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In this paper, the error of tool deflection in perpendicular to a milling process feed direction
is investigated and novel compensation method to this error is proposed. While the end mill
tool is machining, due to the existence of perpendicular disturbing force on the feed path
while the endmill tool is machining, a deflection which reduces machining accuracy. If a
compensation force is exerted to the middle of tool, the deflection can be reduced. By using a
hydraulic actuator, the compensation force would be proportional to the disturbing
machining force, in the opposite direction so that this error can be reduced. It is necessary to
estimate disturbing forces and tool deflection magnitude in lateral side of machining
precisely before applying the proportional force to the endmill. The first step endmill is
modeled on SolidWorks and in the next step The machining operation is simulated to
calculate the error causing force in which both the milling tool and the workpiece are 3D
flexible. By obtaining the force results of the tool under different machining modes from
Abaqus, a semi-analytical model is established on Simscape Multibody module of matlab
software. By comparing Abaqus results the parameters of the lumped model are adjusted.
The output force is extracted from Abaqus and put in tabular form the tool deflection is
extracted from MATLAB SimScape which calculation speed is faster than the numerical model
in this method. To find the compensating force, the beam theory obtains a factor of 3.2 times
the machining force applied to the middle of the tool. This force is applied in open loop to the
MATLAB model and the result indicates almost 70 percent reduction in the tool tip lateral
deflection.

Keywords Compensation Error, Milling, Tool Lateral Deflection, Finite Element Simulation,
Semi-Analytical Model
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