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Abstract. In the article dynamic characteristics of lapping process were analyzed and the main parameters of the process were
determined. The influencing degree of technological parameters to the forming of the surface and the processing was deter-
mined. It was given construction of the head of the new lubrication projected for the processing of the internal cylindrical sur-
faces, scheme of the lapping operation and graphic description of the forces influencing the process. The relations between
axial, radial and tangential organizers of shear force to provide the pressure to the surface and their joint influencing effect
were evaluated. The relevant geometric and mathematical dependences were obtained on the basis of the dynamic analysis.
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TEOPETUYECKOE UCCJIENJOBAHUE TUHAMHUYECKNX XAPAKTEPUCTUK
INPOUHECCA ITIPUTUPKU ITPU OBPABOTKE BHYTPEHHUX IOBEPXHOCTEU

Hupsan C.A.
Boennoe yunnmne Boopy:xkeHHbIX cull, baky, Pecry6mika AsepOaitokan

Annomayus. B cTaThe aHAIM3MPYIOTCS XapPaKTEPUCTUKHU MPOLIECCA PUTHPKK M OIPEIENAIOTCS OCHOBHBIE IapaMeTphI
nporecca. Y CTaHOBJIEHA CTETICHb BIMSHUS TEXHONIOTUYECKUX TapaMeTpoB Ha ()OPMHUPOBAHHE MOBEPXHOCTH H 00padoT-
Ky. IIpuBeieHa KOHCTPYKIHS TOJIOBKH HOBOW CHCTEMBI CMa3KH, IPe/IHA3HAUEHHOM JUIs 00paObOTKH BHYTPEHHNX [TMIINH-
JIPUYECKHX INOBEPXHOCTEH, cXeMa mpoliecca IPUTHPKU U Tpaduueckoe n300pakeHHe CUJI, BIMAIOIIMX Ha MHPOIECcC.
OLleHeHbl B3aMMOOTHOILIEHUST MEKIAY OCEBBIMHU, PaJUaIbHbIMU U TAHTCHUUAJIBHBIMUA COCTABJIAIOLIMMU YCUJIUS CABUTra
It obecrieueHust JIaBJICHUS HA MOBEPXHOCTH U UX COBMECTHOT'O BIIUSAHHA. COOTBCTCTByTOU_II/le TEOMETPUYICCKHE U Ma-
TEMATUYECKHE 3aBHUCHMOCTH ObLIH I10JIy4EHbI HA OCHOBE JJUHAMHYECKOTO aHAJIN3a.

Kniouesvie cnosa: abpa3uBHBIN IIECOK, NMPOLECC NPHTUPKU, KOIPGOUIHEHT TPEHHs, JMHAMHYECKUE XapaKTepUCTUKH,
YCUIIME COBUTA.
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Introduction

By increasing the accuracy and quality indica-
tors of the machine details, increasing their reliabil-
ity and durability is one of the most actual issues of
modern mechanical engineering. Multiple studies
show that the machines with the completely same
construction often have completely different relia-
bility. This is related to the difference in the techno-
logical processes in their preparation. The men-
tioned reason necessitates the management of the
exploitation parameters by technological methods.
This necessity reflects itself in the processing of the
machine details of higher accuracy (T'adapos,
2001).

Thus, learning of the processes and technologi-
cal legitimacy allows us to describe the general view
of the forming process of the final quality indicators
of the processed surfaces more completely and ex-
actly, to improve the processing, as well as to pro-
vide the required quality for the surface increasing
the reliability and durability of the machines and
mechanisms (MacnoBckuid, 1971).

The application of the new advanced processes
of the finish technological operations allows us to
provide the surface quality and high accuracy of the
processed surfaces of the machine parts. Increasing
requirements for the increasing level of the durabil-
ity, stability, anticorrosion and anti-abrasion re-
sistance, fatigue strength of the parts, as well as im-
proving the accuracy of the machines and mecha-
nisms, their reliability and durability necessitates the
use of advanced processing methods. One of such
methods is the technological process of lapping
(Opiios, 1998).

The difficulty of the process of removing the
thin material layer from the surface layer is in the
implementation of the process with free abrasive, as
well as under the influence of the multiple function-
al and random factors. One of such factors is the
difference of the geometric form of the abrasives-
cutting sands and their ability to move freely (Sme-
puibiH 1996). Mutual meeting of the abrasive sands
changing their position freely during the processing
with the surface becomes complicated, as well as
makes difficult to learn the influence of the different
parameters of lapping to the quality and accuracy of
the processed surface (ITomos, 1971).

