B A A ] Applied Mathematics and Mechanics
4411 2003 4E 11 H Vol.44,No. 11, Nov. 2023

© N FHHCF R % 9 %6 4% 1SSN 1000-0887 http ://www.applmathmech.cn

ETESHEENHNARTEZE RS IFEST
X ER, Fig, EER, RE#
(PR R HU TARERE, M 510006)

WE: LMW RDIERGEEHATESMER I, AT BOR 2, £ 5 MR kg B EL 2 R BOR MRS R AT I, 48
T HAF L% S ARFRIE (ANCF) B R MR AR TE R GRS 3l W e B 05 5.l i ANCF R Te v RGE R 3h ) 244K
T R FH A RS AR 22 PR DX I ) A A 5 R4 Latin B8 S7 A AEAS RSB VE T 3 12 5 8, LA/ R i
Boiet s LIRIESS B98N 14 AR R L W S A S AR AR yu B UL AR [P AE 5 SR A A A ) R AT LAAR BB B R STk BB
JE L P R BTSSR 5 R 5 a5 R RV 6T BRI g 1Rt

x # W, FMkIi; BIENIER;  ShAmN ;X S ARk (ANCF)

hE 4SS, TP182; TH113.272; 0313.7 XEkERERL, A DOI: 10.21656/1000-0887.430368

Dynamics Analysis of Large-Deformation Flexible Multibody
Systems Based on the Adaptive Modal Selection Method

LIU Zebin, LI Haiyan, ZHAN Hongyuan, LIANG Guiming
(School of Electromechanical Engineering, Guangdong University of Technology,
Guangzhou 510006, P.R.China)

Abstract: During the modal truncation to reduce the model order of flexible multibody systems, the inappro-
priate modal selection would impair the precision of dynamic responses, or even cause divergent solutions.
Thus, an efficient method of adaptive modal selection based on the absolute nodal coordinate formulation ( AN-
CF') was proposed for large-deformation flexible multibody systems. The dynamic model for the system was es-
tablished with the ANCF beam elements. The full modal sparse representation was used for the coordinates of
the interior region. The sampling matrix was built through the Latin hypercube sampling to reduce the number
of dynamic equations. The sparse modal coordinates’ norm optimization problem was constructed with the
sampling dynamic equations as constraints, to which the solution could give modes of significant contribution.
Two examples show that, the numerical results are very close to the results of common methods and the com-

putation efficiency markedly improves.
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Table 1  Geometry parameters and material parameters of the pendulum
parameter value
length [ /m 1
square sectional area A /m?> 4x107
Young’ s modulus E /Pa 7x10°
density p /(kg/m?) 7.2x103
moment of inertia I /m* 1.333x1078
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Fig. 7 Adaptive selection of modal coordinates with the proposed method for different time steps( pendulum)
F 2 HPMESE ANCE M HE 7 i T B (s : s)
Table 2 Computation efficiency of the ANCF and the proposed method for pendulums (unit: s)
model matrix operation updated Jacobian matrix, stiffness matrix and residue etc total time
ANCF 176.411 598.334 787.071
proposed 118.341 412.514 531.855

3.2 T 3-RRR FHEEHLZEA

P 3-RRR JFECHLAF AR AN 8 B, K h #8301 & 1 Je i A A & [ E 7EF- B o s B 22 )m)
AR ZRTE B A DL BR BT S HLAE (AR ) AR, NS AT 58 3h 7 & AE ™.

BRSBTS BRI R 2B L3R 3.0 T4 REAT PR AR IE B 52 e, B T /N T AR B s v e e |
H1,3-RRR FEERHLER NS B°F & T B0 132 sl —4-E42 8 0.1 m iY1R] .
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x =0.1cos(wt) m,
y =0.1sin(wt) m, (38)
z =0 rad,
w SN R 21 rad/s JEBAUTFIGET P S IRIIRAIE N v =0.1m, y = 0m, z = 0 rad , FJERHE LN
x=0m/s, ¥y =0.1"T m/s, z =0rad/s.

