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计算滑动轴承动特性系数的有限元法
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【摘要】　提出了一种快速求解 8 个轴承动特性的系数有限元法。该方法不仅比以往的有限元法计

算速度快, 而且与其他方法具有同样的计算精度。
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求解轴承动特性系数数占全部轴承参数计算的大部分时间[ 1]。本文根据 Reynolds方程的

有限元方程, 只需求解一次 Reynolds方程便可得到 8个动特性系数。采用四边形单元不仅较

好地反映了该方法的一般性和通用性,而且在其他条件相同的情况下,可以用较少的网格获得

用三角形单元需较多网格才能达到的精度,这对节省计算时间是大有好处的
[ 2]
。

1　油膜压力的求解

静态Reynolds 方程无量纲形式为
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图 1　坐标系分析 图 2　边界条件
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式中, p 为油膜压力; 油膜厚度 h = 1+

!co s�, !为偏心率, �为轴承宽径比的倒
数; �a、�b 为油膜完整区上、下游边界; �、 
为油膜周向和横向坐标。坐标系及边界条

件如图 1、2所示(图 1中: 1为轴承, 2为轴

颈)。

Reynolds方程的等价泛函, L ( p )为
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　　运用有限元法,采用八节点四边形单元,由变分原理知, Reynolds方程的解 p 应满足
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式中, p i 为第 i个节点压力, e为任意四边形单元, E 为单元总数。

将所有单元都转换成自然坐标系下的正方形标准单元。上式各量可插值基函数表示为
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式中, A
(e )
ni 为第 e个单元的布尔矩阵, n= 1, 2, ⋯, 8, i= 1, 2,⋯, N , N 为整个解区域的节点总

数; ∀( e )n 为第 e个单元内第 n个节点的形状函数
[ 3] ;#、∃为自然坐标, hi、�i、 i 分别为第 i 个节点
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�# n为 Jacobi行列式。

逐单元积分后迭加,形成有限元线性代数方程组
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2　刚度、阻尼系数的解

无量纲动态 Reynolds方程有限元方程为
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式中, x r、y r、u r、v r 分别为轴颈中心坐标 X、Y 方向的位移扰动和速度扰动, Rey (·) =
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以式( 7)为例,参照式( 6)的推导过程, 可得刚度系数 K xx、K xy、K y x、K yy表达式

K xx = 6W
T
s K

- 1
W 1 - 6W

T
s K

- 1
K 1P　, 　K xy = 6W

T
cK

- 1
W 1 - 6W

T
cK

- 1
K 1P

K yx = 6W T
s K

- 1
W 2 - 6W T

s K
- 1
K 2P　,　 K yy = 6W T

cK
- 1
W 2 - 6W T

cK
- 1
K 2P

( 10)

W s = ∑
E

e= 1�
e

%‖J‖sin&d#d∃A ( e )
ni 　,　 W c = ∑

E

e= 1�
e

% ‖J‖co s&d#d∃A ( e)
ni

W 1 = ∑
E

e= 1�
e

% 1‖J‖sin&d#d∃A ( e )
ni

K 1 = ∑
E

e= 1
�
e

( % T
H

e) 3 ( % 1% T
1 + �2% 2% 2)‖J‖sin&d#d∃A ( e)

ni A
(e )
nj

W 2 = ∑
E

e= 1
�
e

% 1‖J‖co s&d#d∃A ( e)
ni

273第　3　期 计算滑动轴承动特性系数的有限元法



K 2 = ∑
E

e= 1
�
e

( % T
H

e) 2( % 1% T
1 + �2% 2% T

2 )‖J‖cos&d#d∃A ( e )
ni A

( e)
nj
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则 P c= ctg∋P s- p / ( 3!sin∋)。于是式( 11)变为
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　　参照式( 12)的推导过程,由式( 9)可得阻尼系数 D xx、D x y、D yx、D yy的表达式
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求出列阵W s、W c 及 P s ,刚度、阻尼系数便可得到,只需求解一次 Reynolds 方程。

用该有限元法对椭圆轴承动特性系数进行了计算。见表 1( �= 1. 25, )= 0. 5, 进油口张角

30°)。在表 2中给出了用差分法计算同种轴承的动特性系数。)为预负荷系数。

表 1　椭圆轴承动特性表

! ∋ K xx K xy K yx K yy D xx D xy D yx D yy

0. 10 79. 38 3. 213 - 17. 318 7. 293 43. 872 7. 593 - 13. 181 - 13. 182 48. 570

0. 15 79. 09 4. 052 - 17. 420 10. 002 47. 106 8. 020 - 11. 933 - 11. 933 54. 237

0. 20 77. 43 5. 119 - 16. 841 13. 369 55. 254 8. 770 - 10. 146 - 10. 146 61. 852

0. 25 76. 15 6. 984 - 15. 276 18. 947 73. 865 9. 895 - 8. 024 - 8. 022 72. 640

表 2　椭圆轴承动特性表[ 4]

