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The Health Monitoring System of Turbopump for Liquid
Rocket Engine

XIE Guang-jun HU Hai-feng QIN Guo-jun HU Niao-qing WEN Xi-sen
College of Mechatronics Engineering and Automation National Univ. of Defense Technology Changsha 410073 China

Abstract In order to enhance the safety of liquid rocket engine LRE  turbopump and minimize the damage of its faults a health
monitoring system of turbopump TP-HMS is designed for a large LRE. After the realization of the subsystems for signal acquisition
real-time fault detection post test data analysis and real-time database support the function and the flow of execution are investigated
and analyzed. Then the multi-feature adaptive threshold compositive decision-making algorithm MATA is validated with the historical
data from LRE test as well as real-time data from rotor test platform. To obtain the information of fault signals the adaptive spectrogram
is applied in the data analysis. It is shown that MATA can detect the faults in real time and give no false alarm in this case. Through the
application of adaptive spectrogram the cross-term interference is suppressed. The time frequency information is obtained accurately.
Therefore the conclusion is drawn that the TP-HMS design is suitable for the health monitoring of LRE turbopump.

Key words liquid rocket engine turbopump health monitoring real-time fault detection post test data analysis
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Fig.5 The waveform power spectrum and adaptive Fig.6 The waveform power spectrum and adaptive
spectrogram of abnormal hydrogen turbopump axial vibration spectrogram of normal hydrogen turbopump axial Vibration

TP-HMS
1 TP-HMS  SDM-ATA MATA MACTA

2 TP-HMS SR
3 TP-HMS

4 TP-HMS TP-HMS
TP-HMS
TP-HMS
DSp

. ] 2003 24 1 1-10.
DiMaggio S J Sako B H. Basic system Identification for Condition Monitoring of Turbopumps A . Aerospace Conference C IEEE Proceedings
2001 7 3189 -3200.
D . 1997.
. D . 2003.
Coffin T et al. Specialized Data Analysis of SSME and Advanced Propulsion System Vibration Measurements R . NASA Contractor Technology
Reports 1994 N94 — 29868 .
Fiorucci TR Lakin DR Il Reynolds T D. Advanced Engine Health Management Applications of the SSME Real-time Vibration Monitoring System
A .36" AIAAA/ASME/SAE/ASEE Joint Propulsion Conference Huntsville Alabama July 17 - 19 2000 AIAA — 2000 - 3622 .
Surko P Zakrajsek J F. PTDS Space Shuttle Main Engine Post Test Diagnostic Expert System for Turbopump Condition Monitoring A . SAE
Technical Paper Series Aerotech’ 92 Anahelm California October 5 -8 1992 SAE922059 .
Jue ' Kuck F. Space Shuttle Main Engine SSME  Options for the Future Shuttle A .38" AIAAA/ASME/SAE/ASEE Joint Propulsion Conference
and Exhibit Indianapolis Indiana America July 7-10 2002 AIAA 2002 - 3758 .
Hudson ST Zoladz T F' Dorney D J. Rocket Engine Turbine Blade Surface Pressure Distributions Experiment and Computations J . Journal of
Propulsion and Power 2003 19 3 364 —373.
J. 2002 258 4 54-58.
. YF-T5 J. 1997 18 1 65-72.
D . 2001.
J. 2003 25 6 91 -94.





