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Abstract—In the hybrid burnishing of holes in LS59-1 brass billets, for which grinding is not applicable,
experiments are conducted to assess the dependence of the accuracy on the microgeometry of the tool’s
working surfaces and the composition of the lubricant ensuring wear-free operation of Garkunov–Kragelskii
type.
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Statistical data indicate that hybrid burnishing,
which combines deformation and cutting, is an effec-
tive means of producing high-quality holes in nonfer-
rous copper–aluminum workpieces, for which grind-
ing is not applicable [1, 2]. Depending on the hole
depth, this method employs broaching or punching.

Today, improvement of hybrid burnishing is under-
way by combining regular microgeometry of the tool’s
working surfaces and an innovative metal-surfacing
lubricant, which ensures wear-free operation of
Garkunov–Kragelskii type [3–8].

In the present work, we investigate the influence of
the tool’s surface microgeometry and the composition
of the metal-surfacing lubricant on the accuracy in
hybrid burnishing of holes in nonferrous workpieces,
for which grinding is not applicable.

The experimental workpieces are cylindrical LS
59-1 brass bushes (hardness 155 НВ; external diameter
39 mm; length 40 mm). Before burnishing, the holes
are reamed out to precision 0.03 mm, with surface
roughness Ra < 2.5 μm.

The tool employed is a composite mandrel and
broach, with Р6М5 high-speed steel deforming ele-
ments.

The diameter of the deforming elements (over the
calibration band) is 20.11–20.24 mm; the vertex angles
of the working and inverse cones are 5°; and the width
of the calibration band is 7 mm.

Regular microrelief of the deforming surfaces (the
working cone and calibration band) is created from the
irregular microrelief obtained after grinding and pol-
ishing: single-pass helical channels (radius 1.5 mm,
depth Dch = 8 and 20 μm) with spacing Sch = 0.5 mm
over the calibration band [5, 6].

In Fig. 1, we show longitudinal profilograms of the
calibration bands. For the regular microrelief, the
parameters Dch = Sch = 0 correspond to the initial
irregular microrelief. The actual absolute deformation
iac of the hole diameter in the workplace is 0.1–
0.4 mm.

Burnishing at 0.05 m/min is undertaken using an
R5 test machine. The baseline lubricant is I40 mineral
oil, with Valena SV multifunctional metal-surfacing
additive (Russian patent 2277579), which ensures
wear-free operation of Garkunov–Kragelskii type [8].

The additive concentration is С = 0, 10, and 20%.
After statistical analysis of the experimental data,

we obtain the following expressions for the specific
(linear) burnishing force (N/mm) [6, 7]:
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Fig. 1. Longitudinal profilograms of the calibration bands
of deforming elements: (a) Dch = Sch = 0; (b) Dch = 20 μm,
Sch = 0.5 mm; (c) Dch = 8 μm; Sch = 0.5 mm.
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�m Fig. 2. Dependence of the scattering field ∆Df  of the final

hole diameter on the actual absolute deformation iac when
Dch = Sch = 0 and the additive concentration С = 0 (1),
10% (2), and 20% (3). 
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Fig. 3. Dependence of the scattering field ∆Df  of the final
hole diameter on the actual absolute deformation iac when
Dch = 8 μm, Sch = 0.5 mm, and the additive concentration
С = 0 (1), 10 (2), and 20% (3). 
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Fig. 4. Dependence of the scattering field ∆Df of the final
hole diameter on the actual absolute deformation iac when
Dch = 20 μm, Sch = 0.5 mm, and the additive concentra-
tion С = 0 (1), 10 (2), and 20% (3). 
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• when Dch = 8 μm and Sch = 0.5 mm
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Analysis of Eqs. (1) and (2) shows that the additive
may decrease the unit broaching force by 18–23.8%.
This is explained as follows: a protective film whose
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Fig. 5. Dependence of the oval distortion ∆ovDf  of the
final hole on the actual absolute deformation iac when
Dch = Sch = 0 and the additive concentration С = 0 (1),
10 (2), and 20% (3). 
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Fig. 6. Dependence of the oval distortion ∆ovDf  of the
final hole on the actual absolute deformation iac when
Dch = 8 μm, Sch = 0.5 mm, and the additive concentration
С = 0 (1), 10 (2), and 20% (3). 

1

2

3

4

5

�ovDf, �m

0.1

1

2

0 0.2 0.3 iac, mm
properties prevent direct contact of the rough tool and
workpiece surfaces is formed in the deformation zone;
the Rehbinder effect is intensified; and the adhesive
component of the slipping friction coefficient is sig-
nificantly decreased [8, 9]. In addition, with no
change in the unit broaching force, the lubricant con-
taining Valena SV additive permits doubling of the
deformation iac on account of plasticization of the
hole’s surface layer. That increases the productivity in
hole shaping.

