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MX+ G¥+ KX= r(t), X(0)= a, X(0)= B (n ), (1)
X n ;M ( ); G ( ) (
) ; K ( );r(t) 5 a B
: (1 M
X+ G¥+ KX= r(1), (2)
G=M'G, K=M'K, r(t) =M'r(1),
(2) L ;
xi+ kixi+ GX¥+ KX = ri(t), (3)
ki K , Gi K G K i , K;
‘ : (3)
xi+ kivi= ri(t) - GX¥— KX =fi(t), (4)
(4)
, ki xi . (4) )
sin & lJ’ .
xi(t) = xi(0)cos @t + Tlx?(O) t 0fl( ¢sinw(t— ¢)dg, (5)
x2(t) = — x;(0)sinWt + x2(0) cos Wi + I;fi(é) cos(t— §)dg, (6)
o = JE (i= 1,2, -, n), (7)
2 [l]J
i= tr+ T (5) (6)
L Lk+T- in @ —
{xi(tk"r T)} . {xi(tk)} Wi, fi(&)sin@(tp+ T- &)de N
= * + t + T >
At @ #) tk fi(&)cos@(tp+ T— &)d&
— |: cos 0T sin T/ (ﬂii| 9
(D= - s AT  coswT (%)
T(T) , T . D)
[2- 4] (Y
(9 . T°0 . Ty I
T(T) M2= cos 0T £isinoT, I N2l = J00520%T+ sinf o T= 1
2
tk, X(tk) X>(tk) , (8) th+v 1=
tr+ T , . (8 T
(8) X ¥ (8)

: X(u) X)) X(w)(  X(w) M) . (1)
X(tr)), [ th, the 1] , (8)
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tw1= tp+ T . T , ) ,

. (8) fi(t,X) [ thy tre 1] t ,
Fi(t,X(t))= ro+ ri(t— th)+ ra(t— t) + r3(t— )’ (10)
ro= fi(te, X(tr)),
ri= [fiC ket Xiwt) = fil e Xi)]/ T, o)
ry= [¥iltirrs Xeet) = 3fil tis Xi) = 2fi (tis Xi)* T= fi (tee 1, Xw1)* T/ T,
ré: [2fi(tk, Xk)+fi/(tk, Xk)’T— yi(tlﬁl, Xk+1)+fi(tk+17 Xk+1)'T]/T37
XA~+1 ) 5
Xii= Xit ¥ T 2K T, (12)

t= 1t . X ). X () X X% . )

(4) Ji(t. X, ¥ X ¥ . (L X ¥ X x» :

(11) rk= 01,273 .
, (8) xi(tir T)  w(tp+ T)
, (1) (2) , (8)
, fi(t, X, X X ,
: filt, X, %) , :
° [tk, tr + rlT] m+ 1 fi(tk+
AL, X(tk+ 1°Ati)), 1= 0,1,2, .om, Ati= TV m, (0 1 1),
, Lagrange fi(t, X)* (10) (m= 3),

ro= fi(te, X(t)),
ro= (= Wi te Xi) + 18 i( tre 173 X 13) —
Fi(tes 23, Xw23)+ i s 1, Xoe 1) J/(27T),

rh = %[2fi(tk, Xi) = Sfi(the1s3, Xiw 13) + (13)
4 i( the 73, Xw2/3) — fi(the1, Xir1)],
A= Sl filte Xi)+ Filtis va Xiwva) -

il the 23, Xiw23) + fi( b1, Xiw 1)/,

b iv3 = th+ 1° /3, Xpw i3 = X(tr+ 1* MV/3), (14)
(13) Xis is3 (12) .
(11 (13) tr  Tolay ,
fo= S X))+ o( T, rh= fi (i X(1))/24 of T,
ri= o, X(11))/6+ o(T)e

(10)



