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K131T14+K141T13 K151 Ki61
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Kiz1 = ,312(.322 - 13-25), Kiz1 = 0-25.312’ Ki41 = B1(0.25 — ,312),

Kis1 = 0.25B%(Bf + 1), K161 = 0.5b,

Ty = byB{ + bif5 + 2b, B — 2b,B5 + 2(bs + by) B B5 + by,

T3 = 16b,ff + 8b,f7 + by, Ts = 16by(Bf — B1), Te = —32b, 5,

T, = 16by(Bf — B1) + 32(bs + b,) B3 — 8(bs + by + by) B3,

Tg = —32by 7 — 32(bs + b,)B1 B3,
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8(4+B3%)

211 1(27p3 12} +12-985 ~16pF 4083 B3 -394 B3) ~3A12 83 (6587 +455F +20-8pF ~1087 B3 -12p163)

8(64+2245%2+1968%+365%)

Aq3(6+43BF+42BT+4B5+29BF B3 +70B7B3)+P1414(20+75BF+85BF+12p5+33PF p5—24P1 3 )} 8(4+ﬁ1)h2
64+224B2+196B%+365° (2+p2)s2’

_ (4+BHHn? 2/17(.31'*'3'*'431—752—105152)+Asﬁ1(ﬁ1+5+631—352+931ﬁz)
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_ (4+B%)n coty {2A53(ﬁ%+3+ﬁ22+ﬁ%ﬁ§)_/163ﬁ1(ﬁ%+5+3ﬁ22)

Bie = 2+B3)S; 4+p? *
2A9231(3‘f+3%—3+,3§+.3f.322)+/1102ﬁ%(—ﬁf+5+4ﬁf522—2ﬁ§)}
4(4+B2)(A+B3) '
B —_ 2(4+P%)Stps i 2346
77 3B22+B2)(B2+9)’ P T gt T

By = hBt(1 +4B7), Bay = —4B7(1+ BF)S;coty

_ 16(4+BH(1+BD) {63(1—16ﬁ1‘)ﬁ%92+cz[A16(1+4B%)+A3(1+6ﬁ%—32ﬁf)—A4ﬁ1(3+24ﬁ%+48ﬁ1‘)]92 _
st 2(1+483) (B +1)
[48As3(32B1+76B7+36)B1C2+384(Ag3C2 BT +A3BT)+24A4(28B5 +9)1B103S1coty | [8As3(BF+1)+3Ae3B1]STcot?y
2 2 + 2 }’
9(4p51+9)(16B1+9) 16(B1+4)

By3

= — S TSP (05151 (3261 + 7662 + 36) + BA1B1(4 + 96D) +

Bas =~ Satpro)eptro) 11082

4h2B%cot
(9B%+4)(;:_04;%)51 {[2A51(ﬁlz + 1) +

3A61 1] X (4B + (BT + 4 (BF + 1) + 2A13(4 + 2987 + 70B1)(9BF + 4) + 6A1481(4 +
1187 — 8B1) (467 + 9},

16[A13B:1(221BF + 64B7 + 9) — 64A1,B1 (487 + DIIC, +

_ 16h2(4+ﬁf)(1+ﬁf)ﬁf{ 4A;(1+8BF)B3 03 + [A102,81(1+4,822)—2A92(5+ﬁ%—33%)]51“)@/}
s? 3(81+1808%+648%) 32(B1+4) !

_ 2h3BH2[2A51 (687 +1)+As1B1](B2+1)+P1A14(20+5982 3687 )+A13(4+3787+18081)}
(9BF+4)s7

8BFh?(1+B7)
By, = Y jg)(mﬂ%ig)sf {As2[3(16B87 + 9)(4BF + 9 (BE + 1)S coty — 18(BF + 4)(32pB7 +

76B7 + 24)C,5705] — 8Ag, B1[160(B1 + 4)C, 51603 — 9(4BF + 9)S;coty]},
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3h3
Byg = 2(9/6%7)55{[2/\91(5 +B7 = 3B7) + M101 1 (1 + 4BD]9BF + H(BY + 1) -

