos The posbi2iti 
of obtaining afl'desired characteri stic is aver 	rpt 

feature of corrugated abrenes. P E 2 shows the memflbThfla 

charaoteris t# (3,4) 
Comnoift uedmabj,ne pro1les are eft tn til 

characteris at the profttle shape in such 040,00 is deternmtned  
Darte co 

sm*brane calau3*tion consists in s+ ►eco . the profile, 
sit metal thtc3tness#'matarid end in estat ism abaracterts. 
tic f * tt O') whlj.e deflections are computed for the meter point 
of the membrane# 



as 

I 
co 

0 

I 

U
HUflUHOhIlI 1 
l00000flhJil 

$ of BOEJflR  
InnnnnFJtIH 
11JUl11!  

p 
VIA 

 # 

111011110 1111  
'00 00nug 

a 

p li ♦: 

plou 

 

N 

• ► 

i 

r 

~ 1 

t ~  F 

Ii 

r 	tk 
+ 	px 



l.3 

byste4s, The proportionality34r4t of the tube rises vhKL 

sats ratio of the arcs-section is deor ed, wall thicess t 
increased and coiling qua R. reduced, The proportton4i 
range can be considerably increased by heat treathent and st abd 
lisation of the tube, 

Bourdon tubes are genirally used for measuring mss 
uses not below 0.5 Ti/ 	The upper Unit of their measuring 
range depends upon the matertel and shape of the tube. Bour.. 

don tubes are generally y made of brass # psplior bronze or steel. 
M ?rape $ P1st mbar has small deZ2eetious end sharply wed 

characteristics. orrated xc byes have targer defections. 
TheTh shape of the radi4 cross section of a menbrns is called  
Its profile and plas a de rive role In doter ding its charac. 
teristios, Introduction of the corrugationcomes a reduction 
of stresses resulting from membrane tension. Th,e pocbility 
of obtainingan desired characteristic is 4 very important 
feature of corrugated brartes. 	t,2,6 shove the membrane 
characteristic (3,4). 

Coiao yused, ambrw +. profiles are ebovn 	the g! '+4?.M 

+per profiles are 	 s used inorder to get the desired 
characteristic, the profile abapa in eteb moo* is deterd ed 
experimentally, 

Mea ran, calcu1tion consists In sa.eettug the premie, 
short metal. tY .ez ass#  materiel and in establishing ohaz' to *» 

tic t a NO') bile døf3.actions are evaputed for the mater point 
of the membrane, 



K*brane characteristic calculated utiuising the theo 
ret l equations . 	d only approxtmate results because of the 
cc*aplicated nature of the groat, The deviation trcr theor+ti. 
c4 clacUlation to ee m t. vires 411 be 4th in o and 
generally serve for deteriining the *hape of a prototype m bra 
ago*  Th* final ,ape of the profile Is established a rimentally 
by modif'in the profile and sit mew. tId.c1ness, 

T bl 2,2 giVes the design equations .+ 	1r menbrsnes* 
Rimes are made of pIxsphor bronsi, bery1lia coppr, ete s 
gem silver (3,4) • They are generally shaped by hydraulic 
pressing.  M mmbranes are ta"1i sed to reduce h'*toA sis, 

2.1.4 Mg Pit* Ths demos of thin plate# are sonar to membranes 
*=opt the i fication of the characteristics due to consideration 
of stress to ceding foram. The design equations for thin 
plates are gtvnin Tab's* 2,2 (4) . 'fin plates 411 not be 
having corrugations generally. A diarneter/thio3ness ratio of 
300 Is probably the Practice 3JIdt W o  

23,6 Caa4s The + psa1e c u5ist'3f Joining of two membranes along 
their edges by soldering1 resistance welding, or curling li and 
a r n .ng. The defLection of the capsule to the sia of the 
defLection of the s pam menbranes, Capes are often 
3oined into sets, ii rder to increase deflection. 

Ca► l,s intended for measuring a difference bete 
een presser inside and out side the capsules are Called diff- 
erential or open capsules, Tboa* intended for measuring a'b 
lute pr sure have six' renoved trc their interiors  	that the 
reterence pressure Is close to zero1  and are called closed  
capsules Or eneoroids. 
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Materials most eon. r used In the menufacture of 
corngated di*phrsgi and capsules are brass, phosphor do bronze, 
nickel -► sifter, 'b9rrAll m co e? monel and stat lass xUaI(3), 
I the fabrication of capsules 4cctron.beçnie3ding is nowt 
quite soon, 
& *13otIs 3e3j.oys ore used iihore considerable deflections and 
rectilinear near cbaractesistiCs are reqd.red. BeUoys s&isittvtty 

a trconstant vith In the proportionality rear (Fixte«a) 
Bollovs deflection %used by for** I Is givi by (3) 

ire f = deti.eotton in ext  F it force in Kgt  ') - poissons 
ratios E youngs modulus of the !►teri a ►-- In X '' 	t wall 
tWathess In m, °' , corrugation .on wave s %w in redone 
n a no, of full va s•s, A,A,A2 B0  are numerical coeUio . snts 
graphically represented In F1g,2.i as a function of constant 

R sstest ç a nd K a 	vher R , 	fit . radius in 
a int.rn..l radius In nml  R a eozugation radius, 

8e »1a"ape usually seed hydraulically fron a cup 
obtained by deep drawing. BeUovs are so aet imss provided with 
kcal corrugation In such eases rotation of bellows amend 
its axis occurs as well is the deflection. 

.lows are usually mode of brass bronze or steel 
and are subjected to stabilisation (3), 



.. . 

V *b .* resistance pressure brsft* i may be 

divided into tv► oases* (4) 1 
(I) Transducers operating on lie changes of resistance, 

1l~pioying aaiflly potent► eter t' ro +L ts. 

(ii) Transducers operating on small changes of reels#snce, 
eaplotng mainly bridge + r ts,  

Potentiometer pressure trnsducers Amost cciinoflly 
used transducers in the first category and strain gauge trans. 
ducors are moat c n1y used pressure transducers n the 
second category. 

2. .1 Paent.e14~ I 

Th* pressure $*Using element (b wof 
capsule etc,) to essentially a spz1ng subjected to deflection. 
during the application of pressure. Th rrelement must be deal- 
guid to .bbi ve the nta.aa possible force for a Sim deflect. 
icon In order wwwwo spring, forces wtthtn the mechanism, 

The elemants performance deteriorates tem of 
"terisis, repeatab.liby and linearity as the spring raatariai  
apaches the elastic lF , and for this reason defections 
should Ideally be .pt to the .niu (5) 

To improve resolution the swept length must be as 
large as possible. Th, pressure s aror Is generally rnanutaot. 
ursd frous beret* oopp r or stainless ate # can be an 
oared disphragii or a capsule or 0 b i.ca t spiral or 0-shaped 
bourdon tube (5) • Contact material and potsnticatlter virs are 



selected earetuljy for optiaum wear rrui stance and x solution,, 
TEperature Arroi's can be compensated by selection 

of materials of chosen coefficients of thermal expansion.  Poai1 

tins ti*perature coefficient of the resistors are used to also-
trieaUy compensate the Variations  3n the modulus of eflcity  
of the pressure sensor mater. al.* "'e foot that the temperature 
errors are es ti y those of 4 zoechanicat nature ensures that 
precise temperature compensation can be aced,o'er. Absolute aoc4w 
uracy of 0,.36% ina1udtng an err due to non line .tV 
ter. .s and rep+ tsi*lity in the temperature band 0  to 4000 ii 
tøa on transducers Intended for mar . industrial cam*. 

The baste design utilised in any pr►sirs transducer 
:.0 obviously directed at reducing the tünd.amentsl errors due to 
hystsrisist  nonslinoarity and repeatability in the preszre  
sensor and mechanism, 

per.Wire radius a A raallwiper di aaeter favours the early 
de1opasnt of flats. A Jan* wiper reduces the precision sdot orf 
the potentiometer. In flne.wire potentiometers of standard 
design a dper.wir. radius of 30 will normally give satisfactory 
results is (4) M 

Ins Thermal, noise due to random notion of tree electrons is 
normally small. Ty&c . noise velues for tiid carbon resistors 
are 

0,x06 pv per volt for 1000 obis resistor 
0.05 AN per volt for l )( On resistor, , 

r* wind Misters are free from this type of wise* 



W 

Contact 	sa i+s atsd in the wiper wire contact 
area is Caused by variation of contact resistance, Contribu. 
tors are contact area vats. ation and pressure fluctuation es 
td.s y in the presence of frr1gu particles on the track. 

s* due to ► the Contact been dissil*r metals 
of viper sad traekay be redueed to about 00 to 300 in by 
suitabis Ooinations of materials for wiper and vi pote nUo. 
motors vixteb are given in Table 243 (4) 2 

Table 2.3 	.par and re Materials 

.psr Mat r' , 

2 to 6% grapldte in s ver ) 
% grap1l in copper 

449 nickel, tO silver 

Gold 

ending material 

ttio4rame 
Tie 

, % copper 460 nickel 
(Constant*n) 

Flna;y there is vibrational wiss$ vhtoh is Caused 
by 	icing or bmaci moment of the wiper*  The noise is 
due to teporary disengagement of wiper And tracK. or a giv*t 
viper.trsek ocetb&natiebthere is a- 	a.  par speed vhtch  
must not be •zceedd. 

$ The sensitivtt7 of en unloaded potentiometer is 
given in volts for the ZW1 scats mechanical tis ► of the 
wiper* TI .s voltage is ideally + tu4 to the int Volta$$ 
across the total potentiometer winding*  Tb Input voltage is 



-sw 
set by the wage disdpated and inter depends upon the the. . 
mal. cbaracteristics of materials aced. In Genoa the went 
deity in the winding wire should not e*eed 6 Amp m'2 (4)' 

4 ea 	$ The nsarity is affected by *iimwm resolution1 
ffieab ni*4 Inaccuracies In the wiper moveent irregularities 
In winder pitch, variations in wire and forner diren1tons1 
noise etc.. In addition to Be with loadedt # .omet 
the" is nou4inearity due to the , circuit, Th* linearity' can 
be improved In tm different 	(4) $ 

(a) a .linear potentiometer of stable shoo to 
ccipensate the roan-;moo 	, 

(b) By introduction of variable Istat R1 of suitab&e 
characteristic in cares 4th the load R  

g. 2:32( a) shows sa ►ticaU7 the first meted 
applied to a potentiometer circuit of given non nom. t'.The 
required noniinoar resistance function can be 'e4 teed by 
eard.vound potentiometer or a variable wing height b as 
shown in the P.S. 409.x' 'b3 . 

Pig,fl shovs o practical errangenent of a potentio-
meter with a variable sodas resistance for jinear.tcatton, 

+1+t s 	w. 	 ty 	! • 	-.rid 	.,,, ~ 	r 	ff I 	i 	R :! 	- M 	41~. ! s 	! e 	roc 

a paint where potentiometria resolution is Virtually intnite 
with the related iniprov ut In bate ds irnd repeata,Uty 
can be obtained by tntroduction of conductive plastic ( • The 
con&ictive plastic Potentiometer provides a *ontinuous high 
gna].t7 surface finish without the stop Ionto s1 typical of 



ve wound potsticzt.terand t tr feature together with earsfu.• 
fly dViJ4ped contact tethaology, cbines to produce oontsct► 
ing spaces vbiOh maintain perfbrtsanes under operating oondi« 
tioni in s esr of 60 x 38  cess. The aonduativ* ick otf• 
era th facility of non4ineartty correction& Correction tem 
niques consist simply  siply of increasing 	 ...s ce in local loønl seCtians 
of the potentiometer by roving the reatitive. tin with a. sharp 
hid tool or by controlled i*e?4ntng operaon. The toWdqus 
bars extremely taller in applications requiring output a 
no -UAW with pressure. 

Potentiometer pressure: transdOere are restricted  
stationary industriel install a ions intended for monitoring and 
process control (6) • Th rte.red long wiper travel of about 
2,8 m is obtainedd fom oapsiX3es or bourdo , tubes, Trenilucers  
of this type provide a large vltage sng but resoltttion is 
not better thi 	Xn additi 1' 	ssi a mar generates  
increasingly noisy output. 

2.2,2  o!a $ 

Swami I $1ru gauge consists or a fine rests ce wire 
of about O.O25 41watar which is arranged  in the fo of a 
grid, The grid to bonded to the structure under test as shown 
in the F.g,2. . The bonding ay trensutts the surface  str.  

,n in the structure to the vire thus produce a cbnnge of  
res. stancw in the wtxet. which is proportional to std, Also  
*in** the strain gauge grid has a finite width, the gauge has 
a endtivity to tranevrse strain fah may gt to Q.5 to 2 



percent of the longitudinal .. **i1i 	'' (4). The ga gs factor 
quoted by the rnermfaoturer is normally obtained on test rod 
under tendon and Is ebur related to iintaxtai stress Involving 
both longitudinal and trsnaverr strain 

sitiviti.at the tr4 gzqs Wthe strain gauge is e 
posed to strain n with In the + *iitie IIJTII:t two echad 	with 
cause a chge of its resistance; its geometric form Will ► 

and. ahs o ' electrical resi st ivi ►, will occur. The etluatton 
elate those affects to (7,,0), 

war 'O- Pois o 's ratio 'I O 

A 04# 	(2.201) 

Fra ,on cue of resistance 

r* 'racttcnaj Fraction change Of Length 

r 	t+ +off Charge Of resistIvity, 

The torn (I. + 2 ) mates the geometric effect and the term 

denote pbysica3. effect as reistivitr p Is related to 

physical quantities by the .zuaticn  

0l 	 .., 	(22.2)  

were it * no, of electrons, e a Charge of electrons 
Z' a s ,a **ton tit 	m a mass of electron, 

The term BA Is , coed gauge factor or sensitivity 
factor of the stern ug** Its value for most co1*nerei4 stir 



es is about 2 and for se4conductor strain gauges about 2 3 
to a o (9), 
qrrtt ►'a L $ The int of currant that may saf4y be. 
used its a strut gauge Is a funotton of the ztre resisttityt  
the grid destgn$  'sung material1  boxing ee*ent#  and but 
sink to which they are attached. Gauges bonded to alumir&tisa  
or ateal parts can tolerate more current th those acted 
on inaulat materials. Paper gee* bonded to metals we 
jlmltd to 0.025A v=o bruits tis are rated as high as 
0.05*, 	.tet of 0.005 to 0, 	A are recc*nmended On poor 
conductors such as p1aøtiO*(9). 