154

St X(1)) = filtn X(t))+ fi(tn X(t))*(t= )+ fi (t X(1))*

2 €] 3
(t— t1) /24 fi(te, X(tr))*(t = tr)/6+ o(’[4)' (15)
(10) o(T)e
(10) (8) , t= the1= th+ T, (15)
xi(te+ T) xi(tr) do i dy di s
= T(7)- T +o(T), (16)
x?( ty + T) x?(tk) bo b1 by b3
i 2 L 2 2 4
ao= (1= cos &)/ Wi, a2= T/ wj- 2(1- coswl)/ wj,
di= T/ G- sinoT/ o), = T/ G- 6T wj+ 6sinwT/ o;
b= sinQT/ @, bh= 2( /- snoT/ ),
bi= (1- cos0T)/f, bs= 3T/ &= 6(1- coswT)/ Wi
: o( T), [
; o(T)e
1 X1
ty 1At 2 At 3 At 4 At 5 At 6 At T At 8 At 9 At 10 At 11 At 12 At
C 0 [00307| 0168 | 0487 | 102 | 170 | 240 | 291 | 307 | 27 | 204 | L@
H 0 [00307| 0167 | 0461 {023 | 150 | 211 | 260 | 28 | 28 | 240 | 1.2
W [000605[0.0225] 0196 | 0.4%0 | 0952 | 14 | 216 | 267 | 292 | 28 | 233 | L.
N |000673{0.0504| 0189 | 0.485 | 0.9%61 | 158 | 223 | 27 | 300 | 28 | 228 | 1.4
I |000253{0.0382[0 1758 [0.483 |0.966 | 1.657 | 2338 2805 |3.051 2|2 8053|2130 3|1 1572
A |00m51]0.0381[0.1756 |0.480 |0. 964 | 1.657 | 2338 2808 |3.051 72857 (21306 |1. 1572
C: ; H: Houbolt ; W:Wilson 6 ; N:Newmark ; I: s A
3.5 2 s
3.0f 10} i
251 251 (\l
2.0 ‘ i
2.0} 1.5 \ / VoS
x 4
bt 1 1.0 ; )
0.5} } ,ﬁ
Lol 0 \j 1
H 1}
-5 Y
053¢ -1.0 —‘;‘
-1.5
o 80 85 90 g5 10
i/s L/s
1 2
( At= 0.55)
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3
31 ]
2 0] a1 6 - x1 0
L+ = . (17)
0 U|ax2 -2 4 x2 10
x1(0) = x2(0) = 0, 23(0) = x3(0) = O [1] Houbolt
Wilson 0 Newmark At=0.28s ,
1 I 1 , 1
. At = 0.5s 100 s, , 2
2OS ° s s
32
m l 5 ’ s k
U+ Oty + L'Gcose— Lagsinez Acos o, x
2 2 (18) L
0+ wisinf+ %L’L'cosez 0, ' k _ﬁ.mm;
w= a/l, Ot= k/m, 3= 3g/2lr SIS : Y”’
a
(18) i t
U+ Gu= Gyt g1 =f1(u, 0,13 &, (19)
U+ @0= w30+ g2 =fofu, 0, 205, (20)
[)25 T 0.6
o1 |' 0.4 - ~- :
i ) u l?‘[w 0 ith
2" ‘\W'H i “1|l|| h;'”lhilﬁl‘”" I "i‘*l\""' i !hh"'“'”"| u|!l 'Wa'
% | o <Y i | L Jlr
|y| |M‘ ||||| |l ‘“J‘LI: i u |1n H’ II M"gl
i
-0.15 gLl M— _04 | —
-0.25 w . ; L —1 ~0.6 . . —!
300 220 340 360 380 400 300 320 30 360 380 400
174 1
I: , R:Runge Kutta I: , R:Runge Kuta
3 x(t) 4 0(t)
Fi(u,0) = ofu+ [ 5 —®sin0+ 411 Wisin20— ©u +
A'cos‘ﬁti| \[1— %COSZ] = O+ 1, (21)
foAu,0) = w30 — Wisinf — ucose— W30+ B (2)

(16) (19) (20) - filu 6,28 fou 0, u2® u 0
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, , , (10)
rk(k=0,1,23i= 12 (13) ,(14) N= 1+ o= o
= 3 w= 1, Runge_Kutta s 3 4e
T= 0.01s, u= 1.3/9,6= 0.0, >= 0.0, 6= 0.0, A * cos ox, A=
1.3 400 s, 100 s .
4
. , Houbolt Newmark Wilson_ 0
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Direct Integration Methods With Integral
Model for Dynamic Systems

LUHe xiang, YU Hong jie, QIU Chun_hang
(Department of Engineering Mechanics, Dalian University of Technology, Dalian 116023, P R China)

Abstract: A new approach which is a direct integration method with integral model (DIM_IM) to
solve dynamic governing equations is presented. The governing equations are integrated into the inte-
gra equations. An algorithm with explicit and predict_correct and self_starting and four order accuracy
to integrate the integral equations is given. Theoretical analysis and numerical examples show that
DIM_IM disaribed in this paper suitable for strong non linear and non_conservative system have higher
accuracy than central difference, Houbolt, Newmark and Wilson_Theta methods.

Key words: numerical integration; step_by step integration, non linear; integral equation