8[2As, (687 + 1) 4+ 5Ag,B1181(Bf + 1) + 2A41[(5B8F + 3BT + 5)(4 + 9BF) — 12B5 —
27B1B5 + 75B1B5] + 31,81 (217 + 27B1 + 4 + 167 + 64B7 S5 — 12B1B5)},

_ _ A(+p)pint 2 c . 20
By = 3(9p2+4)s? {3[2A53(6B1 + 1) + 5A63p11S1coty + 256A16f1 63},

84+ A+BIBESIpeh? 66

B,y = ,
30 (9+B2)(4B2+9)

_ _ 1 __ hgcaqy(hgth)
A1oa = cay1hg , Azoq = caizhg , Ar1q = Ehacall(ha +h),Ayq = T

A111a = —((cos(Bhg) — 1) cos (ﬁz—h) — sin (%) sin(Bhq))eas,

a
Az22q = 2ea31—

h
hg hg+h hg hg+h
Az20a = Caz1hg , Az10a = CAz2hq , A2z10 = % yAz11a = %
Bh . (Bhy |
A111q2 = —((cos(fhy) — 1) cos (7) — sin (7) sin(fhg))eas;
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1
1 hg hg+h
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Bh . (Bhy .
Aysss = ((cos(Bhs) = 1) cos (5) = sin (5) sin(Bhs))essy
hg hg+h hg hg+h
Az20s = CSa1hs, Az10s = CSohg, Agars = % yAz11s = %
Bh . (Bhy
Aj11s2 = ((cos(fBhs) — 1) cos (7> — sin (7) sin(fhs))ess;
Agos = cs33hy . -
0533}12(1 - (= 77 Ws)z)

A =
61s 2

Ator = Ayos + Aro + Aroa» A11r = A11s — 411 — Av1a
Azor = Azos + Az0 + Az0a, A21r = Az1s — A21 — A21a
Arnns = ((cos(Bhs) = 1) cos (5) = sin (57 sin(Bh))ess,
Atira = ~((cos(Bhg) = 1) cos (£7) = sin () sin(Bho))eas, D2
Azz2a = 2ea3 7

Azior = Az10s T A10 + A210a » A2117 = Az115 — A11 — Az114,
Azzor = Az0s + Azo + Az20a) Az21r = A2215 — A21 — A2214
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h . (Bh\ .
Az = ((cos(Bhs) = 1) cos (57) = sin (52) sin(Bho))ess
Lh . Bh\ .
At1az = —((cos(Bhy) — 1) cos (£2) = sin (52 sin(Bhq))eas,
Az2a2 = 2ea32f
Agor = Ao *+ Apoa t Asos » Asir = As1 + As1a T Ap1s

AMy 7 = A11 + AMy1q + AMy15 , AMy17=A31 + AMyq4 + AMy4
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AMMyyr = —Ayy; — AMMyy, — AMMy;,

AM;445 =

9531((B(h+2hs) cos(Bhs)—Bh—2sin(Bhs)) cos(%)—(ﬁ(hﬂhs) sin(Bhg)—2+2cos(Bhs)) sin(%))
_ =
AMiq114 =

easl((ﬁ(h+2ha) cos(Bha)~Bh-2sin(Bhq)) cos(EL)-(B(h+2h,) sin(Bhe)~2+2c0s(Bhq)) sin(%))
_ =

h+ h)eas1h
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AM3p17 = Ay + AMy314 + AM33s , AMy117=A11 + AM3114 + AM3q45
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_ 7
AM; 1162

ea32((ﬂ(h+2ha) cos(Bhq)—Bh—2sin(Bhy)) cos(5)—(B(h+2hq) sin(Bha) —2+2c0s(Bhy)) sin(%h)>
_ 7

