XX ICTAM, 19-24 August 2012, Beijing, China

MULTIHARMONIC BALANCE ANALYSISOF A FRICTION OSCILLATOR INCLUDING A
BOLTED JOINT

Dominik SUR®, Kai Willner*
*Chair of Applied Mechanics, University of Erlangen-Nuremberg, 91058 Erlangen, Germany

Summary An usual approach to investigate nonlinear dynamical systa the frequency domain is the application of the Harmonic
Balance Method (HBM), assuming that a harmonic excitaticth® system leads to a harmonic response. However, forragstdere
the steady state response is not just harmonic but periodic systems which are excited periodically, this assuarmptioes not longer
lead to satisfying results. Therefore, the Multi Harmonaldhce Method (MHBM) is utilized and embedded into the [Eilitement
Method using Zero Thickness Elements.

The differential equations describing a nonlinear systeay bre written as
Mi(t) + Da(t) + Ku(t) + f (@, u, t) = fo(t) . 1)

In the framework of the MHBM, the single-harmonic ansatzief HBM describing the response-displacemex{ts of
the system is extended to

u(t) = Z (U cos(kwt)) = %Z (U, (€77t 4 e=7ht)) )
k=0 k=0

consideringr, harmonic parts. When the nonlinear forcks are approximated by aduRIER-series, the BURIER-
coefficientsa;, andb,, depend on every harmonig; of the response displacement,

ak:ak(Uo, Uy, ..., Uy, ...,Unh) and kabk(UQ, Uy, ..., Uy, ...,Unh). (3)

Therefore, it is not possible to formulate equivalent caddfits as it is done with the HBM. Since the analytical caltioh

of the FOURIER-coefficients is not practicable, see e.g. [1], the so callikernating Frequency Time Domain Method
(AFT), see [2], is applied leading to an iterative soluti@hame switching from frequency domain to time domain and
vice versa. For doing so, aBWTON-RAPHSON-type predictor-corrector algorithm is employed. The liegpl partial
derivatives of the nonlinear forces with respect to the sesp displacements can be calculated analytically in the ti
domain, see [3] or [4]. The MHBM/AFT is used to calculate fueqcy response functions (FRF) of a friction oscillator
which consists of two masses, a bending spring and a frityio@ nonlinearity in form of a bolted joint, see figure 1.

Figure 1. Friction oscillator

It is possible to find a very simple 3-DOF model of this ostilasee e.g. [5], leading to numerical results correlating
very well with measured FRF, see e.g. [6].

Alternatively, this structure can be modeled with the Erilemenet Method using Zero Thickness Elements, see e.g.
[7] or [8]. For the contacting bodies small deformations #éindar elastic material behaviour are assumed. Since the
contact area is known and only small relative displacemecdsir, the suggested contact element is well suited for the
present problem. The following equations are arrangediderisg the local contact stresses= [t,, t;]7 and relative
displacementg = [g,, g,]T, respectively. The constitutive law in normal direction flee case of contact is linear elastic
with the stiffness coefficient,, and the normal relative displacement For the case of separation, the local normal
stresg,, in the k-th time step is set to zero:

0 separation
) = . 4)
CnOn contact
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Applying a radial return mapping algorithm, the local tanti@ contact stresses within the contact plane may be written
as

0 separation
try (k) i
tgk) _ t; o stick , (5)
myk) b slip
1)
where the maximal tangential stress is defined as
) = —utl) (6)
with the friction coefficien:. The tangential trial-stresses are
gyt = cm (gik) - ggkfl)) +7, ()

wherec, is the tangential stiffness coefficient afdis the contravariant metric, transforming the covariasptiicements
into contravariant coordinates.
For the MHBM procedure the partial derivatives of the cohtiresses with respect to the relative displacements in the
frequency domain,
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shall be computed. As mentioned above, these partial disegaare calculated in the time domain and are then trans-
formed back into the frequency domain using the discretemier-transformZ. A consistent derivation of the consti-

tutive laws (4) and (5), analogously to e.g. [9] and [4], isgible. As an example, the partial derivatives of the tatigken
contact sresses with respect to the real parts of the nosetagive displacements can be written as

(8)
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for the three cases separation, stick and slip respectikgdyng the partial derivatives computed this way, the FRF of
the system can be calculated. A parameter identification,lgased on a least squares algorithm, can be applied using
measured FRF to identify the three unknown contact parasmegiec: andp.

References

[1] O. Poudou, and C. Pierre: Hybrid frequency-time domaiethnds for the analysis of complex structural systems withfidction damping.
Collection of Technical Papers - AIAA/ASMIE/ASCE/AHSASC Structures, Sructural Dynamics and Materials Conference 1 (20033), 111-124.

[2] T.M. Cameron and J. H. Griffin: An Alternating Frequeritigie Domain Method for Calculating the Steady-State Respai Nonlinear Sys-
tems.Journal of Applied Mechanics, 56 (1989), 149-154.

[3] A. Cardona, T. Coune, A. Lerusse and M. Geradin: A Multihanic Method for Non-Linear Vibration Analysi$nternational Journal for
Numerical Methods in Engineering, 37 (1994), 1593-1608.

[4] C. Siewert, L. Panning, J. Wallaschek and C. Richter: tMatrmonic Forced Response Analysis of a Turbine Bladingplad by Nonlinear
Contact ForcesProceedings of the ASME Turbo Expo, 6 (2009), 231-243.

[5] J. Lenz: Strukturdynamik unter dem Einfluss von Mikroduviakroschlupf. PHD thesis, IAM Stuttgart (1997).

[6] D. SuR, K. Willner: Parameter identification for nonlaredynamical systems using Multi Harmonic Balance techesgBAMM, 11 (2011),
293-294, .

[7] J. Geisler, K. Willner: Modeling of jointed structuresing zero thickness interface elemeaMM, 7 (2007), No.1:4050009—-4050010.

[8] D. Suf, J. Geisler, K. Willner: Numerical and experinaivestigations on dynamic contact phenomena of jointettires PAMM, 10 (2010),
263-264, .

[9] J. Geisler: Numerische und experimentelle Untersugbanzum dynamischen Verhalten von Strukturen mit FigestelPHD thesis, LTM
Erlangen (2010).