The bUowiug factors must be Cavid 

dared in the . co struoon of resistance  strain gauges (4) $ 

(i) gage vlrs Mahal 
(ii) shape of gauges and Page manufacture 

(tt) czts  
(v) oonneot .ng leads 

protect protecton of gds. 
the manufacturing Ott Of Vier It Is desirable 

to ploy materials which can 'behantfl,ed 4th ease as a tine 
VIVO# Materials form gauges must respond to the appropri.. 
ate etobtug process. In both Oal s the gauge materia]. must 
veld to s d table lead material without der of electrolyte 
corrasion, Copp Nicka]► afloys such as tons tau for' and 
fence are most oomr ouly used, 



Peat grid type of constructian. is norially preterad  
to wrap around type. In the toxssr typs0 the grid 4U be closer 
to the ,surface of the structure under sin compared  to latter 
tie. Etches fail gauges can be rnade of yen small. aim, 

The gaug. bacdng suet provide a std bond 'bets 
structure 1 grid, Its arse depends largcl ' an the c'enent 
vhtch suit suit both the serial of the structure and the gauge 
material.. UK* 4 ;eves sir of application teo dqu.s for 
booms statin gauges (4) t» 

Table .e *4 1 	 any of application tecbni4ues fbr 
bonded stn ug+ s. 

gauge beo4ng Adhesive 	gauge material 	Renax 

Paper 	CellulOse 	Coppeiickøl  
acetone 

'apex' or 	 p' 	tdakol 
opoy type 	Polyester or xl.d setting 

epoxy, 
Phencaic or 	Heat setting- 	Coppirntcke3. 
epo type 	pbano3tc or 

epoxy neapec.  

'useful up to 
c up to 
0C with  

Inched 
eft, 
usefu] up to  
O C l itt 

life. 

tsc up to 
Qac up to 

SCC for 
abort periods  

The choice of suitable lead material depen upon the 
resistivity1  Od"I ty► to produce reliable soldered orveld*d  
joints and Via, corrosion resistance, 



$train gauges es must be protected at normal tlspe1at 
res from the moisture by suitable material. Arranged to rough 
order of Vie► sdt.ble ambient temperature thh r are v*x bitter, 
natural, synthetic and silicone rubbers t tocol . poi ; rter, 

• pa ` and Qex o cements, 
$ .rvnductor s 	OA s The *or advantages of s+ -► 

Conductor strain saps s as ccmipargd with Metal gauges $ are 
their ast3r higher gauge factor and their sanll size. Their 
disadvantages are ncn.ltneartty and temperature instability both 

requiring sophisticated ocnpensatiou t h q ( 6,;  ,U) 
The current  cam z pa t r i noise generation 

do not substaiti y differ eon. tbose of eonvention.a3. des, 

but sesioonductor material. is pto sensitive sod mages must 
be protected fr'* strong f ,izctuating -light*  

to liter tests in stn gauge devetopnent gene. 
rlly*  the field of s « nctttotors Is a t . wide open id.la 
conventional ggeM h r+ perhaps reached their level of perfec.» 

Bilicn Is used almost 	usiv y a 1 'Nnduo YIIFr 

material, lead materials of sa...00nductor gauges are gold, 
copper#  silver or ek&., 

diffusing suitable impurities into selected areas 
of monolithic Asses of silicon atra .n sensitive cantLierers  
and diaphragms can be prodtxoed, These sensors My oven be inter 
ate with diffused electronic oponents Providing signal 
mods fteatio n, 



qtr n Oa ee : Tin film tecb d4uee ire been spted  
to the manufacture of strain gauges armed di 'y to a msu- 
Wed since such as the diapbra ►, eh gauges can be made 
eubttatially smaller than other euvalent metal strain gauges, 
A thin insulation ation st et to Is provided to the diaphragm un 
witch the thin film gauge paten is deposite*i and tint shed by a 
protectias layer (4) . 	aauss of the close contact be ten the 
thin film sensor and the press sensitive dap s, creep to 
virtually  eliminated and brat transfer is improved thus per mi 
tting higher current densities, t. e,* higher outputs than with 
canted gauges, The use of thin film e . ► fetor gauges 
has also been Investigated 4th ptsing results, 

 tsnt tees at str4a ge eee tmeni 

Various tepee of strain gauge press transducers 
using strain gauges are discussed below (4)s 

,2,2,(e) cantilever T i A number of pressu .sw!n!tng elements In 
'tnation with $train gauged cantilevers  t o &iovn In the 

Fig,2.35 C }. Ideally the, cantilever stiffness should be high 
in canparison with the stiffness of the pressur » 	n ale. 
meat in order to suppress the emote of tnstat4iity and hys 

tis inherent In the preesure.sw*tng element, Differential 
pressure type can be derived froi the basic types shown in 

g, 2.315 by adding a second pressure chamber 4th pressure 
sensing element r ieh Is to appose the movements of the first. 
In this a rrangemerAt the strain ganges used not be in contact 
with the pressure meta. 



► ► Cd) Diaphrap Ty s Win. gauges +teabe dicey cit.d to a 
pressure stsing diaphragi to one Side or both $td*s of the 

apb'a aM 'diet sto bridge connection  is z ,e, In 
tydcg co lgurtLOu a oceta bridge circuit is est by 
using two tsnsil+ gds positioned In a radial direotioi near 
t r► circumference and tw ccrapr.ssjy. ;des in a to fAtial 
ditjo near the oEntrs of the d. aphrsgn, thus t the 
advsxitije Of ~~strains at thea. loCa' dne. ltohed fb . 
ganges are fir+ 	7 available which are designed to mer 
tit whole area of the +iaphra.. The strain .cels turn, out 
to be disapointtnyit it the atrein*progsure re1atioishtp 
10 to ren lines and the diapbrgm stresses to be kept with 
In Bate Units. It small deflections, say 10#0 than h t the 
tb 	Os t of a. thin alanped A! aphr 	8Iwn in the g. 2. 
whose radius a and thi*kie t at pressure ditter+r p bei 
e4 the tra $'do* has its na►irna radial stress n ar the edges 
and Is given ► (4) 

¶P 	... 	w►« 	..t it 
At Idghroed# the st .* increase, non linearO,y. br the 
pose of practical appli*atjon table ,5 is aeloulated usg 
the equation ( .3) . 

Table '.5s Preseure,st,gn and 6 xs of Circular  
Diad t with Id nearrrressu stat n al*t onobl . 

Ratio 	
'"-_*_rrw~._~w_a 

. 

- 	w 

Po , 
- 

.~r ~~ fir- 	+ +.w .r.... 

Pod 
10 

r 

304 

I 
26x3ø"2 
2.6x2ø 

8Ox1O 
a 1 

206 x's sO 



Diaphrs aspect ratios os of ^'' 100 are manly ns ed 
In thicker diapbragss ( ' 	1D) the sensitivity (strain versus 
fissure) dunes and in t .tinor diaphra 	( 	► :C ) the• 
measurable strain values < and hence outputs . are eieeseively small. 
Ssd..ccncluctor strain gauges offer a better saution it their 
•I rtc+ gangs (non.line.rity and themel instability) are cc. 
psnsatsd., . Advantagesf diaphragm typo pressure transducers 

are their simplicity, high natural  tqu y and thorefor law 
sensit .vity to acceleration. 

Thi preisuresensitive silicon .aphra t with ditt . 
used strain gauges , also have the s p►rtcom4n s; nnearity 
and them insta 1ity. The concept of integrating aisphre 
and st n gauges with temperature empsuating and signal 

conditioning elements on erne piece of age cryst4 silicon 
has rsent.y been aabiwedd. 

Thin film stern sensor deposited on to a est► 
sensitive metal diaphragm is tree from the problems arising 

rpsrteotly bonded gauges. The gauges are in good thermal • from 
contact with the diaphragm and if made of rnzit&iie anoys have 
low thermal Instabilities, 

2.2 2. (e) Tb* ( ams .) tip. $ Figure 2,17 suers a oyLtndrics1 tom! with  

one closed and., The flUL4 pressure p is applied to Its inside. 
In a fatity long tube the and restraints can be neglected and 
w have at the inside of the tubs (radius rj) a tangential  
stress (4). 



2.. 	.w.. 	... 	(2.2.4 . l 
and at the outside of the tube (radius r0) a smaller  
tansontte stress 

'0  * 	 .,* 	.. 	(2.2.8) 

r 
where ii Is the ratio of outer to timer radius c ) « In cam . 
nation vith an a e, stress of hof the value, die to pressure 
on the ends of the tubs the tangential strain In tho outside 
of the tubo is 

f 	, ► .J 	I" 2 	„ 	*.. 	 .,•! C2.a,e) 
0 	2  11( - ) 

It 	') baing young's modulus and pot t s ratio of the t 
tel respeotiwely. In tubes with thin wall (titclin s rerj.) 
we have 

Th ,► strain %,a  obtainable on the outer surface of th barrel is 
this iuv 1.y proportional to the vim, thickness, In practice 
a wail thickness of 0.007 ► inch is probably the aiaUsst 

cn$biie value 	ch an 	achieved with 4 " 0  bo r. 	a 
working strain of 20 the lowest "**sure des possible 
will be approximately 300CM psi for steel tubes end $00 psi for 
duraln tubes, At the other end of the reAget tnstruints 
of this type h r* been made for pressures up to 20,000  psi and 
higher (12) • 



JY 

x.2.3 

The rang t of strain gauges consists of tVD wtl 
Insulated and perfectly secured baa' . vinngs of strain.- 	+s 

re around the barl' . part of the tube, representing the to 
active arms of the bridge. T, identical ied ampensa ng windings 
are bow to the solid part at the inner and of the tube* In*-
teed of helical winngs strain gauges can be bonded to the out-
side of the tubs with cpensating des on the tom.. Traner-
ducers of the barrel types are used for both static and dynaxic 
meats, Ulm type of transducer is not suitable for the 
measurement of differential Press due to inequality of In. 
side and outsido areas and therefore the differential , onlibra. 
tion joul+d a ibit di:frent alopes depending 	 ietber tth ► 
higher presira is appUe4 to the inside or outside of the 
barrel, 

A serious disadvantage of the barrel-type strain 
gauge transducer is Its mall c e .oad margin. Tubes with 
elliptical cross sections have better over load ratios and 
lowest range of about 9t psi. 
Br d ZZ 	$ It a metes► wire is sib 3ected to presure rq~pe►rr► 
ted trod all directions, Its resistance 	 chi, `t s 
Principle has been utilised in Br .dam. type pressure transduu 
cers. The change of resistance at a p si p can be shown 
to be (4913) 



*.30i. 

Thi first tent In eq, (2M2a) rsprwnts the gecmstriöd cont-
ribution. and the second ter i the charge in resistivity due to 
prescur. The presire sensitivity 3s (4,13) 

Bp n 	* F  (. * 2') + "' P) .,. 	.. • 	( 2.9) 

values of sp for a mimber of 1re materials are listed in the 
Table 2.6, 

T*ble , 2,6 s Bme . Pressure Attie Resistance Materials 
Resistivity Tomga Menu* Bulk 

 Materiel 	o a 	I0 N 

Conetantan 	0»48 	30 	125 0 ► .7 .0 
Mengenin 	0.43 	135. ... 	132 0.33 +23,5 
Knuth 	3►l? 	23»8 	30 0.3? +258 

Br.dgan type psi  transducers are suitahie for 
very large pressures Up to 2o,000 Kg/c*2 (350,000 psi). 

Manganin is the most coeonly used material since It 
ccttbinss high pressure sensitivity with high tenperature stabs. 
lits. The very, 2 .gh pressure  sensitivity of the sod-metalbis- 
nth has been eaploitod In small sensors for the measurement of 
dynaule pressures, Evers carbo compoimd resistors (egs oo ohm 
04 watt) panded by fine 4res inside a oivity wed with 

ase5  has been used to mew pressure with fair linearity 
and negligible hsterisis. mer:  the thermal noise eq 
lent to about 20 	 2  sets a lover :Limit to Its U"M prem 
nre range. Carbon resistors bra also bean anplysd to z + asu. 
re pressure uses, Tb~ . thermal stability of all carbon expo i 
md sensors SI rather doubt., 



Ba ,dgian tips transducer is the only direct acting 
Pres re transducer in a rete nae* Its advantages over any 
mechanied gauge are simpU(dt7 and ruggedness (13). 

' 4 	~ i, ~ , , ~► s In ease of potentiometer pressure tram» 
ducerl the output can be made suftici+n y bighor so that in 
indicator can be direat3.i connected without the use of anp1i- 

.er. In ca$+ of str.n gauge pressure transducers the strain 
gauges are connected in bridge f atic and aunt signal Is 
emplif.e ► Th* cobside tion fbi' select on of bridle cit 

r iiagnttude of sigma output nom, temperature ccnpsation 
and linearity of output, Ca roial1y a aiia'3,e strain it ca. 
tori or recorders Can be use for Hca ng or recortttng, 
Bridge _Connects► 's nary► of properties of vagus bridge 
connection agiven in Table 2? (4) to veh reference 
be made Inc order to select the suitable  b id e circuit tort 
Ins 

d 	= s Besides do. sucks d bridges 14th +C pper 
amplifier a.c.► energised. bridges with 	r. ep3ifiers are beco. 

