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Modal and Harmonic Response Analysis: Linear-approach Simulation
to Predict the Influence of Granular Stiffeners on Dynamic Stiffness of
Box-shaped Workpiece for Increasing Stability Limit Against Chatter.

Oegik Soegihardjo *, Suhardjono >*, Bambang Pramujati >,
Agus Sigit Pramono *¢

1234 Mechanical Engineering Department Graduate Program, Faculy of Industrial Technology,
Institute of Technology of Sepuiuh Nopember (ITS), Surabaya
1234 Campus of ITS, Keputih, Sukolio - Surabaya 60111. Indonesia
*Mechanical Engineering Departmen, Facully of Industrial Technology, Petra Christian University
"Jalan Siwalankerto 121-131, Surabaya 60236. Indonesia
" Phone: 0062-31-2083465, Fax: 0062-31-8417658
E-mail - oegks@peter petra.acid , “suhardjono@me.its.ac.i, ° pramujati@me. s acid,
“ pramono@rme.its.ac.id

Key words: dynamic stiffness, chatter, modal analysis, harmonic response analysis.

Abstract. Chatter is a self-excited vibration that oceurs during machining process. It becomes a
limitation o productivity and reduces the Surface quality of work piece. Increasing dynamic
stiffacss of the wark picce will improve its stabifity limit against chatter occurrence.

Inital linear-approach simulation performing finite element modal and harmonic response analys:
of the work piece filled with granular stiffener (sand and gravel) is presented.  Drucker-Prager
granular frictional material model is chosen to represent sand and gravel used as stiffener,
Drucker-Prager parameters are chosen based on the experiment setting condition.

Effect of an addition of the granular stiffener on the dynamic stiffness of the work piece will be
evaluated. The simulation results are verified by experiment results.

Introduction
In machining processes using machine tools such as tuming. milling, shaping etc, chatter vibration
is still one among other factors that limits productivity and creates problems ike reduced tool life,
poor surface finish and breakage of machine tool component. Siddhpura [1] produced state-of-th
art review of chatter stbility prediction, chatter detection and chatter control techniques for turning
process. Quintana [2] also presented a review of chatter in machining processes and classified
current methods to ensure chater-free cutting conditions. Those reviews stated that chatier still
become a problem that hinder machining process; so there are still possibilities can be explored by
researcher o find methods to overcome chatter vibration.

Hung (3] simulated the effect of using preloaded ball bearing for linear guide of vertical milling
model. Preloaded bearing used for linear guide increased structure stbility against chatter. This
approach is suitable for designing proccess for the new machine. However, 10 replace the old
linear guide bearing system of an existing machine with this new one is not an easy task.

Catania [4] presented an experiment to study the effect of tool holder geometry on tool-holder
system's sability against chatter. Several tool holders were tested and their effects on stability were
evaluated. Whenever possible, culting proceess using shorter tool bolder geometry was
recomended. However some cutting proceesses have o be done using longer tool holder to cut
inside part ofthe work piece that can not be achieve with the shorter one.

Choudhury [5] studied the effect of non-uniform insert pitch of face milling  cutting tool on tool
system’s stability against chatier. Several model of non-uniform insert pitch being studied, resulted
the same trend. i.c. better reduction of chatter vibration. Eventhough using non-uniform insert pitch
has good effect for chatter reduction, the tool holder for each of this customized insert pitch has to
be ordered individually, and this will increase the production cost.

“This paper presents the modal and hammonic response analysis simulation to evaluate the effect of
using the granular stiffener to increase the stability limit of the work picee against chatter. From the
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