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Structural dynamics equivalent modeling for 6-DOF excitation platform
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Abstract: The six degrees of freedom(6-DOF) excitation platform is an important ground apparatus in the
multi-axes vibration environment simulation. Because of its complex structure and multiple degrees of freedom
of motion, it is difficult to build an accurate structural dynamic model. Based on the structural dynamic
characteristics of the 6-PSU platform, a parametric modeling and model updating method is proposed. Firstly,
the joints and the moving parts are regarded as the model modification objects, since they have their contact
interfaces included in the bearings and the linear guides. And their equivalent dynamic models could be
established with the proposed decoupling method for their stiffness and mass. Secondly, on the basis of the
equivalent dynamic model, the beam cross section parameters for the structures of the joints and the moving
parts are updated by using of the structural modal information. After that, the contact stiffness coefficients are
revised using the frequency response function(FRF). Through the above steps, the updated finite element model
for the 6-DOF platform is built. The comparison between the calculation based on the model and the FRF test
show that the modeling approach is effective and valid.
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Fig. 1 6-DOF excitation platform based on 6-PSU
configuration
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Fig. 2 Amplitude-frequency responses of the platform
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Table 1 The natural frequency results of beam model

A
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Hz T AE/Hz I ZE/%

1 9235 9237 0.02

2 36942 36948 0.02

3 83119 83138 0.02

4 147767 147810 0.03

5 230885 230977 0.04
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Fig. 6 Schematic diagram of equivalent dynamic model of
joints
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Table 2 The parameters of connection shaft before and after
correction
BIESH| YME FBR R | g R
A/m®  [2.00x10* | 1.0x10* | 4.0x10™* |2.39x10™
I(L)/m* | 1.18x107 | 6.0x10® | 2.0x107 |8.01x10*®
L(Lym* | 6.67x10° | 3.5x10% | 1.2x107 | 1.04x10”
Jm*  [2.45x107 | 1.2x107 | 4.8x107 |2.07x107
£33 BEEEREHESIME

Table 3 The natural frequency of joint before and after

correction
e ZxAE/ | BIERT | BIE)E/ 1@E)§$ﬁ3ﬁ
Hz Hz Hz | HXHRZE%
6 1447.6 | 1246.4 | 1392.2 3.82
7 1564.2 | 1670.0 | 1577.7 0.86
8 1726.8 | 1407.6 | 1707.4 1.12
9 2383.6 | 2051.6 | 2377.7 0.25
10 | 25748 | 1712.6 | 2387.0 7.29
1d 10-2387.0Hz I
(%j 1d 9-2377.7Hz
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Fig. 9 MAC value of joint model after correction
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Fig. 10  Finite element model of inner barrels
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Table 4 The parameters of joint before and after correction

BIESH| WML FBR BB | ks R
A/m® | 9.17x10*| 6x10% | 1.2x10° | 6.4x10*
L(L)m* | 1.18x107 | 8x10® | 1.6x107 |9.75x10%
L(l,)/m* | 1.18x107 | 8x10® | 1.6x107 | 1.45x107
Jm*  2.42x107 | 1.6x107 | 3.2x107 | 3.1x107

*5 AEEAEHZERFERERME
Table 5 The natural frequency of inner barrels before and
after correction

5 %

s | o | i | B l’ﬁi;ﬁf
1 2433 255.5 241.7 0.66
2 272.8 255.5 271.4 0.51
3 1061.9 871.0 974.3 8.25
4 13482 | 1905.1 | 14908 10.58
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Fig. 11 MAC value of moving parts after correction
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Fig. 12 Finite element model of corrected excitation platform
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Table 6 The contact stiffness of model before and after correction

BIESH HHE TBR BR itk s 1
AR I /(N-mm ™) Kux 5x10* 2x10* 8x10* 7.15x10*
FEAFEINIEE, | Ky, 2.0x10° 1.0x10° 5.0x10° 3.64x10°
(N'mm™) Ku. 2.0x10° 1.0x10° 5.0x10° 3.35x10°
_ K, 4.0x10° 1.0x10° 8.0x10 7.31x10°

S PEE BN/
o e Kry 4.0x10° 1.0x10° 8.0x10° 435%10°
(N'mm-rad™) S P S P

K. 4.0x10 1.0x10 8.0x10 4.12x10
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