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problems associated with the integration of FE models into MBS

finite element analyses
-use frequently more than 1e+6 degrees of freedom

-need a reduction of the number of load cases

-are applied to a component of a system (deformation, stresses, ...)
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problems associated with the integration of FE models into MBS

multi-body dynamic analyses

-use app. 500 degrees of freedom

-allow less than 100 degrees of freedom for flexible bodies
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integration of FE models into MBS - further development - 1st approach

rigid body motion 3 translations 3 rotations
deformation u(e,t)=uz,(t) + - +u,z, (?)
modes u,

modal co-ordinates z,.(t)

-decrease the number of modes and modal co-ordinates
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integration of FE models into MBS - further development — 2nd approach

-large number of attachment points requires a large number of stiff correction modes

-large number of local normal modes
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current solver technology

rigid body motion 3 translations 3 rotations
numeric time
integration

deformation n modal co-ordinates (e.g. n=100)
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new solver technology — basic idea

subsystem 1 (non-linear):

- : : : numeric time
rigid body motion 3 translations 3 rotations

integration
subsystem 2 (linear): _
linear
deformation n modal co-ordinates (e.g. n=100) subsystem
solver
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new solver technology - the linear subsystem solver — efficient calculation of
flexible body deformation

e ¥z,
+ : :
modal co-ordinates are determined by
analytic functions that depend on interface
+ loads, etc. ...

deformation
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new solver technology - the linear subsystem solver — co-simulation

non-linear subsystem 1: rigid body deformation

loads on
flex. body

deformation

of flex. body

linear subsystem 2: deformation
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example

suspension

electrical devices etc.
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example — the excitation 2000 —— -
force [N]
1.5e+5 0
00 0.000
L{:) —-1.500
57500%.000 0,500 1.000 1.500 2.000
t [s]
0.0 time [s] 2.0
3.500
PSD [N] 3.000
2,500
_ 2.0e+4
-maximum forces app. 2e+5 N ¥ -
-frequencies up to 30 Hz -
- 1000
% 0.500
0.0 = no0g - 000 20.00 3000 40.00 5000

[Hz]
0.0 frequency [Hz] 50.0
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example — the influence of deformation

lateral displacement [m] f ”
2.0e-4 z.000 F
0-0 [aMutalel Jlr
-2.0e-4 ~2.000 1 u X
rigid body motion R \
total motion T d
ésoo%{mﬂ 1 500 e a4 1500 | 2000
1t [s]
2.0

0.0 time [s]
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example — comparison of the approaches

lateral displacement [m] ﬂ ﬂ l
2.0e-4 2000 F |
00 falutale]
U 4
-2.0e-4 —2.000 u
U |
standard solver SEHTTE
linear subsystem solver I d !
t [s] | | ' -
2.0

0.0 time [s]
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example — comparison of the cpu times

number of modes cpu time cpu time
standard solver [s] linear subsystem solver [s]
29 11.4 8.9
51 29.6 16.8
81 269.1 26.9
number of modes frequency range of frequency range of
normal modes [HZ] correction modes [Hz]
29 9.56 - 40.55 -
51 9.56 - 40.55 55.24 - 198.87
81 9.56 - 40.55 55.24 - 1151.50
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summary

-simplified mode selection
-improved solver accuracy

-increased solver speed

test version is available



