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Fig.1 The experimentally integral squeeze film damper

1.2 EiRHIE S

ISFD 2 — P HEHAMEXHEN RS AR N
SRR 2 Pron . AR ) U2 R, R G ik 3
IR

—F,=C,V,+C,V,+M,A, +M,A, (1

—F,=C,V,+C,V,+M,A, +M,A, (2)
HrpF o F, 0500 0y T ia ¥R 15V, . vV,
AAL T R R R RAE 2.y 5 ) B I RE AN
U 5 Cy s M, 43 53 2k 355 He il i BELJE 25 1) BELJE 2 R

WIEE /(10°N *m ")
N WA U O O

20 25 30 0.10 0.15

L/ mm
(a) WIEERERH B8 B 224k Hh 28
(a) Stiffness change curve with damper
thickness

10 15

oil film gaj

3
Fig. 3

(b) P I BHL & 25 v 5 ) B 42 A it 28
(b) Stiffness change curve with damper

P2 AR =BT il B REL e 4% ) 2 i Al
Fig. 2 The mechanical model of integral squeeze film

damper

ISFD B fig & 45 i Ve S AR T . )CRE AR 3
R G ARAERE JE PR e . B A B T v ERE e 5 11
MILEE Eh A 2 110 S 2R 35 45 4 1 R A AR 1] S 45 I
JE T8 L T 5 B A R G 0 B R R T R
1,

TEE B R G %% ISFD i, 45 1B Pk sh i), T
HRE DX 2 3 B 2l R 07 77 A il B REL @ T il B X ) %
JE RS8N RS FRY AP A Y 15 FE 0N R AR AR 1 B
Je - 2 2 BHJE D AR AL L I Hz B J1 k JH 1) 43 A
e A U T B BELJE #4514 BHL R 2% R B0 1% 48 BB X
B i R JE #8915 fi5H

2 [EFE=3 IR0 ML

153 B BEL @ A 14 45 48 2 B0 W 1Y 52 e L
I3l X B E # JBE B L5 TRl B ] B C B S B g
PR B H SEAT R R LA 58 . L 43 530k 10,
15,20,25 1 30mm; C 43 5|45 0. 3,0. 25,0. 2,0. 15
MO.1mm; H 4%k 4.9,5.7,6.5,7.3 F18. Imm,
FEHAB PR A AL 11 60 AL ANSYS 4 B A
ST B JE A LAY ST [R) 2 80T 1 BELJE e WIEE L
Bl 3 PR

72 1] 1
8 172 P JBE

RIEE /(10N * m™)

0.30 41 49 57 6.5
C/mm H/mm

020 0.25
(c) I ik BEL & 5 5 A vy 8 A At 2
(c) Stiffness change curve with the height of

damper elastomer

RELJE 5 MU JBE 1) 52 mig M 1

The effect of damper stiffness



%3

TR LA R AT T i 15 LT % ok A T ik 3l 40 ] X R 537

w1 P 3 W] A RS A JRE R A BELE 4 P
A7 1o B P B AR ST AL 2 P . 2 B A% R i
25mm A% ) D JRE R 1) I JRE B R R A e A B
TR o Bl B L {1 5 (] Bt 9 345 O BHL e 4% P A7
1] F) P B A ST LR AR /N o BB S Y s 1 g 2
S0 o BELJE 5% A A 5 1w #9191 8 AT S AL e R e/ o 3
AR e AR AR WU EE D 3. 57 XX 107N/ m, Bl [i]
Wik 6. 58 X10"N/m,