,ng eiin in recent years., The a reasons for superiority 
of a. o. over d.a enorgtsation is freedom from contact OtSflti 
*ls and thermal voltage errors, simpler a«OO auplifiers as veil 
as eheaer and more reli Ere than  d.c riftitiers. The din. 
Yentages of a, e. bridges over d.c,. bridges are more cogA*21ty, 
the a. o,,. resistance is different from Its d,c. values i.e. brU. 
gees require balancing ing of lube and qu*drstre ocmponnts (4) . 



►gnre 2.3$ sbovs a seh*e for a*** +o ted spstem 

E it*tion frequincy is tylOaUy 2D00 Hz prOViitI frequenay 
response up to about 200 U$ (9), BinO the nor trsqu .y 
response to about 20% of the carrier frequan y p ,+ rid 
ring better, response 1. necesttate higher carrier f1%gUAc.► 

I*$. 

gauge bridge cir to ( ) s 
(1) Series balancin mew.! ( g. 	(a) ) 
(2) Parallel balancing metes (ftg.2. )(b)) , 

•w 	~T 	r►« • 	 . ra t ► 	.- 

initial balance because of the difficulty in obtaining the sU 
and ase variations resitwLce required. The parallel 
b4aflciflg rethod Is at used to obtain initial bridge balance  
beclias by using a la a value fbi. R, very s*l1 chwges in  
resp stance bets points ad and de can be produced byzoving 
the centre toy d'. 
T 'ertu Err $ xenperature variation on causes the change in 
o It du+, to the tOUOW&ng reasons s 

(i) Specific resistnce of the gauge elft tomes 'nth 

peratuire hence gauge factor changes 4th tenperature. 
(11) A dtfferete in coOffict t of linear expaion of the  

gauge and the surface to Meh the gauge is bonded 
causes a ch g* in grid length 	produces the saz* 
n R as oifl,d be prodxaed by styes a mead charge of 
gauge l fih.. 
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The tol cil.ng are the most ftequt3.y used metbodi 
to ccmipnsate the tenperatur. effects (13) $ 

U) Select the proper bridge elrmdt far, self cnpensating  
the tenperaturs error (Refer Table 27),  

Ut) Dy 	•tems The  dmry  Me*  vast be identical 
to the actin gauge and rnounterd in identical ma e r so 
that the temperature effect is same in both gauges. A 
su '.tabic bridge connection using active and duzi pLug+ s 

+r nable,  oanceUaon oZ t*nperature errs 	variaon  
of this method Is also app3icab3a to stt.cond'ictor 
strain gauge$; p-type  silicon gauge (positive gangs 
factor) is applied in one bridge are of wheat stone 
bridge and zi.type gauge (negative gaga factor) In the 
other arm, Both gauges are exposed to the seme test 
sample and both gauges have positive twiperature oo.efft. 
otents1  so that the stress se ritt'l. r Is increased  
while th. influence of temperature variation is nearli 
cancelled. 

($jj) I 1s.Sperstious If the temperature variation in a strain 
gauge is recd by the current passing through the strain 
gauges  the temperature of the gar and tbua the tempe. 
rature error will increase with ► the square of the *versge 
current passing through the gauge, Viers  the higher 
the current wbdoh cm be sent through the gauges  the 
higher will be the outp t signal from the gaffe, A high 
output signal with ► .a u1*4 of heating can be obtained 
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bi pass operation. Strain gs ges nortris11j operated *, th 
potentials byre 3,5 '1 and )A V do have been operated 
satisfactorily With pulses of dif omt durations and 
sipli tud*s. Output signals up to ) Umes greater than 
with do operation have been obtain 

y~e1 r 	a r ,.a s 	ry r.+r : 	~r 	` ; +~► 	~,r, 1 .elf ~ Aa . 	,~!t~ .- ~.. 	~ 	. 	« w , 

i r 	 ifl!t 	jrt+ M r  r 4 4i .•   

Q=E2i. to t*i r the 3ion. naarl es of b d'e circuits  compri 

lug mss des a t be ignored. lath one active strain 
gauge of initial resistance R connected In a bridge circuit 4th 
three aisilar resistances t utpnt.input voltage ratio Is (4) 

'VrrV` 	,, , 	«, 4 . ~r +r . r~ 	 .awe 	 sir. 	nr 10) 
I 

on the other band the non4i ear calibration curve of p.type 
silicon gauges followsthe general pattern 

i1 ( C + C 0 	. ««,.. 	3 	«.. 	..  

Sines the two noa4inear terms in .qr„ (2. ► ]D3 and (2.. ll) hstt 

opposite signs, 	pensatlon cal be achieved by making the two 
ratio am either smeller or larger than R, this matching the 
bridge no wUnear ty to that of the strain gauge, 

Two or four seit..conductor Strain guess operating in 
push.piul (compres ator*tensi on) fashion result in fairly- good 
through not perfect linearity. For seztoonductor strain gauges 
oanstsut current supply is desirable to get linear output 
(Table 	« 



Th accursoy of the transducer using se..aondustor 
strain gauges s Wends an the delicate balance of individually 
non.linesr and tiperat " s&is tt ► gauge and circid.t eh ►c. 
taristics. in tdis ease bridge bal cing can be obtained by 
using a second bridge in pareel i4th conventional balancing 
el.s nts and giving an oppoe1ng output oltuge lwtltcb  3ust. 
cell the zero .gnat output of thi streingaugo bra. 



In inaorit7 of a WW the Qhfl$a of Inft0t * th an 

r 0tiTh Pressure trmn$dcer is carried out in two states$ 

pirst the prasr1ra is ar an*d to cause a dd3.GttOfl sd #h 
this d fleCtiOA is used to ahs soflø peter of a coil, 
thus ebangifli its tduOt*flC* O .' ' . The coil induCtaltOS OhS$S 

is used 

	

to cont' 	+ ►+ t nje, cif. I► to give a volts o ti t 

the transducer. For converting the applied pra*sU into dis. 

any of the Pr.$eU eeristhg eleflt5 in Chapter 24 

too be used vith itabla zt1tSaw 14L 
r# is used in inductive  pressu as trsni 0e~r* to obtain the 

a ` Re$ (3) OXIO'` uaa of indnctaac Compared to air core 

less ager of turnS as need to gat the same msAttUd* 

of Induct as as in the air (iii) less n 
help to re Oe the sslteapa0tt*flO0 of the c 

' 

	

he 	ofll1 used types of inductive press tra a$- 

duaers are 
O Airgap type 

(ii) Plunger type 

(iii) Transformer CL's) type. 
In types U) and ►t) variatiofl of reluctance 3a utilt$a4 and 
in type (1i) variation of rtua1 indUGt*Ue is 

ti3t . 

r 	 ,schematic m ean' tI0U of s : ► 

gap, type transducer. The variable reluctaflOS transdW a 



(drgep type and . Plunger tarp) may be considered as the for* 
twmers of the modem L (9), The basic design is g va In 
the following (4) _ 

The induce L of a coil of n turns with a 
magnetic core of length ((be) and mss ascan A (Cm)and a 
small airgap of W( s) is given by the equation 

ire p is the .tteetie permeat&lity of the capped cors. The 
value of x is 

Guerra is is the tnereaent4 perneahtlity of a r she of  
the core material wilt airgap. 

.bining oquatics (2..3,1) and (2,3,2) we got 

2 
1O 	gfr 

It the  map decreases by 6#9  the inductance corespondiugly 
increases by 

L + 61. = 	X rr trnic ,  4 
	 (2. 3,4) ►} 

3D 	gg+ 

Dividing equation (2.3.4) by (200) we get 



$9.  

+kms 
E6 

* J. 	 ~►. 	` .* 	(2,3.5) 

Siid,lsry for inceasa is a rgcp we have decrease in inductance  
and the er s1a.ca for s msiti . 1$ 

	

, q ~► 	. t ,~ 	(. 3. d) 

Equa . 	(2.9*5)and (2..3.6) &1a e calculatioD of 	i i iv. , 
Also it is seen by these equations that the owe of coil indu 
atance against airgap Is non4inearity in the relationship be 
weø bridge output coaparos with pressure. Most trsnsdicers of 
this tore would be a cørnprasise between output levol and line&. 
z'ity, But the worst ease one would * ct frc this t p of 
transducers is around 9% linearity (il) o 

"fir a foot of coil reaisterios R. is to cause copper 
3065. a0 can be calcolated by using the equation 

vher* n no. of nw, 9 * Lem of mean tuna 
d dia ter of the ,wir f* r$tiwit7ofvire 

material. 
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The a anal xt car .t of the coil is sho in Fig2 22f 
Re represents *0 7 current loss resistance which cc es in sunt 
i.th L, 0 represents tS self capacitance of the Coil 4ndin. 
The magnitude of R1 Is calculated by using the equation 

cos4 •.Oos(~ 
R5 * '' 	LJ 	LU W 	.. ( 2.3.8) 

vbere P m 	JJj) x ' ''d an depth of pietrattou, 

t a t2. cess of core l Lnations ((is) 
0 8peoifie resistance of the core material 
s Perneai*ttty of Coro material 

At by frequencies, i.e. ► Values not greater than.. about 9 the 
equation (2.Z8) AMPU .es to 

p,~ 2 

its 

The effect of sit capacitance 0 is to increase the  
sensitivity according to the approach of resonance conditions ons 
in such a circuit (4). 

e turthar advantages in tars . at performance can  
be achi Bred by using pushes arr ws gam,, i.e. one Co' . iridu. 
etanee increases while the other dm%axes The resultant out-
put wd U ie as s vn baa g,..3. Bythievaylinesrityof 
response is imputed. Fid.2.2 she a practical schaitio 
draring of a pressure transducer use tads Ide** Here $ site 
armature Is used and a coil is s ted on e&thr side(9 
Pressure is applied ed to one sir of the diaphrsgm via an appro. 
Prtats port and it so desired one can apply a varying reference 
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to the other side. The adYSOU81es Of a system► such as this are 
btdh output and better 2,iaearit7, . To Obtain 	 d i . r tr the 
'ractiooai change of gap lith curt be k.t Eal1, This t.ads  

to low sensitivity and it I.s the designer's task to striker a 
campx .se between the two ooniot1ng rs ,Uirst t*:, As a r igh 
guide the designer should airs at a i'raCt *W change . of induct. 
a c• of about 0.1 to 0.2. to such a transducer, aasludng push 
pill action the non.lin.srit ! will be abaut I to 3 pert at 
full scale deflocttc* « The b rteErisis loss can be ,afetr neg 
tooted if very low flux densities are used. Residuel losses 
are also negligible  fat 1aiinatad Ones compared 4th eddy + urr 
out losses1  but iay be of mar 	two In te to cores at 

i.r frequencies, . . 
The ideal design of press transducers gould be 

insensitive to any external effects1  such as tenpei'aturo1  ext. 
±ernal retie fields, vibration or shock and compaothess. - It 
we consider the differential pressure transducer eaSned aboie 
we find that the magnetic (draidt is eztrernaty close oouiLed, 
so leading to high sensitivity and efficiency. The  magneto 
circuit itself frm the shield and smnetry of the armigoaneit 
ensures self cancellation of tnperature effects  by proper 

2.3.2 Plunger 	s In this type of transducer variation of eruct. 
ante in the leakage path* of a coil by aovøort Of. a plunger 
is * utilisedd for transduction, The inductance of the coil 
depends upon the length of that part of the terroiagnetic cores 



which has penetrated into th coil. Pig..2S shows the plimg  
tome transducer with single eoiZ gent and the oca►r"mpn&•► 
ing .  distribution otmegnetie field strength stg the axis* 
ftg,a shy AbPoPM coil arrangement and the corresponding 
distribution of magnetic field strength elong the a.s. 

The fractional change of indictance in coil I (?i g.21) 
whan the carr is pushed Into cam. I can be shown to be 

when 1 to the eUootive perrieaUMMy of the forromegnetic 
core In t Ls rrangsent (4). In a sivlar way coil II suffers 
an i ntteaL cue of inductance of opposite Uig# it to O 

from the ecuation (2.3.30) that the 	aa sensitivity is ob.. 
tamed by zing the ratio k end o to approach unity and Va  
should be as. lie as possible, 

Ferfarance of plunger type transducers are interior 
to airgap type for most applications due to Us following reai► 
stns (4) 
(a) Because of the large air path t, the high reluctance of  

the magnetic paths  the sensitivity to a givi riechsdcal 
sovment Is lover than the airgap type. 

(b) L air path in jtunger typ* needs loo number of turns 
in order to raise the inductanca value to that of O► gap 

This iucreasu the self oapecitan.oe of the coil whiCh  



- at higher frequsctss aay bring the inductance and C*p*+ u 
tams cchinxtion to rsonanee. The cable length connectid  
to the plunger . t7pe transducer mot also be linttad In order 

to reduce the capacitive effect,  

Cc) $inc+e th diameter of the pltuger b to be quite s 	, in 
the ma3orit7 of the e transduos It is usual? made of solid 
did sts . Thts results In large losses. 

