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Abstract

Piezoelectric materials have several packages in engi-
neering and scientific fields. Piezoelectricity is the charac-
teristic of the material due to which the electrical subject is
generated in them when mechanical load is applied. PZT4
and BaTiOs; are examples of unnatural piezoelectric sub-
stances. In this paper the analytic solution is discussed of
thermal stresses in a thin rotating transversely isotropic disk
consisting of a piezoelectric with variable thickness and
density. Seth's idea of transition is implemented to simplify
the governing differential equation. The obtained results
are presented graphically and quantitatively. On the idea of
evaluation, it is far discovered that a disk made of piezo-
electric material barium titanate (BaTiOs) is better than a
disk made of PZT4 (piezoceramic). Parameters obtained
from this research can be used to design pressure sensors,
radar antennae, and many other devices, machines, or struc-
tures in engineering applications.

INTRODUCTION

Materials have played an essential position from the early
records of mankind. These days piezoelectric substances
additionally play an important position in numerous techno-
logical packages, which include dental implants and bone
implants in scientific subjects and many more. In mid-18™
century, Curie brothers verified the existence of the piezo-
electric action in quartz, tourmaline, topaz, cane sugar, and
Rochelle salt crystals. The first actual application of piezo-
electric substances became an ultrasonic submarine detector
with the aid of Pierre Langevin in 1917. Piezoelectric sub-
stances have splendid importance nowadays and these mate-
rials have numerous programmes in extraordinary science
and engineering fields. Fuel efficiency of cars is more desir-
able by piezoelectric fuel injection, airbags are controlled by
means of a piezoelectric acceleration sensor and an ultrasonic
parking sensor helps in avoiding collisions. Piezo motors are
used for MRI monitored microsurgery in hospitals.
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Kljuéne reci

« transverzalno izotropni materijali
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« piezoelektri¢ni materijali

« PZT4

« BaTiOs;

lzvod

Piezoelektricni materijali imaju vise primena u inZenjer-
skim i u naucnim oblastima. Piezoelektricni efekat je karak-
teristika materijala u kojem se stvara elektricni napon pod
dejstvom mehanickog opterecenja. PZT4 i BaTiO3 su primeri
vesStackih piezoelektricnih materijala. U radu je data disku-
sija o analitickom resenju termickih napona kod tankog roti-
rajuceg transverzalno izotropnog diska, koji je sacinjen od
piezoelektricnog materijala, promenljive debljine i gustine.
Ideja Seta o prelaznim naponima je uvedena radi uprosce-
nja polazne diferencijalne jednacine. Dobijeni rezultati su
predstavijeni graficki i kvantitativno. Shodno dobijenim vred-
nostima, pokazuje se da je disk od piezoelektricnog materi-
jala, barijum titanata (BaTiOs), bolji u odnosu na disk od
PZT4 (piezokeramike). Parametri odredeni u ovom radu se
mogu upotrebiti u projektovanju senzora pritiska, radarskih
antena, i u mnogim drugim uredajima, masinama, ili kon-
strukcijama u inZenjerskoj primeni.

Nguyen et al. /1/ added an isogeometric Bézier FE method
to perform static bending and brief analysis of piezoelectric
(FGP) plates bolstered with the aid of graphene platelets
(GPLs). Barati and others /2/ used the polished four-un-
known plate technique to study loose vibration of piezo-
electric FGM plates with porosities.

To describe the shifting rule of graded material resi-
dences of a piezoelectric FGM, a modified electricity-law
model was presumptively used. Hamilton's principle-derived
governing equations were resolved analytically in a way
that satisfied various boundary scenarios. In their study of
the free and under pressure vibration of smart FG metal foam
plate constructions supported by graphene platelets (GPLS),
Nguyen et al. /3/ demonstrated that the proposed method
was suitable for modelling both thick and thin structures.

Zharfi et al. /4/ calculated the creep stresses in rotating
FGM disc through applying generalised differential quadra-
ture answer method of differential equations. Mathematical
model is advanced to analyse regular state creep stresses and
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pressure in a variable thickness rotating FGM disc through
the use of Tresca yield criterion by way of Khanna et al. /5/.
An analytical solution for a polarised circular cylinder, fab-
ricated from piezoelectric FGM was found by Dai et al. /6/,
who concluded that FGM have a significant impact. Jafari-
Fesharaki et. al. /7/ discussed the analytical solution of a
thick, spherical, piezoelectric FGM cylinder subjected to
heat and mechanical loads as well as electrical issues. They
validated their analytical approach with the aid of solving
unique examples by means of this approach. Akbarzadeh et
al. /8/ applied the Fourier-Laplace method, it was possible
to compute the dynamic response of a functionally graded
rectangular plate being subjected to a thermomechanical
force. All of the above-cited authors implemented classical
theory of deformations for fixing these problems in elastic
vicinity, as the simplest.

