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Agenda

Multi-axis machining methods
What is 3%2%2-axis machining (3+2- or five-sided)
Patch-by-patch 3%2%2-axis machining

Implementation of the RBM for 3%2Y2-axis machining



Surface Machining

Demand more efficient methods
(productivity/quality)

— Complex design (Aesthetic,
Functional, Ergonomic,
Aerodynamic)

— Increased competition




Surface Machining

Optimal configuration depends

— requirements of the surface
to be machined

— resources available




Multi -axis Machining

3-axis machining
Tool axis vertical/horizontal

5-axis machining
Tool axis changes @ contact point

3Y2Y%-axis machining
Discrete rotations + linear motion

Tool axis for a section/whole
surface




Multi -axis Machining

Ballnose
Toroidal

3-axis

Toroidal
5-Axis

Remains constant

Depends on feed
direction & surface
normal

Can be adjusted
with rotary axes
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Ballnose
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Multi -axis Machining
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Multi -axis Machining

3-axis 5-axis 3YaYe-axis
Machine cost $ $$$$ $$
Geometry Match X
Motion Linear 3-axis Complex Linear 3-axis
Tool path planning Simple Complex Complex
Tool path length Long Up to 80% shorter Up to 30% shorter
Feed rate Constant Fluctuant Constant




Patch -by-patch 3%2% -axis machining



3%Y2-axis machining

Tool orientation remains
locked during machining

|dentify regions with similar
surface characteristics

Surface partitioning (patch-by-
patch strategy)

Machine each patch as a
separate entity (optimal tool
orientation, feed direction)

Migration to 5-axis



3%2Y2-axis machining

Goal: Find the optimal
partitioning for minimum
machining time
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Partitioning

ldentify regions with similar surface properties

 Intuitively partition
« Automated partition (K-means)

Surface coordinates + Surface normal or

+ Rolling Ball Radius



k-means clustering algorithm
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k-means clustering algorithm

2. Randomly guess k
cluster Center
locations
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k-means clustering algorithm

3. Each datapoint finds out
which Center it's closest
to.



k-means clustering algorithm

4. Each Center finds
the centroid of the
points it owns...

5. ...and jumps there



k-means clustering algorithm

5. ...and jumps there

6. ...Repeat until
terminated!



k-means clustering algorithm

6. ...Repeat until
terminated!



k-means clustering algorithm

6. ...Repeat until
terminated!



k-means clustering algorithm

6. ...Repeat until
terminated!



k-means clustering algorithm

6. ...Repeat until
terminated!



Surface Partitioning
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Optimal parameters are
determined for each
patch

— Tool orientation
— Feed direction

— Tool path strategy
— Variable side step



Fixed tool orientation for
each patch

— Match shape of the tool
with patch geometry

— Larger side step
— Avoid gouging



Implementation of the RBM for
3%2Y2-axis machining



Rolling Ball Method

Positioning a spherical ball at
the point of interest and
inflating it until it touches
another point on the surface.

The ball is an interface
between the surface and the
cutting tool

Only need surface normal and
surface coordinates



Rolling Ball Method

Shadow area



Rolling Ball Method

Pseudo-radius of curvature

RBR=most concave radius 2" NxE



Rolling Ball Method

« Partitioning

— RBR + surface
coordinates

— ldentify regions with
similar radius




Rolling Ball Method

1. Position tool to contact rolling ball 2. Position ball and tool on surface

Regional nature of the
method guarantees
a gauge-free tool position



Rolling Ball Method

e Determine the tool
orientation for all the
points In a patch

 The tool orientation Is
the most inclined tool
axis with respect to
the feed direction
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*Estimated time
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