ISSN 2078-7405 Cutting & Tools in Technological System, 2022, Edition 97

UDC 621.9.048 doi: 10.20998/2078-7405.2022.97.09
A. Mitsyk, V. Fedorovich, Kharkiv, Ukraine

THE NATURE OF THE FORMATION OF SURFACE
MICRO-ROUGHNESS IN VIBRATION FINISHING
AND GRINDING PROCESSING

Abstract. The main aspects related to the nature of the formation of surface micro-roughness during
vibration finishing and grinding processing are given. It is indicated that the material removal from the
surface of the part occurs as a result of the combined action of micro-cutting processes, chipping of
metal particles during repeated deformation of the processed surface areas, their fatigue and
destruction, the formation, destruction and removal of secondary structures, and adhesion phenomena.
It is noted that the real surface after vibration treatment is a set of roughnesses of a certain size, shape
and direction. It is defined that the micro-roughness of the surface of the part during vibration finishing
and grinding is formed in the form of traces from numerous impacts of abrasive granules on the surface
of the part. The largest value of the granule penetration into the processed surface is determined, that
makes it possible to characterize the trace from plastic compression in the zone of collision between the
granule and the part. The technique and study of the mechanism of formation of surface
microroughness is considered. An expression is determined for the normal component of the impact
force, which characterizes the main effect on the mechanism of micro-roughness formation. The value
of penetration of the granule into the metal of the part is determined. The study showed that the surface
micro-roughness during vibration treatment is formed by impacts of granules on the part at different
meeting angles. The traces from action of straight and oblique impacts are established. The average
height of micro-roughness is calculated. According to the hodographs, the normal velocities of abrasive
granules and parts are determined. The average value of the angle of impact of the granules with the
part at any point of the trajectory of their movement is also determined. It was revealed that the
velocities of granules and parts change in magnitude and direction during one period of the reservoir
oscillation, reaching their limiting values, which are proportional to the reservoir movement velocities.
The degree of proportionality is expressed by the similarity coefficient for the granule and the part. The
average similarity coefficient was also determined by the points of the hodograph. The average values
of the movement velocities of the granule and the part in the reservoir are obtained. The minimum and
maximum value of the granule penetration into the surface of the part is established. The formulas for
the limiting values of the granule penetration depth are given, taking into account the coefficient of
ellipticity. The results of calculations for determining the height of micro-roughness of the processed
part surface are presented. A formula is obtained for determining the surface micro-roughness during
vibration finishing and grinding processing.

Keywords: vibration treatment; abrasive granule; processed part; collision between granule and
processed part; collision angle; surface micro-roughness; velocity hodographs.

1. Introduction

In vibration finishing and grinding process, as well as in other finishing
methods, the processed surface in terms of geometric parameters is the intersection
of the original surfaces with new processing traces, characteristic for this process
[1, 2].
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The nature of this intersection may be different under different processing
conditions. That is, the nature of the micro-roughness of the parts surface layer
during vibration treatment is the result of its deformation by granules of a free
abrasive medium, as well as by the action of physicochemical processes taking
place in the zone of collision of granules with the processed part [3].

In this case, the removal of material from the surface of the part occurs as a
result of the combined action of such processes as micro-cutting with the part
metal removal, chipping as a result of multiple deformation of the processed
surface sections and their fatigue and destruction, the formation, destruction and
removal of secondary structures, adhesion phenomena. The real surface after
vibration treatment is a set of roughness of a certain size, shape and direction [4].

The study of traces of processing, their structure and dimensions provides
information about physical phenomena in the collision zone of granules and
processed parts, and also reveals the nature of the formation of micro-roughness of
the newly formed surface.

2. The nature of the collision of granules with the surface of the processed part

It is known from practice that the micro-roughness of the surface of parts
during finishing and grinding processing is formed in the form of traces from
numerous wave impacts of abrasive granules on the processed surface of the part
[5, 6].

During vibration processing, inelastic bodies collide, as a result of which the
depth B of indentation of a granule into the part surface can be determined by the

equality B =P, +PB,, where B, B, is the elastic and plastic parts of local crushing

and indentation.
The elastic part B; of the local collapse after the rebound of the abrasive

granules from the processed surface is restored to its original state. The trace left
on the part is determined by the size of the local collapse.
The largest value of the penetration of the granule into the part surface is
determined as,
a

Bomax = =~ —
2max TCDGS

PN y
where a is a constant coefficient, a=0.35; D — imprint diameter, o — yield

strength of the material under simple tension; Py is the normal component of the
impact force in an oblique collision.
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Elastic-plastic deformations of the abrasive granule in the zone of contact
with the part are not taken into account due to the significant hardness of the
material from which the part is made [7, 8].

Under the action of the normal component of the impact force Py , the

processed surface of the part under the granule flows and is squeezed out around its
periphery, forming a trace from plastic compression.