(h + h )€a32h
AMi12q2 = %
AMg 7 = Aer + AMg1q + AMg1s, AMgyr = Agy + AMegyq + AMgys
Lo = A1orAz10r — A20rA2207
b, = AleoT b, = —/]ion by = —A11TA210TL+A20T A1t b, = Azor A211TL_A210TA21T
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bkel — 111a 2107;1 111a2 A20T , bGel — 111s 2102 111s2 20T,
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bt,, = A201422202—A210T A2224
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-AqoTA +A A —AqoTA +A A
bkeZ — 10T4111a2 11la ZZOT,bG — 10T4111s2 111s4220T
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0 0
bt _ —A1o0r422202 4222442201
e2 — Lo
hee = 1 _ Aeir
55 7 Agor’ 0% T Agor

¢1 = AMy17by + AMy17by5 , ¢; = AMy17by + AMyy7byy

c3 = AM117bs + AMyy7bss + AMM 17 , ¢4 = AMy17by + AMy17b3s + AMM
cmy = AMy17bkey + AMy bk + AM 1114
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cmy = AMy117bkey + AMpp17bkey + AM 11142

cmyg = AM3117bGey + AM17bGey + AM 11152

cmyy = AMpq17btey + AMopi7btey + AMy1242

css = AMgi7bss , o6 = —(AMe17bes — AMgaT)

= (—8by1B% + 2b, — 2by,) Bt
+ (=2b1 B3 + 2by1P5 — 4by B3 + 4bya 5 + by — by + 3by, — 3by,) B — (B2
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F]_O = 2F8 D5
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Fip

= sin(y) (b,

+ (2b11B5 (2bss + by + byy) + 2bybyy + b + (—2byy — 2byy)by + 6bFy + 2by1 by,
+ b3,) Bt

+ ((2b1b11 + (2bss + by + by3)*) B3

+ ((2by — 4byy + 2by; + 4bsg)by + (10by + 4by, + 4bss)b, — 4b%;

+ (=2byq — 4bss5) by, + 8b11b55) B3 + bi + (2by + 4+6by; — 2by3)by + 5b3

4+ (=10by; — 10b,,)by + 9b2, + 10by1byy + 5b§2) B

+ (Zbl (2bss + by + byy)Bs

+ (2b% + (2b, — 10by; — 10by; — 8bss)by + 5b% + (2by, + 12bss)b, + b3,

+ 4by,bss + 8b525)ﬁ§

+ (—4b? + (4by, + 20by; + 16b,, + 12bss)by + (8by; + 4byy + 4bss)b, — 4b2,
+ (—4by; — 4bss)byy + 4by1bss)Bs + 4(by + by — byq — bzz)z)ﬁﬁz

+ (b1B? — 2by — 2b, — 2bs5)?f3)

F
Ay = F—:
Fy
= - ((—szz +2by) Bt
+ ((4by — 8byy + 4by; + Bbss)B3 + by + 3by — byy — 3byy ) B
+ (8b, — 6b, — 2by, — 8bss) B + (=5by + by + byy + 3byy + 4bss)BZ + by + b,

~ biy by ) B2

F,

= (25602,5¢

+ (512by1 8% (2bss + by + byy) + 128b,by4 + 642 + (—128by; — 128b,,)b,
+ 6b?, + 128b;1b,, + 64b3,) B0

++ ((5121911911 + 256(2bgs + by + byp)?)BY

+ (128, — 256b1; + 2y, + 4bss)by + (640byy + 256by, + 256bss)b, — 4b3;
+ (—128by; — 256bss) by, + 8b11b55)[?22 + b? + (2b, + +6by; — 2by,)b; + 5b2
4+ (=160by; — 160by,)by + 144b2, + 10by,byy + 80b222) B

+ (512b1(2bss + by + by,)BS

+ (2b% + (32b, — 96b,; — 10b,, — 8bss)by + 320b% + (128by, + 768bss)b,
+ b3, + 4byy bss + 8bés ) By

+ (—4b? + (128b, — 640b;; — 640b,, — 512bsc)b; + (8by; + 4byy + 4bss)b,
— 4b3, + (—4byq — 4bss)byy + 4by1bss)B3 + 4(by + by — byy — bzz)z)ﬂf

