9 2 Vol.9 No.2

1994 4 Journal of Aerospace Power Apr. 1994
1
ThomasH J A lford J-S'?
, A Iford U rlichsk™® Wohlrab R™
Vance JM
A-ford A-lford , ,
Qiu YuanJ M artinez- SanchezM
[6 8
, Alfrod
A Iford (1
A lford ,
A Iford ) )
2
1 ’ ( )
1 1 1

1993 6 ;1993 10 *ox 405 100083



2 157

60°

(/2 7

s

—7 — (/230 R

A Iford
Thomas 1
A Iford dP
A Iford
dF = Fo M- & (9 dYor (1)
Faz F :J'znoos%l: - 5} "5 (DR @
A Iford Fa= (BT/OL)e Alford ,
Thomas (2
A Iford A inley
&@=BBA)H MBIz B , B = 0.47,
B=0.37;B. 7Z Adnley
Z2=-C /(5B “(e0s0e/050h) (3)
,CL S ) , O
H=C- ensP (4) (3)

@ =BBA) (C- ewsPB: " C/(SB:) *(0S0/05 k) (4)
(4) (2 F=T/0/2)

_ 2]._ ) 52 2 0.78 2 e 0.78
Fa= - DLB B: [Soosrxj CZ_TJo 1- o © os@AP (5)
21
= (1 oy oe 1 ek 2 %0
|'= 2.4375¢/C I e/C= 0.75 I /
2.75% (5) =~ 207
Fa= B (TebL) (6)
B= 0.778C *ZBE2 (CLosx/Scosh)?  (6) Lo
A Iford . B I
‘ 0.4 0.8 1:2
ele
' 2 1 ek
(6) A Iford
A Iford X

A Iford y



158 9

(6) Alford
Ky |= |Kw|= BTHOL )
A Iford )
Mx+ Gx+ cx + Kix + Kijx=F (8)
» X Xy M ,G , C
, K ,Ki A lford , F
(8) M
X+M "G+ ox+ M "Ki+ Ki)x=M 'F (9
A=M '(G+¢c),B=M *(Ki+ Ki),C=M 'F,x=y,
y=C- Bx- Ay , X=« (10)
‘na= 110H z, na= 60H z,
ne= 2.707Hz 159r/s K xy/K 11
3 ny/K 11 y ny/K 1n= 0.12
0.6
v. 01 0.5 0.6
: 0. 003
N 0.4 0.5
'—\ E 0.5 v. 4 /A\ 9
% o i . \\\
R\ J . 0.3 1595 /+ //7‘&—\\% .
o ﬁ uluy /-2 0. a[s0riz —~0.093 F\\K/f‘)/ 0. 003
vl 0. 1} L\,\,\,\, S
n 0
200 400 600 800 200 400 600 — 0. 003
—0.01 W /Hz HE M
(2) oy ik =0 112 .
by b, /by =0. ]2
0. 003 0.5 400
Nw 0. L0
\ ﬁo.; 3, 0}y 6LHz
— : ww 0.3 ! <
RS ’ fro, Golr 2.0
_ N O N . s T 159r7y . 1591/s
b-003— Y 0003 o1 0.10 010y ’
‘/ \,\\;/ 0
N 200 400 GO0 —0.10 200 600 800
3L ) WA /e
() hyik=0. 16 W) by /ky. = 0. 25
3 Alford
7 ny/K 1 )

] ) ny/K 11 O 25 y



159

06
0. 001 0. 06 0. 003 ). 6§
P
;‘:é 0. 04 \5; 0.4
(M z on J B 5=
oo Vo0 & o002 @=127.51/s ~U. 603 Avons oo w=127. 5%
~0.001 200 430 600 -~ 0. 0U3 v 200 40U 600
(a) e=0.lmm i /Hz (b} o= imm g iH,
0. 001 0. 05
S 3 S .o
0. 04 g ) | 0. 04
0. 03 N ¥ 0. 02
— 0.0yl 0.001 4 4o A > i ° w=238 1/
- - 0. 00 I‘YC:»’/“ AL %f 0.02
0. o ) oot
o g(i Ry DY T
. ‘ - 0
0 200 400 GO0 — . 001 200 400 600
% /- 54/
(¢) e= 0. lmm L ¥E 1z
(d) e=1mm
4 e
U, Uis, ‘ 0.5
U 3 0. 4 A
1 = I ow—=210r" 60Iiz i}
/ ;Q\ U] ,l T 0.3 ﬂ ' v =24007s
| \\\\ 2., //! ))r y
—0.003 A venz BT . ‘ 0. 005 e I
k\\\:’% 0. It /'/ ’ 0.1 l‘J ! /“ i
I AN
0 /"\/ \J"‘\/v 0 \./ N~
— 0. 003 24 10060 o 200 400 60w
MR 112 R (Hz
() kyy/kny=0) kya/ky1=0.072 () kg k= 0,16 ki/k=0.072
0.5
0. 003 !
A Iford 0.4 |
B
X
(1) ol [
w=_40r/s
- &5
(2 Kw/Kn i\ E 0.9 JJ |
- (3) — 0.6 0. 003 ) N
Z 0. Lf Vool
! / \Ji /\/‘\,\'
0 " -
, — . 003 Uy 100 600

4
K xy/K 1= 0.195,
e

i/

CeVb, Ay == 16 Ml kg = 0. 052

A Iford



160 9

, 5 ny/K 1 , K12/K 1=
0.072 , )
, K 12/K 1 0.052 ( )
32
A Iford
A Iford ,
A= at iQ a ; Q a= 0 ,a> 0
, K xy w
w w K xy A a a=0
K xy w K xy
(1) : : :
(A Iford) (2 Al-
ford Fa= BTedL, A lford B :
(3) ., Alford :
A Iford A Iford
, : (4)
A'lferd

ThomasH 1 U nstable O scillation of Turbine RotorsDue to Stean L eahage in the Sealing Glands and the Buckets Bul-
letion Scientifigue,A. I M , 1958,/71

A lford J S Protecting-Turbomachinery from Self-Excited Rotor W hirl Journal of Engineering for Pow er, 1965

U rlichs K. Clearance Elow - Generated T ransverse Force at the Rotor of Themal Turbomachines Diss, T U M unichen
1975, Translated asNA SA TM 77292, 1983

W ohlrab R. Experimental D etem ination of Gas Flow Conditioned Force at Turbine Stages and T heir Effect on the Run-
ning Stability of Simple Rotors Diss T U M unichen 1975, Translated asNA SA TM 77293, 1983

VanceJM ,L audadio E J Exponimental M easuvenent of A Iford Force in A xial Flow Turbomachinery. A SM E Paper 84-
GT-140, 1984

Yuan JQiu,M arfinez SanchezM. Prediction of D establizingB lade T ip Forces for Shrouded andU n- shrouded Turbines
N 86-30183

M artinez SanchezM , Greitzer EM. TurbineBlade- Tip Clearance Excitation Forces Final Report on Contract N umber
NA SA 35018, 1985

M artinez- SanchezM , Taroux B. TurbineBlade Tip and Seal Clearnce Excitation Forces NA SA -CR-184341, 1992
Fredric Ehrich,Dara Childs Self- ExcitedV ibration in High-Performance T urbomachinery M echanical Engineering 1984

( )



