（1）题目：
转子碰摩故障的频带能量特征提取及智能诊断研究

（1）Title:
Research on Wavelet Frequency Band Energy Feature Extraction and Intelligent Diagnosis of Rotor Rub-Impact faults 

（2）研究内容：

1）研究转子碰摩故障机理及其特征；

2）利用多分辨率小波分析基本理论对碰摩故障进行分解，计算频带能量；

3）用多功能模拟转子试验台进行碰摩故障设置，分别采集不碰摩、轻微碰摩及严重碰摩下的故障信号，提取故障信号的小波频带能量特征并进行分析；

4）最后应用支持向量机进行故障识别。

（2）Research Contents：

1)  Study the mechanism of rotor rub-impact fault and its characteristics; 
2) Analyze rub-impact fault signals by use of the basic theory for wavelet analysis simultaneously calculate its frequency band energy; 
3) Collect non-rubbing, slight rubbing and severe rubbing fault signals by  

multi-function rotor experiment rig, extract fault signal wavelet frequency band energy features; 
4) Finally apply the support vector machine for faults identification.
（3）研究背景

高速旋转机械的转静碰摩故障严重威胁着设备的运行安全性,对其进行有效诊断具有重要的工程意义。碰摩故障具有复杂的非线性特征，传统振动信号时频分析和频谱分析方法没有考虑机械系统的非线性因素，选取合理有效的故障特征量对于碰摩故障的诊断和辨识具有重要的理论意义和工程适用价值。

（3） Research background

The rub-impact fault of high-speed rotating machinery is the serious threat to the safety for equipment operation, and it is of great significance to take effective diagnosis. Rub-impact fault has many complex non-linear characteristics, which were not considered with the traditional time-frequency vibration signal analysis and spectrum analysis methods, so it is of important theoretical significance and of great engineering value to select reasonable and efficient fault features for the rub-impact fault diagnosis and identification 

(4) 对学生的要求

1) 了解转静碰摩故障的机理;

2) 熟悉多分辨率小波分析基本理论;

3) 熟悉MATLAB编程.

(4) Requirements to students
1) Comprehending the mechanism of rotor rub-impact fault and its characteristics;
2) Mastering the basic theory for wavelet analysis;

3) Be able to program with MATLAB

（5） 实验条件

1) ZL-3多功能转子故障模拟实验台.

2) 航空发动机实验器

（5） Experiment conditions
1) Aero-engine rotor rig

2) ZL-3 multi-function rotor experiment rig
（6）参考文献（References）
[1] 陈果. 航空器检测与诊断技术导轮, 中国民航出版社, 2007

Chen Guo. Introduction to Aircraft Detection and Diagnosis Techniques, Beijing : CAAC Press, 2007
[2] Z. Peng, Y. He, Q. Lu, et al. Feature Extraction of the Rub-Impact Rotor System by Means of Wavelet Analysis [J]. Journal of Sound and Vibration, 2003, 259(4): 1000~1010

[3] Zhu X G, Hong B R. Implementation of Time Scale Transformation Based on Continuous Wavelet Theory [J]. Journal of Systems Engineering and Electronics, 2000, 11(1): 32~37

[4] J. Lin, L. Qu. Feature Extraction Based on Morlet Wavelet, Its application for Mechanical Fault Diagnosis. Journal of Sound Vibration, 2000, 234(1): 5~9

[5] G. G. Yen, K. C. Nandi. Wavelet Packet Feature Extraction for Vibration Monitoring. IEEE Transactions on Industrial Electronics, 2000, 47(3): 650~667.

[6] Li C J, Ma J. Wavelet Decomposition of Vibrations For Detection of Bearing Localized Defects. NDT & E International, 1997, 30(3):143~149

[7] Nikolaou N G. Rolling element bearing fault diagnosis using wavelet packets[J]. NDT&E International. 2002, 35:197-205