Cd) Because Ian* portt s of the maisttc path are in air it 
has an apreci able stray field and is there opon to ck 
up fos external ; ads 

(,) The shape of the coil c r coil fives *zst be identical aid  

shenid be g etrj y' stabI.e t'Sr linearity and stabii4r 
of the calibration cuz s. he air gov typa* since it does 
not operate on the leakage nx distribaton, Is to a great 
extent independent of the shape of the coil* 

Improved p+rtC►rartce of zOiger tppe nductancs trens.  
ducers o be obtained by using ' `■ Sb&W laixtnatcd Coves as ohm 
in ► 2w?, In this use the l*ksgs fLux is considerably redu- 
cedand this pickup from extcrn4 fields is 	. . This type 
3s a conprOntse between a plunger  and  s.rp  type, 

The 	 ,tom of the plrngertype inductance 
transducer is its leer linear rz, compared i4th the nore 
sensitive map type. At lover frequencies the plunger 
can be e used with advantage. Hovayer 1,VDT type also pzyidas 
longer linear range and. is of superior design. 



2. 3, 3. T sfo 	LV.T) t 	$ These transducers consist or pritaary 
and secondary coils, the coupling of oh is altered in p ► ► 
tion to the meas uraM. With one seecdary crit, thare viii be 
large inducsd. voltage In the secondary in the nosiat posi on. 
With too coils in secondary and co * e o ng thea i.n opposit 
sss► (negligibly .'all) voltage can be obtained in the nousignal 
position. this arrNigeaent fort the baste idea of the LVDT, 

F 2. (s) the the TVDT coil and cars srrangernent 
*Ad Fi j.2 i(b) shows the tdeai leakage flex distribution on 
the core Is in null position. the leakage flux datty can 
calculated by using the rgua .ons(4) 

2e ri log.( t) 

+b 2-9p 1 	
Ww. 	• .  

tibea the two secondaries are connected in oppositton the diff  
errential voltage e developed for the mature dtspl&ient x can 
be elculated using the equation 

fIpnpns  

log( ) 
0.:. (Cil 3W13) 



0 

,hers f * Friqflsncy of the input supply 
1p 0 ?x'jmr Current 
up a Pjy no of turns 
as a Secondary no. of turns 

b a Length of ps ae 	' 

is 0 Length of secondary  
vo  * tatter rMtus of the o. 

Ynn.r radius of the oo1l 

The following rslaflons are used for designing  
LVD (1,4, 9) $ 
(1) Length of prim, 	(b) $ 

b a  	t. 

f 	
4, , 

2 

aaa displacement of thearmature  
• a tolerated error of non4 tnearitr in %. 

errs S a a small frs ct cn of Furs diemeter wed to 
acid emergence of the armature fros the oon# at 
displacement. 

(3) Length of armature (La) I 

1000 +* • (243,10) 

(4) Arasturs radius (ri) may be d osen as a røasonable fz'aeton  
of sraature l 	, say a  0.0 



($) Co1 radius (r0) $ 

r, .o Is selected generally betvm 2 and so  

t ? Prbiary Hinter of turns nV  is selected b7 considezng a i-. 
fable space for 4nding and supply frequecy (self Capaci.. 
team►). Pt'ftiary Primaryint I depends on .palms► voltage and 
e . japdanee. Lover vacs of Carrent Is desirable. 

(7) The nitber of secondary turns ant be as large as Possible 

I when feeding into a high  3apedancs or made to match the load 
impedance. 

(8) Output voltage. is cajoulated using equation  (2.3.13) . Ge'si.. 
can than be elaculated, It low frequencies say 

below 500 Hertz the ±spited and measured sensitivities nrc  
In good agreement w solid Iron eores are used, At higher 
frequencies the sensitttty drops appreciably and at about 
2000 Hertz it may be little more than half of the tleora&1I]. 
Yalu*,'Its is due to edty current losses In the *or* and 
stator ittch Is ignored while der ng equation (.3.13) . 

er.ibre at higher frequencies oozes made up of thin laaL,. 
nation* or of magnetio materials of high permeability such 
as ferrite* witch have negligible eddy current losses are 
used. The rated sensitivity of an LVDT is usually stated 
interms of d] Ii volt* of output p.r 0,001 inch comer di 
placement per volt of primary  prttaaz7 mitat an. 

the tial frequency versus output 
ohar ctsristio and V1 L (b) above the disp]aoeent ' re" 
output char.etari.stie of L'D`„ 
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hasC 	: The phase =40 at the Dint Volta* 
4th respect to input voltage ho two values differing by O°, 
depending an whether the *ore is on one side of UVU or the other. 
To calculate the ;fie angle of Us p + ' current with r sporpt 
to the Input voltage, th* ftlo4ng spprot relation 10 useds 

tan0 

where Lp st prtraari inductance and Rp * pDi1ar7 resistance, , the 
negative sign indicates that the current lags the voltage The 
phase of the output Mage can be .+ ,at U seoondsr7 r 
sistaics and ind *tan and the load .mpe anee are kuon (2) . 

pl ge : The 	 voltage is composed of three ocmtponentss 
quadrature voltage, hannonics and nts . 	null results 

whet the E .tnd*s of the two .s mu t are equal(Magnitude 
balance) • The difference in Phos "a between the output 
voltages # of the two secondaries sboad be zero (phase balance)  
firer, acs: eetriMl windings, non unifo wiring and ov-
itetrical magntiø circuits cause might phare angle differences. 
Losses to the magnetic aateriais in the LVDT are tie bode source 
of baz%anics. Th! td  r4 haunonic Is the a5or conponent of the 
hs wo ias present in the output The mtll position n of the bar» 
mimes is 2oaated at a different point from that of the fund 
mental (hsxonic balance) (9).. 

For magnitude balance, the two seas must be 
having identical number of turns, A practical l solution to 
correct the phase anlo differeti 3s to acs a pow onater 



and a riabLe capacitor across one of the vindirigs ad s43ust 
it until the phase shit Is zero, The effect of third ba monies 
can be eliminated by putting a low pass filter in the output 
circuit. By putting a espaoitiI load moue the output the 
noise can be reduced (3) . To sun up, the following design oon.~ 
sideration should be taken Into account for obtaining a rafts* 
null 'e.tW( $ 

(3) The two c. balvos and the core must be as symetrie 
as possible. 

(2) Operate the L= at low icvdi primary meat and low 
loss and 24gb saturation value mastic material i ► to 
be used to ice generation of haziiouics. 

(3) Proper niatching of traducer and load is also advisable, 
far the residual voltage will inose at frequencies 
below as veil as a o" the flat part of the frequency 
response curve of the Lam. 

(4) Residual voltages of tho mdamental amt be corrected 
by the addition of resistive and/or capac itivo balance  
controls, but residuals due to harmonics cannot be red . 

ced by these means « However as in the case of a,,*R 
bridge tee)rniques they to be elimtnatd by using phase 
sensitive discriidnation In the indicator circuit. 

+ek Ch 	s i. a Change in resistance due to tcape  
raturealtars the current and flux generated and resets in 

change or sensitivity, At high frequencies, inductive reactance  
(which is unaffected by temperature) b+ e# the predominant 



part of the impedance, and sesistsnos varist c* s heve less 
eft e. Typic.c .y' the change in sensitivitil' at by frequencies 
is about 11) to 3.I for a t*peratur. moo rs+ of 3ØØ0p 

to tssperotu , variation the pie angts shift also oasts 
which result Lu shift Of null position. For every ZWT on Grp 

tisan tzitation frs enOy existi i.bera losses and gains bels. 
no. and pias no csngs In sensitivity due to thern4 affects. 
lull shift hsi very littLe effect on the sensitivity.  MugsJy 

wire may be substituted for Mapper wire If the tenperture 
effects are to be resod , but the sensitivity drops to about 

th of copper coils due to higher resistivity of manganin. At 

higher frequencies vn inductive reactance best rtes dosztnsnt 
s t may be used more of lcisntly (119920),# 

u► basic requirements ►a' a 
good core material . s high permeability and low loans  to obtain 
high sensitivity and less. space. The core material must also 
p r t operation at reasonably high flux densities without ax» 
ssssiva generation of harmonics, Secondary requirements are 
low cost, good svaila tty and the *see with ash a *or* + 8s 
be shaped and assembled. 

Industivi transducers mostly have long air path,, there 
by the reluctance of the iron path ba ss almost nag)igLb1e in 
eapariscn with that of the air path. This also results In 
;mooed core losses. 

U rites as nov videly' used in transducer irk eves 
at relatively low carrier frequencies ci+ s (4) • They have high 



permeability, and their specific resistance is abOut 20  times 
higher than that of other ferromagnetic materials hence eddt 
current los s arm  ne  .gt'b o t  Hysterisis losses ar. also 
small. The residual losses (capacitive losses_ du + 	stray) 
may "react prominent at higher frequencies. For transducer 
work the most coanonly used ferrite is `ate=. cubeA (mea msec 
zoic f rrites) . Xsma tecaperature is linuitted by curie 
teaperstur ►. 

The advant&ges of the L' *re as ll (9) 1 

(1) Infinite resolution . the chsgzge of voltage to et, pUso, 
h sensitivity .,.w as high as IV/O.00l inch, 

(3) Good linearity ,• 0.0 Unity is commercially available. 
(4) Ruggedness « • usually can tolerate a high degree of tthock  

and vibration rithout degradation of performance.. 
(5) Low bysteriets ..* repeatability Is a eUent ider all 

conditions, 
X.asur nçC rguits s There are several basis 'circuits suitable 
for use with Inductive transducer. The selection of the p 

circuit dept on various factors such as consideration  
for plieation1  null indication etn, Some of the baths aiten-. 
Its are briefly discussed.r (4) $ 
(1) A.O.t oometer circtd.t $ P1g,2.3G sue► the yariable 

duct a* coil, wtae inductanee is L and resistance is as  
connected with a Wia$ resistance e a, Z is tb coil. tape►' 
dance. Output voltage across the transducer coil o  is 

/ogeq4 
tE ff4tAL tt$M Y U1 YE SRT Of A00A t( 

ROO&KIE 
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I " Z changes to Z + 4Z 	Bo chogto It.. + A '.R +* 

ibtracti .cinstion (2.3.17) by (2, ,10) and rearranging  
after simplification vs got 

%2+a: 	... 	(2, 3, 

xatton (2.3, ) &vs th output ,rale Is 	.ice 

Also fbr high sensitivity 	 , 	must hea11 and for 
good linearity A out be lone# In oar vo2s the effect 
of irqmse in R is to improve Unearity and decrease 
sensitivity and there fore proper value of R to to be cat'.. 
fiAly satected. Oust voltage E is qua 	.y W into high 

put 3*p.d&Wo *m i ►+ , 
f 	^:4t~'. 	ip' yl.'1.#i 	 ~ fit; 	{ :. 	N 	~a 	♦ 	t~► 4 	,~ K 

transducer in series with tbo mer. TM.. ro,.t is use-  
fu it a currant output is, mar" to operate a current 
meter or ge1v ster recordr vitut *r*,t fication. The 
effect or the $ ting capacitor a Is to oapmsate the 
non- .n•arityr In indUetance change for air 	 cis, 

(3) k t . bridge d Mics : Ma3ortty of inductance transducers 
are Used with a,c1 bridges, The basic coal :on nam 

.i *p1osd 4th inductance  tom►+ r is ohm in the 
Fig. 2, 32. The main adantsg. of +66, brims is pasIM 



*.63 

inductance transducer  can be connoctd into adjac t arms 
at the bi t dge and any squa3 changes In the two coils are 
caieUed out in the output. This is om obvious advantage 
if the transducer Is used at vs able to ►poratures, If the 
resistive changes are ignored for a first approation the 
output voltage E ,a  * 	The indicator can be saae 

0 
toyd'1serj fl$ bei a + ve app .. ve signal by using phase. 
iensitiv. d ►odulator before frees to the indicator, 
Carrier frequency must be about 10 des the mid due 
in otter to cope with the highest signal frequency the tis. 
ducer is designed to respond to. 

A ty ca' . schemes a at,y used for std gauges, 
inductance transducers and I' ''s Is s 	the 
diagram of .8.2,3.3. TyptaUy Wrier Ostia r frequw► 
ency is 6 KR end amp.Litu4e 04 to 5 Volts is C?) 

(4) O4Øi.1to1it $ Th* inductance  ods  Is: utili sad to  
cause proportionate frequency chge of , u oscillator 
connecting the inductance transducer in the tank circuit 
of the oscillator. Normiy single coil transducers are 
used, Therefore thsr calibration curve (1 ic as versus  
sirgap) is non.13usar but since the frequency is proportion4 
to 	the frequency vis eirgap curie Is of better 

linearity and may be satisfactory If moderate changes of 
induatsnce are required. atnee the single coil transducer 
Is not temperate compensated, pzsh..puU arrengesnts In 



vhtch osch tr=$4Wer 0o13, freq i noy mD u3.ate* a htgh freq' oncy 
oset3lator and the beat frequ+n*7 of both oscillators can thus 
be obtained featuring better linearly and ttperatur► cp1s. 

u !ttou. 



in Capac tive pressure transducers the doileotton of 
the pressure sensing  shit is converted to change of eapaOiM 
tanc+r, Tide chi of capacitance to indicative  of ths magzd* 
tiids of press acting on the pressure send element. 'h 
Variable distance type of arrangc ent is used In most of the  
pressure transducer as this rnot1d is convenient to detect waU 
dispL*csaents. The fOrtrnlae for calculating eapacitanes and 
sensitivity  are given in the i" lto4 (4) . 
(1) Tvo parallelplates. of area A square rte. in air (* - 1) 

separated by a distance 4 *,, ( g.. ) dll hais mat 
tacos c (pie+ » ' 	) given by 

t a  0.08 ' 	. , 	.. + . . 
Z f the distance betvacn the plats# decreases by , t t the 
capacitance  increases by ftc..  Hence vs have 

a 	0. 	 . . 	,' ` (z4.2) ! 

