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A numerical model for the bar or circular

micro-slip dry friction damper

ZHAO Ning, LIN Yanhu
(College of Mechanical, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract; A numerical method to solve the contact kinematic problems of elastic bar or circular micro-slip dry friction damper was proposed.

Firstly, the damper and the time course of external excitation were discretized in the space and time domain respectively, and the same number of

contact points was attached to the discrete damper. Secondly, the determination criterion of the contact kinematic state of the contact point pairs was

used to each contact pair, and the stiffness matrix of the damper was modified. Thirdly, the whole balance equation with the new stiffness matrix

was solved in each time step. Differing from the way the finite element software dealing with the contact problem with friction, the iteration was

avoided, thus the feasibility of the solution was guaranteed. Meanwhile, the restriction of the distribution and the time variability of the normal load

was overcome, and therefore it provided a more accurate boundary condition for solving dynamic response of structure. Lastly, the response of

structures constrained by the macro-slip and micro-slip damper were computed by the MHBM ( Multi Harmonic Balance Method) respectively and

the distinctness of the solution was analyzed. Results show that the micro-slip model damper can have a broader normal force range for vibration

reduction.
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Tab.1 Translation criterion of kinematic state

ELIEE LSS

E p f-pun=0, [ -un>0
N S+un=0, f +un <0
S nyg+kv=0, v<0
P E SHpk, =0, o-uko/k, <0
N AekH:
S ng+kv=0, v<0
N E S-pk, =0, w+uko/k, >0
p AekH:
S nyg+kv=0, <0
S E n,+kv=0, v>0
- un <f <ur, w=0
P ng +kov=0, >0, u>ukv/k,
N ng+kov=0, >0, u< -ukv/k,
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Tab.2 Parameters of macro-slip model

U(x)/m U(y)/m Bm V(z)/m (/) (;l/:n)
3sin(t) 2cos(t) 2 +0.5cos(t) 5 10
3sin(t) 2cos(t) 0.5 +cos(t) 4 10
3sin(t)  3cos(3xt)  2+0.5sin(2) 6 9

2
=
&

R TR N S VO SR~ S

B2 zghRas g R Ial h £

Fig.2 Curve of kinematic state, force and hysteresis

2 WMEBHERBERKELE

2.1 F(3R)RFERHENER
AR 2 B B BELJE 2% O FR AR 5 AR 2

oy, GRS 36 BB . T EEBE R ST R T
Wik 1 A AE I BV Rl is 3 Koz 00, w5
PR RACRBLE 3o 1813 (a) 2 Menq ™ 2
ST RO T A BHLE B 55 45 b A8 3 fk i b A



- 70 - (FE TR SR S AN S

ABYIZ , FRBAU ft i A9 V0 32 180 T3 2247
BRI, S R 2 T LR BE A 08 /N g 4
i T 24 2130 o0 S B SR A B R A
MIBEIE AR AANR, 28100, NGETH =2 MR, b
MIRBLH ORI S22 A7 AR Y o IR BT UD 2 1)
AR BA AR B Y0 3 W

FEUE T 2 R % B R A 1) 55— 20
X PHLJE A S Ao MR SR 7 (R, £ Menqg A4 7Y
R B P — 7 K fh AR AQ BT U2, R 2
SRR, B HCECE S fil O R, e 3 (b) B
H1 T4 ST R, A5 A 1“2 R AR A [] B LA S i
DImWIEE K, AHSE . 25 (3R ARBHJE Ak 17 )Tz
NTE A TR 5 100 0 5 RS AR 25 A8
AR ) AR B A fi i R AR
TF AR EERARBE &, W HEER n BRE5E 1 B
SRR AN AT AE X TR AR W B AT A B
S () (2 =1,2 o+ 0 ) TR [0 BT, AT A] )
AR ok N EHCRICIE AN .

