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b5 U IO DA SR EE IO (4305, ek 1 e SCHR [ 7 ] i 2R3,

i85 LR A KRS R IR — OB X Hoh A K R AE U e 45 YA )
TS A G A AR W AR AR FEURI B S i P [ (9 385 K, 30 B 45 W Bk o el A (A2 04 T
25 ST I B AR [] 20 i 2 v B 725 S [ R, S [ 1 0 18 A8 T i) . A 2
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SRVERT 03 1% DS A K A RTEE T RHE AT IS B s [a) 28 fE 4,
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W IRARBRIC R s = s°(s,¢) , HIFR] ¢ iz sl F AR &, X RS2 I8 5 AR KO FG 10, 150
PEFT 3 AR T Sk B 45 05 5007 10 FARIK A (e](s°) ,e5(s") ,e5(s°) ), (eb(s) ,e5(s),
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Fig. 1 Axial and shear deformations of the differential element of a growing rod
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By = 0 B, B A K SPEFF Y Kirchhoff F7Y,
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WA A= A B AR T HIRM Hooke &, PR, B AR 2R LAS H AL bR s A BE e A )
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3 ARKIEVEFF S 1221 Gauss 2843 M HA% 1 B BV 2

DL BT (O X 4, R R AR R 0-6md RIS ¢ = (e, e, o) MiE
BB HIEE AR (g, q5,95) AR E R r(q,,q5,q96) 4R AYERT 3 1 A AE 7R I [H]
SRR T H AR i, A AIE 20 S Gauss 4843, 40l FHE S 8, , 8, %, B

(1) 8,4, # 0, KA R0, B18,s=0,8.,5=0,8.,5§=0,8.,:=0,3.,¢,=0,5.,¢/=0,3.4;
=0,844;=0,8.47=0;

(i) 8 .q7# o,ﬁé%/}%é}iéﬁqo, BP8.s=0,8,5=0,8.,§=0,8.,1=0,3.¢,=0,8.,¢/=0,5.4,
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I SO IR 7 1 R 245 (6] H P P-4 4 K 5 7%
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X p A0 b 2y 5 BT S AT B TR, TE R AR AR R T R AR AR R J =
diag(J, J, J,),XHB J, =pl/A A REREAL 1,1 R 350 o,y BEPERE, 1 Xt 2 i
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AR RN S1EH Gauss [REE 32 FRARBUR 29 5 1 2 K SRMEAT , 3L BRR S AR R] TR
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DRI 25 HH R RN AR R, DA SR 0 7 A8 R 305 1T LA e R AT I 00 RV 25 Ak b ) R A, R X (37)
A 6 AARAREL, R .
A (31) F(33) I Bz ok Z, T Z, 1978 o 3 B B IF 5 T RN IF 25 K, B (A A 5B
AR DT 10 2 R E S

Z

(37)

1 ) o
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%[J-(J"-Y—.Q)]-(J"-Y—.()), (38)
Hpy=0(Bw)+drx(Ky)-2x(J-2) -m.
= K Gy + KX T () + KX, +

%[B-(aswf +B'X,) |- (d.w° +B'X,), (39)
Hrp
X, =wx (Ky') -pdr+f, X, =w X (B-w’) +drx (K-y°) - 9,(J-2) + m;
J' K, BT A RGEXTHB T RR S0/ =5, 0 2R Z, 1 Z, B KT B T
SR 4 R PR
KM Eh SR Gauss S/MAREIE A2 FARUN 29 5 0 A K RPEAT APk A
AR TFARS AR AL B iz g2 ] BRIRE , (HE T B SRS (0 o pR 21 Gauss 425324 0.
8,2, =0 (40)
£
8.2, =0, (41)
AT DATE B, B SRS ol 40 o pR AR U /I ME.
TE Gauss 28505 (1) T, i bR Bz, sl

AZ, sz(Ai‘)2 + ?(J-A_Q) ‘A -

[0.(K-y') —F+f]-AF = [J-(J 'Y -2)]-A2. (42)
Bz 2R (37) ,K(42) Bk
AZ, :%p(m—)z +%(J-AQ)-AQ >0, (43)

