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Abstract—The technological features of the chamber method for processing surfaces of parts with the use of
unfixed grinding material are described. Manufacturing methods and ways for improving technological
equipment the models of abrasive grains to actualize them, as well as mathematical dependencies that make
it possible to predict the process efficiency are considered.
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INTRODUCTION

In the course of the finishing treatment of such
parts as bodies of rotation with a complicated surface
contour with the use of finely dispersed unfixed abra-
sive particles, during the compaction by compressed
air through an elastic shell in a special chamber, quite
a large number of abrasive grains are involved in the
metal removal.

The density of contacting between the working
medium and the surface of the part in the course of
processing with the use of statically compacted abra-
sive particles is rather high. The method for a finishing
abrasive treatment with the use of statically compacted
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abrasive suspensions in the developed facility based on
a vertical drilling or radial drilling machine is imple-
mented in accordance with Figs. 1a and 1b.

According to Fig. 1a, cylindrical workpieces I are
secured to an axis 2 and placed in an abrasive suspen-
sion 3, housed in a special container 4, wherein a
cylindrical shell 5 made of a special nitrile rubber.

The working suspension is compressed through
applying compressed air onto the shell perimeter.
The machining occurs as the axis with the workpieces
rotates at a velocity of V,,. Figure 1a shows that the
flat workpiece moves at a velocity of V, in the course
of machining.

Fig. 1. Processing of parts with the use of a statically compacted abrasive: (a) processing of cylindrical parts; (b) processing of flat
parts; (/) cylindrical products; (2) an axle; (3) abrasive suspension; (4) container; (5) cylindrical shell.
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Fig. 2. Material removal by means of an abrasive grain:
M are the microprotrusions of the abrasive grain tip; N is
the submicroprotrusions located on the microprotrusions
of the abrasive grain tips; 4 is the abrasive grain penetration
depth into the workpiece surface; V'is the travelling veloc-
ity of an abrasive grain; v, is the front angle of the abrasive
grain; d, is the cutting angle.

Upon machining, microscopic chips are generated,
according whose characteristics it is rather difficult to
assess the productivity of the machining process [1, 2].

MATERIALS AND METHODS

Figure 2 shows an example for removing material
from the surface of a workpiece using various cutting
elements of abrasive grain. The character of contact
between the compacted layer and the workpiece sur-
face is to a great extent determined by the shape of the
abrasive grains and their cutting elements, which is
rather diverse.

However, the studies on numerous shadow prints
have shown that they all can fit within an ellipse [2—4].
Taking this into account, as well as the results of scan-
ning microscope studies on the grain topography [2—4],
their shape can be simulated, to a first approximation,
by an ellipsoid of revolution, on the surface of which
there are microroughnesses in the form of discontinu-
ous annular protrusions with submicroroughnesses
located therein (Fig. 3).

The number of microoughnesses and submicror-
oughnesses on the surface of the abrasive grain can be
determined in accordance with Fig. 4, based on ana-
lytical relationships derived for the first time:

N, =D meKy, (1)
i=l

where i is the number of circles in the cross-section of
the ellipsoid that simulates the shape of an abrasive
grain, on which microprofile protrusions with a given
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Fig. 3. Abrasive grain model: a, ¢ are the semiaxes of the
ellipsoid of revolution; 4, is the height of the microrelief
protrusion; A, is the height of the submicrorelief protru-
sion; ,,, is the average pitch of the microrelief protrusions;
t,m is the average pitch of the submicrorelief protrusions.

pitch #,, are located; K, is the coefficient taking into
account the discontinuity of microroughnesses (in
accordance with the law of equal probability K; = 0.5);
n,, is the number of contact traces of microprofile pro-
trusions with an average pitch #,,, and length /;, within
the ellipse of the imprint of an unfixed abrasive parti-
cle that participate in the workpiece processing.

The total number of submicroroughnesses located
on the microprofile protrusions of the abrasive grain
surface can be determined according to the following
analytical relationship (see Fig. 4):

Ny =22t TP %)
b, cosy 180b,

where A static depth of submicroroughness penetra-
tion; fis the protrusion parameter for the abrasive par-

0

ticle microrelief /= p,, (1 —cos %); b, is the width of

a single submicroroughness; v is the front angle of a
single microroughness; p,, is the rounding radius of
the abrasive grain microprofile protrusion; rounding
o' is the central angle of the microrelief protrusion.