—

q(x)
%\SWQV ‘L LA rfh F(

54 p e

|
I L 1

(a) Menq GIH A
(a) Micro-slip model of Menq

AW
\\ k k k k J
1 W 2 PMWWeeee| 71 AW n

7,40 120 ANG) 1D

(b) HERIESHIAL
(b) Distribution of the friction model

13 Menq Gl #HRL K H B o

Fig.3 Menq’s micro-slip model and its discretization
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Fig.4 Flowchart of solving micro-slip model
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Fig.5 Circular damper with uniform load
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Fig. 10 A vibrator model with a micro-slip damper
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Tab. 1 Parameters used in the calculation
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SR AR BRI, B R] X HG 9 Dk
PEREMIZE 5. QN 12 PR, ik ) S35 /Nt Bt
P55 75 1 RS A TR 8 R AR 22 0L, ol R A
TUR IR B 300 ) B8 A 22 T R i A Y, X R
ST B 25 1 T BHL e B SRS AR T s Y
DIl WIPEAS 2 , AN REZE 25 A R R A 1Y T BE 45 )
LGRS EL . B 12 1) 280y 38 0, D) g 7
RG2S R BB, B AR RAE T2



%5 4

BT A 2 (B AR R SR L o ) ol A2 R (B A T "3

RS, I AT S50 — 3 D BB 325 1) 7 1)
2SI, S5 R IR S0 W (LR AS AP 5 T A T
PRI [ T 2544 (14 Jm i i A, B JE e 15 58 4
R, Dbl ASR BEA R WEEL Y T BE SR 29T, A
6 AT LAMEE X — i ELEIPA ] 28 388 o 22
1007 N, fR i R ML iy 4 fh i A58 @b i, I8 2145
F RN R IRSIIR(EL. o TRk 1 2
A7 MATHA fid 5 nT LI 31, DA A% AR TR A R
T AT I T3 R R o A TR AR

n=169N

1.65 1.85

1.45
I

n=1007N

1.05 1.25

#iE/ m

0.85
I

— e
—A TEB

EI‘ 1 1T 1T 1

0 200 400 600 800 1000 1200
®AJ/N

K12 R I R R AR ACR X
Fig. 12 Contrast between the macro-slip

model and the micro-slip model

Griffin' ™ (1 2 VR SR RS0y i 25 % B L
M4 B - D TR JE & 245, 75 T MR i g
ST, SR S B BRI A5 R A AT SR
PR 25 N 13 R 13
ANIRI R E B8 BELJE s A AN [ 3k 1) g i R 114 30
J1o SCHRL3 ] A4y th i i KB e # (19 JLART Je
FZR PUHCICTR AR SC K JR8 14 ol i A A 20 3 5
Hhmi o (H 5 HIHR AR 5 LR a5 Rl &
B 3k 1 A AT, 200 25 R A3 45 R A AT
BB Wk 1] R, S5 TR0 R B
B U HRAE R AR W BE BN 26 F R O HLik 1)
TR, SR A SRR T SRR (.

DYl W BE BRI, BHJE A% AR — DI A,
1117 ] I R T il | FLH 345 2R S g (E A
FEAK; U 1] MBI BELJE AR 7B AR B 2
HIT 75 5y 77 A Jmy B 9 %, 0K I A 0 % i R A
TUAAMIRBHLIE A , W 22 7532 18] J7 BOR N ok K&
JeyEl i R i AR AR R K . X ELIE] 12, X3k 1A
TIOR8 R L T3 A4 45 A A {2
ARBRETF W P R A B R A (] T4

AL AR, SR TR S R g t8 T,
PR ST TS B o X o i W e PR T A A
T R] Sy 4RGSR A3t SIS Tt 9 30 5 2R F felE 45 50 25
RPAT A S PR IO 2 1T RE A8 A B 9 1)K 1)
L8 BT Ay 2y B A IR 5l o (L 0k, AT i 8 1z 34
SRR

1001

[~ >

z g ¥
g o]

5

P e
g -
5 S
S50 < o

4

[~

[

a,

© Stiff damper
@ Flexible damper

Test results

Normal force

B 13 Griffin FHEEEHRE AKX H
Fig. 13 Contrast between calculation result

and test result of Griffin

5 #

D) AH Yang J 8 9 50 i s 73 B — 1 fuh—3
Mo FUTa KM 1T ARk 17 g BAS [l 42 5| D) 1) 32 2
I, T EE Sl 5 02 SRS S T

2) Kt Yang F45 0 T AR SRR Gl R A5
TR T SR AR A% fi 328 Bl RS S 52 1 B
(BT, A5 PR ARG LE A I 1 572 )
Yo 15 Ol 1 B S R TF5 1] 48 231 I
WO AT 2 R, 8 T RO RS AR LA 1V ]
W, m] D 2R AR AR I S I B i 3 B 2
P, RIS iR AR 7 i DA, I TTsE S 147 BROT
KA S 5 P B A Ak R A B ) A

