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Abstract—Ensuring accuracy of the shape of holes
processed by boring is essential for increasing productivity
and economy of the process. The great influence for
ensuring the prescribed operational and quality indicators
during boring is the stability of the technological system and
in particular the total deformations. This determines the
goal of the present development, namely reduction of elastic
deformations and displacements of the elements of the
technological system.
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I. INTRODUCTION

A significant increase in the productivity and economy
of machining when boring holes can be achieved by
reduction of the errors, caused by the dissipation of the
elastic deformations of the technological system. In the
existing systems for controlling the elastic displacements
during turning [1] — [14], the accuracy is increased by
stabilizing the deformations of the support, which to the
greatest extent determine the magnitude and character of
change of the total deformation of the system. In order to
determine the limiting element of the system during
boring, which has a significant effect on the deformation,
it is necessary to carry out studies for determining the
technological system stability.

II. ANALYTICAL DETERMINATION OF ACCURACY IN THE
TECHNOLOGICAL SYSTEM

A basic requirement toward the technological system
for boring deep holes is to be stable under all applied
operating modes. It has been proved [1] that when boring
with a cantilever non-rotating boring bar by one-sided
cutting, the necessary condition for stable operation is
achieved when the inequalities are satisfied:

(2k—1)%£aslm, (k=1,2) ,wheny>0 (1)
(k—l)ﬁ£a£(2k—l)%, (k=1,2), when y<0 (2)

where o is the angle between the feed directions and the
adjustment speed.

In addition to the angle a, stability can be influenced
by the magnitude of the adjustment speed. This is
illustrated in Fig. 1, in which the angle o satisfies the

inequality (1).

Fig. 1.

The adjustment speed can be represented by its two
projections:
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In cases when:

Vp cosa > fn,

the main cutting edge separates from the cutting surface.
Cutting is done by means of the auxiliary cutting edge and
the system strives to achieve equilibrium under abnormal
operating conditions. This is the beginning of an
irreversible or self-oscillating process. To avoid this, the
following inequalities must be satisfied:

|Vp cosa|<fn , %)
V sina

-7 (6)

Jn+V,cosa

From the inequality (6), an expression for determining
the adjustment speed can be obtained.

Jnige,

V <———
sina —cosatgo,

p

fn, ()

where f'is the feed in mm/tr; n — the revolutions in tr/min;
@1— the auxiliary setting angle.

In order to analyze the mechanisms for determining
the elastic deformations in the technological system
during boring by a boring bar, the schematic
representation of the process shown in Fig. 2 is used.

Y=pPW, ®)
where P, is the radial component of the cutting force; W —
the susceptibility of the technological system.
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Fig. 2.

The susceptibility W of the technological system can
R
c

be expressed as follows:
(1 -C, Zj )

where j  is the stability of the support in the direction of
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the radial component of the cutting force;
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Ja, — the angular stability of the support;
L — the arm (length) of the bar; /;, I — the arms,
respectively, of the components P, and P, of the cutting
force and the coefficient Cy, = Py/Py; E — the modulus of
elasticity of the bar material; / — moment of inertia of the
transversal cross section of the bar; R — the radius of the
machined surface.

When boring by means of a boring bar, established on
two flexible hinge supports, according to Fig.3 the
susceptibility W of the technological system will be
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where x is the coordinate of the cutting area; L — the

distance between the supports, Wg, Wys — susceptibility of
the front and rear support, respectively.

(10)
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From the expressions (8), (9) and (10) it follows that
the error, and respectively the accuracy of the machined
surface, obtained from the dissipation of the elastic
deformation Y, when working with a cantilever boring
bar, is mainly determined by the change of the cutting
force in magnitude and direction.
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T Fig. 3.

When working with a two-support bar, the change in
the susceptibility W of the system, occurring when the
coordinate of the cutting zone is changed (when a feed
movement is implemented), is an additional source of
error. Using formula (8), the following expression for the
error from the elastic displacements can be obtained:

=Y (R,R,~1), )

=P . W_. 1is the smallest deformation of the

ymin"" min

where Y.

min
technological system; R, — the range of variation of the
radial component of the cutting force for a batch of

workpieces; Ro — the range of variation of the
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susceptibility of the
workpiece.

system when processing one

From the analysis of formula (11), it can be found that
there is a possibility of increasing the accuracy by
reducing Ymin, using a lighter cutting mode. The proposed
methodology will contribute to reducing the processing
productivity.

The processing accuracy can also be increased by
adjusting the size of dynamic tuning. A necessary
condition is to maintain constancy of the elastic
deformation Y of the technological system, i.c.

Y=PW =const . (12)

Using the empirical dependence for P, the condition
(12) can be written in the form

Y=Cpa Pyt (HBY™ W =const . (13)

P

From equation (13) it can be seen that the constancy of
Y can be ensured by adjusting the feed f, the geometry of
the tool and the susceptibility of the technological system
w.

If the tool geometry and the cutting speed are kept
constant when adjusting the feed, for the range of feed
adjustment, we get

1
—

R = (Rx”y R Rw)ynv ,
ap

s

(14)

where R; is the range of variation of the depth of cut; Ryg
—range of change in the hardness of the processed
material.

When processing constructional steel by means of a
carbide metal cutting tool, according to the data in [2],
formula (14) takes the following specific form:

_ pl5p225pl67
R, =R R2”R}

P

(15)

When adjusting the geometry, according to [2], it is
most appropriate to adjust the cutting angle 0 in the range
from 70 to 110°. For the adjustment range Rs it can be
written:

(16)

_ p034 p0.51 p0.38
Ry =RI¥R)R;

A comparison between the expressions (15) and (16)
shows that when adjusting the tool geometry, the
adjustment range is significantly smaller. Besides, the
variation of the cutting angle ¢ has a negligible effect on
the roughness of the machined surface. Despite these
advantages, the tool geometry adjustment is also
characterized by some disadvantages, such as the complex
construction of the boring tool and the need for a
mechanism for small reversing displacements.
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Feed adjustment is accomplished using a simple
boring tool and a variable in magnitude feed rate, without
reversal, which is why it is preferable. However, in order
for it to be applied, it is necessary to have a sufficiently
small range of adjustment.

When working with a cantilever boring bar, the
susceptibility of the technological system changes slightly
as a result of the wear of the cutting tool, and therefore the
ranges of adjustment Ry and Rs are mainly determined by

the dispersion of the depth of cut and the hardness of the
machined workpieces.

By choosing an appropriate magnitude of the smallest
depth of cut, for a given workpiece size tolerance, Rap can

be varied, and thus - the Ry and Rs ranges.

The magnitude of the smallest depth of cut is
determined by the expression:

Sp
2(R,, -1)

where Jp is the tolerance of the hole in the workpiece.

apmin -
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This shows that when working with a cantilever bar,
the dynamic tuning size adjustment can be successfully
realized.

It should be noted that the vibration resistance of the
system and the tool strength limit the possibilities
regarding the depth of the processed hole.

III. CONCLUSIONS

From the obtained analytical dependences for
susceptibility, mainly influencing the total inaccuracy of
the technological system when boring holes by means of
single- and double-support boring bars, it has been
established that the process can be controlled. This can be
realized by adjusting the technological parameters of the
process, mainly influenced by the dynamic tuning of the
technological system. The implementation of an adaptive
control system for the boring process, carried out by a
cantilever non-rotating boring bar, will contribute to
increasing the accuracy and productivity of the
machining process.
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