8ubtr*cting equation  (2.4. by (2.4. and iaplifleaticn 
it's'.. 

so a 0,0995 	 rt , 

The fractcmai change of capsoitan a (sensitivity) to obta ii. 
nod by dividing ng iquat$,on (2.4 i) by equation (2,44 
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piatioa (2.4.4) sb s that the freottonal ch ge of eapaa 
chance is rzonUnesr. T pro►i Iinrarty d Not he very  
large cc *pared to d, but t a des $Efl ivi  

e. a good pror.;e is to be made. 
(2) Two psraUet plstss in sir (6 a 3.) sepal by distance d 

(ems) v i th a solid didsotric of thiobiess d2(c*s) end dio 
lie constant 4 is inserted, The air gap thickness to 
61(me) ihere da' dd2 ( 	2. ) s 

The capacitance of the oanbtnaticb is 

It the .rgap in demised by £ ,th. capacitance iadil 
increase by c. •H. cs 

.5. 	,.. 	( 2.4.6) 

( 	Sal+ 
zbtra+ t ng .q.(2.4.5 by (2,4.8) d Iim Iifg 

The ,t attain 'cue In eapactanóe is givi by 

, 	 , 	. * 	(2.4 .8 

In this ease also for linearity di + ;; mat be lam
coapered to&h but the sane increase in d3 + .~ decreases 



sstxsitivit7. ALO sensitivity and ncn..Unearitt increases with  
increasing 4 0 

By cormeet;ng two variable capacitances in push.  
linearity can be improved, 

The following tit$ or cspacitiv pressure  trane c rrs 
are most con only used (4)1 

(1) Membrane tps  
(2) T1d 	,ate type. 

M ibrsnw tom* $ Fig*2.3,6 shows the schematic diagram of this 

type of pressure trtsuocr (4), 'M acted by pressure, the 
de an profFile viii be spherted as shIn the  

For s*U deflection O 2  L< 1 is ftfl*c &r► y of a point at 
a distance r Is gtvx by 

The fractional *hang* in capacitance is 

a2  

For =031 deflections the sensitivity 	of a capacitive ;;r 
saure transducer with i a abrsne Is free y proportional to 
the applied fluid pressure p and to the square of the dtaphragia  
radius .a end . inversly propèrtionai to the tr sioa $ In the din 
pbra and to the initici airgap d between defleetsd "*tame 
and the fid elsotrode. 

If we assume stogyiikI *o!E 1t then the deflection 
v ,l, be wzitora end the ssaaitiwity can be ohm to be 



Squaticn (2,4. XL) suers that sensitivity calculation aid• on 
the urstption of piston type movement produces mac* the eet 

value as calculated. ated by equation (2.4.2O),sthvizg tMt the 
esompUen is leading to +srar+c nsous value of sensitivity. 

The above results are spplteebLe only to static det» 
lections since the cushion effect of thin leer of air behind 
the diaphras has been neglected. This air cushion increases 
the stiffness and thus oduoes the sensitivity to drnsede pres. 
stiros. Also the mass. of the sir lever rich 3s in contact with 
the di s,' ,' may be of the some order as that of the diephrr 
itself, Its effect on the d u ,o sensitivity and frequency 
response is also Ignored. 
Mn- I at, two r Transducers using thin plate clamped around 
the edge Is also cnonly used. Fig. 9#37 suers the schritin 
dim of clamped thin plate transducer. The deflection y at 
any mus r is (4) 

v - 	r2  .'.. 

vbere p a fluid press (K /C 

aaradiusofri; 	dieparg1a 
t i thie3mess of diepbr (ate) c 

pois5012s ratio 

*.. .4*1M 



Tha fractional change of C cdtance If 

L 	24 

	

»._ _ 1_ T*_ 	 . . 	r(2,4.13)  
" 	Edt 

Equation ( 2.4.1) shows that the sensitivity of a transducer 
using thin clamped plate at smaU deflection. is directly pro.. 
portional to the fluid pressure p and to the 1 urth pony of 
the th .nplete radius a. It is also inner ly proportional  
the wibe of the diaphraga ttd olaisu t, to a material  mateilsi. ratio 

and to the initial eirgap 4 botvsen the nideflsetsd t 
i 
diaphragm and the tied elect. If we ampere this sensitt.. 
vity to thefictitious sensitivity aastiDg piston like mou nt!  
the actual sensitivity Is oniy F  of the fictitious sensitivity. 
The discrepancy Is hers even meter than . the ease of 
rane, 
i stmationel detail! fad capoiv t educe t $inc. the 
electrodes, although Insulated from each of r, mist be home. 
eted mechanically. &1i4 supports made out of insuletion mat. 
erials out be used. Tb. insulation material mot have suffia 
dent mechanical strength and bigh brm stability. Its theme, 
coefficient of expansion should be as by as possible, Z some 
cases its thermal coefficient of expansion should match with 
that of other structuralgds of the transducer so as to come• 
parrte the thermal effects, Crratc Insulation materiels are 
generally a better ehatse that plastics or organic materials, 
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The metal parts, dial ` ,► +Laotrodes and supports 
also require a high degree of form stmW ty. Loy ezarsion 
end hi t peraturs mays of the n "Aron type e be 
+ sid d though they are dit1olt to * 1 ns. The f&aes 
of  the variable ©oodenserr plates ids the transducer i,inct  
norsally be cleaned In us*,* T he $rgsp must therefore be p 
tooted from to dity and condnsation as weal as from corrosion 
and dust. fiIdi1* plating has prY►sd useful end is a necessity r 
for 4.ctrodes tirersed in iqutd, Metal and alloy cosbinations 
used in the design or the transducer vest be chosen to avoid 
+ua.etrolytie corxosionl, .speciaLy it the transducer  cannot be 
etfbctiveiy seated against the aosph.ro, The transducer 
housing must be ds mutely rigid to avoid any distortion 
ih n mounted on m van surfaces or the seusftii amasser 
unit inside the housing must be x chanically iit1atod from the 
housing, 

Electrostatic screauing of capacitance transducer 
leads is essential and should be screened up t the transducer  
hosing. For this PZrposs a convenient length of +dab.• is us.. 
u*lly made an integral part of the transducer. 

V• 	 jw~I~M~111M Mllli r 	s 	following basic circuits are commonly 

used in connection 4th capaitiVe transducers  
Cl) A A'A br .dg. circuit 
(2) T'id 'T' rcuit 
(3) dscMator circuits. 



U) A 2 0 j,- ` . ',r.' cuSt  s  MaxvWs capacitance bridge can be 
used. P1.gw 2, ." sbo" the baste bridge circuit. Output of the 
bridge for di 'er ntial capacitor a r 	t o 	6. 411 be 
linear (3d) . Balancing ray be difficult if the magnitt1a of 
Atra r capacitances is large. US* of t sto r ratio bridge 
simplifies sore00ing *nd eartdng pro leis 	 stray capseftance 
effect can be diainmtad1  thereby sero«►stabi3ity of the ► oircuit 
is greatly improved.  The circuit is nor widely used in capact. 
to e,  transducer rc rk end It is also useful in &„o. bridges 
for induct.►+► and resistance transducers especially at higher 
carrier fequ*%ci s (4), 

T c.r uit % Fig. 2,39 sIxnvs the tvi► 'T' network, 
This cit solve* pbaes shift end grounding prober Xs g1s 
bridge,, The twin #T' network transforms Cap t*nce des 
due to pressure differ entiats into an output volt * (L, ' ! 22) . 
$ Is source ci  and of  are the transducer capacitors.  C*pecit*r 

is charged during on*bslt cycle  of the applied ac through 
diode 1'  it disahsr1ss during the subsequent half cyclo  through 
the resistances B1  and Z1,, to a + osron side or ground, 8iilgy, 
o bees charged and discharges 100 electrical degrees out 
of phase with ci. Ths d.o: output vcltage across 8L  is a remit 
of the . difference of the average cuzents oving through  R, 
and R42. bflai C1 , A, a fl1  an idantlul to C2, 1)2  and R2  the 

average current through f is zero. This is the zero pressure 
codfttcn for the transducer, A change In th position of the 
dtapbra will prodme a net ouzi t through fl p +po e . 'Mo 



.es» 

the ch.ige bst en and 02*  US sensitivity Of the syot* 

sass order of Made as the pexiod of the source 'voltage Es,  ► 
The almdt has fuser advantage that the source, the transtti 

1 	l 	E  

car capacitor, the balancing capacitoroitor end the output iaeter  
are all cited to grod, 
(3) Os4ftt1 qti4t. $ The change In capacitance can be 
measured by connecting it Sn the tank circuit of the oscillator. 
Fig,► 2, 40 Mon a circuit di som of astab3,, imltivibrabr v . th 
the indicator corm ad as shit. The transducer isy be 
oted In place of C or 020 The output ioltage to the motor a 
can be ShM to bo (OD) 

Vas a 	vhen 	B2  tend C1 s 02  C 
1 go  

sb c the response is nou nom, Better linearity and 
sensitivity - can be obtained by using *onoet able 1mltt'vibrator, 

A,C4 bridge circuits aplittde ndulatas the signal.. 
Other farms of aodutatict such as frequency t pitss modulation 
have also been used (2].). 
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?.+iso-eisotrie transducers are force sensitiv. decie*s» 
They . +r .sssntiaUy farce msaSuring stets Of u.gli bl* 
deformation under load. Their oi*nta . $ttUM$$ is *fir high 
and has high natural frsqusno, They can be std* very small in 
dimensions.  The main draw basks of V&ezDe ectrie tratsdusers  
are their .ask of steady.ststek response and their high e&estrt.  
*4 output impedance coupled with th* used for loran-noise +mss 
of lar a pacitu tc value. The sad** working ng temperatures of 
most piezoelectric materials mss► in the neighbourhood aurhood of ZO to 
250*0 and above this value of temperature loss of insulation 
resistance sets a practical Uldt. 

Tb ► equivalent +iroitt for p&e electric crystal al Ss 
Own in JLg, 2,41(a), c and R represent the to +i nee and 
shunt resistance (losses and lie resistance) of the t w l 
ducer elem nt1 0L SM % as the capacitance and rosi Stan s. a*` 
the load (cathode follower) and CC -o the cai* it a e of the 
cable between transducer and load (4). Por s3.1 practical , purp.. 
oseg the resistances and the apaattances can be lumped into 
the total pareflsl resistsnc and the total parallel caped. 
tones 0 as shm in g02,a41(b). Typical values for It  and 0 
arse It a 9 x 1010  e)*s and C  a d X20 34  farad. 

Pieso- .ectrta pressure tvansducors measure brie 
pressures only, They donot respond to st+s*dy stats pressures. 
Commerdsl applications seise sderophoues, bophonss,blast 
pressure, gauges and engine indicators  () • Piezoeleotric material 



used oxtmmiVsl7 are Qua (nam) and Ludiroonat. titanate 
(synthetic). The most commonly used Lo electric pressure 
transducer is pro 4osded crystal pile type. Demos of the err 

In the folk Ong (4) s 
2,54 !! .oa ded + tom. 	0 The sdng elaient condsts of a 

pair or a pUe of pairs of quartz discs is i1irn sohn*ttcaUy 
In the Pig1242, TI opticaU7 net go** of the quartz o;► rl ,s 
are held between stmtlar.y flat metal des of the load plat+, 
oM thetransducer body by *y Of a pra.1oading spring of stiff. 
nos# 	bow the stiffness of the grist.. pile, Zt has 
been s2xwn that ltgh natural f'rsuencd os are aaIzte#sd o*3 y It 
ream sir bin► the faces Is rvad by a htgh p..oad 
(sa' 50 W" 100K for disks of 6 to 3D m d. rter) , Boding 
of the loading plate or thhousing voutd have s'.l.r dstri 
niøt4 a `P t$ oo the natural frequency  and may also Can* a 
to oaxity of c3.ibratioo. 

The Thrum p pu duced by the + o it ; pressure is opt 
LntotheThrceththecrystal$leP1 sndaThroiintheprejaa • 
Lug sprLnt p2  i4th a pit• denoction M we have  

04* 

 



Equation (2.8.2) 4.s saasitivlty iitd.ohtnc?eu s with deans. 

	

S 	- 
sing 	i.e. at a given Elie sttftiese it nOOSs itth the 
L*301l1 ter of the loam aprngs. Linearity is obtained oz3.y 

It 	remains constant over the press rans, Loo' athigh 

pr.4otdi whan sir eualtouing is »: nated and baMing stresses 
illi swá$d The nates freqilsicY AU be about 30 to 60 .. 
In the eaztter designs the Pr40a4 vu obtained fto* a rtiv4y 
stiff diaphrag7 vhioh also seared as gas saw, (Pit 43(*) 
The *dn disadvantages v 	por*tuV* sensitivity  , de to 
variable pre.load 4th tpsr*tures  d n4insertty even at 
high values of Flo 	A bottor er'aflgeinent Is shown  

g g;: 43O i,bere 	load la provided b a thin-walled tube 
rmdor tension, the sing being provided by a very thin diaph. 
ram of fle4bls material, 

Tetbntc ues and transducers fbr the asasurement of Sir%• 

blast prem yes , and for under ester pressure trend ants are ux%* 
,y alas sifted. fted. I those the transducers sbo.d be non.direct. 

lou. which could be as ieed by a spherical sensing +.Rent,+ t 
snail sirs ocmpared to the imve l+ 	of the press wave. 
For practical Wises a ass cylinder is the nsxt but c ls+l 

gzo. jam+ pressure transducers can be designed 
for pressures along froa aboutt 0.5 pet to the order of 20,000 
paSensitivities oft $ PP/psi to  IPP/psi bas bean obtainad(2).  