! ∋ K xx K xy K yx K yy D xx D xy D yx D yy

0. 10 79. 51 3. 487 - 17. 49 7. 590 44. 12 7. 709 - 13. 87 - 13. 73 49. 97

0. 15 79. 17 4. 248 - 17. 52 10. 599 47. 82 8. 320 - 12. 62 - 12. 59 56. 98

0. 20 78. 07 5. 440 - 17. 05 13. 746 56. 51 9. 045 - 10. 78 - 10. 80 62. 93

0. 25 76. 20 7. 128 - 15. 38 20. 193 74. 19 10. 06 - 8. 35 - 8. 48 73. 99

用这种有限元法计算轴承动特性系数, 由于省去了几次 Reynolds方程的求解, 因此比其

他有限元法节省约 4- 5倍计算时间。由表 1和表 2可见,用这种有限元法与差分法计算出来

的同种轴承动特性系数基本吻合,相对误差在 5%以内,是可信的。
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new trainer eng ine. T his study show es that due to shor t average f light time, a great difference

exists betw een the m ission duty cycles o f the t rainer eng ine and the design requirements o f

Eng ine Structural Integ rity Standard ( M IL- STD- 1783) .

Key words　Tr aining aircraft　Aircraft engines　Loading spect rum

A FINITE ELEMENT METHOD FOR COMPUTING DYNAMIC
COEFFICIENT OF HYDRODYNAMIC JOURNAL BEARINGS

Wang Dongwei and Zhu Jun
( Inst. of Lulrication and Bearongs, Xian Jiaotong University, Xian　710049)

ABSTRACT　　　　A finite element method is pr esented for comput ing the o il-f ilm dy-

nam ic coeff icients of hydrodynam ic journal bear ings. Once the integr al equat ions of the four

funct ions, �p/ �xc, �p/ �yc, �p/ �uc, �p/ �vc, are go tten, their matrix expressions can be obtained

immediately. Jntegrat ing them over the film domain, w e can get the eight oil-f ilm dynamic co-

ef f icients. Then it is possible to solv e the Reyno lds equation only once.

Key words　Matrices　Hydrodynamic journal bearings　Finite element methods

AN INVESTIGATION ON VIBRATION MONITORING

TECHNIQUE FOR A TURBOSHAFT ENGINE
Li Xifa

(First Air Force Research Institute, Beij ing　100076)

ABSTRACT　　　　The Vibr at ion characterist ics of the turboshaf t engine on ground

and in flight are considered. Accor ding to the dist ribut ion of the v ibrat ion frequency spec-

tr um , a method is pr esented to display and r ecord vibration velocity value of the turbo shaft

eng ine on ground or in fl ig ht . A vibrat ion monito r made of INT EL 51 series 8031 sing le chip

microcomputer has eight channels. Six channels are emplo yed to record vibration signals and

the other tw o channels to measure engine r otat ing speeds. The sy stem operat ion performance

has been proved by a larg e amount of measurements on fields and airbrone measrements.

Key words　Turboshaf t eng ines　Vibrat ion　Monito ring

A STUDY ON MOTION BEHAVIOURS
OF PARTICLES THROUGH TURBINE CASCADE

Yi Jinghai
( Shanghai Jiaotong University , Shanghai　200030)

Shi Feng and Xu Zhong
(Xi′an Jiaotong University　710049)

ABSTRACT　　　　A high speed camera is used to photograph the mot ion process o f

part icles through turbine cascade. T he effects o f particle size and init ial position on the par ti-

cle tr ajecto ries and velocities ar e analyzed. T he part icle t rajectories and velocit ies are also

computed w ith the Lag rang ian method under condit ions of f low w ith and w ithout boundary

layer. Comparison betw een computat ional and experimental results show s that it is necessary

to consider the ef fect o f the boundary layer fo r the smaller par ticles, but it is unnecessar y for

the lar ger part icles w hen the Lag rangian method is used to compute the mot ion behaviours o f

part icles.

Key words　Plane cascades　Solid par ticles　High- speed pho to graphy
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