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Fig.1 Structure of the 5-axis turntable
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Fig.2 General structure of the frame
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Tab.1 Coordinates and mass information of the simplified particle
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Tab.2 Comparison between calculated results for the model with a

L5 mesh size of 12 mm and measured results of the first 3 orders of
E 1.0 resonant frequencies
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Fig.3 Measured modal test results of the three-axis outer frame
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Fig. 4 First-order mode shapes of solid mesh models with different

mesh sizes
3000 3
© S
= 2 oy
= 000 2 ME
i 1 000 X:24 1 %
o Tl e =
0 n —=& 1o
12 18 24 36 48
W% R~ /mm
(a) FHEVT ) 55 A H X L
3.0
2.5
g 90
Hos
10
0.5
0 1 ! 1 1
12 18 24 36 48
MkE RS /mm

(b) 1B SARAAR R 1L
El5 REMER TS MR Rt ExTLL
Fig. 5 Calculation comparison of solid mesh models with different

mesh sizes
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Fig. 6 Thin-walled cylindrical structure with stiffeners
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Fig. 7 Form 1 in scheme 1: T-joint connection between thin wall and stiffener
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Fig.8 Form 2 in scheme 1: coplanar connection of thin wall and stiffener
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Fig. 9 Scheme 2: stiffeners modeled by beam elements
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Fig. 10 Load-end cylindrical section at motor-shaft connection
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Fig. 11 Simplified simulation schematic diagram of the connection

part between motor and shaft
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Tab.3 Error between calculation results of combined different simplified modeling methods and those of the standard model
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Fig. 12 Error distribution of each order modal frequency for
combined samples of simplified models
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Fig. 13 Comparison of mean errors induced by different

simplification methods adopted in each region
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Tab. 4 Classification of dummy variables and their impact on

regression coefficients
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Research on precision analysis of finite element simplified modeling strategy for
turntable framework

CHEN Yanyan' LI Ruixue' JIN Qinghua’ ZHAO Kun' WANG Yanzhong’

Beijing Changcheng Aeronautical Measurement and Control Technology Research Institute Co., Ltd., AVIC, Beijing 101111, China)

(2. School of Mechanical Engineering & Automation, Beihang University, Beijing 102206, China)

Abstract: [Objective] To rapidly optimize and iterate the stiffness and dynamic characteristics of the main load-bearing
frame during the early development stage of a flight simulation turntable, simplified modeling approaches for the turntable
frame were investigated. [Methods] Firstly, the typical load-bearing O-shaped frame of a five-axis hardware-in-the-loop
simulation turntable was taken as the research object, and consistency verification was carried out between the numerical results
of the refined solid mesh model and test data. Using the computed results as the benchmark, finite element simplification
modeling strategies for each key detailed structure of the frame were discussed. Finally, the influences of different combinations
of simplification strategies on the modal analysis results of the frame were quantitatively analyzed, the rationality of these
strategies was examined, and the optimal combination of simplification schemes was determined. [Results] The proposed
simplified modeling method reduces the computation time to 1/7 of the original value (from 51 s to less than 7 s) while
maintaining the analysis accuracy error within 8%. For the cylindrical structure at the load end and the thin-wall section of the
thin-walled cylindrical structure, the simplification scheme with the minimum error is recommended, and the simplification
method for stiffeners can be selected according to actual demands. Combining the determined simplification strategies with
parametric modeling of the turntable frame effectively improves the design efficiency in the preliminary design phase.
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