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2 Kelvin-Voigt Model
¥ Standard Solid (Zener) Model
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63
eql :=(72hr?Bt0 Gsl+96 hr?pt0 u(r,t
q ( B B )(atarz of )j

3
72hpr? (5‘[3 u(r, t)} B t0 Gs1

KO

+(72hr?Bt0 Gsl+96 hr? BtO)( W(l’ t)j(aaaz

3

w,(r, t)J

63
+(8h3rZBtO+6h3r2BtOGsl)( w(rt)]( tor? ;W (r, t)}

2 2
+(72hr Gs0+96 hr )[&Zuo(r,t))

2

0
o 72hpr? (Gtz u,(r, t)] Gs0
+(96hrBt0+72hrBtOGsl)[ u(r t)j KO +[

62
(72hr’pBt0 Gs1+96 h r2[3t0)[atar w,(r, t))

+(72hr?Gs0+9 hr )( w,(r, t)j)(gzzw(r t)J

+144hr(aw(r t))BtO[ o W(r t)J (

2

(8h3r?Bt0 +6h3r? BtOGsl)( 0 w(r t)}

2
£ (8h%r2+6h? rzGSO)( w(r, t)n ((fzwl(r,t)]+(—48 hr2 B0
r
+12 (aarwl(r,t)) h®rpto +72 hw,(r,t) r’ft0 Gs1— 48 hw,(r,t) r2 10

2

+72hr2pto Gs1j[ 0

S t)j +(72hrGsO+ 96 rh) [gruo(r, t)j

2
+(-72hpBt0 Gs1- 96h[3t0)(at 0(rt)]+72hr(awo(r,t))
2

+6(§rwl(r,t)) h3r+(( —48hr?Bt0+72hr? BtOGsl)( W(rt))

+72hw(r,t)r’Gs0—-48hr*—48hw(r,t)r*+72hr? Gso) [aarwl(r, t)j
—96 hu,(r,t)—72hu,(rt) GsO
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. . o3 3pr? h3[a3 1(r,t)}[}tOGSl
eq2 = (4h°r*pt0+3h°r pto Gsl)(atarzul(r,t) - KO

3

ot or?
3

+(4h3%r’Bt0+3h3r? BtOGsl)( w(rt)]( taa

+(4h3r25t0+3h3r2[3t0Gsl)(aarwl(r,t)j[ 0 w,(r, t)]
w, (T, t)J

+(3h3rZGsO+4h3r2)[ (rt)]

82
3pr2h3(u (r,t)] GsO0
2 271
0 ] ot +[

3 3 _
+(3h°rpBt0 Gsl+4h rBtO)(atarul(r,t) KO
2
0 W(rt)j

(4h3r2[3t0+3h3r25toesl)(
+(3h%r? GsO+4h3r)( w(r, t)D[aa:w(r t)] (

3,2 3,2 82 0 3
(4h°r pt0o+3h°r BtOGsl)(arzwl(r,t)J+6(arw1(r,t))h rpto

62
. 2 _ 2
36hr KSBt0—-36hr KSwl(r,t)Btoj(atarwo(r,t)J

+(3h3r?Gs0+4h® rz)( w(r, t)) (8:\/\/ (r, t)]

+6 h3(aw (r,t)] [6?2 w (r,t)]rBtO +(4h3r+3h3rGs0) (aarul(r,t)j

+(-36hr’KSBpt0—4h3pto - 3h3BtOGsl)( u,(r, t)j (
3 ¥ _ 2 v _ 2 _ 2
6 h (arwl(r,t))r 36hr Ks(atwl(r,t)]ﬁto 3B6hrKS-36hr KSwl(r,t)j

o
(ar w(r, t)] —3h%u (r,t)Gs0-36 hr’KSu,(r,t)—4h%u (r,t)

eq3 :=72 KShw,(r, t)u(r,t)+72KShu/(rt)- 2r FF}il(r), t) GsO

p 72 r(gt FF(r, t)j B t0 Gs1
+72h[aw(r,t))KSru(r,t)— K0

+72 KSh(aw(r t)ju (r, t)Bt0+((4h3+12 h3GsO)[ w, (T, t)j

0 0
+ 72 hrKS (atwl(r,t)j[}to +72hrKSw/(r,t)+72h rKSj (arul(r,t)]

Y



+(72 KS hwl(r,t) Bt0O+72h (grwl(r, t)j KSrptd+72KSh Btoj(gt ul(r, t))

2

3
+(48h+36thO)( w(rt)] [(12h3+9h3G30)( w(rt)) (
(144 hrKSpBt0 — 48hr[3t0+72hrBtOGsl)[8w(rt)] 48 rh