One of the most important parameters of the fin-
ishing process consists in material removal [1—5] that
can be represented by a specific mathematical model.

Owing to the difficulties in analyzing the cutting
process of the workpiece surface by the entire set of
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Fig. 4. Interaction between the abrasive grain and the sur-
face of the workpiece under treatment /;, is the parameter
of the abrasive particle microrelief protrusions; 3" and " are
the angles of the microrelief protrusions having the shape of
a truncated regular pyramid with a rounding radius p,, and
a total length ranging from 0 to 2c.

abrasive grains in order to determine material removal,
let us consider the mechanism of material removal by
a single abrasive particle.

The fundamental studies concerning the micro-
profile of unfixed abrasive suspension particles are
presented in [1—10], where numerical values for the
width and height of the microprofile and submicro-
profile of abrasive particles are determined. In the new
studies, it has been established that the rounding
radius of the vertices of the abrasive particle microrelief
ranges from 0.1 to 0.5 um, whereas the rounding radius
of the vertices of submicroprotrusions varies in the
range of 0.08—0.1 um. It has been shown that the
micrororelief and submicrorelief parametersare almost
do not connected with the size of abrasive grains.

According to the investigation results reported in
[1-5] it has been has established that at the initial
moment of part surface machining (r = 0.5—1 min)
with a total machining time of = 6—8 min, the mate-
rial removal occurs primarily via submicroroughness
located on the microprotrusions of the abrasive grains.
As the submicroprofile depressions are filled with sub-
microchips, the material removal almost ceases, and
the further material removal from the surface of the
workpiece is accomplished with the use of the micro-
profile of the abrasive grains.

Numerous studies [1—5] have shown that the
material removal from the surface of a part by submi-
croroughnesses amounts to 1—3%, which is negligible
as to compare to the material removal owing to the
microprofile of abrasive grains (97—99%). Therefore,
further it can be assumed with a complete justification
that the material removal from the surface of a part is
carried out predominantly by the microprofile of abra-
sive particles. The total volume of material deformed
by a single microprotrusion of an abrasive grain upon
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Fig. 5. Cross-section of a scratch originating from cutting
a single abrasive grain bya micro-protrusion.

the machining of parts representing bodies of revolu-
tion can be determined as follows [1, 2]:
Vs = KV eraten = 2701y X 0.5

S

X[(b; + 21,)(h; = Pr) + TP 1,

where r, is the radius of the workpiece, m 1073; K is
the chip formation coefficient; K, = 1 — g, (g, is the
coefficient of deformed material heaps); p,, is the
rounding radius of the microprofile protrusion of a
single grain, m 107¢; b; and h; are, respectively, the
width and depth of the scratch left by a single protru-
sion of the abrasive grain microprofile on the surface
of the workpiece, m 10~° (Fig. 5).

In the course of preliminary calculations the
authors of [11, 12], have succeeded in establishing the
fact that the relative error in the calculation of total
volume according to relationship (3) does not exceed
5% as to compare to the previously presented experi-
mental studies, where the weight of the obtained
microchips has been determined using special micro-
analytical scales with an accuracy of up to 0.0001 g.

This indicates a sufficient accuracy of the proposed
method for calculating scratch volume originating
from a single microprotrusion of an abrasive grain,
taking into account the chip formation coefficient.

The scratch area (see Fig. 5) and parameter b, can
be determined as follows:

Sscratch = 05[(17/ + 2pm)(h/ - pm) + nprzn]a (4)
by = 2p,, +2(h; — p,,)siny = 24, siny, (&)

3

where yis the front angle of the microrelief protrusion,
the average value of which is approximately 50°; b, is
the scratch width originating from a single micropro-
trusion of an abrasive grain in the middle part of the
abrasive layer.

STEEL IN TRANSLATION  Vol. 56

No. 5 2026



IMPROVING TECHNOLOGY AND EQUIPMENT FOR CHAMBER MACHINING

Based on the known parameters of the microcut-
ting process with different abrasive grain elements, one
can estimate the value of material removal by multiple
unfixed abrasive particles.