3. Technique and study of the mechanism of formation of micro irregularity
of the processed part surface

In oblique impact, the normal component of the interaction causes the
penetration of the granule into the surface of the part, the tangential component
causes the shear of the metal. The main action on the mechanism of formation of
micro-roughness is exerted by the normal component of the impact force. It is
determined by the expression:

2(1+k)mM (Vysinoy —V,sina,)
AT (m+M) '

PN_

Hence, the value of the granule penetration into the metal is determined as:
a(l+k)mM (Vysinay -V, sina, )
Do AT (m +M )

2= '
where k is the recovery factor; m — weight of the granule; M — mass of the part;
V;, V, — velocities of a granule and a part at the moment of their collision; AT —

collision time; o4, o, — angles between the direction of the velocity of the
abrasive granule and the part and the normal to the line of centers of the colliding
bodies; D =p, — grain size of the granule material; o — the yield strength of the
material of the part at simple tension.

Experimental studies show that the micro-roughness of the surface during

vibration treatment is formed by impacts of granules at different meeting angles
and has an irregular character [9]. You can determine the traces of the impact of

direct and oblique impacts. There are n; traces from straight and n, traces from

oblique impacts on the surface of the part with a length of | . The average height of
micro-roughness, calculated on the basis of geometric constructions, is equal to:
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H _(BIZmin+B.2max)n1+([32min+[32max)n2
v 2(ny+ny) '

where B‘zmin and BIZmax — the smallest and largest depth of penetration of the

granule during an oblique impact; ny, n, — the number of straight and oblique
impacts of the granule.
Obviously, the penetration depth is proportional to the normal component of

the collision velocity, that is, Vysinoy —Vysino, =V, , where Vg, is the

average collision velocity.
The value V;sina, represents the velocity of the granule directed along the

line connecting the center of the colliding bodies. The value V, sina., represents a

similar value. These values are the velocity components V; and V, directed along

the line of impact of the abrasive granule on the part.

The normal velocities of the abrasive granule and processed part can be
determined from the hodographs of their velocities. By superimposing hodographs
one on another, we determine the angles between their velocities at each point
(Fig. 1). Then the angle between the velocities of the granule and the part at point 1
will be equal to o, at point 2 — a., , at point 3 — a5, etc.

Figure 1 — Scheme for determining the angle of meeting of the granule and the part:
I —hodograph of the velocity of the part; Il — hodograph of the velocity of the granule

The average value of the angle o, for the period of one oscillation is,

106



ISSN 2078-7405 Cutting & Tools in Technological System, 2022, Edition 97

O +0lp +0g+.. 40,

Qavg = n '

where n is the number of velocity measurement points along the hodograph.
Collision of granules with a part can occur at any point of their trajectory. At
each point of the hodograph the angles between the velocity of the granule and the
part is approximately equal to each other. Therefore, we can assume that the
velocities at this moment are directed relative to each other at an angle of o, . In

this case, two separate equally probable positions of the impact line O; O, (Fig. 2)
are possible, when the latter coincides: with the velocity V; of the granule (line

0, 0,) and with the velocity V,, of the part (line 0, 0,).

Figure 2 — Scheme for determining the collision velocity of the granule and the part:
(V1) (V2),, —normal components of the movement velocities of the granule and the part

Let us decompose the velocities V; and V, into normal (V,, and V,,) and
tangential (Vy; and V,;) components. As it was said, micro-roughness is formed
due to the normal component. According to (see Fig. 2) the average velocity Vavg
Vln +V2n

is determined as V,q = >
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Since the collisions are carried out at an average angle of o, , then

sinoy =sina.,. Replacing the speed components V;,, and V,, with their values,
sinoLgyq

2

The velocities of granules and parts change in magnitude and direction during
one oscillation of the reservoir, reaching their limiting values. They are
approximately proportional to the velocities of the reservoir. The degree of this
proportionality is expressed by the similarity coefficients for the granule F; and

we get: Vo =(V1-V7)

for the part F,.

Then the average similarity coefficient for the full period of oscillation is
determined as the probable value of the individual similarity coefficients according
to the hodograph points:

L Vi

where n is the number of points considered on the velocity hodograph; Vy; —

granule velocity at the i -" point; V,; — reservoir velocity at the i - point.
Similarly, we determine the coefficient of similarity of velocities for the part:
n V )
2i

The probable velocity of the granule is determined from the expression:
V; =F Ao, where F is the similarity coefficient for a granule; A — oscillation

amplitude; o — oscillation frequency.