+72hw,(r,t)rGs0+144 hrKS+144 hr KSw,(r,t) —48 hw,(r, t)r

0
+72h erOj [arwl(r,t))+(l44 KShw,(r,t)Bt0+72h 10 Gsl
+72hw,(r,t) Bt0Gs1-48h 10 +144 KShBt0 —48 hw,(r,t) f10)

[gt w,(r, t)] +72 hw,(r,t) GSO—48 hw,(r,t) — 24 hw,(r,t)" + 72 KSh
+72 KS hw,(r, t) +36 hw,(r, t) Gs0+ 144 KS hw,(r, t))(8 w,(r, t)]

el
+(144thO+48h)( w(rt)J( U(rt)) 3

£ (9 hrBt0+72hr B0 Gsl)( w(r, t))[aaa ug(r, t)j

83
+(6h3rBtOGsl+8h3rBtO)( w, (T, t)][6 e 1(rt))
2

72prh(a w,(r, t))GsO

[(96 hrBt0+72hrBto Gsl) (aar uo(r,t)]
2
+ (144 hrpt0+108 hrpto Gsl)( w,(r, t)j

KO

2
+(12h3rBt0+9hirpto Gsl) (aarwl(r, t)) —24hw(r,t)’ rpto

+144 hrKSw,(r,t) Bt0—48hw, (r,t)rBt0+72hrKSBt0—48 hu(r t) B0
+72hu(r,t)Bt0 Gsl+36hw1(r,t)2rBtO Gsl+72hw/(r, t)rpBt0 Gsl

+72hrKSw(rt)2BtO] a—3W(rt) +
. otor? O (
(6h3rBtOGsl+8h3rBtO)(au(r,t)j

+(24h3rpt0+18h3rpto Gsl)[ w (T, t)](a w, (T, t))+6h3u (r,t) Bt0 Gsl
83
—4h3 ul(r,t)BtO)[atar w(r, t)] (

82

(9%6hrpt0o+72hrpto Gsl)( W(r t)) (72herO+96rh)( w,(r, t)]]
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0? o
(2u0(r,t)J+((96hrBt0+72hrBtO Gsl)(@rzwo(r,t)]
62
+(144hpt0 Gsl+48h[3t0)[ w,(r, t)n[ata u,(r, t)j

((6 h3rpt0 Gsl+8h3rBtO)(ata;rw(r t)j+(8h3r+6h3erO)( w, (T, t)D

82 1
+(12h*B1t0 Gsl+4h3BtO)(§rwl(r,t)J+72h rKSw,(r,t)Bt0+72hrKSpto

0? 0°
( u.(r, t)J [(6 h®rpto Gsl+8h3r[3t0)[ar2w1(r,t)}

2

o* u(r,t) [+ (216 hrpBt0 Gs1+288 hrt0) w(rt) 0 w(r t)
otor ' B B [ ) otor

+(24h3rpt0 +18 h3rpto Gsl)( w, (T, t)j[af;rw (r, t)]

+(72herO+96rh)(u (r, t)]+( 48hBtO+72hBtOGsl)( uy(r, t)j

2 2
+(108herO+144rh)( w(r, t)j +(9h3er0+12h3r)( w(rt)] +(

144 hrKSBtO+72hrBt0 Gs1—-48hw,(r,t) rpt0+144 hr KSw(r,t) B0

+72hw(r, t)rt0 Gsl- 48hr[3t0)[ w(rt)]+72hrKSW(rt)
+72hwl(r,t)erO+72huo(r,t)GsO+36hw1(r,t) rGs0—48huy(r,t)

2
+72hrKS+144 hr KSw,(r, t) - 24 hw,(r, t)" r =48 hw(r, t) r] (szwo(r, t)]
r

2

((24 h3rBt0 +18 h3rpt0 Gsl)( w,(r, t)j{a w,(r, t)j

+(144 h B1O Gsl+48h[3t0)(8 uy(r, t))

2
+(144 h B10 + 108 h B 10 Gsl)( w(r, t)j

+(9h*Bt0 Gsl+12 h3BtO)[ w, (T, t)j +(144hrKSBtO+72hrpto Gsl
—48hw(r,t)rBt0+144 hrKSw, (r,t) Bt0+72hw,/(r,t) rpt0 Gsl

—48hrBt0)( w, (r, t))+144 KShw,(r,t)Bt0+72hw,((r,t)Bt0 Gsl

+36 hw,(r,t)°Bt0 Gsl+72KShw(r,t)" Bt0+72KSh B10 —24 hw (r,t)* Bt0
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—48 hw,(r, 1) BtOJ ((;;r w, (T, t)j +(
82
(24h3rBt0+18h3rpto Gsl)( w, (T, t)j (atarwl(r’ t))

+(8h3r+6h3r650)(au (r, t)j+( —4h®Bt0+6h3pt0 Gsl)(a u,(r, t))

