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Abstract

The paper deals with the geometry of wood surfaces processed on 3-axis CNC milling
machines.

It analyzes everything that means CNC driven equipment with or without hierarchical
control by external computer, generating parts through CAD-CAM procedures that are more and
more efficient, modeling and simulating the virtual generation of the part on the future machine tool
and using future equipment expected technologies, the software with which the machine tools are
endowed in order to be able to lead the processing process.
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INTRODUCTION

In the case of machining wooden surfaces on 3-axis CNC milling
machines, during machining the direction of the tool axis remains constant.

The movement of the tool can be uniquely determined by the
movement of an arbitrary point C (t) chosen on the axis of rotation.

The problems to be solved are:

e how to position the piece on the table;
e how to design trajectories that minimize processing time.

The 3-axis programming methods are divided into 3 categories:

1. Processing of surfaces whose slope varies substantially, e.g.
0°<a<90°. A spherical tool can be used, but for a<10°, the cutting speed
decreases drastically. (Ganea, M., 2010, Ganea, M., 2000)

2. Processing of almost horizontal surfaces (a=0). The widest width
of the strip (between tools with the same diameter) is obtained by using a
thoroidal tool with radius r <0.2, but this is limited by the appearance of
thinning when processing concave surfaces.

3. Processing of almost glass surfaces (70°<a<110°). To obtain wide
strips, the barrel tool can be used, but thinning can occur if the surface has a
curvature comparable to that of the tool. (Derecichei et al., 2014, Derecichei
etal., 2015, 2016)
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MATERIAL AND METHOD

Spherical tool machining

It is assumed that the tool has a unit radius for simplification.

The processed region (Derecichei L. et al., 2017, Lucaci, C., 2017)

Let the tool be positioned tangentially to the surface P (u, v) as seen
in fig. 1.

nr—n
LT

Fig. 1 Spherical tool

Let be the coordinate system (P, x, y, n), so that the vertices x and y
are parallel to the main directions in P. (Marciniak K., 1991; Yoshimi I.,
2008)
If the main curves of the surface are kx and ky, then the surface can
be approximated with the oscillating paraboloid:
np="2" (ks x*+ky"y?)
The surface of the tool represented by the equation:
x2+y?+(nr—1)*=1
can be turn in approximated with the oscillating paraboloid in P:
nt=Y%- (X2+y2)
It results that the coordinates (x, y) of the points of the processed
region satisfy the condition:
0<nt—np<h,
where h is the processing tolerance. (Derecichei L. et al., 2016)
The edge of the processed region can be approximated with the
equation nt — np = h, or equivalent: (1-kx) x*+(1-ky)-y*=2h.
Result, the curvature of the tool is greater than that of the surface
(k=1/r=1), so the undercutting does not appear, and the equation represents
an ellipse:
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where: @=+/2h/(1-Kk,) si P=+v2h/(1-ky) 4re the semiaxes. It should be
noted that the shape of the region:

does not depend on tolerance h. The size of the ellipse is approximately
equal to Vvh .(Derecichei L. et al., 2014, Derecichei L. et al., 2015)

RESULTS AND DISSCUSIONS

The effect of a small change in tolerance on the processed region of
wooden parts. (Derecichei L. et al., 2015)

Because the shape of the ellipse is independent of tolerance, we can
limit ourselves to any linear dimension, for example a. We have the relation:

a dh a 2h

valid for small values of Ah in relation to h. (Derecichei L. et al., 2017,
Derecichei L. et al., 2018 ).

Errors in approximating the processed region

The elliptical processed region resulted due to the approximation of
the tool and the piece with the oscillating paraboloid. To show how the error
is estimated in this approximation, we will study the normal section of the
part in the x direction. The other intersections are analyzed similarly.

It is assumed that the point of contact moves along the surface, so
that the slope Pt tangential to a contact curve makes the angle y with the
slope x of the main direction of the surface. The width of the processed strip
is defined by:

d(y) =2+/a? sin? y + b2 cos? y

It is assumed that kx<ky, then for y = 0 the function has a maximum
dmax = 2b and for y = n/ 2 it has a minimum of 2a.
The widest band (2b) is obtained when the point of contact moves
along the main direction x. (Derecichei et al., 2018, 2019)
If the point of contact moves in an inclined direction with respect to
x with the angle vy, then the width of the strip is reduced by the factor:

e(y)=d/d,,,, =+e?sin?y+cos®y

In most situations the curves of the surfaces satisfy the condition -
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0.3 <kx <0.3, which implies 0.73 <e <I.0.

It can be seen that for these values of € the effect of the direction of
the tool movement on the machined belt can be neglected in practice.
However, there may be concave-convex surfaces for which ¢ is small.

Fig. 2 shows a model that can be processed on CNC in 3 axes and
post-processing sequences for the processing operation in 3 axes CNC
generated by the SprutCam program (www.sprutcam.com, 2020):

CRUCIFIX02 18

( GENERATED BY SprutCAM )
(DATE: 27.02.2020)

( TIME: 15:01:02)

X151.66Y19.2882-92.454
X153.631Y18.9397-93.449
X154.143Y18.852-93.715
X156.044Y18.517Z2-94.738
X156.431Y18.4572-94.952
X160.981Y17.6692-97.616
X161.253Y17.623Z2-97.784
X33.534Y-10.551Z-25.544
G01X34.25Y-8.701
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Fig. 2 Geometric model imported in the Sprutcam program - watermark surfaces; 1-
additional addition of soft wood (lime) for technological consolidation during surface
processing
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CONCLUSIONS

It can be seen that small changes in tolerance lead to twice as small
changes in the size of the processed region.

Cutting time can be reduced by using small machining steps, but this
increases the cutting time and as a result decreases the cutting efficiency.
The problem of collision between the non-cutting element (mandrel) and the
workpiece must be taken into account.
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