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考虑材料物理参数为随机量时
可靠度的计算

西北工业大学　　吕文林
* *　付　爽

【摘要】　本文主要考虑了材料物理参数为随机量时, 利用随机有限元及 H-L 方法对定向结晶涡轮

叶片进行可靠度计算。计算方法收敛, 说明本方法可行。从计算结果表明, 物理参数为随机量时(相

对于外载及材料机械性能为随机量时)对破坏概率影响较小。
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本文的可靠度计算,采用应力—强度干涉理论, 也就是在强度及应力的分布中, 强度大于

应力的概率即为可靠度。而影响应力变化的因素,除了所承受的外载荷、几何尺寸及形状概率

分布的影响[ 1、2] ,还有材料的物理参数分布的影响。本文着重在材料物理参数为随机量时可靠

度的计算, 仅考虑了材料正交的两个方向的弹性模量 ET、ED , 泊松比�1、�2和垂直于结晶方向
的剪切弹性模量 GTD等材料的物理参数为随机量的可靠度计算,以探索计算方法的可行性及

其对可靠度的影响。关于定向结晶材料的物理方程、弹性矩阵及刚度矩阵以及叶片的划分网格

均在文献[ 1]中叙述过,本文着重分析及材料物理量为随机量的随机有限元计算方法。

1　公式的推导

　　本文仍然以正交材料的 Hill准则为其失效模式的依据, 现将已推导的结果列在下面。

其破坏函数为
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将上式对某一随机量 x i 求偏导,可得 �g/ �x i 的表达式,为各应力分量对随机量的偏导数, 即

��x / �x i, ��y / �x i⋯⋯的函数。按 T aylor 级数在破坏点展开,并取一次项,得

g = g* ( x ) + �
k

i= 1
x i - x i* ( �g/ �x i ) * ( 2)　

E [ g] = E[ g * ( x ) ] + �
k

i= 1
( !xi - x i* ) ( �g/ �x i) * ( 3)　

V ar [ g] ( �g/ �{ x } ) T
* [ c ] ( �g/ �{ x } ) * ( 4)　

式中[ c]为协方差阵。第 i 个单元可靠性指标

∀i = E[ g i] / V ar [ g i] ( 5)　

其可靠度 R = # ( ∀) ( 6)　
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破坏点的选取及逼近迭代及可靠度的计算采用 Haso fer-Lind方法。计算可靠性指标∀时需求
出应力对随机量的偏导数, 其应力的矩阵式为

{�} = [ D ] [ B] {U}

上式偏导后为
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本文所考虑的随机量与几何尺寸无关,因此几何矩阵的偏导数[ B] ′x
i
= [ 0] , 得应力的偏导数
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( 7)　

上式中较之不计材料物理量为随机量多了含有弹性矩阵[ D ]对随机量 x i 偏导数{U} ′x
i
, 可从下

面推导得出。
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下标“* ”代表各随机量破坏点的数值。

材料物理参数的随机量 ET、E D、�1、�2 和 GD 等包含在[ D ]矩阵中, 并可求出[ D ] ′x
i
(即 �

[ D ] / �ET、�[ D ] / �E D、�[ D ] / ��1⋯)。将上述的破坏点数值代入( 8)式中,即可求出位移的偏导数

{ U}
′
x
i, 再根据( 7)、( 3)、( 4)、( 5)式得出可靠度。注意( 8)式中刚度矩阵[ k]对随机量 x i 的偏导

数为
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[ B ] ( 9)　

[ D ]
′
x i矩阵内各元素表达式需事前导出,并代入破坏点值可得出( 9)式的值( [ k ]

′
xi ) *。

2　算　例

　　采用 20节点三维等参元进行有限元及随机有限元计算。叶片材料 DZ-22的有关物理参

数及所需之方差数据选自文献[ 3]。有的数据按均值的上下偏差±△x i ,得出标准差

[ V ar ( x i) ] 1/ 2 = ( 1/ 3)△x i

由于物理参数的方差很小, 所得可靠性指标太大,查不出对应的可靠度, 为检验方法是否可行,

将 ET 的离差系数放大为 0. 05。所有随机量均按正态分布, 如为非正态分布时可按R-F 或 C-L

方法正态化。本算例经 14次迭代,得出 ∀值为 2. 7245。破坏概率 P f = 0. 0032214。随机量的

均值取为E T= 179340M Pa, E D= 125440M Pa,�1= 0. 331,�2= 0. 452, GTD= 39494MPa。�1、�2的
离差系数