+(24h%r+18 h3rGSO)( w,(r, t)](a w(r, t))+6h3u (r,t) GsO
82
—4h3u(r, t)](rw (r, t)] ((12 h® B t0 Gsl+4h3[3t0)(arul(r,t))+(

(18 h®* B 10 Gs1+ 24 h3[3t0)[aarw1(r,t))+l44 hrKSBt0+72hrpto Gsl

—48hwy(r,t)rpt0+144 hrKSw/(r,t) Bt0+72hw/(r,t)rpto Gsl
2

—48hr Btoj (grwo(r, t)j +72h KSru(rt) Btoj (ataarwl(r’ t)j

83
72prh
p [a

w(r, t)JBtO Gsl

KO
eq4 := 960 hu (r, t) + (120h3rBtOGsl+160h3rBtO)( w(rt))( o (rt))

—1440 hu,(r,t) GsO+960 hu(r, t) w,(r, t) —960 hw,(r, t) r—2880 hw,(r, t) r

720 hr FF(r, t) GsO
KO

— 1440 hw,(r, t) r GsO— 2160 hw,(r, t)" r GsO— 1440 h u (r, t) w,(r, t) GsO

0
~1920 hw(r,t)r- — 1440 hr KS (arwo(r,t)j u,(r,t)

-720 hwl(r,t)3rGSO—144O h rKS(a w,(r, t)j(a u, (r, t)JBtO

720 hr (gt FF(r, t)j B0 Gsl

_ <0 ((240 h® Gs0 + 80 h? )( w,(r, t)j

+ (- 1440hrBtOGsl+960hrBtO)( W(rt))+960rh 1440 hw,(r,t) r GsO

0
— 1440 h r GsO+960 hw,(r, 1) r] (ar u,(r, t)]+
(960 hw,(r, t) Bt0 — 1440 hw,(r,t) Bt0 Gs1+960 h 310 — 1440 h 3 t0 Gs1)

(8t u(r, t)) [(180h3GsO+240h)( w(rt)]

+(-720hrpt0 Gs1+480hrpt0 — 1440hrKS[3t0)( w(rt)]
—720 hw,(r,t) r GsO— 1440 h r KSw,(r,t) —1440 hr KS - 720 h r GsO

V5



+480hw(r,t)r+480rhj(6W(r,t)]2+(9h5G50+12h)( W(rt)f (

(120 h*KS r Bt0 + 60 h®r pt0 Gs1 — 4Oh3r[3t0)( w,(r, t)j 40 h®rw(r, t)

+60 h®r Gs0+120 h®KS rw,(r,t) +60 h®rw,(r,t) Gs0—40 h®r +120 h®KS r)

2
[aw (r, t)j +[(24o KSh®Bt0 +120 h®w,(r,t) Bt0 Gs1+240 KSh®w,(r,t) B0

—80h3pt0 — 80h3w(rt)BtO+120h3BtOGsl)( W(rt)j

+60 h®w(r, t)° Gs0 - 80 h®w,(r,t) +120 KSh®—40 h®w(r, t)°
+120 h®w (r, t) GsO+ 240 KS h®w,(r, t) + 120 KS h® w(r, t)zj [gr w,(r, t)) +(
4320 hw,(r, t) r 10 Gs1- 1440 hr B0 Gs1— 2160 hw,(r,t) r B0 Gsl
—1920hrBtO—5760hW(rt)rBtO—2880hwl(r,t)ert0+960huo(r,t)BtO

—1440hu(rt)[3tOGsl)[ W(rt)j (
(120h3rBtOGsl+160h3rBt0)( u(rt)j

+(360 h®r pt0 Gs1 + 480 h3r[3t0)( w,(r, t))(a w(r, t))

otor
(120 h®r t0 Gs1+ 160 h®rpt0) (;r u,(r, t)j

+120 h®u (r, t) Bt0 Gs1-80 h®u (r, ) BtO)[ 0 5 W,(T, t)] +(

2
+(180h3rBtOGsl+240h3rBtO)( w(r, t)j
2
+(27h5rBtOGsl+36h5rBtO)( W(rt)] +60h3rwl(r,t)2[3tOGsl

- 40 h3rwl(r,t) Bt0 +120 h®u (r,t) Bt0 Gs1+120 h*KS rwl(r,t)ZBtO
3 3 3
—80h”uy(r,t)Bt0+240 h*KSrw,(r, t) B0 +120 h*rw,(r,t) Bt0 Gsl

—80h®rw,/(r,t) Bt0+120 h3KSrBtOJ[ata;2wl(r,t)]+(
(120 h®r B 10 Gs1 + 160 h3r[3t0)[ o w(r t)J

62
+(120h3ero+160h3r)( w(rt))]( (rt)J (

2
(120 h®r Bt0 Gs1+ 160 h®r pt0) {szwl(r, t)}
r
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+(80 h3 B 10 + 240 h3 B 10 Gsl)( w(r, t))+960hr[3t0+960hw(r t)r B0