Using generalised finite strain measures, Borah /9/ has
used the notion of the transition principle. Many researchers
/10-24/ have carried out the transition principle to solve the
problems associated with extraordinary sorts of stable
systems together with cylinders, shells and disc and many
others, i.e., the stresses in circular cylinder composed of
FGM are evaluated by Aggarwal et al. /11/ and determined
that functionally graded material is higher in comparison to
isotropic material. According to Sharma et al. /17/ analysis
of creep torsion in a thick cylinder beneath the impact of
pressure at the internal and external surface, composite
materials are more advantageous for design.

In the current problem, thermal stresses are calculated in
elastic and plastic state in transversely isotropic rotating disk
constituted of functionally graded piezoelectric material
subjected to inner pressure.

GOVERNING MATHEMATICAL EQUATIONS

A thin rotating disc with radii on the inside and outside
as ry and ry, respectively, is taken into consideration and @

is the angular velocity of the disk. The disk considered here
is successfully in a plane stress state i.e. (T, = 0). The dis-
placements are taken as

u=r(1-p); v=0 and w=dz, )

where: # is a function of r=4/x?+y? ; and d is constant.

By implementing generalised strain measure, the compo-
nents of strains are given by

s, e =t 5", e =2[1-1_d)"
= LGP B ey =20 ], e =2 [1-0-)" |,

€rg =€9; =€;r =0, )
where: n is the strain measure and £’= dg/dr.
According to Hook’s law
Trr =Cpa€pr +(C11 —2C66)€09 +C1387, —€11E — 10,
Top =(C11 —2Cqp)€rr +C1180p +C138;; —€12Er — 520,

T =Ty =Trg=Tg, =0, 3)
where: 1 = a1C11 + 200C12; f2 = cuCiz + 20(Caz + Ca3); au iS
a coefficient of linear thermal expansion across the axis of
symmetry; « is the quantity orthogonal to axis of symmetry;
and @ is temperature given by élog(r/b)/log(a/b); & is con-
stant.

Electric displacement equations are given as
Dy =1 e +ep €gp+ €13y +mbr, Dp=D,=0, (4)
where: C11, Ces, C13 are material constants; €11, €10, €13 are

piezoelectric coefficients; and r is dielectric constant.
From Egs.(2) and (4) we have
D, :&:1 E !

1
, =—| ——€11 6/ — €15 € . 5
i r ﬂll[r 11 €rr —€12 99} (%)

By using Egs.(3), (4), (5) and (6), stresses are given as

Taking variable compressibility as

K K K
r r r
Cii= Con[ ) Ci2 =Co12 (b] , C13=Co13 (B) :

K
Ce6 =Coes (éj : (6)

Ty = C‘r’]ll[ ) (1-p"(1+P) )+M( j a-p )+C°13( j @-@-d)M+

h1

Too = (Con— Zcoee)( j (1= A" 1+ P)") + 011( j 1= ")+ 013( j (1_(1_d)n)+:ix

n

X[Gn (1-B"1+P)")+epp 1- ") ——} (nCo12 + 1 (Copo + Cozz))( j

where: r3’= fSP.
The condition of equilibrium for rotating disc is given as
di(hTrr)+ hTpg +hpa?r=0. (8)
r

+n_{€11 A-p"@+P)")+ep U-B )——} (0!1C011+20‘1C012)( j

log(r /b)
Iog(a/ b) ’

1
log(r/b) %
Iog(a/ b) '
Variable density and thickness are given by
t m
r r
P=Po (bj an o (b] ©)

Using Egs.(7) and (9) in equations in the equilibrium Eq.(8) we have

—-K _2
r 1 dP
b) m dg
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€ E11€10 P e log(r/b
11 AL pghpaep)t+ 2212 gn) (051C011+7—0!1C012)[ j g 1091 7D) (11Co12 + 11 (Coo +C022))[ j
M1 1 1 % log(a/b)
log(r/b) Po® w?rtt 10
0y t 2——c PL+P (10)
Io(/b)(++) o o118 P(A+P)"