	

2.5 2 Kessur 	circuits $ tentiona1 vole amplifiers ax's nor 1.l7 
*suifi*b&o to use 4th .ezo.etectrtc transducers mouse of 
their rel ati ve y low input iapedsxicss In the past .t.ctrom►' r► 



t r- 

vsli. input stages and catba 	Uovnr circuits iava boa +p,o* 
yed. Thy offer high input impedances, but voltage *rp .Hera 
are 1iit i in thcir frequaney responses pnrtimaax'1y at the lost• 
fraquancr end. 	ncs the output voltage also depi gds on cable 
c cit c. &azo.electric measuring gist is using voltage m ' i.. 
firs not be rrcalibratod wben chan4ng  the transducer cable, 
Charge aaØ.ifl.rs are now in mast ems.usive use with p&ezoi  
electric transducers (4) . 

The eq dvalent ciroit of jts 	act ric transducer 
with charge pli for is. shown in the Fig. 2,4.. 4(a) • 'Bates of 
voltage 1k ;  epacitons C1  and .4 01 	wilt the 1 .azo*ate6trio 
crystal 	.valent c i.rc t( ) • The charge aitplitie 	o r 
oapadtncs to dback. As the oapaeltan r C varies, the charge 

This charge flows Into the fe l*ok castor +F 
through 	 Inver .ng Input tzdns1. The resultant change in 
charge CF ge orates an output voltage 

Knee the operational amplifier mores a d.c. path In the 
feedback circuit it is necessan to Insert rsistsnce R.  In 
the nbsce of this resistor the capacitors will build up a 
d.c. charge until the output voltage ram saturation. This 
neat stor limits the lower out off frequency of the charge 



w 

a 	fler. For stahtlisation purposes and scmetimes for prote.  
ebion of the trUtier input sfi e, it is also desirable to 
Insert the aeries resistor .TIts resistor lits the upper 
response frequener as #3vNn In the Pig, 2.4.4(b) . I Frca the  

equation (2, 5.4) we Dee gain of the tifer is 

and can be varied only by changes in C, Zt is usually  deem 
bas to use a anal re3.:uo of C consistent with the desired fro. 
quenoy response and a reasonable value of R ► The oust volt. 
age is substantially ly depen ant or *able length. 

Tesperatur. variations  affect charge sensitivity, of 
pie*aleotriO materials. AUJ&9so 46tric materials mer 
frc loss of insulation resistance when water vapour is allowed 
to condense on thair faces, Piese..dectric materials having a 
vola a» Wider mode produce sz*irious signals if coo d to 1gh  
intensity air.borne noise, Cable noise can be caused by the 
olsetrostrietive properties of teflon and pvc. Also sham 
may be generated b ► friction and deotrostatic induction due to 
whipping and twisting the *01* during oa4brat on end measure-
ment. Speal low noise cables sist be used (4). 



PRESSURE TIWSDLTCERB DEET 	PABItICkTED AXD TESTED FOR VER! 
L w R 	I PRZSBUREMIA 

Pressure transducers using the diapbragi as sending 
element are the most convenient to design and fabricate. For 
transduction  s to gauges, LVDT or gapaotttve Cent can be 
used. For tdghsr prewus ra *$ design of pressure transducer  
utilising the above sensing and transduction elsa nts is sore 
reli& to as cmpered 4th design of the some for very low Pres 
sure rages at which disZza1  defections .ons w l be very snail 
and corresponding sign, lam. also tom be same,.. In the 
following Vat*$  discussion of the above three t; .s of Fret r 
transducers designed and fabricated  r measurement of 'fir low 
Wind press (rang. 0 to 70 s, of ter) is given. 

Sin gauge pressure transducers using bonded wire 
strain gauges have been designed or low pressure  ran s of the 
order of 0 to 3D pi (3). In a t eml trensluosr of this n g* 
fcszr active strain gauges cemented on on ►side of the diephrap  
such that the two stern mss cemented at the *enter will som** 
tai add radial stress and thi other two  cemented at the edgs 
will sense the ns4aa bending stress. JLui4 to be asosured may 
be *llow.d to one side of the diaphragm so that it dll, not acme 
In aont*ot with the $train gau .s featuring the use of the trans. 
ducer for liquids also. 



can show that by ftng four strain gauges two on 

34141 

each aid. of the diaphragm to sue► ma4 z bending stresses, 
tai sensitivity can be lrnprcwed, AS the strain $fie$ viii ire 
to cc ns in contact vith the Msasured tui this arrangement is 
satisfactory for air only, The detsiis of the transducers deg 
nod and fsbriated dw given in the fb , 	$ 
D j t and tb t ti 

(a) 	t1onot th tTii 	oton o 	e iphr 	s The 

place at v1dch the strain gauge .o to be cemented is basd on the 
consideration of the strain that the gauge is eect.d to sense, 
We can derive an ereson relating the cue of resistance 
(WR) at the strain gauge and pressure (p) act on the creed, 
die  diephra as foiiowss 

gM 3, r -, the drawing of the transducer. When 

the di era, t Is sub3ected to unifoxt pressure p, the shape of 
the deflection curve is as s1,a In the P g.2,8(b) . The radio 

and tangential stresses t Sr  and S respectively) at atm point on 
the low press surface of the 4emped diaphragm Is given by the  

equations 

3PR2 u 
r 

3 	-0 . ."o-m m- 
a to 

+ 1) •C"' +i)(f)2 	(3.14) 

1~4 +1).( +3)O 	 .e 

where r is the radius of any point at which Or  and at  On 
considered (ll. 
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am aqua ons (3.1.1) and ($.L2) res. r a O i.e. at the cwntre 

3PRv 
$ *6 * 	[..+1j ••• 	•.. 

and whsi r a R, i.e. at the edge we have 

$ a .. 	 •00 	 I,, 	 (3.1.4) 

S 	.. 	v 	► 	• 0* 	 (3.1.5) 

Strains at any pctnt an the d.taDhra mr air givib by 

0 * • 	 . ,►. 	 ( 3.1.6) 

Tangential strain * * 	 .. 

By lube 	ti iequation (3. .3) i(3.1.8) 	lot strain at the 
centre of th diabrant iii i Is 

and by subs tum equation (.1.4) and (3.1.5) In ( 3.16) and 
(.1?) we find that 
R4 strain at the 

t 
Tingentid strain at the edge a 0 

If the gang. factor of the Strain gigs used 1r G.F. 
and its w*insl resistance is fir,, the &V%S LU rrstttant 
A tI in the gauge eente4 at the cent 

(3, .30) 



id in gauges c&tented at the edge 

a paring equations (Li.3D) and (3.141) vs find that the strain 
ago fixed at the edge undsrgoea mea the change of resistance 
*per to the cause ftzed at the c&itrs. Therefore it to better 

fix the *fin games at the edgeobtain higher sensiti... 

The summary of the characteristios of the pray sib.+ 
heat stone bridge connections using sing e-p two or four active 
train mer In gives in the table 2.?. Referring to this tele 
a find that the four active strain gauges in the srts of the 
eat stone bridge air cu t as s)► In the Fig.2. (a) . Pon sess 
he following v ies 

O Outfit voltage Is maxim= n ag all other bridge ct.rctd.ts 
in Tables god'. 

(11) Oust voltage ii linear. 

(iii) torr saes to teerature Variations are self psasat-- 
Ing. 

Renca this circuit is -eel.eted for vIi outptxt 
D1LsgA 

110 " ARg 
Einx c 

ubsti t tinx the Yalu or o it f equation (3.11 vs r'* 

► #~~ + w .'. L1",~ArY UI'r in' c 	"off' Ef 
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?o n 	()2...1) 

(c) 6sleotion ,. of 'tri * suc 	voLt 	4nenj * £,C.  
excitation was used ' 	advantages  of a, c. s it&ti over 
do# ataticn are  

(1) elimination of t una- eztr . potentials generated at 
the , otUons of dissimilar metals in the transducer or 
Its lea, 

(ii) a..c amplifierssmpUf.ers are more stable canpar d to 400,1 amplifi.. 
era and It Is desirable to have a.c, e=ttation for using 
+ .d amp ufl rs tureotl.y to amplify the bridge ou uct(9) . 

The trecuency of the suppl7 must be about 3D times 
th. signal frequency r or good dynamic response, e, Frequ cy solo» 
eted vu 600 H5 thereby giving the 'rbc response of about 
60 Ryi 

'far supply voltage ,mould b* erected on the cona#d- 
ration of enzvennt that can 	 +l used with the strain gauge 
vire which is a kation of the wire resisti tyt the grid 
design, 'backing material, bong Mont, and heat sink to vhith 
they are attached. For peer gauges current is l i, tted to about 
0,05 ampere, Gauge resistance is f ohea, ' retire we can 
use ma um of 6 volts* Considering these factor the bridge 
'Voltage selected was 3.5 volts,. 
(4) ~4gjç s Due to fight differences in the r sds. 

taut s of the strain gauges the bridge viii not be pprtaet3.y 
b4auced, Hone* balancing sengement is necessary. Parallel 



balancing methodd has been selected (FLg, 2 2C (b)) as tkts met' ad 
is conveA ent for bstenaing(l6) , 
t: 8eleabion of E a1aess(t) and radius (R) off` ter dig► hra s 

Referring to article 2.2,2(d) and Table 2$  we can 
select R 4td to Tbteatess of the diaphragm selected was 0.53tet. 

N 3. Rena. R a 53 a . Th* mus selected vas 60.6 
According to Table 2, for linearity the centre deflection must 
be within 0.265 imi. This sets the upper 1iTit of press range 
as 70 ama of water* 

. , 3.l. ohm the details of transducer, Laing*  
diaphraa, strain gauge positions and Connections, end pressure 
leads detests. The volume of is pressure 	on either 
side of the dia 'a was selected as trial, The main conside-  
rations taken Into account in the design of the transducer hous.► 
Ing was leak proof joints and simple fides. Two pressure 
pow are providd for tiferential pressure leads. In the 

design of the transducer, air flow property was not considered. 
tea► r of thaoreticd calculations are given In the Table 

C t`)  b i t is ,  $ The two differential pressure ambers were 
%ads out of i;I* steel plate and ring, ?be diems a was made 
out of utensil stainless ems., mss re port connecters are 
seriwed on to the housing for difterontiel pressure tube Conn* 
etian. Strain gauge$ were e" anted at the positions shown In 
Fig.3.l,. using cold setting c*  ant supplied by the strain gauge 
mnufaOtWrers. A thin ]1ayer  of wax was Coated on the strain 



Table 3*1, Theoretical Values 

freexure 	Ce 1trA t e!'l,l 	Br ft* output 	Rem "ki avis of Mater ion as t+ 

0 	0  
14 pts 

0.0902 
42 03358  
56 0.3326 
70 0.0 

0 	Djaphraaa tbiciess 

	

30,8 	is 0. 

	

9.6 3 	Hens. for linear 

	

32.4 	output, centre 

	

43.2 	deflection should 

	

.0 	be vit1fl 

84 	002740 	64,8 	0.95 as. 

gds f r protection f+ M.sture. The specification on of that 
strain gauges used is s follows I 

Paper base bonded wire stern #cage ( bits) 
Typ. * SS 
Rem, stance I '; • 2 t 0. o 
Gauge factor $ 2a06 

Gauge length1 32 as 
3.1 ,2. I4e uzi Zz stru t $ The main consideration in constructing .r 

the measuring instrument vat that it should be useful. for meas. 
'tuning the outputs of strain gauge Lim, and aapaoitiy tri 
ducers, The eignal conditioning circuitry wan desired to be of 
ICs In order to rtnimise the number of discrete ctxiponents.The 
outputs of s3t the 	 types of tis icer are essentially 
differential in nature,* Th* output impedance of strain gag* 
type vu 	o mms, 2 V T thio about no o1 ns and that of capaci 
tivo type may be more than about Kohn. Therefore we need 
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t.gh input impedance for the, measuring instrument, Also adjust. 
able gain was prafrred to satact the desired gain. Differsitiel 
amplifier with sing Le IC wss not suitable dun to Its dray backs 
as follows (34) 

U) Its input imp.dwe Is quite by 
(ii) ltgb values of trevential gain require a large feed.  

back resistor which causes as ►es d,c, output offset 
duo to the op op Input offset current, It both high pin 
and high input resistance are required, the input resistor 
mkt be very large and the food back resistor mist be 

E 	 . 

	

such larger than 	 Input resistor. since it Is diffi- 
cult to match high a cit resistors, the Q(RR due to 
resistor mtsmatching will suffer, Considering the high 
Input impedance (1010  elms scally), variable Bain 
with stele resistor ad3ustmarxt  d . fi"emtlal to single 
ended output and n tofu i,de sigma rejection, vs find 
10 instrwmtatics amplifier to ideally suited for our 
purpose. 

Tho asuuring instrument tabricated consists of D, O. 
regulat+ d power supplies for IC and n&tter fUaserf s.c. paver 
supply for bridge and LV11  a Cation, IC instrumentation ampli-
fier with sue, selector switch and various other connecting  
tern nsis on the front panel . +sad the indicating motor. Tb 
block .agram of the sys is oto m in the Pig.3, 2 and the 
complete circuit is slwn in they g.3,3, The design of the 
various blocks are as follows $ 

	

(a) !M.ate{d DgC j  nc r » 	► I We need tie regulated D,C, 
per supplies$  two for ICS (t 12 V) and one f t►r the eedttor 
fouovr (12 V), The regulated power supply designed consists 
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of 4 22D V/12 V stop damn is siart sr, fUU *vs silicon reetL.. 
!'iers, filters and regulators. Output voltage tage of 12 volts is 
maintained constant i or Input voltage variations  from 190 V to 
240 V.  

(b) O 	 'o $ IC wieribridga os .iatoi with erd.tter fbUower 
stags vu used to supply 3.5 volts a.e, at 600 Rertz, as this 
gives good output avfbra aM, needs n .nis n + r of s s nit*. 
Filar shows the idenbridge oscillator (35), ,mplituds stsbi.. 
lisation is obtained : 	back to .back dicers and DS which 
are connected in parallel i4th the resistor R3. R3 is in the 
negative feed back path in soli..es with the ";, 	obs distortion 
control resistor tar R, , The ccrnponit values calculated are as 
shown in the figure, The frequency of oscillation was adjusted 
to 600 Utz. using presets. 
(a) Zastuttion asp3.iti.. s t g., 3.3 suers the IC instru w.  

tation sm .i er* Th. output voltage frog Ay is V3 and the out» 
put voltage fr is is V4. 

