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Frequency response function simulation and evaluating in boring
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Abstract. Finite element method of simulating frequency response function (FRF) for boring tool in LS-Dyna solver is
investigated in this work. Nowadays, computer numerical simulation allows to obtain FRF using different materials model
with high precision compared to real experiments with sensors like impact hammer testing. This function is used in con-
struction of stability lobe diagrams that allows operator of machining center to avoid chatter self-excited vibrations. Such
vibration is led to decreasing of productivity and quality in cutting of metals and other materials. Amplitude and phase
angle for the model is obtained from LS-Dyna result interpretator, that reads binary files, created during simulation by the
program. Amplitude and phase angle of frequency response function are depending on dynamic stiffness of machining system.
Keywords: Frequency response function, boring; simulation; vibration, vibroacoustic behavior of machining centers;

Machining of metals is accompanied by vibrations of components of machining centers.
Bearings, tools, workpiece etc. These vibrations can be of different nature. For instance, they can
occur as self-excited or forced vibrations [1]. And they led to reducing of productivity and quality of
machined parts [1]. One way self-excited vibrations appear in boring is when dynamic stiffness of
machining system is not enough.

In machining Frequency response function (FRF) is used to characterize natural frequencies of
cutting tool, tool holder, workpiece, machine tool and its combination. This function is then used in
stability lobe diagram construction [2] as the main application.

Common method to obtain FRF is to use impact hammer with accelerometer, as shown of
fig. 2. Although, FRF can be simulated using computer methods of modeling. Spectrum of structural
response (displacement, velocity and acceleration) for applied unit harmonic excitations can be
simulated in LS-Dyna solver [3]. Eigenvalues of machining system must be included in simulation
of FRF, because the eigenvalues of the closed-loop dynamic system equation allow to construct
stability lobe diagram (SLD) that show the maximum stable axial depth of cut as a function of spindle
speed. Also, it is necessary to use implicit dynamic simulation to extract and process eigenvalues.

Fig. 1 show computer model to simulate FRF. Dynamic stiffness coefficient k (20000 N/m) and
damper coefficient C in viscous form are also included in model to simulate dynamic stiffness of
machine tool. Impulse force is applied on the cutting edge. A single-mass system is used.

Graphic of FRF is shown on fig. 3, 4. Fig. 3 show

— 5 amplitude dependence. And fig. 4 show phase angle. The

- highest peak of signal amplification is under 3000 Hz. Its

i amplitude is about 80 dB. And this frequency has the high-

est phase angle oscillation. Frequencies-amplitude rela-
tionship of FRF are functions of dynamic stiffness of the
machine center [5, 6]. It means that ratio of input/output
signal is such that the greater the dynamic stiffness of the
system, the smaller the amplitudes of the output signal.
And its dynamic characteristic depends on material of the
instrument [4]. Comparison of system with different dy-
namic stiffness (K =20000 N/m and £ =15000 N/m) is
shown on fig. 5. Peak amplitude is more than 150 dB for

Fig. 1. Frequency response function less dynamic stiffness.
modeling
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Fig. 2. Procedure for obtaining FRF using impact hammer test [2]
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Fig. 3. Frequency response function amplitude
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Fig. 5. Frequency response function amplitude for different dynamic stiffness

Conclusion and discussion. FRF can be obtained from computer simulation in LS-Dyna non-
linear solver [7]. For this purpose, there are many models of materials. Simulated results need to be

compared with real measurements with impact hammer.
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MogaenoBaHHs aMILIITYAHO-(G)a30B01 4aCTOTHOI (pyHKWII i il OMIHKa IpH
PO3TO4yBaHHi

IInxaxees M.M., Measenes B.B.

Anomayin. ¥ yiti po6omi 00CniodNceHo Memoo CKIHYeHHUX eleMenmie mooemosanist pyuxyii AYX onst posmouysanivnozo
iHCmpymenmy 6 eucoxkoHeniniinomy eupiutyeayi LS-Dyna. Komn'tomephe uucenvhe MOOeN08aHHs 00360J1€ OMPUMamu
amMnaimyoHo-ghazoey 4acmommy XapaKxmepucmury mexHiyHoi oopooasouol cucmemu 3 GUKOPUCTIAKHAM MOOe PISHUX
Mamepiania, 3 BUCOKOIO MOYHICIIO NOPIGHAHO 3 PEANbHUMU eKCTIEPUMEHMAMU 3 OAMYUUKAMU, MAKUMU SIK 6UNPOOYEANHS
yoapHum monomrom. L @ynkyis euxopucmosyemocs npu noOy00si neioCmKo8Ux 0lazpam Cmiukocmi, wo 00360J1€
onepamopy 00poOH020 YeHmpy YHUKAMU CAMOBUHUKAIOHUUX KOAUBaHb cucmemu. Taxi 6ibpayii npuzeo0ums 00 3HUICEHHS
NPOOYKMUSHOCME MA AKOCMI PI3aHHA Memanie ma iHwux mamepianis. Amniimyoy i ¢pazosuii Kym 0Ji1 MOOei OMpPUMano
3 inmepnpemamopa pe3yromamie LS-Dyna, sakuil 3uumye 08ilK08i ¢haiinu, cmeopeti nio yac mMooento8aHts npoepamoro.
Bonu 3anescamo 6i0 ounamiunoi sxcopcmrocmi cucmemu 0opooKu.

Kniouogi crosa. Amnaimyono-ghazosa vacmomna xapaKkmepucmura, po3mo4y8amnHs;, MOOeI08aH s, §ibpayii; 6iopoaxy-
CMUYHI 16UWA 8 0OPOOIIOIOYUX YEHMPAX,
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