3 hESH

T WG RE AR ST T it JEBH e 48 X A8 18 Ik 30 19
WAR ZAR S A SAP2000 B 5 8L 38 - A 5 U8
JE I BEBELJE SRR B 4 iR . A bR S5 IR 3R
HHIE ) B B B AR O s IR A 0 LA B
FAVE o S BHJE A5 ~F- 1 A IR 77 F- 1 e AL 2R e
o - T AR 77 TP AT B o= 075 24 BHLJE 4 °F T
AR 7 107 T I . o= 907, B S B R
BN S )RR L E UM R Q235 fE B H AR B
JEG T It i 4 249 R S AL Ok A IR N A O . B R
1] BRI SCA B 7 28 A7 287 AR O 15, S Hz, R4 18 1%
HAE B A ATEH A8 AN 5 AT AU 15N
My B dk 720N, 35 B GE 1 5 1A . 18 4T 0 A
FEE IR IR SN NE 00, WA S Ca) TR, BN A 4b
a=0"a=45"Fl a=90°Lh J¢ B &t o« =0°*& 3¢ ISFD [
ARBCR L ISFD F T 45/ SO Ot T IR . 2 %
BV T BB JE s FL AR S B0 B L H o W R Rk
3.57X10"N/m,fHJE 2% 1 050(kN « s)/m, BH
JeEHH 0.3, & 5(b~e) A K [ 2 % v B 1) I i
BOR R 1 DI RAR .

MIELS FIEE 1 AT LA AR [ 220 f BT L 3k
P He 1k i BELJE e 2 28 1 SR U A A4 D IR S8R T
LA UL B AR VRAL o T8 AH 7] 22 e 07 I 2 R

&l 4 ISFD %3 E R 1
Fig.4 ISFD installations position

HRIE / 10 °mm

(a) JREEHRN

(a) Original vibration

(b) ALLHNISFD (a=0°)
(b) Install ISFD on the 0° near
vibration source

(d) A4LINISFD (0=45°)
(d) Install ISFD on the 45° near
vibration source

(c) BALHNISFD (0=0°)
(c) Install ISFD on the 0° away
vibration source

(e) AKXLSNISFD (=90°)
(e) Install ISFD on the 90° near vibration source

5 N[AVEEEALE M EAT A

Fig. 5 Simulation calculations for different install positions
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Tab. 1 Simulation results
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Fig. 7 The vibration data of different install position near-end with ISFD



%3

TR LA R AT T i 15 LT % ok A T ik 3l 40 ] X R 539

PR Bl BB JE & ) » oAk sl I (B 75 26 Hz. ik 3l
WEIRE (B Dy 13 628 o, 31 Bl e I {56 Wi 4 10. 87 26 . JF:
HABL™ i B B4 Ik 3h I {H M\ 23 Hz B % 5|
26Hz, FEIE B MR ITAL o = 07223 1 A 5 il B B
JE 2 B IR AR AR T 7R SR PR Ak o = 0722 3 85t 1 il
JREBEL e 45 o

15 20 25 30 35
Hz

i0°/11 1 /NSFD (i
8 B Aib%:% ISFD M4k 3h Hi 4 (a=0)
Fig. 8 The vibration data of far-end install position with
ISFD

H 05 B 43 A R JT ERH [) 22 2 £ B B O IR
VA AR 80 SR A T O B VR R . E A ) 2 e
Qb e A X T I BEL JE 28 SF- 187 AN B4R g SF 1 A )
B Ca=0°) Yol P 280 SR d5c - o 3 P B (= 90°) I IR 80 2R
B8 . 3% 5 R RSB HE il 5 BELJE #5400 i 45 38 41 2h B
H—3.

MEL 7 FE 8 A 15 . B i 5% BH JE 45 g 76 A
SIS SEAT IR (L AN [] 19 22 28 07 B I IR R AN TR
FE o= 07 % % 35 1 71 JEE BEL & #1000 41 R0 2R e £ L A
a= 90" ZAI IR fe 22« X2 T AN [A] 19 8 26 4oL
R S TR T R BE e % 0 W EE e AW .
Pl 20 7R L FEBE @ & °F- 18 J7 1) (9 W EE B JE S = Fi y
(38 SCRHLJE 7 A= o LA 2 W B8 BELJE ) Je KA . 24
BHLJE #5118 5 e 07 °F 180 77 A= e A i, BHLJE g 4
AW EEBELE g o Ay Ty ) W BE BELJE 19 43 & B /D
TR B B e K AE . 22 BHL @ 25T 1o R o - 1
T FLI (@=90") . NIl B BHJE 34 3 fe /M., BE i BE S 2%
FUR B ST . il o= 0742 25 A0 & 1 W) 32 B @ i
KT a=90" 4 ZE A7 & 1Y W B BHLJE » @ = O I 119 8 41 %
Hef A, JF H W6 & W RE BH @ B 38 s 35 o 4R 2R
T