The conditions to be implemented are considered as

Tr=0atr=b,and Tr=—patr=a (11)

Conversion from elastic to plastic

As stated by transition theory, conversion from elastic to
plastic occurs at critical point P — +o0. The transition func-

R=Ty +B+ 0= COll[ ] (1- " 1+ P+ {C011~ ZCos6)
n n

e Q- p0 P e 072 v,

where: B is any constant.
Applying logarithmic differentiation in Eq.(12) and using
Eq.(10), and then using P — o0, we get

t|on for evaluating the plastlc stresses is taken as

A

7711

(12)

k
-k -k
Tg@ Z(m +1)C3rq'ec2r +C3C1rcleC2r —((Z1C011+2(12C012)[£j X

_ CLaCor ™ _ (m=k+1)Cqy3 +2Copg6 t
R=AC,r-te™? = 2 , " log(r /b) 1 —kC3CZrC1‘keC2r o rzwz[ j ,
£_0011 rlog(a/b) rlog(a/b) b
m Using boundary conditions of Eq.(11) in Eq.(14) we have
2 k
€11 a
—=(m+]) —p1+(0!1C011+2a1C012)(] 0
and C, = T (13) B b bCroCab™
e n C1eCaa ¥ _pCrgCab
—=—Copy |b ‘
1 —py+(4Cor1 + 201Co10)| 2| 6
The stresses evaluated using Egs.(13) and (8), are given c P+ (a0 T earto12)| | (15)
& 3= = =
T,r = ACrce®” " —B-p0, (14) aC1eCaa ™ _pCrglab™
Yielding criterion is taken as | Tee—Tool r=a=
(M+1)C3a%1e2 " _B+(ayCory +2¢1,Co1s ) || 2 N ! C.CoaC ey 20?(2)]- . 16)
=|-(m+1)Cia™te -B+(« +2a — =] +—1- al e —ppa‘w| —||=
3 1011 22012)%01 | b alog(a/b) 3“2 £0 b n
Pressure needed for initial yielding is given by
k
a
b aCieCer " _pCigCa ™" (01C011+2a10012)[b) (maclecz ~bCeC " )
pi=—= - -1+ - = +(nCop1 +201Cop2) %
71 maCreCl ™ L pCielab aC1eC2b™ _pCraCab
k—m-1 k 2 2
y (Ej _(Ej it (z) +Pa_w( j . (17)
b b alog(a/b) n b
Absolutely plastic state happens at the external surface. Consequently | Tee — Too| from Egs.(14) atr = b,
—k —k
T, T, =[-(M+1)Cab%eC® " —B+ (e Coy1 +209C010) 0y ———— —kCaCobSXeCP ™ — pb?w?|=y,- (18)
Ter —Tool, ‘ (m+1)C3 (1Co11 +202Co12) b blogarn) <2 Po 72
Pressure needed for absolutely plastic state is given by » »
b (a/b)CieC2a " _¢Cab™* (0!1(3011+20!2C3012)(a/|0)kLmacleC2b —bC1eC2P JHO
pf=—= CigCar O 1+ ot ¥ +(nCo11 +20Cop2) %
72 m(a/b)-? +e© Ryle”2” —e~2
x| (@/b)* M@/ + ——— |(a/b)k + yRE2 (19)
alog(a/b)
where: C, = m-k+1 ; and C'2=bk(m+1).

2
(ef1/Co117m1) -1
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Components assumed in non-dimensional form are as follows

r a T T b2w? b2w?
=—, R0=_’ O-r:l' O'gzﬁ, pi:£, Pt :ﬁ, lepo—, szpo—_ (20)
b b n n n 72 n 72
Using Egs.(14) and (20), stresses in non-dimensional form are )
T, Alog(R —pi +(a1Cqq1 +2c,C Rp)" 60 -k
&0 =1 _ (04 Cot1 + 26Co1)(R)¥ 9(Ro)  —pi +(nCors 27 012)(78) o™
n log(R) aC1eCa(Rob) ™ _pC1gCob
—k
Ty (M+1+C, —kCob ¥ R7)e%2 " (BRYC (= p; +(4Co11 +215C10))(Rg) < €
oy =00 _ G —kC B o b_kl 011+ 202C012)R)°0 _ (20, Corn)
" (RSe 2(Rob)—k _oCo )
{(m+k+1)(R)" O10g(R) | pyk 9 }(R)”Zgl. (21)
log(Ro) log(Ro)

