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Experimental Study on Rotor System Vibration Control
of a Squeeze- MR Fluid Damper
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Abstract: Refer to the rotor and supporting structure of small aero-engines, a single—
disk rotor system supported on a squeeze MR fluid damper was designed and manufactured.
The unbalance response of the system at different control currents was experimentally
studied. It was found that the effects of the magnetic pulling force on the first critical speed
and the amplitude can be omitted. The oil film reaction force can diminish the amplitude at
the critical speeds without dam per, and increase the critical speeds. The damper will have the
best effect in minimizing the vibration within the specified range at all working speed by
using on-off control method. The research shows that the squeeze MR fluid damper has the
advantages such as structure simplicity, high effectiveness, quick response, etc. , and this kind
of damper has a promising potential future in vibration control of high-speed flexible rotor

systems.

Key words: aerospace propulsion system; magneto—heological fluids; damper; rotor;

vibration control

: 2004~ 07- 10; : 2004~ 10- 10
(402020203) ; (04300692)

(19642 0y



3 : — 425

, B710 s
0 45000 ¢/ min s
) (15 000 r/min) ,
s , , 0 10000 {/
min
[1,2] Il
, [3 5]

| ".‘
¥ A

; [3 5]
(.5 mm) ,

oto'of the testi g rolor system

SN ARER
\\ =
SR e N A A

7z
%
v

Jeffcott
400 mm

20 mm 160 mm, 6.2 Fig. 2 Structure of the damper

25 mm, 2

38 mm
(#1) (# 2
’ ’ 38 mm

( ) , (# 4)
’ (#5) )

2mm Lord Bently

B

2 550

© 1994-2010 China Academic Journal Electronic Publishing Houe. All rights reserved. http://www.cnki.1

b



426

20

, 2.8¢g -cm,
(1) 0 10 000 r/ min,
(2)
0A 2A,
Lord
, 9.8g-cm
(1) 0 10 000 r/ min,
0,0.5,1.0 1.5A ,
(2)
, 0.5, 1.0A ,
~ Of .
ae0f 1
z B
se0b
0(; ‘ 2000 4000 ' 60.00. 8000 10000

#1% /(t/min)
(a) #1{EBB5E

R I=0A P
Vil 05A
- . J=10A ;|
2000 4000 6000 8000 10000
¥ /( r/min)
(c) W3 £BHRRES
3

3.1
5 440 ¢/ min,
2A
[5]
(2. 12<10°N/m)
[5]
(8.7><10*N/m) )
3.2
3 0,0.5 1.0A
(
4 ) (a),(b),(c),(d)
# 1,#.2,# 3, # 4
( App - )
— O M
S 360 '
2 '
360 !
: ' I=0A
R 1=054
I [Z1oa
09" 2000 4000 6000 €000 10000
#34 /(/min)
(b) #2 tERES
: ‘7
0.8 ; ;
g - : i QQSA
S0 1=10A
~ F. . . :
% 2000 4000 6000 8000 10000
#3% /( v/min)

(d) 4 fEBBES

tig 30 Mhe inflaendel of the zoal rol carents onl thesMrégueney res porseés of [thecratomsy st em



3 — 427
3 , I=0A | R
(# 1,4 3) .
5 550 r/ min, (# 2,# 4) [3,5] ,
5300/ min, 5
440 ¢/ min, 1.OA , =
, 1.OA ; 5950 v/ min( [
) s =0A I[=10A ),
, , I=0A
) 3(a) (b) )
I=0.5A I=0 A 50%
R R #347
(#1,# 3) ®iE: 41 &KE: 0318 mmPP £292°
s /mi BEFIE: 17:10:
5 850 1/ min, (# 2,4 4) #3#E: 4963 rmin liﬁ.ﬂ_'!z“.ET?EJ 17' 1.0 .52
6 120 y/ min, 5 990 ¢/ :
min, [I=0A 550 ¢/ el IO I S
min( 10%) fo b
|
? |
I=0A )
41.4% 29. 0% s m p
, N B4 [8) /ms
. (@
_ i EE ) #348
I=1.0A BiE: #1 %4: 0.104 mm PP £242°
(#\1,# 3) HE: 4968 /min  fRFRRI[E]: 17:10:53
(# 2,#4) 6 3001/ min; 0'2:::::::::"':"':: :
6 300 v/ min, [I=0A Y R T N IR AN R
B D R
860 1/ min(/15.8%), I= 0.5A LA AN OA N \/\\/\
31071 win 5.2%)
R N B A B B
’ B T B A B SR
, , R IR U B BN BN
02 20 40 60 80 100
B [} /ms
I=0A )
23.3% 28.4%, I1=0.5A
30.9% 0.9% 4
’ ’ Fig- 4 Displacement curves before and after
’ exerting 1 A current
’ 5 000, 6 000,
6 300 v/ min , 0.5 A
I=1.5A =10 LOA ;
A ) ’
&5 mm P 4(3) (b)
6300 t/min,  I=1.0A 5 000 +/min 1.OA

( 0. 7s) #



428

20

[3 5]

(D

(2)

20%
(3)

?

(4)

(5

40%

0.7s

[3]

[4]

[5]

704

Carlson J D. Magnetorheological Fluid Actuators. In:
Janocha H, Adaptronics and Smart Structures [ M ].
Berlin: Springer Verlag, 1999. 180 __ 195.
Wang J, Meng G. Magnetorheological Fluid Devices:
Principles, Characteristies’and A'pplications in M echan ical
Engineering [ J\|. Proceedings /of the Institution o
M echanical \ E ngineers, Part L, Journal of Materials:
Design & App lications, 2001;,215(L3): 165 174.
[ ,2001,29(7):47 49.
Wang Jianxijao, M éng Guang. Vibration Control of Rotor
by M agnetorhedlogical Fluid Damper [ J]. Journal o
H uaz hong~University of Science and T echnology, 2001, 29
(7):47 49.
Wang J; Meng G- Experimental Study on Stability of an MR
Fluid Damper Rotor-Journal Bearing System[J]. Journal
of Sound and Vibration, 2003, 262: 999  1007.

[J]. , 2004, 40(3): 76

s ’

83.

Wang Jianxiao, Meng Guang, Chen Yun—=xi. Dynamic
Performance and Control of Squeeze Mode MR Fluid
Damper—Rotor System|[ J]. Chinese Journd ¢ Mechanical
Engineering, 2004, 40(3): 76  83.