As we see in Fig. 1 and Eqs. (2) and (3), there is no
change in the force when broaching by a tool with reg-
ular microrelief for which Dch = 20 μm and Sch =
0.5 mm. That may be explained by the parallel action
on the workpiece in microcutting, as indicated by the
microchip densely packed in the channels of the regu-
lar microrelief for all types of lubricant [4, 9]. The
microcutting is due to the small longitudinal radius
(6–12 μm) at the tips of the microprojections when
Dch = 20 μm and Sch = 0.5 mm [5, 6]. As a result, the
metal-surfacing lubricant does not accumulate in the
channels of the regular microrelief and does not mini-
mize the friction.

In Figs. 2–4, we show the general scattering pattern
for the hole diameter in the final sample. On that
basis, the dimensional accuracy may be assessed.

To plot Figs. 2–4, the hole in each final sample is
measured by means of inside calipers in four diagonal
  2022

Fig. 7. Dependence of the oval distortion ∆ovDf  of the
final hole on the actual absolute deformation iac when
Dch = 20 μm, Sch = 0.5 mm, and the additive concentra-
tion С = 0 (1), 10 (2), and 20% (3). 
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Fig. 8. Dependence of the mean longitudinal deviation
∆loDf of the final hole on the actual absolute deformation
iac when Dch = Sch = 0 and the additive concentration С =
0 (1), 10 (2), and 20% (3). 
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Fig. 9. Dependence of the mean longitudinal deviation
∆loDf of the final hole on the actual absolute deformation
iac when Dch = 8 μm, Sch = 0.5 mm, and the additive con-
centration С = 0 (1), 10 (2), and 20% (3). 
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Fig. 10. Dependence of the mean longitudinal deviation
∆loDf of the final hole on the actual absolute deformation
iac when Dch = 20 μm, Sch = 0.5 mm, and the additive con-
centration С = 0 (1), 10 (2), and 20% (3). 
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cross sections and three vertical cross sections, as for
the holes in the workpieces [10].

Analysis of Figs. 2–4 shows that, by ensuring regu-
lar microrelief of the tool surfaces and employing
metal-surfacing lubricants, the dimensional predic-
tion of the final holes may be improved even with rel-
atively precise dimensions of the workpiece holes
(curve 2, Fig. 3) [10, 11].

The higher quality (smaller dimensional error ∆Df)
when using a tool with regular microrelief for which
Dch = 20 μm and Sch = 0.5 mm may be attributed to the
parallel microcutting [10, 11].

To better understand the formation of dimensional
precision (Figs. 2–4), we plot the mean oval distortion
(Figs. 5–7) and the deviation of the longitudinal pro-
file (Figs. 8–10) of the holes in the final samples by
the same method [10, 12, 13]. Their analysis shows
that the dimensional precision (Figs. 2–4) depends
mainly on the deviation of the longitudinal hole pro-
RUSSIAN ENGINEERING RESEARCH  Vol. 42  No. 8  2022
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Fig. 11. Typical mean longitudinal profile of the final hole (a), burnishing configuration (b), and typical polar diagrams of the
final holes (c) in vertical cross sections I–I (1), II–II (2), III–III (3) after burnishing when iac = 0.387 mm, С = 20%; Dch =
8 μm, and Sch = 0.5 mm. 
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file (Figs. 8–10), for which the geometric error is
greater than for the oval distortion (Figs. 5–7)

where Df is the diameter of the final hole in cross sec-
tions I–III, mm.

The total increase in mean longitudinal deviation
of the final hole with increase in the actual absolute
deformation iac (Figs. 8–10) is a consequence of the
nonuniform radial rigidity of the workpieces over the
height. The radial rigidity is less at the upper (input)
end (Fig. 11a, cross section I–I) of workpiece 1 than at
the lower (output) end (Fig. 11a, cross section III–
III), on account of the reactive frictional forces at the
surface of broaching attachment 2 in machining.

The reactive frictional forces are directly propor-
tional to the broaching forces, as is evident from
Eqs. (1)–(3).

In studying the formation of the geometric accu-
racy, we plot both the mean longitudinal profiles of
the final holes (Fig. 11a) and polar diagrams (Fig. 11c)
in the corresponding vertical cross sections I–III.

Analysis of curves 1 and 2 in Fig. 11c shows that
there is little difference in the oval distortion of the
final holes in cross sections I and II (Fig. 11a).

The smaller area of curve 3 in vertical cross sec-
tion III (Fig. 11c) is associated with the reactive fric-

( )Δ ≈ Δ + Δf ov f lo f2 ,D D D
RUSSIAN ENGINEERING RESEARCH  Vol. 42  No. 8
tional forces at the supporting (output) end of the
workpieces (Fig. 11a), where the hole radius and
diameter are least in the final samples.

Thus, by varying the microgeoemetry of the tool’s
working surfaces and the lubricant composition (on
the basis of the physical principles in [8]), we may
control the accuracy of holes produced by hybrid bur-
nishing [9–13]. On the basis of the results, the infor-
mation base for artificial intelligence algorithms may
be expanded, while the fundamental principles of tri-
bology based on self-organization [3–5, 8] may be
adapted to the synthesis of new hybrid burnishing
methods [14, 15].
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