Pressure needed for initial yielding in non - dimensional form is given by

C1gCaRy 0™ _yCiaCab™ Coy1+264Co15)(Rg)K (MRC1eCH ™ _eC0™ )
p_a“e h“e o (1Co11 +201Cp12)(Rp)" (MR ) 0 1 (e4Coty + 2014Cor)

Pi=— - - - -
' maGelh T | pCieCh ™ RocleCzb ‘el
—m— 1
x(mo)k " 1—(Ro)k+m](R0)k+Qz(Ro)t}’ (22)
0 0
efy
B —==(m+1)
where: Cl:(m k2+1)+2C°11/C°66 and g, =M1 .
(ef1/Corrn1) -1 e X
—=—Coy1 |0
1

Pressure required for fully plastic in non - dimensional form is given by
. e e —k c " pk " pK
p _a%1eC2R P pGeCt | (@rCou +20Cora)(Ro)' (MRy €20 €27 )y

Pr=-—= = - —— - +(1Co11 +201Cg12) X
f 72 maC1eC2b™ [pC1eC2b™ RC1Cb b 1-011 T2 “012
k-m-1 k k t
x| (R —(Rp) +————|(Ry)" +Q,(Ry)" ¢ - (23)
(( 0) (Ro) bROIog(RO)]( 0)" +Q2( 0)}
where: C'; = m-k+1 rand C'y =bX(m+1).

2
(ef1/Corrm1) -1
Fully plastic stresses in non-dimensional form are given by

T 01og(Ry) —p; +(1Co11 +205Co12)(Re)K O crp
&0 = _ (04 Cop1 + 264Co1)(R)¥ 9(Ro) —pi §1,011 27 0,12),(78) (O™
n log(R) 5CleCh(RD) | C{Co
e " '
Tap  (M+1+C{—kCsb ¥ R™)e%" " (bR) (~p; + (ayCoy1 +245Co12))(Rp)* @ Cor e 4 20C
=== , T (1Co11+205Cp12) %
n (Roclecz(Rob) _gCab )
x{(m+k+1)(R)" 0109(R)  gyx 0 }(R)”Zgl, (24)
log(Ry) log(Ry)
where: q:% ;and C) :bk(m+1) .
(e11/Cor1mm1) -1
NUMERICAL CALCULATIONS AND DISCUSSION gradient &= 10, the pressure value increases as illustrated

PZT4 and BaTiOs in Figs. _2a and_ 2b._ Internal pressure is higher for the trans-
versely isotropic disk made of PZT4.
Figures 1a and 1b illustrate pressure values on innermost
surface of the transversely isotropic disc made of barium
titanate (BaTiO3) and PZT4 (piezoceramic) with thickness 200 500
parameter t = 1, variable density parameter m = 1, tempera- 400
ture =5, and angular velocity of 100 and 500, respec-
tively. It may be observed that pressure value increases with
increasing radii ratio up to the centre of the disk and it is
further decreased with increasing value of radii ratio for
k=1, 2, and 3, in case of both materials. Pressure value is %3 03 04 05 06 07 o8 %7 03 04 o 06 07 oe
maximal for k= 3. With the increasing value of thermal RO RO

= P, for k=1 w P, for k=2 === P, for k=3
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Figure 1. Internal pressure on BaTiOz and PZT4 with t =1, m =1, b) 400
0=5, and angular velocity of a) 100; and b) 500. 50 00

400, 200 » 200 /—\

a) % 150 <= {200 T

300 300, /\ A oo /

o 100

=1 50

§ 200 200 \

. /’_\ / 2 03 04 85 o6 07 08 o2 03 04 0F 08 07 03

100 /—\\ 100, RO RO

0 o Figure 4. Internal pressure on BaTiOs and PZT4 witht =2, m = 2,
02 03 04 ‘;g 06 07 0& 02 03 o04 ‘;g 06 07 o8 0= 10, and angular velocity of a) 100; and b) 500.

200 500 Figures 5a and 5b demonstrate plots of pressure values
b)m 400 in absolutely plastic state for the transversely isotropic disk
g /—\ 300 \ of BaTiO3z and PZT4 with thickness parameter t = 1, varia-
§ 100 200 ble density parameter m = 1, temperature 6= 5, and angular

50 100 velocity of 100 and 500, respectively. Pressure in absolutely
plastic state achieves its maximal value at the centre of the

%2 03 04 o5 06 07 o0& %z o3 o4 os os o7 oe diskfork=1,2, and 3. Pressure values are further increasing
Ro RO with increasing value of temperature gradient (6= 10) as

Figure 2. Internal pressure on BaTiOz and PZT4 witht=1, m=1,
6= 10, and angular velocity of a) 100; and b) 500.

illustrated in Figs. 6a and 6b. Pressure in absolutely plastic
state is higher for the transversely isotropic disk of PZT4.