http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200503009.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%85%89%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e6%b5%b7%e5%b3%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a7%a6%e5%9b%bd%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e8%8c%91%e5%ba%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b8%a9%e7%86%99%e6%a3%ae%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIE+Guang-jun%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HU+Hai-feng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22QIN+Guo-jun%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HU+Niao-qing%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WEN+Xi-sen%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%9b%bd%e9%98%b2%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e6%9c%ba%e7%94%b5%e5%b7%a5%e7%a8%8b%e4%b8%8e%e8%87%aa%e5%8a%a8%e5%8c%96%e5%ad%a6%e9%99%a2%2c%e6%b9%96%e5%8d%97%2c%e9%95%bf%e6%b2%99%2c410073%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e5%90%af%e6%99%ba%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_yhxb200301001.aspx
http://c.g.wanfangdata.com.cn/periodical-yhxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DiMaggio+S+J%3bSako+B+H%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9c%b1%e6%81%92%e4%bc%9f%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Thesis_Y270978.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%85%a7%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200503009%5e4.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Coffin+T%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200503009%5e5.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200503009%5e5.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Fiorucci+T+R%3bLakin+D+R+%e2%85%a1%3bReynolds+T+D%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200503009%5e6.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200503009%5e6.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Surko+P%3bZakrajsek+J+F%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200503009%5e7.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200503009%5e7.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Jue+F%3bKuck+F%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200503009%5e8.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Hudson+S+T%3bZoladz+T+F%3bDorney+D+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%ba%8e%e6%bd%87%3b%e5%bb%96%e6%98%8e%e5%a4%ab%3b%e8%b5%b5%e5%86%b2%e5%86%b2%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_ddyhtyzjs200204012.aspx
http://c.g.wanfangdata.com.cn/periodical-ddyhtyzjs.aspx
http://c.g.wanfangdata.com.cn/periodical-ddyhtyzjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e5%b0%94%e8%be%85%3b%e5%bc%a0%e6%8c%af%e9%b9%8f%3b%e5%88%98%e5%9b%bd%e7%90%83%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_.aspx
http://c.g.wanfangdata.com.cn/periodical-tjjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e8%8c%91%e5%ba%86%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Thesis_Y480237.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e5%ae%9a%e6%96%b0%3b%e8%83%a1%e8%8c%91%e5%ba%86%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200306021.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%85%89%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e8%8c%91%e5%ba%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b8%a9%e7%86%99%e6%a3%ae%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e5%bb%ba%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIE+Guang-jun%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HU+Niao-qing%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WEN+Xi-sen%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WU+Jian-jun%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_tjjs200503003&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_tjjs200503003.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_tjjs200503003&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_tjjs200503003.aspx
http://c.g.wanfangdata.com.cn/periodical-tjjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%9e%9c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%9c%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%ad%a6%e4%bb%81%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Guo%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DU+Jun%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Xue-ren%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jsjgcysj200707059&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jsjgcysj200707059.aspx
http://c.g.wanfangdata.com.cn/periodical-jsjgcysj.aspx
http://c.g.wanfangdata.com.cn/periodical-jsjgcysj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%ad%e6%9e%97%e5%b3%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e5%bf%97%e6%95%8f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%ab%98%e6%98%8e%e5%a8%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GUO+Lin-feng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHAO+Zhi-min%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GAO+Ming-juan%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gdgc200603030&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gdgc200603030.aspx
http://c.g.wanfangdata.com.cn/periodical-gdgc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%96%bd%e5%ae%87%22+DBID%3aWF_XW
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Thesis_Y585236&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Thesis_Y585236.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e6%b5%b7%e5%b3%b0%22+DBID%3aWF_XW
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Thesis_Y788689&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Thesis_Y788689.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e4%bb%b2%e7%94%9f%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%9f%a9%e6%b2%bb%e4%b8%ad%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_7336761&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_7336761.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%96%9b%e5%b0%8f%e9%94%8b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%86%af%e8%95%b4%e9%9b%af%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e7%ac%94%e9%94%8b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Xue+Xiaofeng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Feng+Yunwen%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Song+Bifeng%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jxkxyjs200609007&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jxkxyjs200609007.aspx



http://c.g.wanfangdata.com.cn/periodical-jxkxyjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%bb%b7%e5%b3%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%b4%aa%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e5%bb%ba%e5%86%9b%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_hjtj200403002&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_hjtj200403002.aspx
http://c.g.wanfangdata.com.cn/periodical-hjtj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%82%a2%e8%80%80%e5%9b%bd%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e9%ab%98%e6%98%a5%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%b5%b7%e5%b3%b0%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%91%a3%e5%8f%af%e6%b5%b7%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b2%88%e4%bc%9f%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_6554137&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_6554137.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%85%89%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e4%bf%ad%e5%b7%9d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e8%8c%91%e5%ba%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b8%a9%e7%86%99%e6%a3%ae%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Xie+Guangjun%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+Jianchuan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Hu+Niaoqing%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Wen+Xisen%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zgjxgc200513014&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zgjxgc200513014.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zgjxgc200513014&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zgjxgc200513014.aspx
http://c.g.wanfangdata.com.cn/periodical-zgjxgc.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b4%aa%e6%b6%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e5%bf%97%e5%a5%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%92%9f%e7%a6%8f%e5%88%a9%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_dzclyyqxb201201004.aspx
http://c.g.wanfangdata.com.cn/periodical-dzclyyqxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b4%aa%e6%b6%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e8%be%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%82%b1%e7%95%85%e5%95%b8%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e5%bf%97%e5%a5%87%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_dzclyyqxb201206007.aspx
http://c.g.wanfangdata.com.cn/periodical-dzclyyqxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a7%a6%e5%9b%bd%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%a9%ac%e5%aa%9b%e5%aa%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e8%8c%91%e5%ba%86%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200804020.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%85%89%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e8%8c%91%e5%ba%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a7%a6%e5%9b%bd%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e6%b5%b7%e5%b3%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e9%9b%b7%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200603023.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e9%9b%b7%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e8%8c%91%e5%ba%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a7%a6%e5%9b%bd%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%a4%8f%e9%b2%81%e7%91%9e%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb201002022.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e8%8c%91%e5%ba%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%82%b1%e5%bf%a0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e5%85%89%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e9%9b%b7%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200506020.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%a8%8a%e4%b9%85%e9%93%ad%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Thesis_Y821073.aspx
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200503009.aspx