1) # R BT il 5 B JE # B8 45 il 5 A4S 4 2t 1)
P& gl 78 3 PR X 458 il 3R B AR, B o R OIE A 3
51.83%.

2) A AR SET T il R B JE A5 X A8 PR 2l 5
TR 22 FHLJE s K30 A ) A AR SR AL HL S 9
P& 71 T - 47 (o= 07) B 22 32 BHLJE & 7Y I8l 4R 200 R
b

30 FE LAY BE AN 4 B R A IR % O T SR
A 22 25 R R S Hs i 15 FELJE i 1 Dk IR SR G T 1

4) FERE AT T 5 BH T2 25 X A5 36 4k 3l 4%
TG P A R A B RG2S T B JE 4%
A IR IR T 2% 1 AN e %

5) FE L P M 2 5 Ay LA R] B 1A 9 ik B
Je g IR BOR U T2 1 AT LE 4%

Z % X ik

(1] MZEM. ZRKA4E. Hil.E W8 ETERS R

AT LT ] HUBCRL 2 5 8R, 2016, 35(7):1028-
1034.
TIAN Jialin, YUAN Changfu, YANG Lin, et al. The
vibration characteristics analysis of gas and solid cou-
ping in gas pipelines[ J]. Mechanical Science and Tech-
nology for Aerospace Engineer, 2016, 35(7);1028-
1034. (in Chinese)

(2] S, XI=%, FBE 5. (b T8 EIRD 50T Boxt ok

[T, A T&IHEIR . 2016, 42(6) :102.
WU Ying, LIU Sanjun, ZHOU Yaoqing, et al. Anal-
ysis and countermeasures of vibration of chemical pipe-
lines[ J]. Chemical Engineering Design Communica-
tions, 2016, 42(6):102. (in Chinese)

(3] BRosfb. BF Mol B BHJE 4508 3l il R -%% 7 R gc R 4tk
1A LD]. MR IR JRIE Tolk ks, 2017,

(4] ZE3Cb, ERK. mHEE T R G D& BRI

(7. HLARSRE . 2005, 27(1) :44-49.
LI Wenzhong WANG Liqin. Review on vibration con-
trol technology of high-speed rotor system[]]. Jounal
of Mechanical Strength, 2005, 27(1):44-49. (in Chi-
nese)

(5] i, HL3h AT S0 T 5F b B Je # 5% 7 R 5L
PRSI FD]. U PUHE Tolk K2, 2008.

[6] SANTIAGO O D, ANDRES L S, OLIVERAS J. Im-
balance response of a rotor supported on open-ends in-
tegral squeeze film dampers[J]. Journal of Engineer-
ing for Gas Turbines & Power, 1998, 121(4);718-
724.



540 & oo oK 5 & W 5540

[7] SANTIAGO O D, ANDRES L S. Imbalance response [13] TR, %, kM. %, SFDIEH F i Fs: T R4 3
and damping force coefficients of a rotor supported on Jrd ik KRS LT e iR 52 W, 2016,
end sealed integral squeeze film dampers[ C]// ASME 36(3):541-548.

