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Table 1 Initial state and 3¢ errors

BH A 3ofhi
xo/km ~2102.033 1.015
Yolkm 2816.074 0.604
zo/km —238.991 1.714
vxo/ (m-s™") 994.910 2.149
Yy, (m-s™) ~781.820 0.667
Vg, (msh 5950.410 0.106

*2 HREBNERE

Table 2 Sensors’ measurement accuracy

UK AR N e
i T 3000 pg
JEJIE G (35 B R RS ) 5%1 5
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Table 3 The six elements of Mars orbiter

ZH M

2 Kefh/km 3700
P02 28 0.0
HaBim/ ) 90.0
S E A () 0.0
FUE R () 355.0
FAERIRE (0 127.3

x4 BOIRNENENEERE

Table 4 Mars atmospheric density deviation in each model

TEHE A %A
1 —-0.10
2 —0.06
3 —-0.02
4 0
5 0.02
6 0.06
7 0.10
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Table S State estimation error at parachute deployment

wE Y— Y=

x/m 589.920 0 319.100 0

yim 425.660 0 342.420 0

z/m 183.260 0 28.250 0
Vy/ (m-s™) 0.056 9 0.007 4
Vvy/ (m-s™ 0.083 3 0.040 0
Vz/ (ms™) 0.174 7 0.037 1
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The Finite Element Analysis of Thermal Property for Lunar Soil-Drilling Sampler

LAI Xiaoming', DU Zhihao’, WANG Guofeng’, WANG Guoxin', MO Guidong'
(1. Beijing Spacecrafts, Beijing 100094, China;
2. Mechanical and Electric Engineering, Nanyang Normal University, Nanyang 473061, China;
3. Material Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: According to the characteristic and service conditions of the core-drilling device and the requirement of space
environment, the deformation and stress distribution of the device were computed at low and high temperatures in store stage with
the finite element analysis method based on the simplified model, then deformation and stress distribution of the device under
different drilling conditions were also computed, and the temperature and displacement of key points were obtained. Finally, the
temperature of sealer and the tolerance between the core pipe and soft bag were also simulated and the tolerance. And the results
show that the material of each component and the designed fit clearance can meet the engineering requirements. It can provide
theoretical basis for future engineering application.

Key words: soil-drilling sampler; store stage; service stage; lunar soil; finite element analysis

High lights:

e The finite element analysis was used to investigate the thermal property of the lunar soil-drilling sampler.

e The tolerance variations of three different assembly parts were proportional to the temperature variation at storage stage.

e The maximum temperature of drill decreased with the increase of the stop time when the it stopped drilling for 0 to 5 minutes,
and no obvious variation of three different assembly tolerances took place.

e The limit temperature rise method was applied to investigate the tolerance variation between the core pipe and the soft bag.

[FTiE%iE: Rz, LT KIE]

(E#Z5E543770)
Mars Entry Adaptive Estimation Method Based on Modified Multiple Models

DENG lJianfeng, GAO Ai, CUI Pingyuan

(1. Institute of Deep Space Exploration, Beijing Institute of Technology, Beijing 100081;
2. Key Laboratory of Autonomous Navigation and Control for Deep Space Exploration, Ministry of Industry
and Information Technology, Beijing 100081)

Abstract: In this paper, aiming at the adverse effects of uncertain parameters, such as Mars atmospheric density
uncertainty, on state estimation, a modified multiple model adaptive estimation (MMAE) method using mixture-of-experts
framework is proposed. Normalization dimensional processing of different measurement information during entry phase is conducted
by the proposed method to overcome the inherent defects such as poor stability and numerical underflow of traditional MMAE
method, further improving the state estimation accuracy. The method is also applied to two different navigation scenarios under
different Mars entry detection modes. The simulation results show that the proposed method can obtain precise state estimation when
there is uncertain disturbance in dynamics system.

Key words: Mars entry; integrated navigation scheme; dynamic pressure observation; adaptive estimation

High lights:

e The multi-model method is used to solve the effect of uncertainty of atmospheric density on the state estimation accuracy in the
dynamic pressure measurement aided integrated navigation scheme for Mars entry phase.

e The proposed method solved the problem of poor numerical stability of traditional multi-model adaptive estimation method, and

improved the stability of the navigation system.

[AE% 4. Hueik, ELFR: R