The probable velocity of the part will be equal to: V, = F, Am .The velocities
of the granule and part vary from their location along the cross section of the
reservoir. Since the force of interaction between the granule and the part is directly
proportional to the velocity, the determination of the velocities over the cross
section of the reservoir is proportional to the distribution of the pressure of the
medium. Then the average probable value of the granule velocity in the reservoir

will be equal to: V) = Ayq Eqyg Fy Aw, where A, is the average value of the

power impulse damping coefficient; &avg — coefficient of force action time.
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The average value of the part velocity is equal to: V, = A F, Aw.

Then the value V,,, of the normal component of the collision velocity of the

avg &avg

granule and the part is equal to:
sin Cavg
Vavg = Davg Eavg AmT(Fl +F).

The amplitude of the reservoir oscillations is not the same along the
coordinate axes OX and OY . Therefore, depending on the setting of the vibrating

machine, the minimum collision velocity V,q iy corresponding to the elliptical-
shaped trajectory of the reservoir (K A= max) can be determined.

Hence, the value B,,;, of the penetration of the granule into the part will be:

aA g Eavg A0(L+k)mM (Fp+F,)sinoy,

L= 9
P2min 2anGSAT(m+M)

the value of the penetration of the granule into part 3,5, is equal to:

_ algyq Eavg A0 K A (1+ k)mM (Fy +F,)sin Oavg

Parmax 2np, 6 AT(M+M)

where k is the recovery factor; K, — coefficient of ellipticity.
The highest normal velocities are possible at ozq =90” and o, =180".

Then, for o, =90° we have Vyqmax =Vi+V, . With o, =180 —
:Vl +V, .
2

The limiting values of the depth of granule penetration, taking into account
coefficient of ellipticity K ,, are determined by the formulas:

Vavgmin = 0. Average probable velocity Vy,, will be equal to: V4

B :aAang.'an A(DKA(1+k)m|\/|(|:l+|:2).
2max TPy og AT(M+M) ;
B' = aAan ga\/g A(D(l"r k)mM (Fl+ ':2)
2min TPy Oy AT(m+|\/|)

Carrying out transformations and substitutions, we get:
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_ 8% Savg Ao(1+k)mM (F +F,) [(1+ 2K o )Ny +(1+2K 4 )0y sin ocavg]

H
&g npy, G AT * 4(m+M)(n.+n,)

The values of the coefficients in the micro-roughness formula were found
empirically on serial vibrating machines.

4. The results of calculations to determine the height of the micro-roughness
of the processed part surface

Velocity hodographs were used to find the meeting angles of the abrasive
granule with the processed part. The research results are summarized in table 1.

Table 1 — Values of the angles of the meeting of the granule with the part along the zones of
the reservoir

Angle The zones of the reservoir

1 2 3 4 5 6 7
O min 20 35 17 22 29 93 28
A max 28 37 39 30 29 31 29
Qavg 24 36 28 26 29 27 28

The determination of the micro-roughness of the processed part surface was
carried out taking into account the values of the angles of the meeting of the
granule with the processed part, passing through the zones of the reservoir. For
these calculations, the hodographs of the movement velocities of the granule and
the part were used. The values of the coefficients included in the roughness
formula were also used (Table 2).

Table 2 — Values of coefficients for determining the height of micro-roughness of the
processed parts surface

Quantities Notation Value

Constant factor o 0.35
Power impulse damping coefficient Aavg 0.55
Similarity coefficients:

granules F 0.47

parts F 0.38
Coefficient of ellipticity Ka 15
Straight impacts number n
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Oblique impacts number n,

Collision time AT 41078
Coefficient of force action time éavg 0.16
Recovery factor k 0.9
Average meeting angle Olayvg 280

The calculation determined the value of the average probable meeting angle,
which turned out to be equal to a, =28°. Based on them, the values of the

similarity coefficients were: for a granule F; =0.47, for a part F, =0.38.

Taking into account the obtained data, the height micro-roughness formula
will take the form:

_106n AomM
avg Ccspx(m+M)’

where n is the abrasive ability of the granule grain; C - the number of
simultaneously working grains of the granule; o4 — tensile strength of the part
material, p, — diameter of the penetration of abrasive grain.

5. Conclusions

Thus, based on the analysis of the direct and oblique collision of the granule
and the processed part, the values of the angles of contact with the processed part,
as well as taking into account the velocities of their collisions and the
proportionality of the speed of the reservoir, the micro-roughness of the part
surface has been determined during vibration finishing and grinding processing To
check the micro-roughness formula and establish the limits of its application,
experiments were carried out that showed a good 80 ... 85 % convergence of
experimental and calculated data.
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Amnnpiit Minuk, Bonogmvup ®enoposmd, Xapkis, Ykpaina