Under the finishing treatment of the outer surfaces
of cylindrical parts processed in a statically compacted
abrasive suspension, knowing the scratch area, the
material removal rate can be determined using the fol-
lowing mathematical relationship. This relationship
multiplies the density of the material under removal,
taking into account the coefficient of chip formation,
by the scratch volume, the circumference of the work-
piece diameter, its rotational frequency, and the pro-
cessing time ¢. This mathematical relationship also
includes a number of coefficients taking into account
specific processing conditions.

The total number of abrasive grains Ns on the sur-
face contacting with the workpiece can be determined
using the following relationship [1—3]:

Ny =271 B, (3 ”1Ph)2,

where r, is the radius of the workpiece; B, is the length
(width) of the workpiece; n, is the number of grains
per unit weight of the compacted abrasive layer; and
p, is the abrasive density.

When abrasive grains penetrate the workpiece sur-
face and under their relative motion, cutting forces
occur, which determine the character of the relative
position of the abrasive grains. If the cutting force
exceeds the normal pressure of the abrasive grain on
the workpiece, it turns with its other edge or vertex
toward the workpiece.

The rotation of abrasive particles provides an
increase in metal removal in the course of machining,
which is taken into account by rotation coefficient K.

The investigations have shown that in the course of
machining, the cutting ability of abrasive particles
exhibit a 30% increases owing to the finest chips of the
microrelief. This is taken into account by coefficient K.
In the course of the investigations we have succeeded
to reveal that depending on the machining conditions,
on the composition of the abrasive suspension, and on
the material of workpiece surface, the values of coeffi-
cient K| repponsible for the effect of the abrasive sus-
pension liquid component, range from 1.2 to 1.5,
whereas the values of rotation coefficient K, range
from 1.2 to 1.3.

The conducted investigations also revealed that,
depending on the roughness of the surface under
machining, the Ky, coefficient varies within the range
of 1.15—1.5.

In this case, the calculated dependence for deter-
mining the amount of metal removed upon machining
the external surfaces of parts in the form of bodies of
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Fig. 6. Schematic diagram of the installation for processing
flat surfaces of parts with compacted abrasive material:
(1) casing; (2) elastic cylindrical shell; (3, 4) two covers for
fastening the elastic shell; (5, 6) the seals of the input/out-
put windows of the parts; (7) a cup; (&) pressure cover;
(9) mandrel for installing a part; (/0) fastening; (/1) a cam
mechanism; (/2) pressure-reducing valve with a pressure
gauge; (13) pressure cover.

rotation with the use of a compacted abrasive medium
is as follows:

6

X(h; = Pm) + TP VLK K K g, K. ©

The design of a new installation used for processing
flat part surfaces with the use of a compacted abrasive
material makes it possible to adjust double stroke time
via changing the rotational frequency of the cam that
is rigidly connected to the machine spindle. This pro-
vides an improvement of the surface quality of the
parts and the productivity of the process. Figure 6 shows
a schematic diagram of the installation. The installation
includes a casing /, an elastic cylindrical shell 2, two cov-
ers 3 and 4 for fastening the elastic shell, seals 5 and 6 for
the input/output windows for parts, a cup 7, wherein
the seals are placed, two pressure covers § and /3, a
pressure-reducing pneumatic valve /2 with a pressure
gauge connected to the supply pneumatic network, a
mandrel for installing a part 9 with a fastener /0 and a
cam mechanism // that sets a reciprocating motion of
the part with stopping at the end of each stroke. The
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Fig. 7. Workpiece profile.

entire installation is rigidly fixed on the table of a ver-
tical drilling machine and connected to its spindle.

The output shaft rotational frequency of the
machine motor amounts up to 1000 min—"'.

The machine operates as follows. A prototype of
the part is placed inside the machine working cham-
ber, after which it is filled with an abrasive medium, a
cup with seal is installed, and the machine is closed by
a top cover 8. The workpiece is then connected to the
replaceable cam mechanism, and the required air
pressure, supplied from the pneumatic network, is set
with the use of a pneumatic pressure-reducing valve.
The air pressure is registered using a pressure gauge.
Machining occurs under the workpiece reciprocating
motion. The cylindrical cam groove is profiled in such
a way that the dwell time at the end of each stroke is
0.15T,, where T, is the double stroke time of the part.
The machine design makes it possible to adjust the
double stroke time through varying the rotational fre-
quency of the cam that is rigidly connected to the
machine spindle.

