, 20 6 (199 6 )

Applied Mathematics and Mechanics

:1000_0887(1999) 06_0613_06

ERE, ARE

( , 210094)
(FR R KIE H)
Cayley_Hamilton s .
033 A
F= RU= R, (1)
F , R , U v
Cauchy_Green C B C= U= FTF, B= V= FFT,
F=1+ E+ W= S+ W, (2)
, W ,E S .
s E , W .
R, [1]
) 0 P
R= I+ sin0P+ (1- cos6)P? (3)
P p R , trP*=- 2,
cosf = %(trR— 1) (4)
, Hill 2 .
1997.05 20; 1998 11_15
(1963~ ), ,

613



614

, Tingm , Hoger[4] , Sawyers[ R 1ol C U
U' .
Cayley_Hamilion R ,
F U F , F
P .
[ 7,y I T )
Ar= 1 rllr— Illr= det(I - T), (5)
det( ) . Cayley_Hamilton
U- 1vU+ NvU- Il = 0, (6)
C , [3]
v= a1 olllol+ (13- 11y €= C), (7)

U= a1 ol Mol 1%+ 1 o)]I-
[+ Tof T 2010)jC+ T o€,
lg My Iy
122 Lo+ 2l = Hew 21 ollly M= Tk,

Tv TIlv [4~ 6] °
R U' , F
s ° F
F  Cayley_Hamilton
F— 1 pF+ llgF- 1 = 0, (8)
F—l
MeF'= F°— | iF+ A (9)
CF'=F, R"'= UF ', (10)
(1o U (7) ’ (9
R= &1 olld+ (1 %= o) F- 1yl oF'+ 1 o(F)>= FCh (11)
2
21
) 4 trR . ,  (11)
wR= ¥ L olle+ 1rl%= 1 llo- uFC), (12)
wrFCe , uFWF = 2uSW, (2)

W uFC= uF - 4uSW uF'= 1¥-20r, (8



615

tF = 1 %- 3Ap° uS= 1 #- 3As F* (2)
wF = S+ 3uwS We
tI"SW2= As— Ar,

wFC= 13+ Ap— 4Ag
(14) (12)
uR= AU(Tuvllr+ Trlo- T rllu- 15— AP+ 4As)

2

So = i(lU— I r)I+ S, S1= %(I v+ [ r)I- S,

(15)
trR = 4Aso/ Ay— 1°
. (4 (17),
20 Aso (1%- 1%+ Us)(1uy+ 1s)- 81
CcoSs 2 = AU: AUdet(Sl) = 8(1 UII U— IIIU) hd
F U .
22
R
— 1 'F L]
P = 2Sin6(R_ R)
(11) (19)
P- AU:ine[(lzy— Mo+ T olr) We 1 of WS+ SW) +
W+ SWS— WS- S°Wje
Rivlin 17
WS>+ S°W=— SWS+ [ p( WS+ SW)— 1lsW,
(20)
1 1
P= o [25WS - (Let To)(WS+ SW)+ S(1r+ | v) WJ*
(16), (22
P= AUzine[(l 20— Ilso) W= S3W— WS
P = Asicot %[(I %0- Ilso) W= S3W- WS3je
Rivlin
(15— 1lso) W= S§W— WS5= S WSy,
(23)
P = (AsoAy— Aso) 2SI WS
23
(3) R

1
1+ cos0

R= I+ sinOP+ (sinOP)

(13)
(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(2)

(B)

(23)
(24)

(%)

(%)



616

M =

(28)

24

S1 WS, (23)
sin P = 2A0M-* (27)
1+ cosO = 2As0/ Ay, (26)

R= I+ 25/ (M+ KsoM’)* (28)
(28) R U : (28)

[ 6] .

i 2 1 05 0

o./S/=|1 3 1|,./w=1| 0
05 1 1 -0

[F] =

S = N
N W =

[ v= 6.837, Ilv= 1287, Illu= 7,
(18)

Auv= 80.99, Aso= 70. 15, coszgz 0. 866°

[ 6] :

(25)

(25)

(8)

[P]=| 01873 0 -0745-

i 0 - 0.1873 0. 644 0]
- 0.644 0 0.742°5 0

[R] = 0.2557 0.8429 - 0.4735|,
L—0.4014 0.5381 0. 741
2.0147 0.8438 0.478 j

[U = [R'F] = [0.8439 3.6054 0.538 6 *
0.4785 0.5383 1.217

0.8795 0.0005 0. 476 j

?

