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, Abrate!” | Kumar ~ Su ji;hl 10 . R
1
, x=1
M par Vo, 1 . E, P, A(x), L,
Myod®
( 2)9 X r(x) ® a =
J(r(L)-r(0))/L], b= JTr(0), x r(x)= (ax+ b)/ 7,
A(x) = (ax+ b)°, Ao= (d+ b) mwi= @Ao[(1+ ¢
+ ¢>)/3], g= r(0)/r(L)= b/(b+ aL)*
[
«——L——>] Vo
/| - r(L)
7
dwrs —
1 2
1) : _
2) , St. Venant , (x= L) Voe
[ 10]
2
a%[EA(x) S—]: 94(96)%753 (1)
X, ¢ u(x,t) € x,t)
cv(x,t) = Ou(x,t)/0t, &x,t) = Ou(x,t)/0x, O(x,1) =
E€(x,t)* _
u(0,t)=0 ( x=0 ), >
g0,1) = Ou(0,1)/dx=0 ( x=0 ), (2)
2
o LA = go(L, 1) ¢ =1L ), (3)
v(L,0) =- Vor (4)
(D, (2) (3) (4) _
cu(x,t)==[c/(Vol)]u(x,t), c= JE/P° (1)

u(x,t) = Ulx)e™ A(x) = (@ + b)° ,U(x)
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1 [ . ax+ b ax + b
- 1 B B ]
U(x) i b c1sm[ B + c¢acos " , (5)
B= w Ni p/ °
2
2.1 (D
&= x/L, T= tc/L, A= B/ o JUE, s= b/(d),
w= 3a/(1+ q+ q°), A= mod mpa . _ .1
1 - - )
_ A1 q]
ManA = a tan}\{ao+ X J_ 1
$(E) = sin(AE) $,(E) = 5%(%?'1
(M;= mp.bB;) = %(m sin’)\) B, = f;x [[% Sij‘i)“] ay+ sinz)»]
_ Vo B SUsindy Lo B N sin)\isin)\i'f(cos}\ﬁ, sin)\ﬁ,w
P(x,1)=- FA €8T €8T =~ P cosNesin AT €(&, ) = - i;Bi(u )| &+ s 7 ME+ 5 )
a=-09-0100.1,3b=1 L=1 , 2 a
0.001 5 . 2 , ,
, . a= 0.5 , a> - 0.87
2 A(x) = (a+ b)2 b= 1, L=1 _
a a=-0.9 a=-0.1 a= 0 a= 0.1 a= 3
0. 001 1 — 0. 031 56 0.031 62 0. 031 56 0. 023 89
2 3. 1416 3.141 88 3. 14191 3. 141 94 3.142 32
3 6.283 19 6. 283 33 6. 283 34 6. 283 36 6. 283 55
4 9.424 78 9.424 87 9. 424 88 9. 424 89 9. 42502
5 1 113475 1.354 24 1.313 84 1.27575 0. 758 651
2 3.189 67 3.99 64 4. 083 57 4. 060 67 4.21215
3 6. 305 29 6. 866 5 6. 909 6 6. %6 43 7.21975
4 9.439 29 9. 866 5 9.89275 9. 927 29 10.226 4
2.2
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b Rl R2 R3 q Qo A ) ‘
3 _ )
] LG+ M- g)+ (1= q)%a
AotA= — a Acot A Nt (1- ¢)%a,
sin( AE) + sheos(AE
¢i(§) _ COS(}\@) ¢i(E_,) _ sin )\z )§+S}:(os )
(M= m,B) B; = é_(ﬂ+ cos’ ) Bi= Ri+ Racod N+ R;m}\#

©

u(§, T) = Zsm}\icos)\igx

W(ET) = Z(sin)\i+ sAcos)) "

wnt) = - %(g,r) SAB M1+ s)B,
‘ sinNT+ T Si"}“'ggf);"c‘)s}”gbin)W 1+Ta
gET) = i(sirﬂw shicosA) SinAT x
P == BE g 1 e o o SN ga MR
=1 Vi ENcosAE— [1+ sN(E+ 5)]sinA§
(E+ 5)?
a=-0.3-010013b=1 1 , 4 a
0.001 5 .
3, w2 T(l+a) , g
4 A(x) = (ax+ b): b= 1LL=1
a a=-0.3 a=-0.1 a= 0 a= 0.1 a= 3
0. 001 1 1.353 11 1. 505 05 1.571 43 1. 632 64 2.456 42
2 4. 648 08 4. 69127 4.712 6 4.733 74 5.233 34
3 7.8157 7. 841 34 7.854 11 7. 806 83 8.204 8
4 10. %68 3 10. 986 6 10.995 7 11. 04 8 11.25 2
5 1 2.501 21 2.608 71 2. 653 66 2. 69506 -
2 5.2488 5.395 67 5.454 35 5.505 76 3.388 45
3 8.213 01 8.338 33 8.391 35 8. 438 87 6. 15324
4 11.2617 11.3639 11.408 6 11. 449 5 9.027 9
3
: - a= 0001 50 , &1, T)
u(l, T 1 . a= 0.1 , 3
u(l, T) g7 , 500°
1 500 , 4 a=-0.5b=1L=1 a= 0.001,0.1,0.5,
5 , - : (4),
1’ . , . a=
0.001 ,
5()) a=05a=1b=1,L=1 , _ < 5(h)
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Analytical Solutions for Response of Collision
of Particle With Conical Rod Caused by
Longitudinal Vibration

BAO Si _yuanl, DENG Zi_chenl’ :
(1. Department of Engineering Mechanics, Northwestern Polytechnical University,
Xi” an 710072,P.R.China;
2.State Key Laboratory of Structural Analysis of Industrial Equipment,
Dalian University of Technology, Dalian 116023, P.R . China)

Abstract: The objective is to present analytical solutions of longitudinal impact analysis for slender
conical rods strudk by a particle and a new method is proposed for conical rod partide impadt analy-
sis, in which the superposition methodis used and the response of the rodis presented. These analyt-
ical results are exact and can be used to validate the numerical methods or other analytical results.

The numerical example shows that one of the advantages of the present method is that the analytica
form is very simple. The result is that mass ratio and some variables desaibing the geometrical shape

of rods such as taper, length and radius play an important role in impact dynamic system.

Key words: conical rod; longitudinal impact; mode shape; superposition method