[ 3]
选为 0. 0005, E D离差系数为 0. 005,而 ET 及G TD均放大为 0. 05。

本文建立了航空发动机零件的计及材料物理参数为随机量的随机有限元计算可靠度方

法,并对定向结晶叶片进行了实际计算。计算结果表明逐渐收敛, 所采用的 H-L 及随机有限元

对此例是可行的。由于物理量参数离差系数小, 所得之破坏概率值为本项目中载荷阵为随机量

计算破坏概率值的 3. 7%(本例为验证方法使计算方便,加重了发动机的工作状态,计算具体

值并非实际工作状况)。从相对数值中看出其影响较载荷列阵的因素为小。
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finite element method, mathemat ical pr ogramming technique and Block′s equat ion. T he

calculated results show that the highest flash temperature occur s at the mesh beg ining and

finishing corners on the to oth f lank where scuff ing could happen. Further , a tooth prof ile

modificat ion by a parabo la is presented. Through the agency of optim izat ion prog ramming

w ith an object function of minimizing the highest flash temperature, the opt imal prof ile

modificat ion can be obtained. According to the numerical ex ample, the scuf fing l im it load

could be raised 2. 5 t imes as unmodified helical gears. F inally , the inf luence of the support ing

st ructure on the dist ribut ion of flash temperature is discussed. An opt imal prof ile

modificat ion method is developed, w hich takes the deformation o f supports into

consideration.

PRIMARY RATED LIFE ESTIMATION FOR TURBINE DISC
Jia Jun, Long Shenggang, Tang Pingxuan

(Guizhou Aeroengine Institute)

ABSTRACT　　　　The est imat ion of the pr imary rated life is studied fo r a aeroengine

turbine disc. A method for this purpo se is considered and put into practice. The rated life o f

turbine disc is predicted by lo cal str ess-str ain approach Larson-Miller cur ve and Masson

Linear rule. And then it is proved by tests. In the life test inv est ig ation o f the tur bine disc,

the equivalent accelerated test loading spect rum provided accor ding to equivalent rule

( w ithout chang ing dangerous po sit ion and damage char acter ist ics) not only accelerates test ,

but also sat isfies life test specifications. Besides, the turbine disc is enclosed in a case hot ted

up by m iddle-frequency elect ro-induct ion. T his method improves hot t ing characterist ics of a

turbine disc tester.

RALIABILITY CALCULATION IN CONSIDERATION

OF PHYSICAL PARAMETERS OF A MATERIAL
AS RANDOM PARAMETERS

Lu Wenlin and Fu Shuang
(Northwestern Polytechnical University )

ABSTRACT　　　　A method of reliability calculat ion for direct ionally sol idified

turbine blade has been prov ided, w hich mainly considers physical parameter s as random by

means o f stochast ic FEM and Hasofer -Lind method. T he method ensures converg ency of it s

calculat ion, so it is feasible. The calculat ion results indicate that physical parameters as

random ones have less influence on the failure pr obability than the loading and mechanical

parameters.

FUEL CONTROL FAILURE RESEARCH FOR JT8D ENGINE
Xu Chunsheng, Yu Zhili, Ma Qianchao

( Civil Aviation Inst itute of China)

ABSTRACT　　　　A failure research of the fuel cont rol in JT 8D turbofan engine has

been completed, w hich results in effect ive reduct ion of its unscheduled removal rate and sets

up the foundat ion for domest ic fuel cont rol repairs. The theor et ical analysis, simulat ion,

adjustment tests, establishing and pract ising the diagr am o f failure insulat ion are appl ied to

the failure research. It s econom ic and social benefit s are obvious.
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