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Introduction

1 What is helical milling: simultaneously of a peripheral cut on the peripheral cutting
edge with a discontinuous cut, and a frontal cut on the axial cutting edge with a
continuous cut

2 What is CFRP/Titanium Alloy: Dissimilar material stack-ups of CFRP and titanium
are used for high performance structural components

Merits of helical milling for CFRP/Titanium alloy holemaking

Low burr formation, low process forces as well as good chip transportation
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Research motivation

Current problems:

1 There is no in-depth and systematic research on the specialized tool, and the
traditional end mills are still used mainly.

2 Problems such as large exit burrs, poor hole wall quality, and short tool life in
the hole machining of aerospace dfficult-to-machine materials are prone to occur,
which cannot meet the Processing requirements.
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Kinematics of helical milling

Kinematic parameters:
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Distributed multi-point front cutting edge design

Anaiysis:

1 The chip size can be reduced, the cutting force can be effectively reduced, and
the smoothness of the chip removal can be effectively improved.

2 The cutting ratio of the periphery cutting edges can be reduced, and the service
life of the periphery cutting edges can be fully improved.

Purposes and Targets:

Based on the principle of chip-seperating, innovating the cutting edge of the tool end,
designing a distributed multi-array end cutting edge Tool
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Simulation of chip segmentation at the front cutting edge

Process:

Establish the trajectory equation of the point motion of the tool cutting edges and sim-
ulate it with Matlab

Geometrical relations to define the trajectory in helical milling

Numerical simulation software
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Simulation of chip segmentation at the front cutting edge

Comparsion of specialized tool and end mill’s cutting edges trajectory
(each color represents the front cutting edge of single tooth)

Conclusion:

It can be seen that the trajectory of the specialized tool cutting edges is superimposed,
while the end cutting edge of the end mill has a parallel relationship, and there is no
help to chip segamentation.
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Chip shape simulation and cutting ratio analysis

1 Through the chip shape simulation, the different functions of the end and side
edges are obvious.

2 The respective machining ratios during the helical milling process can be ana-
lyzed.

3 The simulation of the chip shape is obtained by performing a Boolean operation.

Conclusion:

The undeformed chip of the end mill is like a disc, and the undeformed chip ob-
tained by the specialized tool is two rings.

The two rings are composed of two half rings, the joint is weak. It is easy to sep-
arate during processing, so the final chip size is small and the chip segmentation
is good.
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Experimental setup details

Experimental setups and helical milling cutters used in the experiment

Build-up of the CFRP-Ti layer compound and cutting parameters
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Tool wear

Comparison of wear at front cutting edge zone

Conclusion:

1 The two-edge end mill’s maximum wear amount reaches 0.4 mm. While the max-
imum wear of the specialized tool is only 0.1 mm, and the wear is even, but it is
worth noting that there is a micro-disintegration phenomenon at the edge

2 The front cutting edge of the helical milling cutter encountered crater, adhesion,
and chipping.
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Burrs at borehole entrance of CFRP and exit of Ti alloy

Comparesion of the machining quality of the specialized tool and the end mill

Conclusion:

1 The entrance burr of the end mill machining hole is large, and the outlet tears.
2 The specialized tool machining quality is superior to the end mill
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Conclusion

1 Helical milling cutters based on the principle of chip separation enable effective
chip separation by means of distributed multi-point front cutting edges. The chip
size is smaller than the end mill.

2 The tool life of the helical milling cutter is much longer than that of the drill cutter
under the same cutting conditions in hole-making of CFRP-Ti stacks.

3 The multi-point design of the specialized tool front cutting edge can realize the
burr-free processing of titanium alloy under dry cutting conditions. The composite
material hole has no delamination and the machining quality meets the engineer-
ing application requirements.
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Thank You
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