At the same time, the quality of the machined sur-
face of the parts and the processing productivity
exhibit an increase. The pressure of supplied com-
pressed air was changed using a 122-12-U4 pneumatic
pressure reducing valve corresponding to GOST
(State Standard) 18468—79. The pressure was regis-
tered using a MVTPSd-00-OM-2 corresponding to
GOST (State Standard) 12733—79 with a scale-divi-
sion value of 0.005 MPa. Flat surfaces of rectangular
or square parts 200—300 mm long made of 50G2 grade
steel with a hardness of 45—50 HRC were processed
with the use of the installation prototype. The initial
surface roughness of the samples R, ranged from 0.63
to 1.25 um.

As the working media we used 14A grade electro-
corundum abrasives with a grain size of Z = 0.40—
0.63 mm and a volumetric humidity of 20%. A 2%
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aqueous solution of trisodium phosphate was used as
the liquid component of the medium. The processing
was carried out at the following operating parameters:
the velocity of workpiece reciprocating motion (cutting
velocity) V= 0.1— 0.25 m/s; the pressure of the com-
pacted abrasive medium on the surface of the workpiece
p = 0.1— 0.15 MPa; polishing time = 5 min. The
roughness after processing with the use of compacted
abrasive amounted to R, = 0.16— 0.24 um. The velocity
of the workpiece reciprocating motion can be deter-
mined according to the following relationship:

— 2ndoub.stroke(ll + 12) (7)
60x1000

where 1y, sroke 15 the number of workpiece double
strokes per minute with respect to the compacted cut-
ting medium; /, and /, are, respectively, the length of
the workpiece surface and the stroke reserve under the
motion of the workpiece in the working medium. At
/; =200—300 mm and /, = 50 mm, and at 74,5, stroke =
15—25 (doub.stroke/min) the cutting velocity varies in
the range of = 0.1—-0.25 m/s.

If the surface of a part has a flat section, or the
entire part consists of flat sections, then the profile of
the workpiece can be represented, to a first approxi-
mation, as a part of a circular arc having sufficiently
large radius R, (Fig. 7).

Radius R, is determined according to the following
relationship:
L

R, =— >
2sin @,

®)

where L is the length of the flat section of the part, m;
@, is the geometric angle, degrees.

According to reference data available from [11, 12]:

R = —
2 KC 5
where K, is the curvature of the flat section (ranging
within 0.05—0.001).
At that, the relationship for determining the
amount of metal removed upon machining flat outer
surfaces of parts with length L; with the use of an

unfixed grinding material can be represented as follows:

QZ = p(l - 8h)Z: Lindoub.strokct X 05 [(b/ + 2pm)
i=1

X (h; = ) + TP INs K K K g, K

In this case, the total number of abrasive grains Ns
on the surface contacting with the workpiece can be
determined as:

9

Ny = LB,(np,),
i=1

z: L;B,,; is the total length and total
width of the machined surfaces of a flat part.

where where
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It should be noted that the specific material
removal rate can be determined according to the fol-
lowing relationship:

Os 2
===mg/cm-,
q S g/

where § is the surface area of the workpiece under
machining.

The productivity per minute can be defined as:

Qmin = QZ/ta mg/min,

where ¢ is the required processing time.

RESULTS AND DISCUSSION

After 2—3 min of machining, the initial microrelief,
owing to wearing abrasive particles, undergoes trans-
forming into a smoother working microrelief that ulti-
mately determines the amount of material removed
from the surface, the set surface roughness, the preci-
sion parameters of the machining process, as well as
the physical-and-mechanical properties of the surface
under treatment.

The proposed patterns for the finishing abrasive
machining of parts with the use of unfixed grinding
material, based on which experimental equipment sam-
ples have been developed, provide expanding the tech-
nological capabilities of the equipment, making it pos-
sible, under necessary retooling, to process both bodies
of rotation and flat parts, while promoting an increased
productivity level and impoved polishing quality.
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