+ (b1ff3 — 2by — 2b; — 2bs5)? )
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= (4’b11316 + ((4b1 + 4‘b2 + 4‘b22 + 8b55)322 + b1 - bz + 7b11 + bzz)ﬁf

+ ((4b1 + 4b, + 4by; + 8bss) By + (=by + 9by — 5byq — 3byy + 6bss)B5 + by

— by + 3byy + byy ) B2 + 4(B, + 1)(b1E — 0.5b; — 0.5b, — 0.5bs5) (B, — 1)BZ )
Fy

= (12802,¢

+ ((256b11(2b55 + by + byy))B2 + 64bybyq + 32b2 + by(—64by; — 64by,)
+192b% + 64by;byy + 32b%; ) B

4 ((256b1b11 + 128(2bgs + by + byp)?)BY

+ ((64b2 — 128by; + 64by, + 128bss)b; + (320by; + 128b,, + 128bss)b,

— 128b%, + (—64byy — 128bss)by; + 256b;bss ) B2 + 8b7

+ (16b, + 48b;; — 16b,,)b; + 40b% + (—80by; — 80by,)b, + 72b%, + 80b,1 by,
+ 40b§2) B

+ (256b, B$(2bss + b, + byy)

+ (64b? + (64b, — 320by; — 320b,, — 256bs5)b; + 160b2

+ (64by, + 384bss)b, + 32b%, + 128b,,bss + 256b%5) 5

+ (—=32b% + (—32b, + 160b,; + 128b,, + 96bss) b,
+ (64by; + 32by, + 32bss)by — 32b3, + (—32by; — 32bss)byy + 32by1bss) 52

+8(by + by — byy — byy)?) B + 128(b 2 — 0.5b; — 0.5b, — 0.5b5)?f3 )

Ao Bt
157 32b,82 — 16b, — 16b, — 16bss
Fs
Aoy =——=
62 F6
Fs

= By (4by1 BT + ((—12322 + 7)by1 + 4b, B3 — 4byyB5 + by — by + bzz)ﬁlz

— (B2 — 1)(By + 1)(by — by + 3byq + byy))

Fg

= 8(Bf + 1)(16b%, B + (8b%; + (8by — 8b, + 8b,3)by1 + 4(by — byy)?) B
+ (by + by — by; — by3)?)

= —cos(Y)B1S1((=bz + 3by1 + by) i + ((2by + 2bss)B5 + by — by + 3byy
+ by2)BY — (b1Bf — 2by — 2by — 2bs5)B3)
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Fg

= sin(y) (b1 87
+ (2b11B5(2bss + by + byy) + 2by by + b3 + (=2byy — 2byy)by + 6bF; + 2by1 by,

+ b3,) Y

+(@biby + @bss + by + b))

+ (=2byq — 4bss)by, + 8b11b55) B3 + bi + (2b, + 6by1 — 2by;)b; + 5b3

— 10b,(byy + byy) + 9b%, + 10by,1 b,y + 5b222)/3;*

+ (2171.326(2b55 + by + by3)

+ (2b% + (2b; — 10by; — 10by, — 8bss)b; + 5b% + (2by, + 12bss)b, + b2,

+ 4by,bss + 8b3s) B3

+ (—4b? + (—4b, + 20by; + 16b,, + 12bss)by + (8by; + 4by, + 4bss)b, — 4b2,
— 4b,5(byy — bss) + 4by1bss)B5 + 4(by + by — by + bzz)z)ﬁlz

+ (b1 B3 — 2by — 2b, — 2b55)*B7)

+ (((b22b44 + bybyy + (—2bgs + bz + b33))B5 + bybyy + (—bz + b3z — 6byy) by,
+ (b3 — b33 + 6byy)by — 8by1 (b3 — 0.125b, — b33 + 2.75b44)) 316

+ ((b1b44 + (=2bgg + b3 + b33)by; + (—2bge + b3 + b33)by + by1by — 4bss(beg
— 0.5b3 — 0.5b33)) B2