Figures 3a and 3b show the plot of internal pressure with - PR PSP
radii ratios for circular disk made of BaTiOz and PZT4 with 200 500.
thickness parameter t = 2, variable density parameter m=2,  a)
temperature @= 5, and angular velocity of 100 and 500, in ,**° 0
respect. Pressure has minimal value at the innermost surface gmo 30 —\
of the disk and maximal value at the outermost surface for = 7 \ 200 \
k=1, 2, and 3. Pressure values are further increasing with % 100
increasing value of temperature gradient (8= 10), as illus- T Iy e R T e Y|
trated in Figs. 4a and 4b. Internal pressure is higher for the R Ro
transversely isotropic disk made of PZT4. 140 1500
200 300 b)20 1400
a) 250 g 100 E
. 150 »00 ) g zg \ 300 Q
g 00~ 150 /\\ > 20 :200
a o "1 100 20 1100
/ % %2 03 04 05 06 07 08 02 03 04 05 06 07 0t
DO.! 0.3 0.4 0.5 0.6 0.7 0.8 O0.2 0.3 0.4 0.5 0.6 0.7 0.8 Ro Ro
RO RO Figure 5. Fully plastic pressure of BaTiOz and PZT4 witht =1,
200, 300, m =1, #=5, and angular velocity of a) 100; and b) 500.
b)150 250 200, 500,
: o ~——— jzz / azso 400
2 1
s 5 / 100 / - %100 \\\ 0 %
50 T 200
0% 03 04 05 06 07 oe 02 03 04 05 06 07 o0f % 100
RO RO 0 0
Figure 3. Internal pressure on BaTiOs and PZT4 witht=2, m =2, 02 0% D405 08 07 0F 02 03 04 05 06 07 0f
6=15, and angular velocity of a) 100; and b) 500. ’
INTEGRITET | VEK KONSTRUKCIJA 209 STRUCTURAL INTEGRITY AND LIFE

Vol. 23, br.2 (2023), str. 205-212

Vol. 23, No.2 (2023), pp. 205-212



Evaluation of thermal elastic-plastic stresses in transversely ...

Odredivanje termi¢kih elastoplasti¢nih napona u transverzalno ...

(=)}
~

Pressure

200 500

150 400

300

=
o
S

/)

200

3
=]

100

0 0
02 03 04 05 0. 0.5

Ro Ro
Figure 6. Fully plastic pressure of BaTiOz and PZT4 with t =1,
m =1, #= 10, and angular velocity of a) 100; and b) 500.

0.6 0.7 0.8 2 03 04 06 07 o08

Figures 7a and 7b show plots of pressure values in fully
plastic state for transversely isotropic disk of BaTiO3 and
PZT4 with thickness parameter t = 2, variable density param-
eter m = 2, temperature ¢ = 5, and angular velocity of 100
and 500, in respect. Pressure in fully plastic state achieves

Transitional stresses

Figures 9a and 9b show the plot of transitional stresses
with radii ratios for the transversely isotropic disk of
BaTiO3; and PZT4 with thickness parameter t = 1, variable
density parameter m = 1, temperature ¢= 5, and angular
velocity of 100 and 500, respectively. It may be noted that
transitional stresses are tensile in nature and increasing with
radii ratio and achieve their maximum at outermost surface
of the diskc for k=1, 2, and 3, in case of both materials.
With the increasing value of thermal gradient &= 10, the
values of transitional stresses increase as illustrated in Figs.
10a and 10b. Transitional stresses are higher for transversely
isotropic disc made of PZT4.

