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故障诊断的神经网络多重模型
自适应方法

西北工业大学　　王镛根
* *　张学峰

【摘要】　将神经网络与故障诊断的多重模型自适应方法相结合, 提出了故障诊断的神经网络多重

模型自适应方法, 并对某型航空发动机控制系统传感器故障进行诊断仿真。仿真表明,该方法能够

用来解决具有模型不确定性系统的故障诊断问题,同时, 对未知的故障模态具有自学习能力。
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　分类号: 　TP277

故障诊断的 MMAF 方法具有如下重要的优点: ( 1)不需要选择门限值; ( 2)对于系统的非

线性具有较好的鲁棒性; ( 3)算法简单。该方法的主要缺点是不具有学习能力,必须对所有传感

器可能发生的故障情况要预先做全面了解,否则会出现错判。同时,该方法是一种基于模型的

故障诊断方法,要求获得系统精确的数学模型, 然而,象航空发动机这样结构复杂、工作范围变

化大、扰动因素多的大系统,要获得其精确的数学模型是比较困难的。神经网络发展为解决这

一类问题提供了新的思路。由于神经网络具有能充分逼近任意非线性函数的能力,因此可应用

神经网络的自学习代替滤波器设计过程中的解析计算,获得残差信息, 同时, 使 MMAF 法具

有学习功能, 对未知的故障模态具有自学习能力。

1　故障诊断的多重模型自适应法

　　对于如下非线性系统

x ( t + 1) = f [ x ( t ) , u( t) ]　, 　y ( t) = h[ x ( t ) ] ( 1)

其中 f (·)和 h(·)为非线性函数。根据系统的输入和输出,在正常状态和N 种潜在的故障状

态下离线训练 N + 1个神经网络, 确定神经网络的参数,建立 N + 1个状态估计器:

y
�
i( t + 1) = f [�( t ) , �i]　　　　( i = 1,⋯, N + 1) ( 2)

式中 �( t ) = [ y ( t) ,⋯, y ( t- ny+ 1) , u( t- d) , ⋯, u( t- d- nm+ 1) ]
T
。其中,向量 �( t )和 �分别

为神经网络输入和神经网络的参数, y�i ( t+ 1)为神经网络的输出,是 y ( t)的一步预测值。u 和 y

分别表示非线性系统的输入和输出, nm和 ny 分别表示输入和输出的滞后步数。然后应用 N +

1个状态估计器对系统进行状态估计, 则每个模型的预测误差为系统输出的测量值和一步预

测值之差。 i= y
�
i( t ) - y ( t ) , ( i= 1,⋯, N + 1)。

通过以上过程,即完成了故障新息的提取。将获得的 N + 1个估计器的预测误差作为残



差,在此基础上对残差进行统计检验,进而实现故障诊断。最常用的方法是应用贝叶斯公式,通

过残差计算第 i 个模型的条件概率

P(M i�  i) = P( M i�  i) P (M i ) �
N + 1

j = 1
P (M j � j ) P (M j )　　( i = 1, ⋯, N + 1) ( 3)