1 SoP+ PSo= cot%W (D)

SoP+ PSo= — Asocot 3[58W+ S5 WSo+ So W85+
WSo+ ( Ilso— 1 %0)(So W+ WSo)]* (30)
(22)

So= 1 s085— IlsoSo+ lso1,
SoW+ WSo+ So WSo = I so( SoW+ WSo)— Ilso W,

SIW+ SGWSo+ SoWS3+ WS3= (I 50— Ilso)(SoW+ WSo) -
(I sollso— Illso) WP (31)



617

(31) (30) (29)+
2 WP+ P°W= PWP- W (32)
P=- P, (29)

cot g( WP'+ P°W) = SoP’+ PSoP’+ P'SoP+ P’So=
P(SoP+ PSo)P - ( SoP+ PSo)*
(29) (32)+
3 PWP-= %(IF— IU)Cot%P' (33)

(D
U= R'F= F'R, V= FR' = RF'-

(3) (4 .
sin0( SP+ PS) = 2W+ (1- cos0)( WP°+ P* W)+
(29) (16)
SP+ PS+ L1 yv 1)P= co 2w
(32) (33)
inf
4 w(FP)= (1 r- IU)1-SI—Ilose (%)
tr(FP) = tr( WP), (33) P
PWP? = %(1 F— 1 y)cot gpz-
2 1 0 2
tr(PWP") = — tr( WP) = 2(IF— I v)cot o P
(5), ()
0
5 w(FP )= (1r-10v 7 5 (35)
tw(FP’) = t(SP°), (29 P
SoP*+ PSoP = cot%"VP: SP*+ PSP- %(IF— [ vP?,
(34 (35)
6 w(FR)= (I r-1u)(1+ cosB)+ 1 Fe (36)
(34) (35) .
, . 0 n Cauchy R
[8]
tand = tr( FN)/tr( FN?), (37)
N n .

n=p (34)  (35) (37).
tan0 = tan0e
) p  Cauchy . [ 8]



618

, . [J]. , 1991, 21(3): 310~ 332.
Hill R. Basic aspects of invariance in solid mechanics[A]. In: C SYih ed Advances in Applied Me-
chanis 18] C]. New York Academic Press, 1978, 1~ 75.
Ting T C. Determination of C Y2and ¢~ V2 more general isotropic tensor functions of C[J]. J Elas-
ticity , 1985, 15(3): 319~ 385.
Hoger A, Carlson D E. Determination of the stretch and rotation in the polar decomposition of the
deformation gradient[ J]. Quart Appl Math , 1984, 42(1): 113~ 117.
Sawyers K. Comments on the paper “ Determination of the stretch and rotation in the polar de compoe-
sition of the deformation gradient by A Hoger and D E Carlson[J]. Quart Appl Math, 1986, 44( 2):
309~ 311.
Xiong Zhuhua, Zheng Quanshui. General algorithms for the polar decomposition and strains[ J]. Acta
Mechanica Sinica , 1988, 4(2): 175~ 181.
Rivlin R S. Further remarks on the stress_deformation relations for isotropic materials J] . J Rational
Mech Anal, 1955, 4(5): 681~ 702.
, . Cauchy [J]. , 1988, 33(22): 1705~ 1707.

The Explicit Representation to the Principal Rotation
Angle and the Principal Rotation Axis

Dui Guansuo, Zhuo Xiaobao
(Departm ent of Applied Mechanics, Nanjing University of

Science and Technology , Nanjing 210094, PR China)

Abstract: By using Cayley Hamilton theorem, two kinds of explicit representation for the rotation

tensor are proposed. The one contains the lower powers of deformation gradient, by which the for-

mula of the principal rotation angle and the explicit representation of principal axis are obtained; the

other, a high efficient method to obtain the rotation tensor, does not contain the complicated coeffi-

cients and uses few variables. Some properties about the principal rotation angle and principal rota-

tions axis are obtained.
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