= g, for k=1 = o, for k=2 === o, for k=3

1000

its maximal value at the outermost surface of the disk for ) 80
k=1, 2, and 3. Pressure values are getting larger with the 800 600
increment in temperature gradient (9= 10) as illustrated in & 6% 100
Figs. 8a and 8b. Pressure in absolutely plastic state is higher & 400
for the transversely isotropic disc of PZT4. 200 200
200 300 0 0
070 075 080 085 090 095 100 070 075 080 085 090 095 100
a) 250 R R
150
2 ~ T |%0 =~ 300 800
é 100 150 b;SO
L 600
o 100 ., 200
50 @
50 8 150 400
) 0 @ 100 /
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.2 0.3 0.4 0.5 0.6 0.7 0.8 200
Ro Ro 50
200 300 0 0
b) 250 070 075 0.80 0.85 090 095 1.00 0.6 0.7 0.8 0.9 1.0
150 i R i R i
g N~ T~ 200 = Figure 9. Transitional stresses for BaTiOz and PZT4 witht =1,
g 100 150 m =1, #=5, and angular velocity of a) 100; and b) 500.
o 100
50 500 1000
50 )
400 800
0 0
0.2 0.3 0.4 0.5 0.6 0.7 0.8 02 0.3 0.4 0.5 0.6 0.7 0.8

Ro
Figure 7. Fully plastic pressure of BaTiOz and PZT4 with t = 2,
m =2, =5, and angular velocity of a) 100; and b) 500.
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g 200 / / Figure 10. Transitional stresses for BaTiOs and PZT4 with t =1,
g 150 200 m =1, 8= 10, and angular velocity of a) 100; and b) 500.
2 100 ] ..
% 100 Figures 11a and 11b show plots of transitional stresses
o o with radii ratios for circular disk of BaTiOz and PZT4 with
0.2 0.3 0.4 0.5 0.6 0.7 0. 02 0.3 0.4 0.5 0.6 0.7 0.¢
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Figure 8. Fully plastic pressure of BaTiOz and PZT4 with t = 2,
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thickness parameter t = 2, variable density parameter m = 2,
temperature 6= 5, and angular velocity of 100 and 500, in
respect. Transitional stresses have maximal value at the outer
surface of the disk for k = 1, 2, and 3. With increasing value
of thermal gradient = 10 , the value of transitional stresses
increases as illustrated in Figs. 12a and 12b. Transitional
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Figure 11. Transitional stresses for BaTiOs and PZT4 with t = 2,
m =2, =5, and angular velocity of a) 100; and b) 500.
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Figure 12. Transitional stresses for BaTiOs and PZT4 with t = 2,
m =2, =10, and angular velocity of a) 100; and b) 500.

Fully plastic stresses

Figures 13a and 13b show plots of absolutely plastic
stresses with radii ratios for circular disk of BaTiOz and
PZT4 with thickness parameter t = 1, variable density param-
eter m = 1, temperature &= 5, and angular velocity of 100
and 500, respectively. Transitional stresses are tensile in
nature and increasing with radii ratio and achieve largest
value at the outermost surface of the disk for k =1, 2, and 3.
With the increasing value of thermal gradient &= 10, the
value of transitional stresses increases as illustrated in Figs.
14a and 14b. Fully plastic stresses are higher for trans-
versely isotropic disc made of PZT4.

Figures 15a and 15b show plots of fully plastic stresses
with radii ratios for circular disk of BaTiOz and PZT4 with
thickness parameter t = 2, variable density parameter m = 2,
temperature 6= 5, and angular velocity of 100 and 500, in
respect. Transitional stresses are tensile in nature and increas-
ing with radii ratio and achieve the largest value at the
outermost surface of the disk for k= 1, 2, and 3. With the
increasing value of thermal gradient 6= 10, the value of tran-
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sitional stresses increases as illustrated in Figs. 16a and
16b. Fully plastic stresses are higher for the transversely
isotropic disc made of PZT4.
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Figure 13. Fully plastic stresses for BaTiOz and PZT4 witht =1,
m =1, =5, and angular velocity of a) 100; and b) 500.
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Figure 14. Fully plastic stresses for BaTiOz and PZT4 with t =1,
m =1, =10, and angular velocity of a) 100; and b) 500.
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CONCLUSION

Studied here is the deformation in a thin circular disk
made of BaTiOs and PZT4, due to angular velocity, tem-
perature and pressure. In the present research, the compo-
nents of transitional stresses are obtained and shown graph-
ically to depict the effects of rotation, pressure, and temper-
ature. There is significant impact of rotation and temperature
on stresses for transversely isotropic rotating disk made of
barium titanate (BaTiOs3) and PZT4 (piezoceramic). With
increase in rotation and temperature, the circumferential
stresses further increase significantly. It is concluded on the
basis of all the calculations and results that the disk of piezo-
electric material BaTiOs is better than the disk made of
piezoceramic material PZT4. Parameters obtained from this
research can be used to design pressure sensors, radar anten-
nae, and many other devices, also machines, or structures,
in engineering applications.
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