Depending on the characteristics of the pro-
cessing method and lapping, the sizes of the lubrica-
tion head is determined approximately and it is giv-
en rotating and forward-back - combined working
movement in respect of the processed surface. These
movements influence directly the intensity and re-
moval characteristics of the metal layer, creates spi-

www.vestnik.magtu.ru

ral crossing lines on the surface so that influence the
durability of the detail according to the exploitation
condition (Figure 1). The particles can slip, roll or
slip-roll during the finishing process. The movement
characteristics of particles are influenced signifi-
cantly by the difference of the composition of the
sands and the homogeneity of their forms. The au-
thors relate the efficiency of the process with the
probability of the loading of the abrasive to the
working surface of the lapping tool in the studies of
(Koanes, 1967) and (Kparembckuii, 1962). The

sPs

formula of B= RR,, was offered by au-
det. det.

thors for evaluation of this probability, where T, and
Teeds the consistency of lapping tool and detail ma-
terial accordingly, S, and Sy is the contact area of
the sand with lapping tool and detail, Ry relative
wetting coefficient with lapping tool and lubrication
material of the detail, Ry -relative unevenness coef-
ficient of the lapping tool and detail surface. In case
of B<I, the probability of loading of the abrasive
particle to the lapping tool, in case of B>1, the prob-
ability of loading of the abrasive particle to the de-
tail becomes real.

Fig. 1. Movement scheme of abrasive sand and its trace
on the surface: I, II. ITI — consecutive edge positions
of lubrication head, L¢1 and L¢2- accordingly exit
sizes of the lubrication from the detail

Puc. 1. Cxema ABIXEHHS 9acTHI] aOPa3UBHOTO Mecka i
ux caen Ha nosepxHocrtu: I, IT, ITI —
TI0CJIE0OBATE/IbHBIE KPAECBBIC I10JIOKEHUA CMa3KH,
L¢1 n Lg2 cooTBETCTBEHHO pa3Mephl Ha BBIXO/E
nocJie CMasKy AeTalIn

It was determined that h/p ratio can be used to
evaluate the interaction of the particle with the detail
surface, where h is sinking depth of the particle, p —
roundness radius of the particle. It was mentioned in
studies of (Macnos, 1992) and (Makapos, 1996) that
the ratio of h-sinking depth scratching the metal to
its peak p-roundness radius can be accepted as a
parameter determining the deformation characteris-
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tic of surface layer. The process is elastic defor-
mation in case of h/p<0.02, plastic deformation in
case of 0.02<h/p<0.5, cutting of the metal in case of
h/p>0.5 (Figure 2). The distribution of the random
probability (y=h/p) should be found to determine the
occurrence probability of plastic and elastic defor-
mation of microvolumes of metal with abrasive par-
ticles, as well as the probability of occurrence of
micro-cutting. During the exploitation period of an
internal cylindrical surface of the machine details
working dynamically, the physical-mechanical indi-
cators decrease by losing its quality gradually. For
the purpose of increasing the durability of the details
working under the complex pressure-temperature
condition and having stochastic characteristic of
abrasion, it is necessary to conduct the analysis of
the production condition, especially dynamic and
kinematic analyses. A production process with lap-
ping consists of mutual cutting of the detail and lap-
ping tool loaded with abrasive particles (Opios,
1971 and Opmos, 1972).
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Fig. 2. Entering and movement scheme of sharp part of
abrasive sand (1) to detail (2) under the pressure

Puc. 2. Cxema 1oCTyIUICHUS ¥ ABUKEHHS OCTPOTO
yuacTka abpa3uBHoro necka (1) Ha nerans (2)
101 JaBJICHHEM