其中, P (M i )为第 i 个模型出现的先验概率。

通过以上的条件概率, 即可判断系统的运行状态,然后由以下的检测逻辑实现故障检测与

定位。定义条件概率的下界 P L 及上界 PU ,则有: ( 1)如果 P (M i�  i )≥PU 并且 P (M j � j )≤P L

( j = 1,⋯, i- 1, i+ 1,⋯, N + 1) ,则说明系统运动于第 i种模式下; ( 2)如果 P (M i�  i)≤P L ( i=

1, ⋯, N + 1) , 则说明系统运行于一种未知的模式下,启动故障诊断系统的学习功能模块,训练

一个新的网络用来估计这种新的故障模式, 训练既可以在线实现, 又可以离线进行, 并将训练

后的网络加入到状态估计器的集合中。进一步在此基础上实现状态重构及容错控制。

2　某型发动机控制系统传感器故障诊断

　　以某型发动机设计点( H = 0,Ma= 0)为对象,用基于 RBF 神经网络的多重模型自适应诊

断发动机控制系统传感器故障[ 4]。

2. 1　故障模态已知

　　在系统无故障以及nl 传感器发生阶跃故障( 30 r / min)两种

状态下分别训练 RBF 网络, 建立 2 个状态估计器 ANN 0 和

ANN1,然后利用它们对系统进行故障诊断。并假定正常状态和

故障状态出现的先验概率 P (M i) = 0. 5, ( i= 1, 2) ,利用上节所

述方法得到故障诊断结果如图1所示。由图可明显看出, 该方法

图 1　故障诊断结果

能准确检测出已知的传感器故障,并且延迟时间很短。

2. 2　故障模态未知

　　考虑一种新的故障模态,假设系统运行到 t= 150时 T
*
4 传感器发生故障, 在这种情况下

故障诊断系统的诊断结果表明, 在有新的故障模态出现时,两个估计器均不能很好的逼近系统

的真实输出、残差很大, 因而这两种模态出现的后验概率均接近于零, 由此可证明此故障为一

未知故障模态, 需启动系统的学习功能, 应用获得的故障数据训练一新的状态估计器 ANN2。

此时故障诊断系统即可诊断两种故障。假定系统运行在这 3种模态下的先验概率均为 1/ 3,仿

真结果表明, 故障诊断系统经学习后可以准确地诊断出新的故障模态。说明基于 RBF 网络多

重模型自适应故障诊断方法具有很强的学习能力,更适合于实际应用。

153第　2　期 故障诊断的神经网络多重模型自适应方法



3　结　论
　　通过应用神经网络多重模型自适应法,分别诊断了n l 传感器和 T

*
4 传感器的故障,证明了

该方法的有效性。由设计、仿真过程可知,在整个过程均未应用发动机模型,故验证了该方法不

需要系统的精确模型, 只需在模型发生变化时启动学习功能, 因而完全可用来解决具有模型不

确定性系统的故障诊断问题。同时, 证明了该方法对未知的故障模态具有自学习能力。
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stand larger unbalanced lo ad than Squeezed Film Damper . As a kind of dry- frict ion damper,

RMRD can w ork under very high or low temper ature for a long period o f t ime. It is especially

suitable for High Pressure Liquid Hydrogen ( Oxygen) Pumps of rocket eng ines w orking un-

der v er y low temperatur e.

Key Words　Ro to rs　Damper s　Absorber s

AN INVESTIGATION ON IGNITION PERFORMANCE
OF A CATALYTIC IGNITER AT HIGH ALTITUDE

Dong Kang
( Qingling Company , AVIC, Xinping　7131017)

He Xiaoming, Han Qixiang, Tan Haoyuan
( 2nd Dept. Nanj ing University of Aeronautics and Astronautics, Nanj ing　210016)

ABSTRACT　　　　An experimental inv est ig ation on performance o f a catalyt ic igniter
made of platinum / rhodium catalyst has been conducted in a tur bofan eng ine afterburner. It s

ignition delay was measured under the condit ions: the stat ic pressur e of 0. 04- 0. 115 M Pa;

the inlet to tal temperatur e of 673- 773 K ; the velocity at the lip o f igniter cone != 0. 20-

0. 36. The investig at ion simulates the operat ion of the engine's af terburner w hen aircraf t f lies

at an alt itude of 18000 m and the M ach numer of 1. 0. T he exper iments on performance of the

igniter for ignit ing of 1100 runs at normal pressur e w ere also conducted to verify the longevi-

ty o f the cataly tic igniter .

Key Words　Cataly tic ignit ion　Afterburners　Aircraf te eng ines

ANN- BASED OBSERVER FAILURE DETECTION
Zhang Xuef eng and Wang Yonggen

( 7th Dep t. Northwest Polytechnical University , Xi'an　710072)

ABSTRACT　　　　An Art ificial Neural Netw ork ( ANN) - based obser ver failure de-
tection method is presented, w hich uses ANN's self - learning ability instead o f analyt ical

computat ion of the obsever design to g et the redundancy relat ionship o f the sy stem . In o rder

to deal w ith the failure detect ion o f model uncer tainty system, the failure detect ion of the

control system sensor o f a g iven aero engine has been simulated w ith the pr esented method.