RN LA By, Yo PR Z, U /ME.
TE Gauss 2870 L) T, ¥R ek KL 7, (3 &8
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Sziz s e (37) , R (44) il
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RN E A Bl Y PR AL 7, B /IME.
X PR AT T Al [ 251, T 5 A50B)) J2 B SRR b B bR IR A AT pR L 2, A e
Tk 0 BIWT,

5 AERIPEFFR RS FRIE

H AR T TR A i A RS AT — b 2 BN 2 o 2K (35) B (36) F i fin i 3 4% [a] ki 7 4% —
AT, R, ANBERR BT N (37) i3z sh sy Jr FEH 2, X (40) 5 (41) 38R iliar. IR it
YRR R SR () L5258 Bl R SR A 2 (40) B (41) B S AR A ] 831 AR i ELAAR 1) 29 5O
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WA, T 4 BT AR AR 2B,
1) £RAFR AN S G AR ] i 2 SIS B0 A7 6 AN T RS i 23R
2(q,q:,4,0)=0  (k=1,2,--,n<6). (46)
FIERIER A A R, XY n = 6 B, SPEAT A ST IE B 258 4R E M KT /(5 g,) AT
SRR AR SRR AT 2] BB g A g, B LA 25, G R il e e v il - A9 ATt T
XRELR,

2) BEAR  AIFEE WA B0 — BRI A8 SR 4A R L AR A (46) AR JE R TIAR AR
(FE BRI 50 = s, Ab BT AFRIRE T A2 S AT 1) — ity i P i 52 3 249 R

3) HEARLATR X R TR SN B B 2SR A S oA 5 A LR fk B b [RLEE , 7E
R (40) B (41) FEATHAB TSI, $2 M i A 1 fff AR 2 TOR0 . 3 #3817 s R 4444, )R
FHYH AP,

XEF R AT, A A B A SRR TR AR AHRE s, — 5, = md/2 LAAMIY A, oK
=1 > d SRYERFRMIE SRR R =1 + x e, +xpe, , o (v o, ) SR ET Y00 A7 U5 FE
ZE APPSR D = { (E,1.0) [ 1 g(é,m.,4,0) [ < 0} CBRMEFFA IR ARECA R A BE
MR FER ¢ D.

GAPERT 42 ik 5 2 A Mk, R O AT 32 R R AR R, %A B

6 4k J5e)
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Gauss Principle of Least Constraint for Cosserat
Growing Elastic Rod Dynamics

XUE Yun', QU Jia-le', CHEN Li-qun’
(1. School of Mechanical Engineering, Shanghai Institute of Technology
Shanghai 201418, P.R.China;
2. Department of Mechanics, College of Sciences, Shanghati University,
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( Contributed by CHEN Li-qun, M. AMM Editorial Board)

Abstract: The dynamic modeling of growing elastic rods, with the background of a kind of
growing, deforming and moving slender bodies in nature and engineering, was studied based on
the Gauss principle of least constraint in the classical mechanics. This provides a new method
for the dynamic modeling of growing elastic rods, and meanwhile expands the application scope
of the Gauss principle of least constraint. With the Cosserat growing elastic rod as the object,
the geometric rules for growth and deformation of the rod were analyzed, which show that the
growing strain and elastic strain are in a nonlinear coupling relation. The constitutive equations
were given as a linear relationship between the internal forces and elastic deformations of the
rod’ s cross section; through definition of the inverse of dyad, the Gauss principle of least con-
straint was used to model the growing elastic rod dynamics and get 2 equivalent forms of the
Gauss variation, which reflect the symmetry between time and arc coordinates in the expres-
sion of rod dynamics. The closed-form dynamic differential equations were derived. 2 forms of
constraint functions were given, which indicate that the actual motion of an elastic rod made
the function at a stationary value, and also the minimum value. Finally, some problems about

the constraints and conditional extremums of the growing elastic rod dynamics were discussed.

Key words: growing elastic rod dynamics; large deformation; Gauss principle of least con-
straint; analytical dynamics; inverse dyad
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