2
— 1440 hw,(r,t) rpt0 Gs1-1440 hr 3 t0 Gslj [6? u,(r, t)j [

(54 h°r Bt0 Gs1+ 72 h® rBtO)( w,(r, t)) [ata;rwl(r’ t)]

+(120h3erO+160h3r)(u(r,t)j
+ (- 80tht0+120h3[3tOGsl)( u(rt))

2 2
+(240h3r+180h3rc330)[ W(rt)j +(36h5r+27h5r630)[ W(rt)j
+ (240 h*KS r B10 +240 h®KS rw,(r,t) B0 —80 h®r 10 + 120 h*r B 10 Gs1
—8Oh3rw(rt)Bt0+120h3rw(rt)BtOGsl)( w(rt)) 80 h*u(r,t)

+240 h*KS rw (r,t) + 120 h*KS rw (r, )’ + 60 hd rw,(r, t)° Gs0
+120 h®u (r,t) GsO+120 h®rw,(r,t) GsO—40 h®rw,(r, t)°+120 h*KS r

82
—80hrw(r, t)][rw (r, t)] [

82
3 3
(120 h®r Bt0 Gs1+ 160 h rBtO)(atarwo(r,t)]

82
+(120 h®r Gs0 + 160 h? r)( w(r, t))} (8r2 uy(r, t)J+(

2
(120 h®r Bt0 Gs1+ 160 h®r pt0) (82w0(r, t)J

+(80h3BtO+24Oh3BtOGsl)[ w(rt)n(ata;r l(rt)) (

(360 h®r 10 Gs1+480 h®r BtO)( w,(r, t)) (af;r w,(r, t)j

+(360 h®r pt0 Gs1 + 480 h3rBtO)( w,(r, t)] (af; w,(r, t)j

+ (120 h3r Gs0 + 160 h3r)(u (r,t)j
+(- 80h3[3t0+120h3[3t0631)[ u,(r, t)
+(360 h®r Gs0 + 480 h3r)( w,(r, t))(aw(rt)) 80 h®u (r, 1)

+120 h®u(r, t) GsO] [;:2 w,(r, t)J + {
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(360 h®r 10 Gs1 + 480 h3r[3t0)( w(r, t)} (arw (r, t)j

+(80h®Bt0+240 h3pB 10 Gsl)( u,(r, t)j (

(360 h® B t0 Gs1 + 480 h3BtO)( w, (T, t)) 1440 hr Bt0 Gsl
+960 hw (r,t) r 3t0 — 2880 hr KS ft0 — 1440 hw (r,t) r B0 Gsl

—2880 hrKSw,(r,t) Bt0+960 hr Btoj [grwo(r, t)j — 1440 hKSru,(r,t) Bto]

[af;w (r, t)] [(80 h® B 10 + 240 h3 B t0 Gs1) (gr u,(r, t))

+(180 h®* B t0 Gs1 + 240 h3BtO)[ w, (T, t)j
2
+(27h°B1t0 Gsl+36h5[3t0)( w, (T, t)j + (240 h®*KS r B t0

+240 h*KS rw (r,t) pt0—80h®rBt0+120 h*r B0 Gs1-80 h®rw,(r,t) B 10
+120h3rw(rt)BtOGsl)( W(rt)j+120h3w(rt)BtOGsl
+120 KSh3wl(r,t) B t0 — 40 h3w1(r,t) B10 + 120 KSh3Bt0

+240 KSh®w (r,t) Bt0 —80 h®w,(r,t) 10 +60 h®w,(r, )’ pto Gsl]

(af;rw (r, t)]+(240 h®Gs0+80 h )( w(r, t)](au (r, t)]

83
+(120h3rBtOGsl+160h3rBtO)( W(rt)j( u,(r, t)}

o d
120 prh [8t2 w,(r, t)] GsO 120 prh? (aﬁ w,(r, t)J B0 Gs1
KO - KO
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Abstract

In this research, the mathematical solution for axisymmetric vibration of annular
viscoelastic plates with moderately large deformation under transverse load has been
taken. The viscoelastic behavior has been assumed the standard linear solid in shear and
elastic in bulk. The governing equations which are four coupled nonlinear partial
differential equations with variable coefficients have been extracted using the
Hamilton's principle by considering the first order shear deformation theory. The
perturbation technique has been used for determining frequencies and transient
response. The numerical analysis has been done by using ANSYS software. The
sensitivity analysis has been performed and the effects of the geometrical and materials
parameters on the frequency and response have been studied. Also a comparison
between the classical and shear deformation theory and a discussion about the
nonlinearity effect on the results has been presented.

Key words: annular viscoelastic plate, First order shear deformation theory,

Perturbation theory, Moderately large deformation
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