China Protection Activities against Space Debris
Han Zengyao

China Academy of Space Technology, Beijing 100094

Abstract: China National Space Administration (CNSA) space debris protection activities  are reviewed, the research related to the MODASOT software, cross calibration tests, component failure modes and space debris impact sensing system are introduced briefly. 
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1 Introduction
Sponsored by China National Space Administration (CNSA), a few research tasks have been implemented in the past year, including space debris risk assessment and protection structure optimization, hypervelocity impact cross calibration test, components failure mode analysis and impact sensing technique. In addition, the investigations related to the sub-millimeter accelerator and monitoring facilities, in-situ space debris collection feasibility have also been developed.  
2  Risk Assessment & Protection Structure Optimization 
Based on the experience of developing MODASOT 1.0 [1], the second version of that software has been finished by the end of 2006. Compared with MODAOST1.0, the second version not only has the function of space debris risk assessment but also features of structure optimization. 

In the procedure of the developing MODAOST2.0, genetic algorithm（GA）,differential evolution（DE）, and evolutionary strategy（ES） have been selected in order to investigate the feasibility of their application in the protection structure optimization. DE algorithm is an advanced evolution algorithm which can directly search the optimization point according to the individual differences. Compared to the GA and ES, DE is more powerful in the global searching character. The simulation results indicate that DE also has stronger local searching ability besides its efficiency.
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Figure 1  Examples of the Protection Structure Optimization
Two examples, including a cubic model and a cylinder model (Figure 1), have been selected to compare their optimization results under a meteoroid environment with MDPANTO developed by the German Aerospace Center (DLR), and the agreement is good(Table 1). After that, a certain module of the manned spacecraft is used to promote the software’s preliminary application ( Figure 2). 
Table 1 Comparison between MODAOST2.0 (CNSA) and MDPANTO (DLR)
	Cases
(Meteoroid)
	Results (Average thickness, mm)
	Difference

	
	MODAOST
	MDPANTO
	

	Cubic
	5.460
	5.162
	5.46%

	Cylinder
	5.854
	5.740
	1.95%
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Figure 2  Preliminary protection design of the manned spacecraft
3  Cross Calibration HVI Tests
Two tasks have been finished in the cross calibration HVI tests.

3.1 NASA-EMI-CNSA cross calibration tests
More than 10 years ago, cross calibration tests were initiated in a few organizations in order to compare the capability and characters of the two stage light gas gun[3].    

Supported by the National Aeronautics and Space Administration (NASA) and the Ernst Mach Institute (EMI, Germany), the same cross calibration tests were implemented by Harbin Institute of Technology (HIT) in 2006 and the test report was distributed among WG3 members. All the specimens were sent back to EMI after the tests, because that kind of material, called NEXTEL, in the specimens is export limited. 

Table 2 and Figure 3 illustrate the test results. The reason for the failure is because of the serious burn of the two gas gun.  
Table 2 NASA－EMI－CNSA Cross calibration test results
	particle diameter
	material
	Particle shape
	Impact angle
	Required velocity
	Actual velocity
	Success?

	3.18mm
	AL 2017-T4
	sphere
	7.4°
	6.80km/s
	6.37km/s
	partial

	3.18mm
	AL 2017-T4
	sphere
	0°
	6.80km/s
	6.65km/s
	success

	6.35mm
	AL 2017-T4
	sphere
	0°
	6.80km/s
	2.78km/s
	fail
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Figure 3  NASA－EMI－CNSA cross calibration targets after tests
3.2 Internal cross calibration HVI tests
In order to verify the internal two-stage-gas-gun status, specify the test target and test method, and explore the efficient method to evaluate the facilities, five internal organizations have joined this cross calibration test. By the end of 2006, three organizations had finished the tests, figure 4 (required velocity is 5.5km/s ) and figure 5 (required velocity is 5.0km/s ) illustrate the two tests results.  
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Figure 4 Damage result of the back wall for single bumper structure

[image: image6.jpg]V=5. 21km/s | V=4. 95km/s





Figure 5 Damage result of the second shield for double bumper structure

The calibration tests indicate that there are some differences in the launching velocity control, impact accuracy, and the separation between the sabot and projectile among the three organizations.

4  Research on the component failure modes
Meteoroid and space debris pose different levels of threat to the spacecraft components[4,5]. CNSA initiated the research of the radiator pipe failure modes on the manned spacecraft and had finished the following work. First, the exposed pipe’s ballistic curve was obtained through tests and numerical simulation; then, the protection character was improved through the design modification without any weight cost, and a few verification tests were implemented. More than 50 tests had been finished during the whole period in order to obtain the efficient HVI data, and this work will provide some experience for the next failure mode research.    
The modifying design of the pipe and HVI test damage result are illustrated in figure 6 and figure 7.
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Figure 6 radiator pipe design after the modification
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Figure 7 HVI test（d=2.26mm，V=4.62km/s），no perforation

5  Research on the space debris impact sensing
There are a few feasible methods in space debris impact sensing[6]. Relative research on the acoustic emission method is developed and some positive result has been obtained by CNSA.

The research was implemented on the simple metal plate and cylinder in order to obtain the impact location and different damage modes. For the sake of verifying its feasibility in the spacecraft, the sensitivity and system requirement were also investigated. 19 HVI tests showed that the impact location was less than 9mm, if no perforation happened, but up to 43.6mm in perforation situation. Besides the impact location, whether or not perforation happens, could also be distinguished according to the different wavelet characters (figure 8). 
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Figure 8 Wavelet sign difference between no perforation and perforation  

6  Conclusion
· CNSA space debris protection activity covers a few aspects in 2006, and different extent achievements have been implemented, promoting their application on the spacecraft. For its later start and weakness base, the gap between CNSA and other advanced countries is obvious, we should continue our research in 2007 as follows:    
· Protection structures design and HVI tests which related to the manned spacecraft.

· Damage research & failure modes research of component under sub-millimeter size particle impact

· Further investigation on the impact sensing system in the more complex structure.  
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