XAPAKTEP YTBOPEHHSI MIKPOLLIOPCTKOCTI ITIOBEPXHI
IIPU BIGPAIIMHINA O3/I0BJIIOBAJIbHO-3AUYMIIY BAJIBHIN
OBPOBIII

AHoTanis. Hasedeno ocro6HI acnekmu wjo0o Xapakmepy YmeopeHHs MiKpOUWOPCMKOCII NOBEPXHI npu
8iOpayitinitl 030001108aNbHO-3a4UWYEANbHII 00poOYl. Brasano, wo euoanenns mamepiany 3 NO6epxHi
demani 6i00yeaemvcsi 6 pe3yiomami CRiIIbHOI Oii Npoyecié MIKPOPI3aHHS, SUKPUULYBAHHS YACMUHOK
Memany npu 6a2amopazoeomy 0eopMy8anHi OLIAHOK 00poONGAHOI nosepxHi, ix emomu ma
DYUHYBAHHA, YMEOPEHHA, PYUHYBAHHA MA 6UOANEHHA 6MOPUHHUX CIMPYKMYP, a02e3IUHUX ABULY.
3asnaueno, wo peanvna nogepxus nicisa 8iOpoOOPOOKU € CYKYRHICMIO WOPCMKOCMEl NeGHOT 8eNUYUHU,
¢opmu ma Hanpamy. Bcemanogieno, wjo MIKpOWOPCMKICMb NoGepXHi Oemani npu  GiOpayiuHil
0300071108ATbHO-3A4UWYB8ANbHILL  00pOOYT YMBOPIOEMbCA Y  6uU2nA0i  Clidi6 6i0 HUCHEHHUX yOapis
abpasueHux zpanyn no nogepxui demani. Busnaueno Haubinouty 6eauyUHY NPOHUKHEHHS ZPAHYIU 6
006p06I0BARY NOBEPXHIO, WO OAE MOJICIUBICIG XAPAKMEPU3Y8amu cio 8i0 NIACMUYHO20 CIUCKY 8 30Hi
3imKHenHs epanyau ma Odemani. Posenanymo memoouxy ma O0CHiONCeHO MeXauism YmeopeHHs
MiKpowlopcmkocmi  no8epxHi. BusHaueno eupas O0is HOPMANbHOI CK1A0060i cunu yoapy, wo
Xapaxkmepusye OCHOBHUL 6NIUE HA MEXAHI3M YMEOPEHHs MIKpOuopcmkocmi. Bemarnosneno senuuuny
NPOHUKHEHHs 2paHyiu y meman Oemani. JOCHONCEHHAMU BCMAHOBIEHO, WO MIKPOWOPCMKICIb
nogepxui npu 6i6poobpobyi ymeopena yoapamu cpanyi 0 0emanb ni0 pisHuMu KYmMamu 3YCMmpiyi.
Busnaueno cniou 6i0 enaugy npamozo ma Kkocozeo yoapis. QOb6uuciena cepeous eucoma
MiKpowopcmkocmi. 3a 2o0ozpagamiu 6Cmano61eH0 HOPMANLHI WEUOKOCHI aOpasusHux 2panyn ma
demaneil. Takodc 8USHAUEHO cepeOHE 3HAYEHHS KYMA 3IMKHEHHs 2Panyl 3 0emainto y 6y0b-aKitl mouyi
HANPAMKOM NPOMA2OM 0OHO20 Nepiody KONUSAHHS pe3epsyapd, 00CA2aIoHl CE0IX ZPAHUYHUX 3HAYEHD,
SIKi nponopyiini weuokocmam pyxy pesepgyapa. Cmyninb nponopyiunocmi gupasicena xoegiyienmom
nodibnocmi ona epamyau ma Oemani. Taxodc 3a moukamu 20002pagha GusHAUEHO YcepeoHeHuil
Koegiyienm noodibnocmi. Ompumano cepeoni 3HA4eHHsI WBUOKOCMEl DYXy epanyau ma O0emanii
pesepeyapi. BcmaHos1eHo MIHIMATbHY Mad MAKCUMATIGHY 8EIUYUHY NPOHUKHEHHS 2DAHYIU 8 NOBEPXHIO
demani. Hasedeno Gopmynu epanuunux 3HaueHb 2AUOUHU NPOHUKHEHHS ZPAHYAU 3 YPAXYBAHHAM
Koeghiyienma  enincnocmi. Hasedeno — pesyibmamu — po3paxyHkie — Ons  GU3HAYEHHA — GUCOMU
MiKponepienocmi  nogepxni ma 06pobmosanoi demani. Ompumano opmyny Ons  GU3HAUEHHS
MIKpOWOpCMKOCMi NOGePXHI npu 6I6payitiniil 03000.11064IbHO-3aYUWLYBATbHIT 06POOYI.

KuarouoBi cioBa: 6i6poobpobra; abpasusna epanyna; obpobrosana 0emaiv; CRigyOapsiHHs epamyiu
ma 0emani; Kym cnigyoapsHHs, MiKPOHEPIBHICIb NOBEPXHI; 20002padu weuoKocmell.
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