B8 4Jaifletn &N 3-RRR JFHRALAS AR &

Fig. 8 Geometry and global coordinates of the 3-RRR mechanism

R 3 PMBJLITS A EZSE

Table 3 Geometry parameters and material parameters of the mechanism

material parameter driving link passive link member length [ /m
thickness T /m 0.01 0.005 driving link 0.245
width W/m 0.03 0.01 passive link 0.242
Young’ s modulus £ /Pa 2.01x10" 7x10% moving stage 0.112
density p / (kg/m*) 2.7x10° 2.7x10° fixed stage 0.400

F B AR A bR MU SRS AT 132 3, IREFT AR 37 S U IR B2 3P 6 «,y J7 ) LRI A2E2
x FHIE DT 8] B AEE S 0 Fox Haz gl 1T 100 4> ANCF A& 8T E0R) —4E 52550, B A i BN 404 KRR HLIE
— D BIHFF (RPERR) iz 3l HURLEY B T BES 1227, SIS () R A0 B 2 s #10.001 s
— D MBIFFF B BE B E N 80, RAFRIE Y 200,425 & B 1x107",

i XF 3-RRR FRERALAR A 112 3h 2315 1520 T IR shAS 7 A s BRI G 07 B AN L 1] 9 B T AN
IS I] ) HLR AL L, o] LA I KT — BRI | TP i) ST PR S A2 st A BB A 22 .

t=0s t=0.1s t=02s

9 TEAN TR 2 LA A 2
Fig. 9  Configurations of the mechanism at different moments
FHPTHE 9 AL SE 1 ANCF #E47 HRAE T Gl i 6 3-RRR JFBCHLES A 032 224113 15 3 T in i
ZN BN 12253 s B0 AR (6 B AN EL 18] 10 AP RS B F S AE o,y J5 0] LRI ALRS FIFe £l 0 L Ak | D7 HAG R
JE e — 2.
FHAR 77 18R AR ATLRG 7 i A ST B A B R STMR RS, SE il TS Y A 3 e, A 11 B 7R A
Pl [ I e T 80 A4t X L B R B A A .
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— x ( proposed method )
- ¥ ( proposed method )

- @ ( proposed method )
o x( ANCF)

= y( ANCF)

0 /rad

t/s
10 BB «,y I ERINIAE LA/ 0

Fig. 10 Rotation angle 6 and displacements in directions x and y of the platform

-7
4x10
- é‘ -
O max|{| O max|{|
0 H o/W—-
¢
-4x10"
-7
s s s s s s L -8x10 L L L L s s L
0 100 200 300 400 100 200 300 400
index N m index N m
(a) ¢ = 0.005 s YR AL BRANIE 1 A5 (b) t = 0.1 s BB AL BRI ) AR
(a) Selected modes and modal coordinates att = 0.005 s (b) Selected modes and modal coordinates at¢ = 0.1s
5.0x10"
© 0 BOEB——
-5.0x10°
¢ 4 _6
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-1.5x107 .
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0 max|{| y 0 max|¢|
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(¢) t = 0.5 B HEZSABRANLE L RS (d) ¢ = 1 s BB ARBRFIE Hh BB
(c) Selected modes and modal coordinates att = 0.5 s (d) Selected modes and modal coordinates atz = 1s

B SR A0 5 B AR A R I R] 2D XA 14 1 o e
Fig. 11 Adaptive selection of modal coordinates with the proposed method for different time steps
AT AR B 35 0 e 7 125 BTSN 18] FU AL 58 ANCF 2, BRYTHEEIT R 50500y 421.281 s il
1.390.966 s, I FHET R ZA% 48 ANCF (1 30.03% , HF R T .35 1EHE L3R 4.
4 LY ANCF FIPHR I T R FACR (B4 s)
Table 4 Computation efficiency of the ANCF and the proposed method (unit; s)

model matrix operation updated Jacobian matrix, stiffness matrix and residue etc total time
ANCF 566.283 6 766.148 1 390.966
proposed 184.131 223.639 421.281
+ N
4 4 Te

ASCE RS ARSI RGEAR T 1T ANCF AR H 3 W e 55 125 A FH S SEIE I 13207 sk A
B, SRS ANCF BYEUE T4 RS W6 0F HH SR 2T T 30% , 7R88 22 SR RGN, 12D
SRAER, T RCR T R 53 AN SR Bk 1 W R R A TR =X S 1 R Uk AT A AR, AR A
SEIRIESE 7205 AR JEHRAER A t 0 5 DR B KA TR AL, (B AR 43 Hr il i) AR TR AR KA AL |
HEHYEAR LA SN T WA Craig-Bampton J7k WA 261 28 Ge et 245 25 23 (] LAl =X (23) X8l iz Jr e
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ST e AT RNMEAC AL B e — B R AR T e AR S R 1) 25 R 1 A T AR — 2 R R
PR S R IX — U IR A ST, Bt J7 12 BT I 368 2o 5¥ P g s A 52 B At — 20 A S
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