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[13]

s Hamilton
[ 14]
s Hamilton
1
3,
0= ce- ¢ E- X', d= ee— KE- 1T, s= Né€+ r'E+ cT, (1)
Y ( O11, O, 033, Op3, 013, Opa), € ( €, &2 &3,28x3,
2€i3,2€12), A _ ( AN,i=1,2,3), ¢ ( cij = gi, 1,
= 1,23456);e 3%x6 ( eni=1,23)=1,23456),E
( Ei,i=1,23),d ( di,i= 1,23), K (
K= K,1,j=123),r ( rioi=1,23), T » €0 > S
&= (uij+ w.i)/2 Ei=- ¢, pi=- kil (2)
, @b , pi , kii
Gii=0 dii= 0, pii= 0. (3)
2 HR
(D ( )
P, 'n Tl | D T
= | g + , (4)
P2 ' 'yl | D2 YoT
D2 = [u,x U,y U,y + 0v.,x ¢,x d),y]T, D= [w,x+ U,z W,y+ 0,z W,z d),z]T,
P 1= [ O Oyz o dz ] Ta P 2= [ O oyy Oxy dx dy] T;
Vi= [~ A - A - A %L = [- A - XA - A % %/.
(4) D, P,
D= O4Pi+ OuDr+ aiT, Pr= DyPi+ OpDr+ aoT, (5)
Oy= D= I, Op=- By=— O, Pp= Bh= Ip+ Iy Oy,
ar=- PpYy, az= Y2— [y Opvy.
[ 13.15], HR
= IJJVLRdV— J‘L T' QdSo - L T (Q- Q)dS., (6)
Lr Reissner ; 0= [u v w ¢]T, O=[u v w ¢]T, T =

[T Ty T= To'.
(5) D P (6) Lr D' P, P.
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D= Q.+ GiQ, D= G20,

0o a0 0 0

qa
00 B 0 0 P00
G = ,Gz—B(lOO
000 0 0o o
00 0 a
0 0 0

., a= Jox, B= /0y

Le= PiQ.:+ Pi((GIQ)+ Du(G20)) + %(GzQ)T O G2Q) -
TPlouP i+ o Go)T- dlPT,

(8) L= PiQ.:- H, (6) Hamilton

M= ”JV(PTIQ,Z- H)dV- ”SGTTQdSa— LMTT(Q— Q)dS.,
H Hamilton

[13]

=T Q=0 (9

Hamilton
Q{P} {Gh GIldy G5 PG HP} Glad|
= + ,
dz| @ @y - (Gi+ PyGy)) QO aj
P=P,P Q

[8.11] (10

Prxt pryt p= 0 (pii= 0).
. [811] (11)

{px == kuTl «, py=— kT, p:=- kal ., (pi=- kiT, i),

OT(x,y,2)/0z°— CT(x,y,z) = 0.
: (11)
Op/0z = (knd®+ knP)T, 0T/0z = = Vksp..

(13) pz(x, yaz) T(?C, y,Z)
[13.14]
pi 5 T,l' s
, pi=— kil . , kii . [13_14]
; (13b) pz(x,y,2) T(x,y,2)
, (13), (10) P Q0 ,

dR/dz = KR,

R = [ O o}'z 0, dz Pz u vow ¢ T ]T,

(10)

(11)

(12)

(13)

(14)
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Gl+ G D 0 G2 DnG2 G: a2
OT 0 OT k11(12+ kzsz
K= ,
Dy 0 - (Gi+ DGy aj
o' - 1Vks o' 0
0=/0 0 0 0.
. (14 : (14)
[ 16]
p=(x,%,z) T(x,y,z)

teji=Ggi= 0(i=1,23;j=4506);c4= ca= 0(j =
56);c6= c65= 0,ej= et6= 0(j= 1,2,3,4);e2= es5= ex= 0(j=1,23);e3= 0(J
=4,56);r1=r2=0; (10 :

st 0 0 O 0 0 ssa swa - sig0
0 0 O 0 0 B B - B
@y = 2 , Gi+ Gy Dy = e ., G o= o ,

0 0 s3 s4 -—a -8B 0 0 0
0O 0 s4 s sea  s7B 0 0 0
— spnd— 5587 - spaB- sisBa 0 0 $20
" ~ spaB- sisBa - suB- 5560 0 0 521

GQq)Zsz: ) ai = B
0 0 0 0 0
0 0 0 - siea’— sub 0

si(i= 1,23, -, 21)
[10]

o w= v = b= T=20 (x:(),(l),
O”.: w= u= b= T=20 (y: O,b)

(15)
(15)
(Geyu) = ZZ Ou(z), u(z)) cos( M Jsin( Cy),
(Ouv)= ;Z‘[Oﬂ(z),U(z))sin(rlx)cos(éy),
(16)

(Gow.p) = 20240 (z).w(2). p(z))sinf N sin( & ).

(de, &T) = MZZMZ(Z), b(z), T(z))sin( Na)sin( Ly ),

N= mWa, $= nl/b.

(16) (14),

dR™/dz = KR™, (17)
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K

(17)

R"™(z)= “R™(0), 2z €[0,h]. (18)
n , (18) z= Uk J .