1999 International Gas Turbine and Aero engine Con- WANG Jun., MA Liang. ZHANG Junhong. et al. Dy-
gress and Exhibition. Indianapolis, Indiana: American namic characteristics and chaos control of rotor system
Society of Mechanical Engineers, 1999. with faults under SFD [J]. Journal of Vibration,

(8] MLRA, VEAE. $F il BERHJE & X 7 7 4% 3 o 47 7 Measurement &. Diagnosis, 2016, 36(3):541-548. (in

Bl A o ik s i s L], Rsh 5o, 1996(3) . Chinese)
88-92. [14] ZEIDAN F Y, ANDRES L S, VANCE J M. Design
ZHU Changsheng, WANG Xixuan. Experimental and application of squeeze {ilm dampers in rotating ma-
study on the efficiency of segmented control of rotor chinery[ C] // Proceedings of the 25" Turbomachinery
vibration by a squeeze film damper[]J]. Journal of Vi- Symposium. Houston, Texas: Texas A& M Universi-
bration and Shock,1996(3):88-92. (in Chinese) ty, 1996.:169-188.

(9] Hi 7, WfsF, VLA, 50tk 20 =08k b BREBE JE &5 0 4 [15] BSCH. BT sk BHLJE ST MY B 7 R e IR s 45 )
PLERIERLT ], fiksh TRE#4i, 2007, 20(6) :584-588. B JE AR £ AR BF 58 LD b st db stk TR
CAO Lei, GAO Deping, JIANG Hefu. Damping 2016.
mechanism of elastic ring squeeze film damper[]]. [16] BEELE, fal 7 4R, SRALER. 3T ISFD g4 fH Je X #£10
Journal of Vibration Engineer, 2007, 20(6) ;584-588. Wi R IR L AR )], dbsifb TR (A R
(in Chinese) BE2 R » 2017, 44(1) :85-90.

(100 B, Z:B54, AREEAR .55, BT AL AT 3l S0 20 3% Hs il i BHL LU Kaihua, HE Lidong, ZHANG Zuchen. Experi-
Je g R R PE R LT ], MU As B ) 2R, 1998, 13(4) mental study of gear shaft vibration reduction using an
353-356. ISFD elastic damping support[ J]. Journal of Beijing
ZHAO Jie, YAN Litang, ZHU Zigen, et al. Vibration University of Chemical Technology ( Natural Science
control of a new movable outer-ring squeeze film Edition), 2017, 44(1) :85-90. (in Chinese)
damper[J]. Journal of Aerospace Power, 1998, 13 [17] Waukesha Bearings Corporation. ISFD US[ EB/OL].
(4):353-356. (in Chinese) [2018-05-20]. https: / www. bearingsplus. com/re-

[11] Dhifasr, Fur, dEAS. 7 488l R B & B BF sources/case-studies/eliminating-subsynchronous-vi-
JE B BELJE 4 A B 9 o N A S LT . 2 3 g E Al brations/ #

2009, 24(2):390-395. [18] WAUKESHA B. ISFD technology eliminates sub syn-

[12]

MA Yanhong, WANG Hong, HONG Jie. Investiga-
tion of non-synchronous response if adaptive squeeze
film damper with metal rubber oil film ring[J]. Journal
of Aerospace Power, 2009, 24(2):390-395. (in Chi-
nese)

RURVE . BIWIR, 2. ke e 5% T i I BH e &%
PRAFESLIR[T ], R 512 W, 2015, 35(5):977-
980.

SANG Xiaoxiao, LIAO Mingfu, LI Wei. Experimen-
tal study on the damping performance of squeeze film
damper in rotor with faults[ J]. Journal of Vibration,
Measurement &. Diagnosis, 2015, 35(5):977-980. (in
Chinese)

chronous vibrations on steam turbine to achieve full
power output DB/OL]. [2018-03-25]. https: / www.

bearingsplus. com.

E—EEE A TAE 1994 F 1 A
AL A FBEHESE T 10 O e % AL
FHLIR 89 3= 3 2 ) g A S A8 T 18R
E-mail: dingjichao163@163. com



TR LA R AT T i 15 LT % ok A T ik 3l 40 ] X R

541




