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Fig. 1 Two-link planar manipulator

AL F
= o 14
[dy ()}[A} {-(¢29)qq} ()
Horp 7" K& F=(0,-mg0,0, - m,g,0),
ﬁlﬁ%%ﬁ@M = diag(ml’ m]v.]]y m,, mzv]z)’ﬁﬁ

1 — .
HAa ) = 2mLf, Jz—lzmzLi.ﬁiém:)ﬁ
Lagrange i A & & q(), W #¥ 1A
q(ty) = qo» q(t,) = ‘joﬁ%l‘i
hg, + 3
. :(%*M),h: N (15)
4
K RARTFED =0, =0,D =0, EH K
Bq (o) AR AT AR

q= (16)

6,
-—siné, 6
b os, 0
> cos 6,
0,
q= . (17)
-L, sins 6,6, - Ezsin 6,6,
A ,
L,cosf, 6, + 7005 0,0,
0,
L, L )
——cosf, 0,0, ——sinb, 0,
2 2
L, R "
—700501 0,0, + 760591 0,
.- 0]
7= o A A )
—L,cos0,0,0, — L, sins0, 6, — 700502 0,0, - 73in02 0,
L L,
—L,sin@, 60,0, +L,cos6, 0, sm@ 0,0, +— 0089 0,
0,
(18)
P s Gauss ZUEFR T J7 25K ik H bR ek L.
2
2 ) f(2)dx (19)
h
A] = AZ = 5
h tl+ + tl
t, = ~V3 b ! (20)
3 2 2
ti,, T
tz — \/_ ﬁ-l— i+ 1
3 2 2
YRS [R] 2D b = 0.002s , 475 EL I [] 20s. 314
. T T N . e
IR -6, = g,ez = g,rXEEq =0. 74 K A

EBEOLE AR M = 60,65 R Ay = 1,
RRWAIER, = 0.7, LKHEAF a=0.7, SO E
@, = 1077, e RIEAR D H g, =1000. 75 45 R0
B iR



- o ’ s N
88 B w5 H R 2021 455 19 %
L1 (solid) L2( dotted)
3 T T T B0 T T
total energy
kinetic energy
2 40+ potential energy
E v
=
- @ 0
=
2
5
-1 20k
2 40t
3 50 . . L L L L
-3 3 u] 2 4 B g 10 12 14 1B 18 20
b t (=)
K2 JEFRGZE ST K4 REshHg Hae
Fig. 2 The trajectory of the end of rod Fig. 4 System Kinetic Energy and Potential Energy
12,749
12748
12.747 |
E
£ 12746
=
2
2
%'; 12745
12744
12743
12.742 . . . . . 5 L L L L L .
u] 2 4 B g 10 12 14 1B 18 20 u] 2 4 B g 10 12 14 1B 18 20

t(s)
K3 RELBEE
Fig. 3 Total System Energy

P 2— 1 5 ] 25 K 0.005 B 22 4 )5 BL 45 SR
MIEFF A I S A R G RE ARk T LR i
Friz ghid ke, WA B BAmAs A 20T
JEE R ORI B R A R B 2

SR AN [R) Bsf (1) 25K X6 - T RGE AT R Gt A 745

s RUEFFHLIRG 25
Fig. 5 Constraints of the two-link manipulator
RGRRE R A AR 22, e(P) e(D)  e(D) 4
S0 Ry ZR GRS 20 T R R 24 SRR S 24 o ) B R
22 A B E] A 20s.
K FH AR RIS 8] 25 K b= 0.01 X1 i B AT &
G AT AL, A5 R A L 2, Hoh FA-DAE

HALH APR LR LT H =T + UNRGE %‘%E‘Z’Ki[ﬁg*%%‘rﬁi,RK4%%/?\‘E”§)/I\Runge—Kutta
o o |H@) - H(to)\ o~ Jr ik A5 EUR 6] g 20s.
et e(H) = max ' R MY
S H ()
. |H (1) o>\
e KR 2% 22, MRE(H) Z
n = H(to)
1 AEARBSKMWIRELERILE
Table 1 ~ Comparison of errors for different time steps
Step e(H) MRE(H) e(®) e(d) g(d) Runtime T/s

h = 0.002 2.8782 x 107 3.2808 x 107 1.1102 x 107'¢ 8.8817 x 107'° 2.8421 x 107" 29 % 10*

h = 0.005 1.8150 x 107* 3.7283 x 107* 1.1102 x 107'¢ 8.8817 x 107'° 2.8421 x 107" 1.2 x 10*

h =0.01 7.4496 x 1073 1.3995 x 1073 1.1102 x 107'¢ 8.8817 x 107'° 2.8421 x 107" 8.8 x 10°
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Table 2 Comparison of different methods with the same time step (h = 0.01,t=20s)

Step e(H) MRE(H) g(P) s(d) g(®d) Runtime T/s
FA-DAE 7.4496 x 1073 1.3995 x 107 1.1102 x 107" 8.8817 x 107" 2.8421x 107" 8.8 x 10°
RK4 9.0827 x 1072 2.8464 x 1072 4.0164 x 107 4.2045 x 107* 7.8160 x 107 0.5167
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FIREFLY ALGORITHM FOR MULTI-BODY SYSTEM DYNAMICS
DIFFERENTIAL-ALGEBRAIC EQUATIONS *

Zhang Xiaoxiao' Ding Jieyu"*
(1. School of Mathematics and Statistics , Qingdao University , Qingdao 266071, China )
(2.Center for Computational Mechanics and Engineering Simulation, Qingdao University, Qingdao 266071, China)

Abstract To solve the differential algebraic equations of multibody system dynamics, a method based on firefly algo-
rithm is studied. Firstly, the generalized coordinates and generalized velocities are interpolated by Lagrange interpola-
tion algorithm, and the differential algebraic equations are then transformed into optimization problems by the Gauss nu-
merical integration method. Then the firefly algorithm is employed to solve the problem. Finally, through simulating the
plane double link manipulator, it is verified that the firefly algorithm not only keeps consistent with the constraints but
also ensures the energy accuracy in solving the dynamic equation. The results show that the intelligent optimization algo-

rithm has a good application prospect in solving multibody dynamics problems.

Key words multibody system dynamics, differential algebraic equations, firefly algorithm
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