During the processing of the detail, the particle
carries out the cutting process by leaning to the lap-
ping tool, but in case the resistance to shear force is
not sufficient, the process of the removal of the par-
ticle from the said surface can happen. Particle
hanging between the lapping tool and detail surfaces
cannot carry out the cutting process as particle not
touching to other by adhering one of the surfaces.
Therefore, the particle being in contact with the sur-
face of the lapping tool and detail influence them
with the same force and the cutting process is going
on the account of pressure formed in cutting-
scratching zone (Smepumpn, 3aitnes, 1972) and
(STwepuisia 1979).
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The results of the experimental studies show that
the change of shear force in the lapping process is a
non-linear characteristic not depending on the speed
of the organizers and value of the pressure. One of
the main reasons is movement of the abrasive parti-
cles for the acceleration along with the processed
surface of the detail. Being related to the microrelief
of detail surface and complex movement legitimacy
of the detail on the surface of a lapping surface tool,
the working of the abrasive particles is going in
their irregular movement during the lapping process
according to constantly changing cutting and defor-
mation conditions (Swan, 1999). Regardless of such
complex progressing of the lapping process, the in-
fluence of shear force of granularity of lapping
pastes is subject to the certain legitimacy. It was
determined that the value of the organizers of shear
force decreases monotonously by increasing the
granularity of lapping forces. It was known that as a
result of increasing of interspace between a detail
and a lapping tool in the area of removal of the met-
al in the lapping process, unevenness in removal of
the material along with the axle of the detail de-
creases. Disruption of the contact of the friction el-
ement, decrease of special pressure and decrease of
the restoration intensity of the form errors naturally
are related to the abrasion of the lapping tool
(Matsinada, 1986 and Lishtenberger, 1995).

Abrasion of the lapping tools in the production
process causes the change of the characteristic of
force influences of their surfaces to the detail from
abrasive layer, to change of the real contact areas of
the detail and lapping tool and indirectly uneven
distribution of intensity of the metal removal in sep-
arate points of surface layer of the detail and change
of its profile.

It was determined by the experiments that the
relation between geometrical parameters as diameter
and cone in the detail before and after the lapping is
of statistic characteristic, not depending on the form
of the lapping tool. Relative high values of the cor-
relation coefficients between geometric parameters
of details before and after the lapping show the in-
fluence of the relations greatly determined suffi-
ciently, conditioned physically by the technological
factors heritage for the mentioned parameters (Pur-
sche 1995).

It was approved that instability of processing of
the internal cylindrical surface of the detail and joint
influence of the multiple factors during the lapping
cause to the occurrence of the form errors. In most
cases the form errors of the details during the pro-
cessing with lapping exceed the limit given to the
diameter of the detail. Therefore, substantiated se-
lection of the parameters of the lapping process to
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provide the high accuracy of the details is of signifi-
cant importance in the learning of the occurrence
legitimacy of the form errors (Bozina, 2006).

The empirical studies in the influence of the dif-
ferent lapping regimes to the occurrence of the form
errors of the detail showed that none of the main
parameters of the technological process influence
directly the occurrence of these errors. However, the
studied limit of the regimes allows us to select the
lapping conditions and more purposeful regimes
helping to the decrease of the form errors during the
processing.

After the lapping the quality of the upper surface
layer is dependent on the influencing characteristic
of the used abrasive sands in the paste to the lubrica-
tion and surface layer material. Depending on the
applied working condition, abrasive sands usually
work under the micro-cutting or periodic micro-
percussive mutual influencing condition during the
uninterrupted contact of the detail and lubrication
surfaces (www.dislib.net).

As it is known that the exploitation characteris-
tics of the detail are influenced mostly by the prepa-
ration accuracy of them, bumpiness of the working
surfaces, remaining intensity occurred in the upper
surface layer and difference of the certain metal lay-
er. Furthermore, the structure and a chemical com-
position of an upper surface layer can be different
from the structure and a chemical composition of
the core part. If there is complex influence of me-
chanical operations and occurrence of heating at
significant degree in the cutting zone, separate
chemical elements on the formed surface can be
burned and chemical weakening (being stagnant)
can be in a very thin layer of the metal surface, so
that the exploitation characteristics of the surface
decrease (www.dissercart.com and
www.dissertation.com).

Exploitation characteristics of the detail surfaces
are usually carried out by considering an optimal
condition of their processing. If in such case it is
chosen unsatisfactory regime in the formation of the
upper surface layer, then no matter how accurate the
detail is processed, they will have lower-degree
physical-mechanical characteristics and consecu-
tively decrease of the exploitation period will be
observed. Thus, micro-hardness and remaining in-
tensity towards to the internal depth from the upper
surface of the processed detail will change signifi-
cantly; it is possible to get the most different results
depending on the processing conditions in clean and
final operations of lapping.

As it is shown from the abovementioned, quality
parameters of the surface depend on multiple inter-
active factors such as bumpiness, remaining intensi-
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ty and beating and they form exploitation qualities
of the machine details complexly. It was determined
by the study of the influence of different technologi-
cal factors to lapping process done with new meth-
ods that each parameters of the quality of upper sur-
face layer does not allow separately to provide the
required exploitation indicators of the surface layer
of the machine details (www.globalsecurity.org). In
this regard, for the purpose of the provision of the
required quality indicators, the necessity of the
complex study of the technological opportunities of
the lapping process occurs.