+q7V2. 	+ 

where via' ~2 

"~ò is the output of * It A stage is perThclay baked lot* 



rwr 

thsi 
4 

R4  is the input Impedance for the stale 	 have se .*oted 
R, u 56 K o)as. For sy*et  let u ► r+lect all resistors of 
56 K 01as (mopt i)  The 3imittathm for highest value of % 
to d c. offset voltage that can be tolerated. Using the numed 
Cal value we hay 

By variation of E gain can be controlled. A range selector 
switch rns provided to ar.R In steps giving gain of 3000,750, 
125 and 20. 

Cly depands an the RR of end howand 	perfectly 

4 z. Aidsmatchotfi31, R or merely affects the dict. 

renttsl gain (A a 	) and not the coinon mode gain  

(4) 1 4 *a "  s Kultim.ter as used as indicator by connecting  
the same to the respective ternals on the measuring  t.The 
rag► switahes were set to read A. C. voltages from 0 to 10 volts 

l sui** For lover ranges, 0 to 2.5 volts A.C4  range can be 
used. 



3.1, 3 	I + 	rrts3. testhig and brutioi s The a 	rlments1 set up 
is ihoti In the Fig, 3,4, 'U' tube teeter was used as standard 
pressure indicator, water vu used as the m*ometer fluid• 
and of the eater was open to the a C+sphsr. and the other 
end to the transducer pressure port Hugh a 'T' 3oint as ohm 
in the Pig.3.4. Tb other end of the transdbeer vu loft open  
to ataosphsre. The tra nsdueer leads were connected to the me 
ming instrntt. 

Air pressure vu applied at the 'T' joint as sir in 

the figure by blo4ng sir Into the tabs. Readings on the mom► 

motor and the pressure  indoor were sit sneous.y noted and 

the same is given In the Table 3.2. 

Table 3.2$ Eerlmentat results of strain gauge 
transducer. 

r - 

Nanometer 	Pressure indicator  a 	sass s 
reading p 	reading  E0  volts 
+ams of water 

s, 

0 .0 Atpa4andpa8p 
4 2.6 3,3 piavassotat7500 
8 4,5 60 at renaining readings 

3.2 L6 12.0 gain n ares set at 325. 
22 2,8 L0 
so 	4.0 	32,0 
38 	8.0 	40.0 
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Fig.3.6(s) sheve the graph of pressure very idi+ a. 
for roading. I t 3s seen that the response is f . y linear. 
f.g.3.6(b) shows theoretical and seriraental values plotted for 
the pirposs of oheedng the theoretical calculations. for ideal  
conditions t  the two art coincide, but In the calculation of thec.- 
retical valuer, the and effects were not accounted. This aid 
be the cause fOr deviation 	as ed and calculated values. s. 
It vu observed that by press Eng the transducer  body at the edge 

O*iL"U 
by hand sorte output was ebeeed. he volt motor reading was 
not quidar going back to zees when Press vu made zero. Thø 
time delay is de to the platenotgoingbsekto theinittai. 
posies quip y, loo often the initial was changing v e9v•r 
pressure was applied And relsaaed, These descripencies ray be 
due to the property'  of the plate pori . 



An LVDT pressure transducer was designed and fabrtes. 
ted for measurement of vind pressure in the rate 0 to 35 s 
of eater. E trims nt , testing and oe3ibratton was also carried  

out. Niull voltage compensation was provided. The details of 
the same Is discussed In this Chapter. 

3.261 	D si *rtd F" rieetiort= 

(1) Meoh +awe' . desist of the tr adxoer I The diaphragm thickness 
selected was 0,254 VM and radius selected was 25,4 nm. Calc ulaa 
tions (article 2.2.2 (d)) eh v that this diaphre 	give .. 
linear rets up to about 38 ns of water na4mum. Other cam►' 
portents of the transducer rare designed similar to the strain 

gee moo, ftg.3.6 srvs the dra.vtng of the transducer. 
2) D si & of the j1 T: The overall length of the LVDT was sale. 

eted as 1.5 s to enable to insert the LVDT mit Inside the 
pressure chamber. eterring to artt c e 2, 3.3 the other parame 
ters designed are as .follow* 
(a) Length off' Via  t Assuming vmdsim deflection of core as 

4 a and tolerated error of on.linearity of o.5% the length ► 
of primary (using equation 2.3.14) " 4 . 

(b) Leth oieoonda$ Ignoring in equation 2.$.3, the 

length h of seoont* r * 8 apt. 
(e) 

	

	o t ar&tu i By equation 2, 3.20, length of the 
armature 

(4) 	 i Asan a 0.04, w+s get the radius 
of armature 	8 tem, 



(r) I n er radius of +oils 5 in, 
C t) Outer radius of the coil is selected as 2.6 cm, 
(g) Barg amber of turns selected * 1000 (40 6.W. G, enamelled 

capper wire) 

(h) Primary coil resistance a88.8 o2 t (as moasured by ,.tir*t ) 
U) Secondary number of turns a 1000 tiiw each secondary coil 

( 4Baa.W.G. enamelled copper wire) 
(3) Seeouder7 coil resistance as 88.8 oouch secondary coil. 

Calculation of sensitivity (t-'W ~ %g& « ,. is not possure applied 
dine since calculation of the diaphragm deflection due to applied  
pressure will not be acute due to th5 end effects a n4 material 
properties. 
(3) ELbZg 	s Diaphragm was made out of EN 2 steel.. The  
pressure +ears were turned out of mild steel rod0 Other 
mechaato Fitt ngs were made s l.lar to that of stei gauge 
transducer, 

Coilss were wound on a plastic bobbin. ad tabl. Inp► 
lotion vu provided a'otuid the coil*. The armaturecore was 
made out or Ferrite ,te rod* ierrite core was first supported on 
a brass stuff! of]. as long and Me stud was fixed to the centre  
of the diaphragm. Quick fix was used for fid. The Coil$ 
ware fixid inside the pressure c1saber very carefully such that 
the core can freely move Inside the coils. The core was located 
to maw. position by giving spacers. Connecting leads were taken 
out through a bole in the transducer body, 411 leaks were bl.o. 
eked by using wax mer final ftgbtsoing of the nuts. 



302,2 Null Volteg. COvpeflutiOfl $ It vu observed about 1 mw output 
' was avai1ab a tro i t transducer eV 	1ei the pressure 'mss not 
allowed in, This is due to null voltage of the LV DT, It was 
planned to oompieate this initial. voltago bg using a cvmpensa. 
tine drmitr" . 

Fig.3 7 ebows the omit used for compensating the 
irtis1 voltage, The principle used here is to inject amp 
sating voltage from primo to output side.. Potentiometers 
and R2 ar. adjusted for almost , zero null ,, voltage. 

The supply voltage wea 3,6 volts at 600 Hertz. 
3• •3 

	

	t*]9$t1T and Oration s Th. eperimsntal set up 
used for testing and calibration is same as the strain gauge 
type e opt the strain gauge type transducer isa reove4 and 
LVW transducer ms replaced, Readings of manometer and indioa -
tor vers noted siMiar to that of strain gouge type and it gig 
in the following Table 363, 

Table 3.3. E erimontaa1 resets of LVDT transducer 

Meter reading Indicator reading E0 	R~ks P cs of Voter 	volts, 

	

0 	 0 

	

4 	 100 

	

8 	 2..0 

	

30 	 2,4 	 *800 

	

IS 	3.6 

	

21 	 6.0 

	

s► 	7,2 

	

3T 	 9,0 
ntinu.. , , , 
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Continued... * • 

Manometer reading Indicator reading E 	Rsma~r P oma of water volts 

0 	0 

,2 	 0,4 

0,6 	Gajn= 125  
24 0.8 
32 I 

38 1,4 
fit ..8 

Figs 3.8 shows the graph of indicator reading versus 
manometer reading, It is seen the response is linear. By inc..  
reasing gain sensitivity also increases vlch can be observed 
trcus the graph at gain 125 and at gain of 760. Linearity is 
m ,atatn d in both cases. The response Is observed to be far 
better o npared to the strain gangs tip.. Uysterisis was not 
observable In LVOT type,$ ire as inconsistent hysterisis - type 
error was observable with strain gauge type. The improv d per- 
fbrmance of the LVDT type my be due to the superior material. 
and fabrication as compared to strain gauge type which vas not 
fabricated to the standard of the LVDT type. Readings in LVAD' 
type Vero repeatabe accurately. Null voltage compensation a r.. 
cuLt also was working satisfactorily. The Initial reading could 
be brought to almost 0 at all ranges by ad3usti ng the null . ter.► 
pensating potentiometers s10 I1y In sequence such that each pot. 
entioseter Is adSoted far nt,nia tr ll ,1roltage. ' .s LVDT type 



t-ansducer vat also tested in actual dnd txinnel and the psx!br-
e was quite satisfactory. 

3.3  CAPA T1V1 TYPE  

C*patitivo pressure  tranoduc based on the principle 
f variable &Lstance between the diaphragm end fid electrodes 
ondng differential capacitor has been designed and fabricated  
or me*%UeIfleflt of wifld pressure: in the range 0 to 7ocms or 
ate r. Detail* of the designs fabrication and a ri t. . 
esting are di s h in the tbuoidng. 

.:... d .abr. on  $ For 	displacement of the diaphragm 
ariate distance type  of capacitive transducer is most sen .tsve 
l9) . In order to saw time and material for ftbricatton it was 
lvmed to use the ae,er strain gage type transducer also for 
apaol five type by fixing two electrode plates on either side 
f the 4taphraa to form differential capacitor arrangement. 
lots ver* out on the fixed electrode pies to ako way for it 
train gauge connecting loads and also for air to exert presure 
n the diaphragm. B& #e spat rings a , provided between .. 
lit diaphragm and electrode plates. The drawing of the capa i.-. 
tsar transducer to sm in the .g. .L.. The gap 'ems the 
late& and the diaphragm was kept about]. ,0  TflJ ZUXes that 
zn the pressure range, intended for the transducers  the diaphragm  
U1 not touch th . electrode plate. The calculated Valuo of the 
ppacitanc, was 5..8 p? and the actua measured values were  
3 pP and 67 pF. At frequency of •  about z, the reaotsnce 
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dii b* about 250 K obey hence It was planned to use the readily 
available 22 K ohn in each ax 4th 100 K cia pot for balancing. 
The complete details are given in the .g.3,~►o 

3.3.2 E riment*3 xrsting and Cibration $ By supplying 3.8 Volts 
&.C, excitation to the Input tin ,.s of the transducer and 
connecting the output to the measuring cr; instrument end C10, it 
was observed the balancing potentiometer ►ter was functioning satin.» 
fsatorily. mer a small voltage (a few n.y.) exists at the 
balance position, This shows the balancing ing is not perfect. The 
cause for this may be due to stry capacitanoes due to cables,, 
By using shielded cables for connections better balancing can be 
expected. 

The ez,eriraental sub up used for testing the capacitive 
transducer is also some as that used for LVDT and strain gauge 
types as shown in 	Cap i.tive transducer was replaced 
in position of strain gauge transducer and connections for msas. 
uring unit were altered. Beings were noted for Various pres.. 
auras end at supply rrequenc.gr ID KiIz as# 3 KII. A separate 
oscillator was used to supply 3,,5 volts A.D. at 3 I'' W and 1► Kufs. 
The results are tabulated ! , e follows (Table 3,4) 

The results are plotted In g.3. M» It Is seen that 
the response Is fairly linear both at 3.0 I11and 3 KR. Errors 
such as mentioned In strain gauge type (Hysterisist ote buck. 
ling etc.) 1 ere observable In this case also. its observation 
confirms that by using better diaphragm and better end fixtures, 
the perfbrmece can be improved. 
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Tab1+ M s  Eerimonta3. x eulta of capacitive transducer 

Manometer reeding Pros ure indicator  
P ems of tat" 	reading E0, volts 

1t 4T 	.r 

0 	 0 
8 0„4 

14 * 	0.?  

94 1.7 Oa.na%O 

'28 

 

2,2 V . 	3.6 Volts 
40 3.2 
as 4*,2 

72 569 

52 4.2 

3.2 

0 0 

20 0*6 f 	3 	X 

3 0.8 .n =3.25 
36 1,0 V*3.6volts 
44 
fit 2.0 
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Selection of a, pressure transducer depends on the 
intended application, 'here Is no such td.ng' as beet transducer 
for universal use (6), For each application both th neohantca1. 
input and electrical . output characteristics met be considered, 
The developments that have taken glace have been confined 
attributed to the use of Improved materials (stainless at lo'  
alloys aridplastics) y application of new production .cess 
(electron beam ve1dingclean roomt assemibl3r areas otc,) ( ) and 
the Imprrv.menti , in the associated equipments, signal processing 
And recording tecWqu s. In the,  following mss general oon 1.-. 
dara ions for selection and a fey typical ozmples of application 
are disc. 

4.1 2eral Conaiderationo for 60160kion(25) s 

$ fissure transducers are designed to measure pressures 
over specified ranges. The actual measuring range to detormiid 
by they setting of the . as soci at ed signal conditioning and read 
out equipment for s given transducer output corresponding to the 
upper limit of the pressure range of inmost (25). 