The simulat ion show s that this method not only has the advantag e of the observer failure de-

tection method, but also has no need for the pr ecise model o f sy stem. It is useful to the failure

detect ion of the model uncer tainty system .

Key Words　Neural netw orks　Failure Detect ion　Obser ver

ANN- BASED MMAF FAILURE DETECTION
Wang Yonggen and Zhang Xuefeng

( 7th Dep t. Northwest Polytechnical University , Xi'an　710072)

ABSTRACT　　　　Art if icial neur al netw ork ( ANN) and Mult iple M odel Adapt ive Fil-
ter ( MMAF) are combined in a new failure detection method- ANN- based MMAF, which

uses ANN's self- learning ability instead of analyt ical computat ion of the filter design. Nu-

merical simulat ions of an areoeng ine have been performed to detect the sensor failure o f the

control system . The results show that this method no t only can detect the failure of the sy s-

tem w ith an uncertain model , but also has self- learning ability for the unknown failure pat-

tern.
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Key Words　Neural netw orks　Failure detect ion　Modeling

MULTIPLE- SECTOR PARALLEL COMPRESSOR MODEL
FOR FLOW FIELD CALCULATION UNDER DISTORTION

Song Wenyan, Li Ming, Fan Feida
( 7th Dep t. Northwestern Polytechnical University , Xi'an　710072)

ABSTRACT　　　　T his paper describes in some detail the method for comput ing an
axial- f low compresso r flow field under distort ion. Based on the mult iple- sector parallel

compr essor model and str eam line curvature method, the stage dist ribut ions of the parame-

tr es o f distor ted flow field, such as total pressur e, total temperatur e, stat ic pressur e, stat ic

temperature, air v elo city and sw irl angle, are obtained by so lving the radial- equilibrium e-

quat ion, then the details of compresso r flow f ield under the given inlet disto rt ion can be

reached. As an example the flow f ield computat ion for a single stag e compressor has been

completed under the inlet circumferent ial distor tion. T he results demonst rate the pract ical

value of the method.

Key Words　Parallel compressors　Distort ion factors　Flow f ield simulation

AN EXPERIMENTAL OBSERVATION

ON STALL OSCILLATION AT LOW FLOWRATE

IN A CENTRIFUGAL IMPELLER
Dai Ji and Chen Jingyi

( Institute of Engineering Thermop hysics, CAS, Beij ing　100080)

ABSTRACT　　　　An experiment w as conducted to invest igate the self- excited f low
oscillat ion in a centrifug al fan impeller. T he unsteady dynamic pressur es were measured

around the per ipher y o f the impeller outlet w ith 8 high- r esponse t ransducers. T he experi-

mental observat ion show s the ex istence o f a low er f requency , nonrotat ing o scillat ion in the

low f low rate conditions. T he measurements also indicate that the oscillat ion is unstable at a

shor t durat ion and at a local posit ion, and the peripher al dist ribut ion of oscillation str ength is

non- uniform . The analy sis show s that there may be some relat ionship betw een the self ex-

cited f low o scillat ion and ro tat ing stall , especially during incept ion behavior of rotating stall.

Key Words　Centrifugal type　Impeller　Dynamic tests

EFFECTS OF SOLIDITY ON CHARACTERISTICS

OF COMPRESSOR CASCADE WITH CURVED- BLADE
Zhong Jingjun, Wang Wei, Su Jiexian, Wang Zhongqi

( Energy Science and Engineering College, Harbin Institute of Technology , Harbin　150001)

ABSTRACT　　　　T he relat ionship betw een solidity and the characterist ics of com-
pressor cascades w ith curved blades is invest ig ated. The exper imental results show that w ith

the incr ease of cascade solidity, the cascade loss incr eases at most incidences. The m inimum

loss incidence of the straight and posit ive curved blade cascade takes place at po sit iv e inci-

dences, w hile the negat ive curv ed blade cascade appears at negat ive incidence. In o rder to r e-

duce the lo ss, the solidity for the po sit ive curved blade should be less than that of the

st raight blade. In the case o f the same so lidity, the secondary loss can be reduced and good

incidence characterist ics can be obtained w ith the negat ive curved blade, compared w ith the
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