The result of the experiments shows that plastic
deformation in lower pressure is observed only in
cutting of end parts of roughness of the surface. Af-
ter that the intensity of the process decreases, cut-
ting area grows and the value of the special pressure
for subsequent plastic deformation is not sufficient.
Consecutively, the opportunities of the lapping pro-
cess decreases so that it leads to the increase of the
value of Ra (www.hydratech-industries.com).

Theoretical modeling

As bumpiness decreases, the contact of abrasive
sands with the surface increases significantly and at
the end of the process main parts of these sands be-
come tiny. In such condition, higher contact pres-
sure shall be provided for the continuation of the
lapping process in the next process.

There is allowed value of the special pressure in
each regime of the removal process of the material
from the upper surface layer by new method of the
lapping operation, its increase leads to the increase
of the bumpiness of the surface. The mentioned case
can be resulted in increase of lapping strength, in-
crease of the temperature in the cutting area and
holding the soft material of the upper surface with
abrasive sands strongly.

1. It was determined in the studies that increase of
the special pressure from 25 to 100 kPa increases the
removal of metal from the surface gradually, in the
next increase the cutting intensity of the tool decreases
so that causes the decrease of the metal removals
(www.mashin.ru/eshop/journals/vestnik-
mashinostroeniya). Decrease of the special pressure to
the certain limit causes to filling of the lapping surface
with paste fully or partially, after that the evenness
process for the height of some sands begins.

The kinematic analyses of the processing
scheme with the lapping shows that cutting process
is characterized by the joint influence of the axial-
P,, radial-P, and tangential-P, organizers of shear
force and each of these forces is directed into three
directions (Ox, Oy and Oz).
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Principal scheme of the lubrication head for the
processing of eth internal cylindrical surfaces is
shown in figure 3, here I-processed detail, 2-
lubrication, 3-bow. External bows maintain the
completeness of the lapping tool by creating always
the force forwards to the centre from the external
surface of the lubrication, internal bows press the
lapping tool into the internal surface of the detail
and are assigned to provide the pressure to the pro-
cessed surface. The lubrication head does both for-
ward-back and rotating movements.

Fig. 3. Schematic description of the forces pressuring to
the lapping process: 1 — detail; 2 — lubrication;
3 —bows

Puc. 3. Cxemarnueckoe n300paskeHue ICHCTBYIONMX CHIT
BO BpeMst IPUTUPKHU: | — neTaip; 2 — cMa3Ka;
3 — nporu6s!

Compile up the equations of the balance system
of the shear forces occurred during the processing
with lapping:

P+F,-F, =0
P +Q-N-P,=0, (1)
P-F,+F,=0

where P,— axial cutting force, N;

F, — friction force occurred in the forward-back
movement of the lubrication, N;

P.x — axial force, N;

P,— radial shear force, N;

QO — sum of the forces occurred by the bows di-
rected from the detail centre, N;

N — sum of the forces occurred by the bows di-
rected to the detail centre, N;

P, — normal reaction force, N;

P, — the tangential component of the cutting
force, N;

Fq— force characterizing the rotating movement
of the detail, N;

Fy — friction force occurred in the rotating
movement of the lubrication, N.

Friction force occurred in the forward-back
movement of the lubrication (Fy;) is determined by
the following expression:

Fy=w-P, %, @

where p — friction coefficient;
P — special pressure, N/mm?;

xt
X — meeting area of the lubrication and detail,

IIIIII2

Axial force (Poy) is determined through the fol-
lowing formula:

=m dSMZ (3)
tdT
where m; — mass of the lubrication, kg;
S, — longitudinal gait, mm/sec;
T — time, sec.
Q — N-forces difference is determined by the
following expression:

ox

S,
Q_N=(C1_C2)El, 4)

where C; and C,— accordingly firmness of the inter-
nal and external bows, N/mm;

S; — distance between the ends of the rings in i-
condition, mm.

It is described the different conditions of the
lapping process in Figure 4. According to the
scheme, radial dislocation of the lubrication ele-

1
ments is ES,; Then, it can be expressed as follow-

ing according to the lapping scheme:

S; or S, =2r-sing,, 5)
2r,

i

sing, =

where 7; — changed radiuses depending on the abra-
sion of external surface for the lubrication, mm;

¢; — dislocation angle of the elastic lubrication
elements during the abrasion, rad.

