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1.1

F= Fixgrgk = xr K 8 8K,
F'= Filgigc = Xk 181 &

(xrk) = viixixk, F= G*F,
(Xx.1) == Xxwip F'=- F'+G,

vk = vk+ 80 Wxi G= vk IgkZI .
1.2

W= Ujoegoge= N, ogoge,
W= Wloghge = M ogoge

((Pe, @).: G{q,a@a’@’ L= Qe lp’
(®o0)'=- ®awm, (V) '=- Weo

W= % Q= @ q808a °
1.3
T= Tgkg:, t= tugrgr T = Txigkgr Piola Cauchy  Kirchhoff
Tt T
) = (Tkxrs) = TKLXZ,L+ Tt %m v, m= (GXk ktw) =
GXK K( L= Vi plpt+ vy k),
T= TF'+ T F'“G = jF ' [i- Gt+ (v ;
2) TKL= (Xe.1%) = XL,Z(;[KZ— Touviy) = (X ktmXe1) =
jXK,k('lkl— Vh.plpl — v1,pthp + vp.pthl) XL, 1,
.T': ("'l:_ To GT).F_T:
- T . T
JF Lt Got- G + (ov)tloF ;
3) th= (Jon k) = J(xnk T+ vk Wi vy pxkk ki) = (JoekTreayr) =
J(xrgx,tlrr + vikx, tTee + vipxek Tk — %k k21,0 0p, p TRL),
t= ]{F-'n [F- (.--'-K)F]-T}:
JF[T+ FF'eFeT+ T-F'“F"— (ep)Tl-F'
1.4
B= lkogkgo m= muwgrgy M= Mgoegkge Piola Cauchy Kirchhoff

, L m M

B

(9a)
(9b)

( 10a)

( 10b)

(11a)

( 11b)
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1) LlKe= ( Mo (Pe, (-))'= Mge "Pe, o+ Mgeo W, « (P(L 0= (jXK,kmke)'=

JXK R( M= Uk g0+ Uy, i), (12a)

b= Me Wy Mo Q' jF e [m- Gom+ (ow))m; ( 12b)
2) Mro= (Mo ®o)'= o ®o— bo o Ra= (jXe rmi B o) =

jXK,k[(T;’LkG— Uk, 0+ vy, i) Dog— mup @4, 0 De, o , (13a)

M= (I e o). w' -
JF ' lm- Gom-me 9"+ (ev)ymle v, (13b)
3) muw= (Jork o) = J(xik Mo+ vik Uo— vy, p 2k Mio) =
(Jon k Mgop B, 0) =

J(xek B oMro+ vix Mko R o+ xrxMxko R o= vy pxr.k Mko B, 0), (14a)

m= J{Feie [F= (#op)le )=

JE{ M+ FFeM+ Mo We W' ( ay) ppe e ( 14b)
2
21
[2,3, 4] Piola, Kirchhoff  Cauchy
1) Tirk+ po(fz— vi) =0, (15a)
0T Q(f- ¥) = 0; ( 15h)
D) (Trexir+ Txrvin).k+ Bo(fi— v1) = O, (16a)
O(TF'+ T*G") + Do(f- v)= 0 ( 16b)
3) (= vhpty+ vppti) i+ p(f.z— vi) = 0, (17a)
Foli- Gt (e P(f- B) = 0 (17b)
22
Piola, Kirchhoff — Cauchy
1) ko x+ @m(vrc%+ 2k Ta) + po(l.e— Oy) = 0, (18a)
O i (G T+ F-O+ P(I- 0) = 0; ( 18h)
2) (MK@ ® o+ Mko % 0).k + awl (vnkxn o+ ko) Teo+
vikanr Ta) + Poflo— o) = 0, (19a)
Oe(M+ W'+ M- W)+ e[(GF+ FG): T+
(FF): T+ Py(1- 6) = 0; ( 19b)
3) (muo— vi o+ v i) b+ Galtr— v di)+ p(l.e— 0y) = 0, (20a)

Folme Gom+ (Soyyml+ &L= (“ov)i+ 01— 6) = 0 (20b)
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(15) (18),(16) (19) (17) (20) Piola, Kirchhoff
3
(7)
nE= (vp, mnk— vp, k),
n= [n'((_;'n)] n- G n
31
1) 13(1]\,) = N¢Tx,
I;’(N) = N°T;
2) I;J(IN) = NK(TKLXZ,L+ Tkrvii),
PV = N(T*F'+ T-G');
3) PN = i+ N (Vr, mimlvk = Ur, k) Uk,
PN = nets nl(Gnyn- G-t
32
1) ¢6" = Ny By,
c™ = Ne I
2) Z’(ON) = NK(MK® B, 0+ Mo ‘:Po, ),
N
3) ¢ = mmio+ n(ve, wtwni— v 1) Mo,
¢ = nem+ n'[(G'n)n— Gl* me
(22) (25), (23) (206) (24) (27),
Piola Kirchhoff  Cauchy
4

[3] (2 vV v= v+ OXx ,

O%L(pé)d“ O%Lp(f— B vdy + %y{a(l’(")"’)da+
i.[; PI- 9+ xx(f- »rrdv+

%f (c(n)+ x xp(n)).rda.

(28)

Cauchy

(21a)
(21b)

(22a)
(22b)
(23a)
(23b)
(24a)
( 24b)

(25a)
( 25b)
(26a)

(26b)
(27a)
(27b)

(2)
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5
. (15) ~
(20),(22)~ (27) (28) y
(15)~ (20),(22) ~ (27) (293) W= ango(

V= v+ OXXx R = Rogo( ) v = v+ Rxx .
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Renewal of Basic Laws and Principles for
Polar Continuum Theories ( V)
—Incremental Rate Type

DAI Tiar min
( Departm ent of Mathem atics & Center for the Application of Mathem atics,
Liaoning University, Shenyang 110036, P. R. China)

Abstract: The purpose is to establish the rather complete equations of motion, boundary conditions
and equation of energy rate of incremental rate type for micropolar continua. To this end the rather
complete definitions for rates of deformation gradient and its inverse are made. The new relations be-
tween various stress and couple stress rate tensors are derived. Finadly, the coupled equations of mo-
tion, boundary conditions and equation of energy rate of inaemental rate type for continuum mechan-

ics are obtained as a special case.

Key words: coupled, equation of motion; boundary condition; energy rate; incremental rate type;

micropolar continua



