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Abstract: A hydraulic model of landing gear shimmy dampers is introduced into the shimmy equations
replacing the linear or quadratic damping coefficients. The fluid compressibility caused by contained free air is
taken into consideration in the differential equation of the dampers, in which variable bulk moduli are
adopted. Then the shimmy equations are employed to simulate the aircraft nose landing gear shimmy. The
shimmy frequencies are obtained through the FFT. The simulation results, such as the amplitudes and the
frequencies of shimmy, the effects of the fluid compressibility, etc. agree well with those measured in the taxi

test of the prototype of K8 aircraft.

Key words: wheel shimmy: landing gears; landing gear shimmy dampers: digital simulation; hydraulic

dampers
( ) :
) 7 iz Rv di
(s , 12°q7 = e gz = Mae Mor g (D
20 . 2
, Ig'cii—ez(’ [gz(i_lf: MR— KZe( (2)
t 3
. 2. dze d&
, I R
. (3)
6 6
;W v
5 R L
) N, 1% Xz
(1) 21, A
: Me  Mr
( ); Kx Kz

£ 2000-07-27; :2000-12-11
: (98B352023)

Jittp U v v ik met dent Rikb/ 2001164/ 6362/

[ 2]



363

Me Mr
(2 Me
Mo= - Ko(OL - &) (4)
:Ke )
; Ok
(3)
Moe Ps
P,
1 YZLI16
s R Fig. 1. The geometry of YZL16
d°L/dt" = fi1(Me, Ps, Ps, dL/dt, L) (5) Peos(B+ )R = Mo (7
L (L 6k
PBO>
) Ps P T (8)
(BO2)* + Li
Falo
N2= (L1 + L)
(4) | d
|:B()2 Li- E"@ign(dl,/dt) - 1] (9
Mr = f2Ps, Ps,dL/dt, L) (6) Falo
Ni= (Li+ Lo )
[L Lo+ LGign(dL/dy | + 1} (10)
BO: 2 5%
) Fo= - |N1'¢sign (ili_ltl
’ dL (1D
Fu= - |N2¢sign m
2
’”‘%TLF‘ A(Ps— Po) + Fa+ Fui+ Fu
. (12)
) : R : N N2
) 5 Fd
A ( ); le FmZ
s
; C ; Lo AB
(1) K8 5 d 3 Ad
,0 ;X AO2 Y1 (02
, )
) K8 K38 0 ®
, ( Fua cosfi sinf3 Fi
[9,10] = . * (13)
YZL16 N« - sinfit  cosf N :
1 Fi= - A(Ps— Po) + Fur+ Fux (14)
(2) s Na= Ni+ N2 (15)
dL / dt==0 , Mr= Faxo,— Nuayo, (16)

- Fud 02



22

364
Yi ; Na 02
X1 5 X0, y0,
, 1
(3) 0 @
17. 5Hz, 13.6= - 7.8<©®@
26Hz 31Hz R 4.07= 3 3 Nw V
( Fig. 3 Amplitude vsload & Velocity
26Hz 31Hz), @
@ 50
: 4= 0
g 30
@ 50
i
(4) : %20
[1
’ 0 20 40 60 50
K38 fHz
2 ( 4
cc 3 cc o Fig. 4 Typical spectrum
’ 0.7 . f Nw V
0.8 6% ( > ’
) 0 ’
[ 9] ) 0L(0) =
5% 0.4s
(5) 0
) 2
( o) . .
Nw= 4500N, V=120 NN G
km/h
5 f N\\ V
5
Fig- 5 Shimmy frequency vs load & velocity
@\ : (N w= 4500N),
1
< ’ f V 6
. ( ) ,
0 01 02 03 04 05 06 V= 105km/h )
tls
2 2
Fig-2 Typical shimmy history 40
@ 30
20
D) ennax i
10
Nw V 3, o
o 20 60 100 140 160
N eLma_x 3. 6 V’(lﬂ'ﬂ-l‘fl)
® 4
2 6 v

[#)}

SHimmy fr equeney-v’s velodivy,



4 365
, 10%, 15%, 20%
el.max N W f V
6.4 9.7
13.1<= 7 20% [1] . [M].
, 1984, 235- 279.
’ 2] .
’ [M]. : , 1989. 735- 770.
’ [3] Grossman D T. F-15 nose landing gear shimmy, taxitest
N and correlative analyses[ R]. SAE Paper 801239, 1980.
, 6% , [4]  Black R J. Realistic evaluation of landing gear shimmy
5% . 4% . 3% 3.7<3.1° stabilization by test and analysis[ RI. SAE Paper 760496,
1976.
2.4< 1.7° 2%
[5] . (. .
3% ’ 8 1987, 8( 12) : B557- B562.
[6] .
. , 1987, 8( 12) : B578— B583.
[7] ) .
[J]. , 1998, 11( 3) : 346- 350.
[8] ) . [J].
, 1995, 28(3) : 409- 414.
[9] ) , )
[J]. , 1999, 31(6): 626-
633.
7 f Ny V ( 20%) [10] ; .. .YZLI6 (1.
,2000, 32(3):348- 353.
Fig.7 Frequency vs load & velocity (20% air) (3)
- L6 (1957-), , ,
< 12 ~ 1997
? 08 s
0.4 =
® = CAD ,
8000 4000 100 E Email: ghb@ nuaa- edu- cn, : 025-
2000 50 893501
Nw/N Vi(km-h')
8 BQux Ny V ( 3%)
(1942-1), ,
Fig- 8 Amplitudevsload & Velocity (3% air)
MDO CAD
-
4 e Email: dylae@ dns. nuaa. edu. cn,
1 025- 4892102
@ 1
V=105 km/h ,
7y , (1956~ ), . L1984
(1972-), , 1995

(1957-), .
(1963-), ,