S,
S,

Fig. 4. Different conditions of the lapping process
Puc. 4. Pasnuunble ycnoBus npornecca IpHTUPKH
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Considering expression (5) in expression (4), fi-  written:

nally the following expression can be obtained for

the forces difference (Q-N): P, +0+F,-N-F =0 an

2r, -sin @,
Q_N:(Cl_cz)' : ) e
o Q-N=(C,-C,)r,-sing,. (6)

Normal reaction force of the lapped surface of
the detail is determined by the following formula:

P =P, 7. )

where Py, — special pressure, N/mmz;

X — meeting area of the lubrication with detail,
mm’,

Fq force characterizing the rotating movement of
the detail is expressed by the following formula:

2
Fd:mdc«'diqj» (8)
dT?

where mg. — mass of the detail, kg;

¢ — angle dislocation of the detail, rad.

Friction force occurred in the rotating movement

of the lubrication ( F,, ) is determined by the follow-

ing formula:

nr
P, — 9
e ©)

where / — length of lapped surface, mm;

F,=p-

s

ﬂg(p — the length of the arc of contact, mm.

180

Considering expressions (2), (3), (6), (7), (8) and
(9) in expression (1), the following system is ob-
tained:

ds
P+u-P,-y—m = =0,
x /’l xt Z s dT
P +(C =C,)-1,-sing =P, - y=0; (10)
2
[ r
P - ——+u-P, - 1-——¢=0.
z mdu de H xt 180°¢

In Figure 5 it is given graphical description of
the forces influencing the lapping process normally
and axially. As it is shown in the graphic, the sum of
the forces occurred by the bows directed to the cen-
tre of the detail-N and normal reaction force P, is in
the same direction, the sum of the forces occurred
by the bows directed from the centre of the detail-Q
is in the opposite direction. As well as friction force
occurred in the forward-back movement of lubrica-
tion - F is directed into the opposite direction in
respect of P, — axial force. Upon Figure 5, it can be

www.vestnik.magtu.ru

or

uz

m +(C,=C,) 1, -sing, +

+u-P,x-P,-x=0. (12)

N 2

50}

a
Fig. 5.Graphical determination of forces influencing
lapping process

Puc. 5. I'panueckoe n300paskeHne Cuil, ASHCTBYIOIMX
Ha HPOLECC IIPUTHPKA

If we exclude Py, — in expression (12) out of the
brackets, we will get:

ds,. .
mg dT +(C, = Cy) 1, -sing; +

+P, (ux—x)=0. (13)

It can be determined the value of the special
pressure from expression (13) by the following for-
mula:

m dSU: +(C1 7Cz)'r1 .Sin(pi

xt

14
x(1=p1)

If expression (14) in its place in system equation
of (10), we can get the following final expressions
for axial, radial, tangential shear forces:

p=m Be
S dT
15
m\-ﬂJr(C]_Cz)'rx'Sinﬁ' >
*dr »
(=)
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ds,

m,—*%=+(C, —C,)r, -sing,
p=—"dr - (16)
(I-w)
—(C, =C,) 1, -sing;;
d’¢
P— —_
2 mde‘de
17
m B (=) sing, an
T il T
2(0-10) 50"

Thus, R (substitute of general shear forces) can
be determined as the following through P,, P, and P.
organizer forces:

R=4/I§2+Pf+Pf ) (18)

In general, P, force is directed horizontally and
calculated to determine gait movement, P, force is
directed to perpendicularly to the axle of the detail
and is calculated to determine the firmness of tech-
nological system (DTAP), P. force is directed to
main movement and is calculated to determine the
torque moment.

Empirically, it was determined that P— axial,
P radial and P,- tangential shear forces are
changed in the ratio of P’ :Py2 (PP =1:040:
0.25 for the given processing condition.In case of
the change of the factors such as cutting regime el-
ements, physical-mechanical indicators of the detail,
geometrical parameters of lubrication head, this ra-
tio will be changed at certain level [18, 20]. Consid-
ering this dependence in (18):

R=1/P?+(0.40P, )> +(0,25P, )* ~1,12P.. (19)

Conclusion

Thus, it is necessary to determine the optimal
values of the organizers of shear force to obtain the
surface having required accuracy and quality. A cut-
ting process is characterized by the joint influence
of axial — Py, radial — P, and tangential — P, in the
processing with the lapping. Obtained analytic ex-
pressions can be realized in the subsequent experi-
mental research and used in the engineering calcula-
tions of the technological process of the processing
with lapping.
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