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Cutting Process Design for Minimizing Workpiece Displacement at Cutting Point

Yusuke KOIKE, Atsushi Matsubara, Shinji NISHIWAKI, Kazuhiro IZUI and Iwao YAMAJI

Vibrations of a tool or a workpiece in cutting shorten tool life and deteriorate a surface roughness. In this research, we
propose a method to reduce vibrations of the workpiece at a cutting point. An algorithm that generates a cutting path to
minimize workpiece displacements at a cutting point is developed. In this algorithm, the cutting path is generated with
changing feed directions, tool posture and material removal process by considering workpiece compliance matrices and
cutting force vectors. Feed directions and tool posture are changed to control the direction of the cutting force vector.

Material removal process is changed to control the change of the workpiece compliance. FEM (Finite Element Method) is

used to calculate workpiece compliance matrices. SVD (Singular Value Decomposition) is used to calculate the direction

which has the lowest compliance in the workpiece compliance matrices. Minimum workpiece displacement at a cutting

point is calculated from these calculated results. The algorithm is applied to the cutting path of end milling for a simple bar

and the cutting path is compared with two conventional cutting paths by conducting a simulation and a cutting test. As a

result, mean values of workpiece displacement were reduced by applying the algorithm.
Key words: cutting path, workpiece displacement, compliance, FEM, SVD, end mill
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Fig.1 Schematic view of tool path generation algorithm

Step 1

Input an initial workpiece shape, a final workpiece shape,
support condition, a feed direction and a cutting force vector.

Step 2 v

Search candidate elements to increment a next material |4

block from the current workpiece shape.
Step 3 v

Select one candidate element to increment a next
material block from all candidate elements.Calculate a  [¢—
workpiece compliance matrix at the point by using FEM.

Step 4 i

The vector in which compliance is the lowest in a
workpiece at the point is calculated by using SVD.

Step 5 ‘

A feed direction is changed to allign a cutting force
vector to the lowest compliace vector.
Calculate a workpiece displacement at the point.

Step 6

Are culculations conducted at
all candidate elements ?

Step 7

Select the element, which has the
smallest workpiece displacement. A next
material is attached to the element.

Is the current workpiece shap€e
the initial workpiece shape?

Step 9

Generate cutting path by connecting material
removal process and feed directions.

Fig.2 Flow chart of tool path generation algorithm
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vector under high workpiece stiffness
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Fig.7 Material removal process of path for minimizing cutting point displacement
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Table 1 Machining conditions

Material Micro-grained carbide
Coating (Al, TN
Tool Diameter mm 10
Corner radius mm 2
Number of teeth 4

Workpiece material Co-Cr-Mo alloy

Cutting speed m/min 47.1
Spindle speed min”! 1500
Axial depth of cut mm 2.0
Radial depth of cut mm 3.0
Feed per tooth mm/tooth 0.06
Tool extension mm 30
Coolant Oilmist

Milling direction Down milling

Milling spindle X

Turning spindle

End mill Yg—bz

— Workpi{ace

Jig

/l : Work handling device

e ——

Eddy current displacement sensor

Fig.12 Experimental setup of cutting test
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Fig.13 Comparison of mean values of workpiece displacement in Y direction on each cutting path
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Fig.14 Comparison of PV values of workpiece displacement in Y direction on each cutting path
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Fig.15 Comparison of mean values of workpiece displacement in X direction on each cutting path
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Fig.16 Comparison of PV values of workpiece displacement in X direction on each cutting path
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