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ABSTRACT: Objective To study the dynamic characteristic of rotary joint with contact—free clearance seals.
Methods Targeting at a typical type of rotary joint with clearance seal, the system dynamic equation was established
considering the nonlinear oil-film force, rotor rotation and ring vibration, and the influences of key parameters such as
clearance size, rotation speed, ring stiffness on the movement of rotor and ring were analyzed by numerical simulation
analysis. Results The analysis result showed that the movement amplitude of rotor and the amplitude of relative
movement both increased with the increase of clearance size, and the movement amplitudes of rotor and ring increased
firstly and then declined with the increase of rotation speed or ring stiffness. Conclusion The dynamic model presented
in this paper could be used to analyze the dynamic characteristics of rotary joint with contact—free clearance seals, which
provides the theory guidance for the rotary joint design.
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Fig.1 Structure of rotary joint with clearance seal
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Fig.2 Working principle of rotary joint with clearance seal
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Fig.3 Physical model of rotary joint

RS T WA, B3z 31 [ B =) A g



- 80 - |‘ "{-.’ .Hl

=S 20015410 /]

T SRR EH] . RN, B2 3] [ B
T3 R R P S T VR TR IR S e AR 2 (]
()2 B B S O S B JE i o YR AT BN,
HAR )3z SN R A2 2N R BRI, RS sh 127 i #e
AJRIRN

mI;C:FJ (x, 4 ,9.61 ,}.’1 X2 5Y2 ’9-52 ,3.”2) + mlewchS(Wt)

mljufl :R (=, X1 ’9.51 ’5’1 X25Y2 79.52 aj’z) + m]ewzsin(a)t) -mg

mz’;z:_ F.(x,,y, ’7-61 ,5’1 X2 5)2 ’9-‘2 59.’2) _éz = kx,
_Cﬁ.’z —ky, —myg
(1)
K om R F R kesm AR kese N
P Lo, ms o %R rad/s ; g R E T INHEE , m/
%3 k R R BB S KIS, N/m; ¢ % Bt B 255 BHLJE N -
sim; x N x AL, myy ATy IR, msx
TFAR xS, sy, ATERR y LS m FOA x ] 5
J1,N3F Ry M T, N,
FR A Capone TR TRy BT 5 8500 S50
IRSEL) K FTE XS S 2500 ¢ Rk
{x = (x, -x,)/C
y=(n -»n)/C
LN A B S P
{FX}: P - [(x =2y + (y +22)*]"
F,

1 _ xz _ yz
{3x * V(x,y,) —sin o * G(x,y,0) —2co0s o * S(x,y,a)}
3y « V(x,y,a) +cos o * G(x,y,a0) —2sin « » S(x,y,x)

mﬁ"’z:_ Fy<x1 g ’561 55’1 s%25)2 ,9.‘2 ,5/2)

(2)

X
2 o
G(xy,a) = (-2 _yz)vz[% +arctan%]
(4)
2 +y(cos a —xsin ) G(x,y,
V(x,y,a) = y( Oll_xz _32) (x,y,a)
(5)
S(x.y, _ xCos @ + ysin @ (6)
(%,5,0) 1 — (xcos a + ysin a)’
a = arctan@ - lsign(y +2}:C) - 1sign(y +2x)
x—zy 2 x =2y 2
(7)
3 FMAEHH
3.1 BABSHTHHE

K Matlab H1[1) ODE15S 8456 5%F R 48 8l 124 5
AT K A, R BT SECN :mi=4 kg, m=1.8 kg,
k=2 x 10° N/m, =400 N+s/m, C,;=50 pm,C=20 pwm,e=
20 wmo ¥ JTFE IS B P00 FRE X dn A 4
ffER, BT LA HY, AE 100 r/min B, 5% 7 Fp e 76 18] B2 N
(LY e mI Bl & BT B =S O (TP WAL 7N 1 4 7 D By
8l T RE IS A XS /N TF 3 pom, P IR 2 4b
T AR LMl R 25 5 £E 10 000 v/min I, 5% 5 F1 17 FR 45
5 Ji 12 3l , MRS /N T 2 wom, B GRAAL TR

(3) iR
£ 25 E 2.0 10
L2 pasef 72 2 L
X 280 x 28418} ES st EE o5
S 28sit E—2.8420 317“37&1'0' \1%37& of
Np-2.90¢ a ek ®E
# . . h-2.8424F, ~ 1 F ; . E_ 1o ; L
05 10 15 20 4 2 0 2 4 0 5 10 15 20 0 5 10 15 20
FEFxla ik / (x 105 m) FIRxEVES / (x 10°m) a5 Hf1E] /s
a 100 r/min
E T E-If _ 10 _15
= S g \?E
x ol %ol EL 05 L 1'0'\
= - 5 X 5 x 05}t
® 5l 3 < o S~—— T
= 4l =4l =05 d
H? g\ &E &50.5
) Il L 1 (51 1 1 1 1 e L 1 1 -}t L L L
¥S5——0 1 2 2y 1t 2 50 15 20 o5 10 15 20
TRl RS / (x 10 m) YRRl RS / (x 10 m) BT /5 Bl /s

b 10 000 r/min

K4 B TS S PuE FARRX (RS

Fig.4 Movement track and relative displacement of rotor and ring a: 100 r/min;b: 10000 r/mint



LRAVE NGRS Ui

Rk A CIR] B e Sk 3 2 S o

- 81 -

3.2 [EIREXEEFINIZINE TR R0

[ B SO et e Sk PERE R H B 2, 5 B

BEVHRI SRR ARIE S T RT3 2 (R AA LT s, 55 14k
N, Tkt EE Do AEFEH A 1000 v/min, BB 514
10,40 w m [0 T 51 FVEIR DT AN 5 PR

) Gl
M a F =, 2 2
§ 27 L 280 E 5
x x 2.8} ES EL 17
= 28 < B x %
® a® -2.84 T ol W= O}
4 = frea Ty
= 29 = -2.86f Mo T
= = S -1F M -1
i & 288l = &g
# —30¢ . z
, ! , #h , L ; L . =] . Z .
| 0 1 4 2 0 2 4 0 5 10 0 5 10
HFxnfifg / (x 10°m) AN / (x 107 m) i /s ] /s
a 10 pum, 1000 r/min
B 2 10 2 0
(=)
2a =L RN
- ﬁ‘ X ﬁ' X -2r
) BT 05 -1
-3 Irga Irga
2 s e 4
iﬁi i ! i b 1 . ! 1 . = 0 ! * 6 !
2 4 6 8 o~ 4 2 0 2 4 5 10 5 10
FFxla ik / (x 105 m) RN [ (x 107 m) ] /s fHE] /s

b 40 um, 1000 r/min

KI5 ARIAIBT 5e5Fs 2 0l O BB FAR XA

Fig.5 Movement track and relative displacement of rotor and ring with different clearance
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