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Harmonic balance method for nonlinear vibration

of dry friction oscillator with Iwan model

WANG Ben-li, ZHANG Xiang-meng, WEI Hong-tao

(Research Center of Satellite Technology, School of Astronautics,
Harbin Institute of Technology. Harbin 150080, China)

Abstract: Free vibration as well as forced vibration of a dry friction oscillator which was
composed of Iwan model and a mass were investigated by harmonic balance method (HBM).
For free vibration, the nonlinear equations of the motion of the system in the processes of
loading and unloading were presented respectively. Then, based on HBM, the first-order
approximate harmonic solution of each equation was derived. A strategy was proposed to de-
tect the moments of zero velocity so as to achieve the correct numerical solutions. The re-
sults of a numerical example show that the solutions of HBM coincide well with those of the
numerical method, so the validity of the method for such problem is verified. For forced vi-
bration accompanied with microslip, the amplitude-frequency relationship of the system was
derived by HBM. Finally, the damping characteristics of the Iwan model were studied. It
is seen that a nonlinear relationship exists between the equivalent viscous damping of the

model and its displacement amplitude.
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Fig. 1 Iwan model and its force-displacement curve
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Fig. 2 Bolted joint and its interface mechanics model
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Iwan 7
, 1,
’ 1 - ’
1 , wo (43) (46) ,
0.01123s, 1 b, b,
0. 01118s, 0.45%. 2 s w; w, wo
H H 1.00
Upbm — Unumeric 2
= 1009 2
& H U pumeric H 2 >< A ( 5 ) sc 0.95
ch L
Unbm s Wnumeric s Lo X
: 05 50 100 150 200
1077 s, 0~0.01123s( 1 ) Alternation times
5.8%. , 8 /
1 . Fig. 8 Relationship between frequency ratio
6(b) 2 0.7s ( variation and alternation times of
100 ) s loading-unloading
s , 2
. 3
Iwan , |
, 6(b) .
; g.(t) = G.cos(wt +0) =
’ ' G.coswt + G, sin (wt) (53)
’ ’ g(1) = Qcos (wt) (54)
, (53) (54)
’ I
[18] ) wan
g(q.q) =
2 ) [ 5L sen (D (@
(55)
10
T 19 :
=) .
% g(q.q) =
= 2 2
g Q —q : _Q
%; ik 3 sgn(q) + (1 1 )q (56)

0 0.1 02 03 04 05 06 07
Time/s
7 0.7s
Fig. 7 Envelop of displacement response

of the oscillator within 0. 7s

8 w; /wo

sgn(g) = sgn[— Qusin (wt)] &~
i

—i[sin(wt) +%Sin(3wt)} (57)

57 (56), (53), G
(16) 1



28

2 - L —
2 _ X2 =
«/< sr1-Dr e
9 N
60) ., x” :
2

9
Fig. 9 Frequency response curves under different
excitation levels
Iwan
4+ 26,0, + Qg = wig (D (61)
Ecq \Qn
.1
) B Jee
wo wo
— e, Y — G, (63)
wWo
(62) (58, (63) (59,
0 = J1-2 (64)
4
2
Seq _ QCUO _ Qwo (65)
6rw(2, Q
6w /1 ——
4
(64) (43) (46)
(65) , Iwan
, Q ,
s 7
1 Iwan

2]

[4]

L5]

[8]

[10]

[11]

2) ,

Iwan

Ibrahim R, Pettit C. Uncertainties and dynamic problems
of bolted joints and other fasteners[ ]J]. Journal of Sound
and Vibration,2005,279(3/4/5) :857-936.

Iwan W D. A distributed-element model for hysteresis and
its steady-state dynamic response[J]. Journal of Applied
Mechanics,1966,33(4) :893-900.

Iwan W D. On a class of models for the yielding behavior
of continuous and composite systems[ J]. Journal of Ap-
plied Mechanics,1967,34(3) :612-617.

Valanis K C. Fundamental consequences of a new intrinsic
time measure; plasticity as a limit of the endochronic theo-
ry[ J]. Archiwum Mechaniki Stossowanej, 1980, 32 (2):
171-191.

Wen Y K. Method of random vibration of hysteretic sys-
tems[ ] ]. Journal of the Engineering Mechanics Division,
1976,102(2) :249-263.

Segalman D J. An initial overview of Iwan modeling for
mechanical joints| R]. New Mexico, USA: Sandia National
Laboratories, Technical Report SAND2001-0811,2001.
Segalman D J. A four-parameter Iwan model for laptype
joints[J]. Journal of Applied Mechanics,2005,72(5) ;752-
760.

Song Y, Hartwigsen C J,McFarland D M, et al. Simulation
of dynamics of beam structures with bolted joints using ad-
justed Iwan beam elements[J]. Journal of Sound and Vi-
bration,2004,273(1/2) :249-276.

Ouyang H, Oldfield M J, Mottershead ] E. Experimental
and theoretical studies of a bolted joint excited by a tor-
sional dynamic load[ J]. International Journal of Mechani-
cal Sciences,2006,48(12) :1447-1455.

Miller J D, Quinn D D. A two-sided interface model for dis-
sipation in structural systems with frictional joints[]].
Journal of Sound and Vibration,2009,321(1/2):201-219.
Argatov 1 I, Butcher E. On the Iwan models for lap-type
bolted joints[]J]. International Journal of Non-linear Me-

chanics,2011,46(2) :347-356.



Iwan

[12]

[13]

[14]

[15]

Iwan W D. The dynamics response of bilinear hysteretic
System[ D]. California; California Institute of Technolo-
gy.1961.

He K, Zhu W D. Finite element modeling of structures
with I-shaped beams and bolted joints[ J]. Journal of Vi-
bration and Acoustics, 2011, 133 (1).:011011. 1-011011.
13.

Groper M. Microslip and macroslip in bolted joints[ ] ]. Ex-
perimental Mechanics,1985,25(2) :171-174.

Gaul L, Nitsche R. The role of friction in mechanical joints

[J]. Applied Mechanics Reviews,2001,52(2):93-106.

[16]

[17]

[18]

Chen W,Deng X. Structural damping caused by micro-slip
along frictional interfaces[]J]. International Journal of Me-
chanical Sciences,2005,47(8):1191-1211.

Segalman D J. Modelling joint friction in structural dynam-
ics[J]. Structural Control & Health Monitoring, 2006, 13
(1):430-453.

Hartwigsen C J, Song Y, McFarland D M, et al. Experi-
mental study of non-linear effects in a typical shear lap
joint configuration [ ] ]. Journal of Sound and Vibration,

2004,277(1/2):327-351.