+ ((—2bgg + bz + b3z — 2bys)by + (12bgg — 8b3 + by — 4b33)b,,

+ (—12bgg — 5baq + 12b33)by + (46bgg — 15b3 — 2by — 31b33)by, — 8(bs

— 0.25by — b33 + 0.75b44)bss ) B2 + (—4b3 + by + 4b33 — 2byy)by

+ (10bs — 6b, — 10b33)byy — (10bs — 6by — 10b33)by + 20by; (bs — 1.1b, — b
— 0.55b,)) B

+ (((—sts + b3 + b33)b;y + (by + byy + 21955)1’4)/3)55

+ ((4b66 - 2b3 + 2b4 - 2b33 + b4,4)b1 + (4b66 + b3 - 8b4, - 5b33)b22 - 23b11b4
+ 16bs5(bge — 0.25b, — bs3))B3

+ ((6bgg + bs — 4by — Thsz — 2b4s)by

— 8b55(byy + b3 + 0.75b, — b33))ﬁ22 + (—4b3 — 2by + 4b33 — 3byy )by

— b33 + 0-4281944)) Bt + (B2 — 1)? by(B3by + (—=2by — 6b; — 2b,, — 8bss) B3

— 3by — 6by + 12b11 + 6by,) (B, + 1)? )
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= b121518

+ (21185 (2bss + by + byy) + 2bybyy + b3, + (—2by — 4by1)byy + b5 — 4by1b,
+18bf;) 7

+ ((Zblbll + (2bss + by + b22)*) B3

+ ((sz — 4byy + 2by; + 4bss)by — 6b3, + (4b; — 2byy — 8bss)b,y + 2b3

+ (22byy + 8bss)b + 20by1bss ) BZ + bF + (4 by + 12by; — 4by)b; + 14 b3,
+ (—28by + 56 by;)byy + 14 b2 — 56b44 b, + 105 bfl)ﬁf

+ (2191 (2bss + by + byy)B5

+ (2b% + (8b, — 46by1 — 16by, — 8bss)by + 5b%, + (14b, + 24bss)by, + 13b3
+ 40bssb, + 32b%5) B3

+ (—4b? + (=2b, + 92by; + 38b,, + 36bss)b; — 30b3,

+ (4by — 52b;; — 56bs5)b,, + 26b% + (20by; + 56b5s)by — 32by1bss) B2 + 10b?
+ (40b, — 62by; — 40by,) by + 49b2, + (—98b, + 196b,,)b,, + 49b3

— 196by,b, + 232b%, ) pE

+ (Bf by + (—2b; — 6 by — 2 by, —8bss) f2 —3 by — 6b, + 12 byy + 6 byy)?

Fis

A202, = - =
F16
Fis

= Slzbll(_bteZKp +bGer)pBy + (((_btezKp + bGey)b, + (_bteZKp + bGez) by
+ (=bto1 K + bGoy)byy + 2bs5(—btey Kpy + bGer)) B3 + (—bte Ky — 3bt,, K
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Abstract

In this thesis, active vibration control of truncated conical shell under harmonic excitation using
piezoelectric actuator is investigated. For this purpose, first, dynamic equation of the FGM
truncated conical shell is derived. Using the Galerkin method the ordinary differential equations
of the system are obtained. Then, using semi-analytical perturbation theory methods, resonance
analyzes (primary resonance, supersonic and subharmonics) are performed to investigate the
hardening or softening behavior of the system. To active control of system, we add the outer layer
as the actuator and the inner layer as the sensor to the system. Due to the added piezoelectric
layers, the governing equations of the system are again extracted. Using the piezoelectric sensors,
active vibration control of this structure are performed, and the effect of piezoelectric sensors on
the softening or hardening behavior of the structure are investigated. The necessary analysis for
this structure are represented at different vertex angles of the cone, volume fraction and loading.

keywords: Nonlinear vibration, active control, piezoelectric layers, functional graded
material, truncated conical shell
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