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lSJ’ >
, L, ; q
P , 1 . s xOy
C(x,0), C(x+ u,w), w, w C
2 . [810- 15
H-Ik—w([))—-r—
lw(xl
Blp olB p_{ul0) P
¢ ﬂ.s ’ (f{B’ /, g'(s)
w 17 M(z)C.
| % q(x) T /f N()2g q' (£)ds
! (b)
!
l u
4+
Alx * (a)
1 2
ds _ o du_ b
A = R, o = RcosO- 1, d = Rsin0, (1)
M(x)= Plw(0)- w(x)]+ J;q'(g_,)di[w(rl)— w(x)], (2)
N(x)=- [P+ J;q/(g)d% cosb), (3)
s(x) , R(x) (stretching), 0(x) x
- P .4 (8 , 0<E<s, 0Ny
N= EA(R- 1), M = Elg—s, (4a, b)
A, 1 , x , E
[ 9a= [aman e
4 (29~0
s pru- i+ [qanem - wiar. (5)
R=1- cos@[P+ .[jq(i)di] /EA* (6)

(5) x
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£0_ . ddo J* dw,
B 5=~ E s —[P+ Oq(n)drﬂdx (7)
do
s= 0, 0= B,d?:o ( x=0 ), (8a)
u=0 w=0 0=0 ( =1 ), (8b)
B , B .
X=x«x/l, S= s/l, U= u/l, W= w/l, (9a)
p= PI’/(ELy), q= ql/(Ely), K\(X) = A/Aqo Ko(X) = I/1p* (9b)
Ao, Io x = . (9 (D, (6),(7)
g—;: R, jX—U: Reosf— 1, %z Rsin®, (10)
0 1dKrd0 |1, 1 dw,
AT Ky dX dX T [sz+ K oq(“)drq aX (1)
X
R=1- |p+ Lq(ﬂ)drﬂ cosO/ K1 N, (12)
XN= IPA/I¢
do
§=00=8 =0 ( X=0 ) (13a)
U=0 W=100=0 ( X=1 ) (13b)
2
(10) ~ (13) ; ,
(551417 = qf(X), f(X) X . q0 .
dy
= HX Y, (14)
Y(0) = {0 vi v B O 1;3}"‘, (15)
Y= {S U w 0 do/dx q(}T={y1 Y2 y3 y4 ys yé}T,
H-= {R Rcosys— 1 Rsinys ys ¢+ @ (}T,
1 dK2 1., .
=- L ax)» °=- ERsmw[lﬁ‘ J'zygf(g)d%,
V= {m v2 v3}T (14) ~ (15) .
B, Vo= {UT vl ui}T (14) ~ (15) Y= Y(X;8,
V) X=1 (13b), (10)~ (13)
Y= Y(X;B V) (16)
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2
Ki(X) = %AOX] . Ka= [Ki(X))? (17)
(di— do)/(2l) = tana, a , do, d x=0 x=1
, do S die q(X) , g(X) = A(X) Y=
Ki(X)Aoye Aov,f(X) = Ki(X),
R= 1- [p+ qu[1+ %k)‘oX+ —k MX} COSy4/K1)0 (18)
q(X) = Kigo, $=- [% 1+ = (19)
2
¢= _ K1p+ Kq [1+ —kMX + Ekz}\ozxz] ilXﬂ. (20)
1 qoor  Pa
a 0 0.5 r L5 ? 2.5
Qou 7.8357 23.884 51.348 91. 158 14.77 212.81
Pa 2.4678 7.919 1 17.517 31. 71 51,068 75. 557
2 p,a q0a
P
0 0.05 0.1 0.2 1 2
a= ¢ 7.8357 7.5389 7.240 2 7.2309 4768 8 1.557 8
a=r 51. 348 51.07 50. 949 50. 711 48.749 46.351
a=72 144,77 144. 67 144. 56 144, 37 143. 14 140.70
3 [7]
[7]
B/(°)
» wo) | 1- U0) » W | 1- Uo) p W) | 1- U0
0 2.467 8 0 1 2,467 8 0 1 2.467 4 0 1
0 2.5057 | 0.2193 | 09696 | 25053 | 02193 | 0.9098 | 2.544 | 0.220 0. 970
0 26247 | 04220 | 08812 | 2643 | 0420 | 0.8813 | 2.628 0.42 0. 831
& 28417 | 0.5930 | 07412 | 2843 | 05930 | 0.7413 | 2.8924 | 0.59 0. 741
0 31919 | 07192 | 05%7 | 31916 | 07193 | 0.598 | 3.193 0.719 0. 560
100 3.7448 | 0.7914 | 03495 | 3747 | 07914 | 0.3495 | 3.7455 0.792 0. 349
120 4.6467 | 0.8032 | 0138 | 46470 | 0882 | 0.139 | 4.6486 0. 803 0. 121
140 6.2636 | 0.7507 |- 01062 | 62648 | 07907 |-0.1061 | 6.2097 0.750 - 0.107
160 9.9149 | 0.6254 |-03%96| 99192 | 06253 |-0.3393 | 9.9411 0. 625 - 0.340
, 0° - M= 120
. , (10) ~ (13)

qo

P
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(21)°

L g=20°
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> * a
- p=1 ., 3 B ((X +
Uex), wix))) : 4 (a=0) q (p=
0) B .
5 6 a=C0 a=1° go— W(0)e
> a > ¢ > P > qo
4
. x(x) , .
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Post_Buckling of a Cantilever Rod with Variable
Cross Sections Under Combined Load

WU Ying, LI Shirong, TENG Zhao chun

(School of Sciences, Lanzhou University of Technology ,
Lanzhou 730050,P .R . China)

Abstract: Based on the geometrically non linear theory of axially extensible elasticrods, the govern-
ing equations of post buckling of a damped_free rod with variable cross_sections, subjected to a com-
bined load, a concentrated axial load P at the free end and a non unifornmly distributed axial load q,
are established. By using shooting method, the strong nonlinear boundary value problems are numeri-
cally solved. The secondary equilibrium paths and the post_budkling configurations of the rod with lin-
early varied cross _sections are presented.

Key words: rod with variable cross section; axial extensibility; post_buckling; shooting method;, nu-

merical solution