3) J MHBM 3553 Bl K i 1% ¥ L i #
FHIEAR LRI LS BRI . S5 SRR, (235 1 )
BUNEAET W FIZEAN R, B 15100 3 3%,
PR DR SR B ) . 22 3, A % A TR X% 1)
3 BRI IV RE T S5, R PR T Uk 1) AT Y ] Y
BN IR H Y

22 3k ( References)

(1] las, ARAFAR, 2000, 5. m s e LR 3 [ M. b
5 E B ol i ik, 1994,
YAN Litang, ZHU Zigen, LI Qihan, et al. Mechanical
vibration with high rotational speed [ M]. Beijing: National
Defense Industry Press,1994. (in Chinese)

(2] BBUE,BHEE  RAER , 45 T EE 4 R E S e it 1 sl dic Uy



.74 -

(FE TR SR S AN S

537 &

T 5 & ()]
218 -223.
SHAN Yingchun, HAO Yanping, ZHU Zigen, et al.

Application and development of platform friction damper for

At 25 3l J1 2 4l¢, 2001, 16 (3)

depressing resonant vibration of blades [ J ]. Journal of
Aerospace Power,2001,16(3) :218 —=223. (in Chinese)
Menq C H, Bielak J, Griffin J] H. The influence of microslip
on vibratory response, part I; a new microslip model [ J].
Journal of Sound and Vibration, 1986, 107(2) : 279 —293.
Menq C H, Bielak J, Griffin J] H. The influence of microslip
on vibratory response, part I1: a comparison with experimental
results[ J ]. Journal of Sound and Vibration, 1986, 107(2) .
295 -307.

WA, EARE, LE . RO R R R K e T R R
JEm iR s B b i AT L] HLAEL 2 5 B A, 2007,
26(10) :1304 - 1307.

XU Zili, CHANG Dongfeng, SHANGGUAN Bo. One-bar
microslip discrete model and its application to vibration
analysis of blade with dry friction damper[ J]. Mechanical
Science and Technology for Aerospace Engineering, 2007,
26(10) ;1304 —=1307. (in Chinese)

Csaba G. Forced response analysis in time and frequency
domains of a tuned bladed disk with friction dampers[J].
Journal of Sound and Vibration, 1998, 214(3) :395 —412.
hGERK, EORAL, TR, S A TR 4 M/ R S
I L] i 3 J1°E 4k ,2002,17(1) :110 - 114.
MA Xiaoqiu, WANG Qinmeng, ZHANG Jin, et al. Dynamic

(8]

(9]

[10]

[11]

[12]

[13]

analysis of bladed disc systems with vibrational dampers[ J].
Journal of Aerospace Power,2002, 17(1): 110 - 114. (in
Chinese)

Yang B D, Chu M L, Menq C H. Stick-slip-separation
analysis and non-linear stiffness and damping characterization
of friction contacts having variable normal load[ J]. Journal of
Sound and Vibration, 1998, 210(4) :461 —481.

Sanliturk K Y, Ewins D J. Modeling two-dimensional friction
contact and its application using harmonic balance
method[ J]. Journal of Sound and Vibration, 1996,193(2) :
511 -523

B AR, XA, D8 2 R i A T R A e AR
WEE - M LD ] fit=s sl , 2006, 21(1) :174 -
180.

SHAN Yingchun, ZHU Zigen, LIU Xiandong. Investigation
of the vibration control by frictional constraints between blade
shrouds-rule analysis[ J]. Journal of Aerospace Power,2006,
21(1): 174 =180. (in Chinese)

Mindlin R D. Compliance of elastic bodies in contact[ ] ].
Journal of Applied Mechanics, 1949, 16 259 —268.

Wang ] H, Chen W K. Investigation of vibration of a blade
with friction damper by HBM[ J]. Journal of Engineering for
Gas Turbines and Power,1993, 115(2) ; 295 —299.

Griffin J H. Friction damping of resonant stresses in gas
turbine engine airfoils [ J ]. Transactions of the American
Society of Mechanical Engineers, Journal of Engineering for
Power, 1980, 102 329 —-333.



