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Abstract
Aiming at the need of zero-gravity simulation in the vertical direction of spacecraft physics expe-
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riments, we designed an electromechanical composite constant force spring, including mechanical
passive constant force system design and electromagnetic main power compensation system de-
sign. In this paper, the main sources of error are analyzed. The equivalent model is established for
the designed mechanical passive constant force system. The neural network is used to combine
the experimental data to identify the correctness of the equivalent model. The design and analysis
of the control system of the electromagnetic main power compensation system is carried out, and
the simulation research is carried out to verify that the force compensation ability of the electro-
magnetic main power compensation system can meet the design requirements of the constant force
spring.
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Figure 1. Schematic diagram of electromechanical composite constant force spring
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Figure 2. Schematic diagram of mechanical passive constant force system
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Table 1. Blade cam constant force spring test design table
F 1. NRORIEEERERITR
SR AT S BT SIIE AT SR AT
R F 5 JESE (mmis) R T & (mm/s) REFS N (mm/s?) REFE N (mm/s?)

1 5 9 -5 17 0.5 25 -0.5
2 10 10 -10 18 1 26 -1
3 15 11 -15 19 2 27 -2
4 20 12 -20 20 4 28 -4
5 30 13 =30 21 6 29 -6
6 35 14 -35 22 8 30 -8
7 40 15 —40 23 10 31 -10
8 45 16 —45 24 12 32 -12

3.3 MRER O

it e R AT DA B3 £ A [ AR I2 S FEMUINIE BE 261, T B8 )5 38 R Gt 38 e 3
il BB BeB, ) Fe 1R O R St 70T DUKBUREE B 7. 5] 3 Jyila it 72 R A 2 1

— HR o b
RN Hn It 22,688 41, 1L AIAIELY, v, a, Faul B2, H Fou A o WA RAFE A
REEN:

el _F 0 _g (1)
eV FoR g i MBI SRS R, i=1,2,---,22688

Fout IFHME 1 =0.2567 , FrifE% o =1.1337 , HAH IR BRI R EAAE, RIE 30 1
D, D0 A 2 A

DOI: 10.12677/jast.2021.92006 54 5] b A 2 i R R


https://doi.org/10.12677/jast.2021.92006

T %

270
265 -
£ 260
R
255
250 : ' : ' ' : ' '
0 10 20 30 40 50 60 70 80
AEE (mm)
Figure 3. Test result curve
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Table 2. Comparison table of identification results of three neural network algorithms
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Figure 4. Fuzzy neural network system identification error probability density map
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Figure 5. Reference model and its inverse model
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Figure 6. Electromechanical hybrid constant force system overall simulation model
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Table 3. Controlled object model hardware parameter impact test group table
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Figure 7. Constant force output after adding armature terminal
voltage noise
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