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Abstract

Five-axis machining is characterized by high degree of freedom and can be used
for free-form surface machining. It is widely used in advanced manufacturing
industries such as mold manufacturing and aerospace manufacturing. Tool path
planning for five-axis machining mainly based on smooth trajectory and reducing
form error. Tool orientation and feed direction are planned according to curvature of
workpiece surface. The quality and stability of machining can be improved if changes
in cutting force and surface quality due tool orientation changes can be considered in
prior planning. Therefore, it is very important and worthwhile to study the influence
of tool orientation change on cutting force and surface quality under five-axis
machining.

This study deals with ball-end slot milling of aluminum workpieces. The cutting
force variations under different tool orientation are calculated by simulation. The
cutting force during five-axis machining with different tool orientation is measured by
dynamic metering. The surface roughness tester is used to measure the surface of the
cut workpiece and record the surface quality of the slot milling with different tool
orientation. According to the experimental results, the cutting performance of each
tool orientation is sorted out. When the lead angle of the tool approaches zero, the tool
tip contact and surface adhered damage will occur, which will lead to sharp increase
of cutting force and poor surface quality. Increasing the lead angle to avoid tool tip
contact can stabilize cutting force and improve surface quality. When the tool tilts to
the left, tilt angle is negative, chip thickness and accumulation will increase, resulting
in unstable cutting force and surface adhered . While the cutting force is more stable

when the tool is tilted to the right, but it will cause wavy tool marks on the surface.
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The positive and negative selection of the tilt angle can also be determined by the
position of chip accumulation. The direction of tool tilt will result the chip thickness
increase and lower surface quality in this direction. The tool tilt to the right when the
tilt angle is positive, The surface is rough on the right, smooth on the left after slot
milling, and vice versa. In this study, the influence of the five-axis tool orientation on
the cutting state is sorted out based on the experimental results, which can be used as

a reference for tool orientation selection in tool path planning.

Keywards: tool orientation, cutting force, surface roughness, 5-axis machining, path

planning
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