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Vibration reduction characteristic of rotor system with active elastic

support dry friction damper
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(College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: The vibration reduction characteristic of rotor system with active elastic support dry friction damper is studied in this pa-
per. The dynamic model of rotor system is established and a 2D friction model of contact surface in dry friction damper us built.
The transient and steady state dynamic responses of rotor system are obtained after dynamic equations being solved by utilizing
Newmark-HHT numerical integration method. The steady state vibration signals of dry friction damper rotor system under differ-
ent normal load are compared, meanwhile the transient dynamic responses of rotor system before and after turning on dry friction
damper are studied. Experimental test rig for rotor system and dry friction damper are set up. The vibration signals of rotor while
passing the first-second critical speed regions are measured and analyzed. Then the experimental vibration signals are compared
with simulation vibration responses to verify the vibration reduction effect, and the vibration attenuation characteristic of dry friction
damper on rotor system under different working conditions is studied. The results show that the active elastic support dry friction
damper could only attenuate rotor’s vibration within a certain normal force. Finally, the results could provide theoretical guide for

vibration control strategy on rotor system.
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Fig.1 Structure of active elastic support dry friction damper
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Fig.2 Elastic support of dry friction damper
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cross-section areas of electromagnetic circuit

N FR B B R RN 5 B B, AT AR IR AR Y
T JE% N 58 BE B, AT 43 3 3R s O
roN IS,

=P 5

o(S,+S.) )

BZZM (6)
6(S,+S,)

MR A5 K Ty Ji 3 AT 0, H R 0 B9 KN F ok G 5 e
i WA B o i 5 4k, HAR A Uh -
AW | uN?S,S,I?
30 | 26%(S,+S,)
o, e M E S BT R TR B R RN N
2R VB LA ;0 M A B E S

[ 4 S AR s = (7) 45 310 19 L 3 AP AE — 2 S
PRl P9 A8 AR B, FE R g i R R TR R AR ARG O . &

Fz‘ (7)

o 5
SHR/m 10

K4 HLfg D S50 B C R
Fig.4 Relationship between electromagnetic force and

current and magnetic air gap



g8l

SRR BRI g ) HE0E 0, B /N
SAZEA R C &Rl ™ A g Ky, A
WM F i Y o 4 X S T BB e s i B A B
AR R G IS R B AT DA TR R R A E
Jrds AR R T

2 VB3 S RGBT AR G ) TR R R A
575 3 (R EE A il s W RO 20 AR A R AR
R HE ST, Bl ER RS R o DRI e 9 Y R A
By 2 v 2 B v i P U B A S I 2 AR Bl | EE 4R
F Z 8] T He g, S s 3 B T R 45 B e A% 4 Ik 45 B
TRGEWME , & RPN ERE TRERSHEM
1.2.3 2#HEXBLTFEHEMEREGH A FHRD

T 5 ST R RH e as b Bl R R4 R 22 TRl Y
15 BV 1 N B A 32 3, B0 a] DL P AT
A R A 2k DR AN R B EE 45 R 2 )
AT 2R 1 2 i R WA O ) Y B4k 32 By, B LAAE T
TR AE R JE i B 4 R b 4 ok 2 ) 2R AR R
RELJE % 30 BE 488 v S [\) Oy ) iz 3l 2 18] A R 5 VR TH L SR
FH T ThT 24 B 45 ) 22 ok Bl g 2 SRR

T EE SRR JE #5007 B ST e e R iR sl EE i i
o R R AR Y oy AR BR A, H A AR R Y DR
MU B BRI R 0 LA AL B, oz Bl 8 B 7 1R Bl 2R
], ox F1 oy 435l i 5 oz il 3 B 1 _E A9 A4S AH B
AR A TEEMREASEEF LR
— AL ERE R (o, y) AR BRI

B30 38 B AT P — R R R G A ik T PN 10 E 4
3o A8 b I 200 B 5 AR > N 22 F 57 % f )
JEE A5 Rl Ak 1 R 0 T SRS AR B R )
/N B T 1) TR 5 v o R st 22 R R I 42
FUFI b — I 220 A PR iU Z IR B BEBS d (k) O
d(k)=

/[xl(/w—xd(/e— D) + [y (B) =y (= 1]
(8)
BRI N X A0 i 20 B B S S

— B 2] A o2 A ], B
xo(B)=x(k—1)
{yd(k)yd(/e 1)
WHRAT YAre 2I MM 8 S b —BrZI a9 &

T 2

(9)

Nz (k)= (k= 1)

Ko face]
N y (k)= y (& 1)(10)
PN Y T Ya\RT
J(B)=y, (B)— 5=
WETREURT )]

555 e IRF 20 FBE 5 ) o Ry T ) 1 P 4 ) Rk

B R R T LR B2 T R SR b 1691
(B)— x4k N
yNW,d(/e)>i<
Fo= ‘ N D
Kl[xl(/a—xd(/e—1)],d(/e)<’;<
t k)— d k N
Fy= ‘ N (12)
Kl[ytue)—yd(/ef1)],d(/e)<‘;<

K, a0 (k) oy (k) (k) 3, (k) xy(k—1) 3, (k— 1) 5
S A e Rk — 1 EE 20 2 ik Y5 R A TEE AT AN A AL
B 5 Ry E 45 1) JBE 458 2R 0 K Oh PR 4 I U0 1w 32 ik I
B N R EERERIIE R ) 5 F FVE 53 508 o Fy O 0] 1)

FEE T .
Pl S &)
74 o \
/ ya \
/ / Y |

5 e I AR A
Fig. 5 Friction model in 2D plane
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Fig.8 Simulated results of unbalance responses at different disks with dry friction damper 17
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