R™(h)= e R"(h-1). (19)

R (k) = TRT"(0), (20)
T = eK(h”)eK(hni ) meK(hl)’ R"lm(O) (z= 0) _

1 [ 070/ 90/ 070/ 90/ 0,]1 ', h=1m, a= b= 50m.

PZI_5A , hp= 0.1h, he= 0.9h/6. PZT_5A

s (Y1, Yo, Y, G, Gz, G31) = (61.0,61.0,53.2,22.6,21. 1,21. 1) GPa; (Viz, B3 Vi3) =
(0.35,0.38,0.38); (T, T, ) = (1.53,1.53,1.50) x 10 *F/m; (di, da, d 5 da, ds5) = (- 171,
— 171,374,584, 584) x 10 °m/V; (ay, @z, a3) = (1.5, 1.5,2.0) x 10°K " k1= ka= ks= 1.8
Wem 'K ';r3= 0.000 7 Com %K' s (YL, Ya, Gir, Grr) = (181,10.3,7. 17,
2.87) GPa; (Mz, Wir) = (0.28,0.33); L= Th= 1.53 x 10° F/m; (i, ar) = (0. 02, 2. 25) x
10°K s (ki br)= (1.50.5) Wem K 'ir3= O;di= 0(i= 1,2, -, 5).

1 0= 0 0= sin(Na)sin( Cy), b= &= 0,T1= To= O,m= n= 1(

2 0= 0p=0 %= &= 0Ti= 0,T>= sin(Nx)sin(¢y),m= n= 1.

1 ( : Ki= (a/h)/10.3%x 10°, Ka= (a/h) x 22.5%x 10°%)
1 2
w(a/2, b/2,0)/K, u(0, b/2 0)/K, 10% w(a/2,b/2,0)/K, pa(a’2, b/2,0)/K,
- 641.342 - 20. ¥4 - 3.309 481. 211
[ 10] - 641.404 - 20.742 - 3.291 481. 432
2 [ 90/ 0/ 90/ 0, ], 1 ,
0.02m 0.2m . hs ,a= b= 1m, 1l 0= 0, 0=

S]n(rlx)sm( Qy)’ b= b= 0,T1= Tr= 0,2 O;1= 0, 0= S].l’l(n.x)sin(éy), ¢ = Q b =
sin(Nx)sin(Cy), Ti= Ta= 0;3. 0= 0, Oo= sin( Nx)sin( Cy), b= Q P = sin( Nx )sin( Cy),
p:1= 0, p:2= sin(Tx )sin( Sy).

1 . 3 , z ( la) ( 1b)
2( la) ; 3( 1a)
4  Hamilton
pi=— kil , (D
0= cE- ¢ E- X', d= e€¢+ KE+ 1T, p=- kT, (21)

T= [T, T., T .
P= [oxz Oyz o dz Pz]T; Q= [LL vow ¢ T]T (6)
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(a) (b)
1

Hamilton

Ni(§EM)= (1+ &) (1+ nN)/4, i= 1,234, (2)

(1]

(2]

w= [N(x ) u(z)}, v= [N(m)]%(z)}g w= [N(x.y){w(z)}.
Kre)).

b= [N(x,y)] ¢(z) T
O = [N(x’y)]

Oz (Z )} )

= [N(x.y)
0= [N(x. ) %2}, o= [Ny {alz)), P

do= [N(x. ) d(z)). po= [N(x )1 pe2)) .

J

(23) (6)
_[J[Me 0]|J| agan - Pt
0 M | @z)
Jacobi . Ki(i,j= 1,2)
Hamilton
Hamilton
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Variation Principle of Piezothermoelastic Bodies,
Canonical Equation and Homogeneous Equation

LIU Yan hong"?, ZHANG Hui ming'
( 1.Stat Key Laboratory of Engines, Tianjin University, Tianjin 300072, P.R.China;
2. Aeronautical Mechanics and Avionics Engineering College , Civil Aviation

University of China ,Tianjin 300300,P.R.China)

Abstract: Combining the symplectic variations theory, the homageneous control equation and isoparamet-
ric element homogeneous formulations for piezothermoelastic hyhrid laminates problems were deduced.
Frstly, based on the generaized Hamilton variation prindple, the non homogeneous Hamilton canonical e-
quation for piezothermoelastic bodies was derived. Then the symplectic reationship of variations in the
themal equilibrium fanuwlations and gradient equations was considered. The non_homogeneous canonica
equation was transfarmed to homogeneous control equation for solving independently the coupling problem
of piezotheamoelastic bodies by the incensement of dimensions of the canonical equation. For the conve-
nience of deriving Hamilton isoparametric element formulations with four nodes, one can consider the tem-
perature gradient equation as constitutive relation and reconstruct new variation prindple. The homoge-
neous equation simplifies grealy the solution programs which are often performed to solve non homoge-
neous equation and second arder differential equation on the thermal equilibrium and gradient rel ationship.
Key words: piezothermoelasticity; Hamilton principle; Hamilton canonical equation; symplectic vari-

ables; homogeneous equation; homogeneous isoparametric element formulation