Absolute press,  (ig.4. ](a)) transducer require an 
internal vacuum or partial vacuim maintained by a sew. vetch 
normally also Fides a hermitic sue. for the tmoduotion 
element and isolates it ftori at mospheric contact* Gia and 
diferential pressure (Fig.4.1(b) & (c)) transducers except 
sealed reference types usually o*ose the transduction element 
to the abient or to the reference pressure. Differential 



strain gongs •ssurs trwsdueoft, 
y' bars loss frequgney. spo a enpab it' 	tba above three 

bars and potenticmetor types ere_ n mall' not used ' h aler a lie 
rrequenoy range aust be *onitorsd. 

Press trnnsduosr tr.quenoy response In dement 
ice► the natural amu + of the sensing eiaicnt as etatd 
sainly by its s.ttneu. Tbe tecuenay response Is also in►os . 
~roportions2 to the dead olws of the transducer encs the lith 
)r tubing frcr the point of rneesuraent to the ma cer Wes 
Id's port. 

v 	I Errors due to t 	o 	V*&attci  

meq► 
 

be iniiso4 tax 	saleoi of materiola i1th matched 
emp ture 	by use of cc*pisating 
Lam. 

,P eoeLeotro psi transducers 	 used at 

Cipia'atur.s trcrt'P 'WOO to + mo 'C and potentiometric pres. 

curs trsusdueers bays been devc&2opsd to operate at t ri $ 
)ei s:.~ .3)0°C as + *00C, $tom . gauge prea sure tranaducere  
mn be used In ths temperate raue.2 'C and + " '0' °t th 
w*M ooapwisatioii. In the circuitry'. CapaoLtive and in4totivo 

' .ac s are usna used in ev,roiaita at or near roon 

# t f w.i 	 i 	r 	 >. 1 Ys 	f 	+ 

fe such as acc*oratton, vtbraticn, atospberio offs, millear  
cation and oasired fluids. 

11~IiIy~1~~llpj•Il~ji1M~ 

rhea  AU Ilyda of appliat&on ewept ibr 'sub..stac da ads and 



braU 1. trauadutei`s Can e3v 	'b# used for gauge pressure seat. 
► meats by venting the reference port to the àibeat a ospb.. 

err. 
2#2XPressure transducer aCcUr*07 1.0 stron4y related to 

signal condoning, signal trsnsiseton and reed out syst* 

asfi 4 ti * 

 

Xnductty. and std guga types eon pro 4e 

very close 	► .•s in cen3tmeton with a lr error tr n s► 
sian and read out syr . Other - teras of pressure trsnsd a rrs 
can be des and to pro,ide vary close accuracy mer certain 
conditions but can usually be designed to yield the degree or 
accuracy noznalty required for a large a3ority of pressure 

}~ 	. ! 	r ► 	► / 	s 	r€~ r 	 .~~U,: 	t r 	i 	s 	t ,;, 	i.' 	♦ k 	+ ! " 	a 	w 	; 

gee pressure transducers can be large enough to dziv. the  
aommly used adLuvolt recorders, +a .t ye and inductive 
pres 	transducers 	 lire socis sib conditioning to yield 

able outputs, Piazo electric transducers 	airoet Lwarl ► 
b y used In conSunction 'a ith charge aip,tfier Am* their output 
i*padsnce Is vara )gh,,, Digital output can be obtained frC  
analog output or the transducer by use of an en*iogato.digit4 
converter whlØh can be built t Ire the ssz +tit* dth the rac 

x t +1q0 	' CS 	The ability to reproduce rapid pressure 

fluctuations in their output Is most pronounced in pissoPaleetric 
and capacitive pray sure transducers and to a lesser extent in 



as 

strain gauge pressure. transducers, Znductie transducers USUSw 

117 have loss frequicy.responee eapabliity than the above three 
types and potentiometer types are oxnatty not used vhere a large 
frequaioy range VIA be *onttored. 

Pz,ea sure tansduesr fr uency' response Is dependent 
upon the natural fr.qu.nc' of the sensing demont as dictated 
mainly by its stiffness. Tbs frequency response is also invertLy 
proportional to the dead volume of the transducer and the length 
of tubing from the point of mqmamt to the transducer pres- 
sure port. 
!Ir ea 	 I Errors due to temperature variation 

can be vInLatood throu) soleotton of viaterWs u4th matched 
temperature coefficients end also by use of compisating CIVOUIW  

Itwo • •0, 

Pie.alectric pressure transducers am be used at 
temperatures from mo 24000  to + 3,o0C, and potentiometric pres. 
mire trsnsduoers have bean developed to operate at temperatures 
botvean .a)O°C and + 3a0°C, etrain gauge pressure transducers 
am be used In the temperature ran .270C and + 1000 i4th 
careful compensation in the circuitry, Capacitive and inductive 
transducers are usuIy used in enviranaents at or near room 
temperature, 

on such as so cc ration, flbratton, ataospherio effects, nn*sar 
ration and aeaamred auldoe  
YIt3 

 

me Resistive pressure tr dears comprise 
YLrtU.UT *11 I5nds of *ppi.i cation e*pt for sub..stwdards and 



igtraoflIst respo+ang tgpos (6). Potentt+*otsa' type pres1re 
transducers are restricted to stattonnr7 irtduatriaL tnetsU*tL• 
on irt+ ted for monitoring and process control.. Wire and foil.  
bow strata gauge is mer idde and diverse applications, 
Thi bonded strati cops + .b±t Interior staMUt7 to thermal. 
#book because of poor beat transfer free their eey suspended  

regi, Transducers of foil. strain gauge type has been used for 
rang. say I p4 and upl* 10000 p4 and axe avanable In ;~wed 
des of reasoie alto* 600nthzctor strain gauge trenedu 

osis require daborati compensation artifices in the uaooiatod 
'tests due to their Inherent  irilereit 4inaarity and high the 

coefficient of both resistance and goo factor, There are also  

a number of pressure transducers + acying satoonduotor strata 
ge esfftee Into the ociected areas of silicon d ar ►s. 
The main attraction of these transducers lis$ in their sue. 
ids ich gener*Uy to obtained at the ase of perfozanC! , 

1I,xt to Wit. sti e tom$ ice` ive pressure traneduc. 

encs bas probably the widest. use* The eaztiest 804 still most 
coon type operates bl the puah. ,1 variation of reluctance 
of t coils idth vaiiabi, air lisps 04 either aide oto ferro. 
otic dtap sg*. The coils *rcoimected in ocUacent am 

of an a.o, fed bridge circuit. naiog d.c, voltage output Is 
obtained after phasa sensitive  deed*'* t and Mtevlm ` rpq s. 
ducers of this type cover dif'ferent3e4 pressure ranger from about 
1, 10 p► ► to ; i000 psi, LVDT type hasa. movingLLmg.r hence 
the sensitivity to vibration and acoaLeratton is higher than 



thet of vavla • rduotsnea types with dX fir" ;* 
Capt. iie transducers are used to ane indieato 

in interna aembustion reiser Ii err their t response and. 
their bl tnperature ct ' ."3ity are an adventage, 

In i.ndiiatri.4 a1Ucst : s of pi'ossure  
re .unity' its of priss 	+Me, Transducers 	 .ring fro., 
quant maintenance  E us gonsrLly not a c ' ' ►e since it many cues 
they are installed at In #teas i le locations.  I.ni .siflg the 
detrimental effects  of ?r,etile +awizvnments is a graving d+ d. 
In industry transducer size and Wight matter, tlzn2gh perhaps 
lost then in research voxt. 

sri are used for the measurexaent of blood as e, lung air 
press •'o. (a) , Por rtpi4 ohnges of pressure like blood 
pre=+ pie o..electric transducers can be use Tyt oaly the 
requirements to be satisfied of a transducer 	 ►ter blood 

esurs are (1) mesureaait of pressure Independent of bent's 
aovernt ( pressure roadiug independent of transducer er po tion 
(3) +art to the patient and a s1iøll size 	 used (4) ro 
continuous care n asa, ase requirements  a" o direct 

asp 	t tai  pressure cuff type transducers s 	e of  
LVUi 	ie.eieatric transducer satisfies all the above reqi 

iranant• ( ) • Also 4th m tiers and psaing detectors 

stoma (operational range is tros5o Itg to 12D a Hg) aM 

systolic (op.rationai range is tros " 	to ') = 	pre= 

sires can be Qottinuou&y souftored, Extrea. diastolic or 

systoc pressures oonsidered to be dangerous are set such that 



thea• dgn4s are utilissd to trigger either visual or audible 
Mang device, 

A typical transducer developed for ti,ip1tation with 
In the body consists of * single silioon mortal diaphragm with 
an tnt+ a. pie zesistiYs west atone bridge on one surWoOD . 
The s3realar diaphragm .eh Ls all. oyad at its edge to a mom. 

ting ring deflects lineai1p without hyeterteis upto the mina 
of fracture. TVo sizes are lable one Is 6.25 as In disaster 
by 2.$ m deep and the other is 21 mLu dtanrnter by 2 ►s deep. 
ThUh out the physiological pressure rage the linearity is 
btter than 0,2% and resolution tø tnflnite doirni to a' they 
noise ]eval uivalent to 6 x 1D" w Ug. On. type, having a 
sansitivitr of I rw for a0 .as Hg , shoved a madziai output drift  
of loss th 	Vis, bong the anedte. epUcations 

reported were the insertion of a transducer Into a patteit' 9 
blaMer r to detect presaure changes and its s* +s orally for 
blood pas1re measure sit t irnugh a Ba tor. 
(iii) Aero. space p edans $ Diaphragm gauges uo1ved m4rr 
fr+a the r.ciuirnts of sp o research and niasrotte types are 
avdl*bi~t. The . sips of the diaphragm Is as low as 13 is for 
red stanc a strain ate elient and 3 as diaDter for *e t cct 
dint amain gauge anent ¼niature capacitive pressure 
transducer including r id integrated circuit has been devELvped 
4th overall dimen4ons of I ma disaster and 8 ma long for use 
in 4M t mn is and biom*dtoal spQ.ications for p si asasu 

t (31). 



Capacitive type prow" a transducers can be used as 
microma ouster (32) . in a tyØ.cn3.  transducer the diaper vu 
made of a thin sheet of Tery2.ena (0,0005 or 0,001 inchthick) 
eluidnised on one side, and this Instrument can be used to mess.- 
ure press differences up to about 5 n Hg with an as say of 
.t « A change in pressure difference as small as 40 M of Its 
can be detected. Capialtive type differential pressure trsns ». 
oasts can be used for measurement of rate of climb, pitch and 
yaw of an aircraft by relating these pz'aaeters to rsd.d changes 
of air pressure ling from a capsule through an orifice Ci). 

Quartz crystal press transducers of t r ature size 
can be used to measure dynamto pressures from full vacuum to  
3000 Psi or more with limited applications to 5000 psi in blast 
and explosion or nbust,nn, One type designed for low pressure  
blast and high intensity sound pressure measurements has a nom.- 
nal sensitivity of .0 c/psi and a "solution of 0.005 psi with 
a capacitance of 50 p?. When connected to a charge amplifier 
It can measure blast pressures below 1 psi with good signalmtow 
nonce ratio Cl).  

Many aerospace type transducers can be used for 
Industrial applications as Wit. In many app1ications$ all that 
Is necessary for direct use In Industrial situation is to +Mange, 
the packaging of the standard aerospace transducer (33) . 
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Si, 	cONCLt1ZONs Th inlbrsstion provided is this iz is anttic- 
tent to design and fabileate strain gauge, capacitive and LVDT 
tis of - prsssure transducers for anr desired Vie. 

In the case of strain gouge transducer, the theoreti-
cal  sensitivity yrs 0.15 -s w/ea of water and the + peri a+ t . 
value ims about 3.O mrle s of water. The reason for . gher 
sensitivity realised may be due to end effect. It the die . 
raga is ra ved and fixed again, a change in sensitivity may 
be 	csted, This problem of tbefect Is observed 4th cam- 
citive transducers also sines both transduction a .nts are 
bused in oma # mtt. 

ting the three transducers developed LVUT transdu 
car is re ed for practical . use, While testing it was 
observed that this transducer was practically free from errors 
of oyster, si e, zero shifts repeatability etc* The plot of 
presence versus output also was fo d to be linear. Thi sweep 
ruse of strain gauge and capacitive transducers also Stu linear 
but meter.Deis and zero shift vera noticeable. The reams for 
better pe: woe of LVDT tap 	be due to superior materLa 
ale and fabrication teohnigiaes used in miming It, With better 
d.apbragm material and improved fabrication techniques1  the 

perform, , of strain gauge and capacitive types can also be 
ezp ated to improve. 

By using stle ,dad cables, null Voltage in ass* of 
LVOT can be further reduced and its case of strain gauge and 
capacitive 'mages better balancing can be soM ed. 



6, 9 	QPM 	 s The design and fabrication of Press. 
ran transducer depen e upon the available materials and tabd.. 
cation techniques, Transducers with imprQved performance can  
be dsvelop,d by using bettor materials and fabricathrn tom» 
nim. 

• trade scope for research and de elopmeat exist In the 
field of pressure transducers using semiconduotort  integrated 

and thin film strain gages. 
The response of strain gauge and eapative trsnsdu 

*era developed were found to be interior to that of L'VDT.Thts 
may be du b► to better materials and fabrication used in*sicing  
LVDT type. 8trin gauge and capacitive traducers response 
also can be Improved with better materials and fabrication 
techniques. 

Performance analysis  is not made to evaluate  the 
capability of the transducers developed, In the design of the 
transducers air flow property, was not oonetdered, vhosi effect 

ad be to causer dynao lag* Thiss aspeat may be studted.The  
sensitivity of LVOT and capacitive transducer  Ie function of 
frequency of supply. Boat supply i'eqiamzcy may be determined 
i ri*enta .y. 

Proper sealing mat be provided to a .rtna o the 
leaks to realise se better per rmaxo.s. 
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