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Abstract

A constraint violation stabilization method of multibody system dynamics is presented using fuzzy
logic control. The method uses the errors of position constraint equations and their derivatives as
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fuzzy inputs, and calculates feedback outputs through a fuzzy inference mechanism to accurately
control constraint violations in multibody systems. Unlike traditional methods, this approach is not
limited by factors, such as the choice of integration algorithm or the setting of time steps, demon-
strating good adaptability and stability in long-term real-time simulation scenarios. The reliability
and effectiveness of the proposed method in constraint violation control are validated through two
typical simulation cases: a planar triple pendulum and a crank-slider mechanism, providing a new
technical pathway for multibody system dynamics simulation.
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Figure 1. Baumgarte constraint violation stabilization method
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Figure 2. Fuzzy control constraint violation stabilization method
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Figure 4. Output control surface
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5. FE=EIER
5 6
6 x10 182 10 T T
= Without stabilization = Without stabilization
———FLC stabilization L6r ———FLC stabilization 1
5t 4
1.4 i
4F 1.2
_ = _1F
s3r 2 il
o 08
2F 0.6
04
1k
02 I
|
0 . n ) . ) . . 0 Ll =di I L ; ki o L | I P
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
1(s) (s)
(a) (b)

Figure 6. @ and ® violation value of plane pendulum
El 6. =IBHER o F1 O HAE

ST AR WA A B S U, M R GRS EURIS, R IR R A R
2z, AV ENERER, REGGELIRZH IR, AFRFETZBRIEE %R 8. 14 6(a) K

DOI: 10.12677/dsc.2025.143020 202 ) 1 R a5


https://doi.org/10.12677/dsc.2025.143020

Wi 5%

6(b) R T LIHTT R SR LR L EA % AERR LR E RIS LT, © 1 & KB LME R
G ML, BB RIS A RE RS S, © M & HLAEGZPIREIE— MR RER . AL
HEIKE, LHEARENGEAELT 10585, REZEEE DRV, BEmE 7(@)ME 7(b)fs, £
PIEBAT IR, ARPEHPRE T =185 AT TR AE 5 R AT 42 1 SR 1O 45 R 2 LR 2 22 57, X R WIHD
R UML) o SR E A RPN, G0 E RO i SRS 72 45 RF R GUAS 8 M7 T A Rt .

10 T T T T T 40 T T T T T

— — = Without stabilization-ﬁ2 A | _ _ Without stabilization—93
. —— FLC stabilization-6, 30k y /' |——FLC stabilization—@3

A n"\n.\l"\\l‘ ] “l"l"‘l"b\"‘d‘ \ ll: ‘“ iv i

Y ! 2 Wy non

"."'.n\ | 20 1 h 'y Wl :' ,;
|'|

U)
\ s 1 . A
.
1 "l " 1,""' et ]
)

vl
0

F-20 v E
oh
30t
-0
-40 ok
_50 1 1 1 1 1 1 L 1 L »30 1 1 1 1 1 1 1 1 I
0 10 20 30 40 50 60 70 8 90 100 0 10 20 30 40 50 60 70 8 90 100

1(s) «s)
(@) (b)
Figure 7. The radian values of pendulum 2 and pendulum 3
7. #%& 2 Fni% 3 WYl (E
G 2. AT PR 1)
LA 8 B () B A BRAS RN T e W o i PN IS BOE L 2, Frd SR RO BARR
A, WP M B N BT 10 rpme RGNS AR TR N q=[6, %, ¥, 6, %] s X
JREARE M =diag ([J,m, m, 3, my]) . [FIR REGSZHEAHAHEH Q=[0 0 myg 0 0], HArhnidEit g=
—9.81 m/s?. HLATHREFE BAR QT
L, cosd, +L,cos@, — X,
®- Lsing, +L,sing, -y,
| x,+L,0086, - x,
y, +L,siné,
i B, REMBALE RN q=[0 L+L,/2 0 0 L+L] . %4 & & & W
G=[#/3 0 0 0 0] . HERMFRIA Matlab F) oded5 1%, WLE 17 WK h=0.01s, HASHR
FPERINELE . ZEBOMIFE B 2B S I S, S AR i kU =k, -FLC(n-k, -®,n-k, - ®) , Kk, &
kp Ky Hrp kf :||qinitial||°

=0

Table 2. Mechanical characteristics of plane crank slider

2. FHERERAONAEE

14 K E(m) it (kg) P (kg'm?)
i 1 0.2 20 45
HEM 2 0.35 35 35
w3 - 25 0.02

DOI: 10.12677/dsc.2025.143020 203 1 R G5


https://doi.org/10.12677/dsc.2025.143020

WirigE %
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