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Abstract: Flexible multibody simulations are widely used in the industry to design mechanical systems. In flexible
multibody dynamics, deformation coordinates are described either relatively in the body reference frame that is floating
in the space or in the inertial reference frame. Moreover, these deformation coordinates are generated based on the
discretization of the body according to the finite element approach. Therefore, the formulation of the flexible multibody
system always deals with a huge number of degrees of freedom and the numerical solution methods require a
substantial amount of computational time. Parallel computational methods are a solution for efficient computation.
However, most of the parallel computational methods are focused on the efficient solution of large-sized linear
equations. For multibody analysis, we need to develop an efficient formulation that could be suitable for parallel
computation. In this paper, we developed a subsystem synthesis method for a flexible multibody system and proposed
efficient parallel computational schemes based on the OpenMP API in order to achieve efficient computation.
Simulations of a rotating blade system, which consists of three identical blades, were carried out with two different
parallel computational schemes. Actual CPU times were measured to investigate the efficiency of the proposed parallel
schemes.
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Table 1 Specification of blade model

Items Value Items Value
3
L 2.0m H 2766.7kg/m
-2
B 3.68x 10" m E 68.9Mpa
-3
H 2.99x 10"m 14 0.3
-5.2 9 _ 4
A 7.29x 10°m I 8.21x10"m
Data read
(Body, joint,
force, beam)
‘ 1* layer Thread Creation ‘
v v v
‘ 2™ Thread ‘ ‘ 2™ Thread ‘ ‘ 2™ Thread ‘
Creation Creation Creation
Blade 1 | Blade2 } Blade 3
Position, Position, Position,
velocity, velocity, velocity.
mass and force mass and force mass and force
analysis analysis analysis

[
Inverse matrix
computation |

Effective mass Effective mass

and ‘fome and ‘force

analysis
v v
Blade T acc. Blade 2 acc.
analysis analysis

v
2™ Thread
Extmctlon

[

Integrator
(tns1 = t+h)

Effective mass
and force
]

v
Blade 3 acc.
analysis

v v
2™ Thread 2™ Thread
Extinction Extinction

1* layer Thread Extinction ‘

IS

Fig. 5 Layered parallel processing scheme 1

SOl BETZRANE Y 2 29 A7E Pl
o T EE Fig 6ol UEht wow Fx
Srel A HY e Al mekA R WA F F W
A Fe WHEzd=g wEdon 4y % 4
A7 ol

W

7oA 3™ =80 =(blade)Al =20

51 5 gaols 2y
B3 A2 slwe] fAvkRA Alsde] W

2%74 AsiA, Al Bl Eeol= AlEE A
T3ttt §AA A Byols nue 3
433k adE ardetr] 91siA Fig. 7
@ol A HAnst 4] w axe FHH 49)

é
o
y

SANE 1A ZOER AAZAL o]yt
AEY =S F IR 120 o2 X8

30 tob 1o 2 o

&
O B gao] 4ol thEk ARAIEE ARFLE Table

Ho
re
ke
il
__>i'1
offt
18
Lo
o
fol
o
2
r o
o
>
r o
=

511

Data read
(Body, joint,
force, beam)
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Fig. 6 Layered parallel processing scheme 2
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Table 2 Operation count
Function Count Ratio
name ou (%)
Position N* (3756 + 402} 8,010 | 0.10
analysis
Velocity N*1,785 5355 | 0.07
analysis
Definition
_of mass, N*M*E*1,022 49,056 | 0.63
inertia and
force
Effective N* {(3M)(3(E+1))}3/3 5,832,000 | 74.86
mass and | 2*%{N*C;*(3M)(3(E+1)*143} | 1,853,280 | 23.78
force N*C*/3 + N*C,*269 11,412 | 0.15
Hub 3 ®
acceleration (3Cy)°/3 +3C,*6 297 0.01
Blade . "
accoloration | NFC2¥T2+GM)GB(ETD*167) | 30,708 | 039
Total - 7,790,118 | 100

o1 714, N=3 (Num. of subsystem)
M=4(Num. of body at one subsystem)
E=4 (Num. of beam element)
C,=12 (Num. of constraint of subsystem)
C,=3 (Num. of constraint of hub)

. g
/

Angular velocity (rad/s)

1~

0 5 10 15 20
Time (s)

Fig. 8 Driver motion of the rotating blade
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Table 3 CPU time comparison

Convention | Subsystem | Parallel Layered
. parallel
method method | processing .
processing
7 (ms) 17.92 4.93 1.78 0.49
Ratio 36.57 10.06 3.64 1
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