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TECHNOLOGICAL FEATURES OF A NEW DESIGN OF A FACE GRINDING WHEEL

Abstract.In article, addresses the issues connected with the decreasetbétimal impact on detail surface faced gyin
ding wheel. The new design of a face grinding wheel with the faltering cutting and rising parts of a continuous working
surface, with transition from the hol | &)wsdevelopedt Thechdraetd ges o
istic of an Archimedean spiral is the sum of two uniform motions of the toolhardktail, and practically provideghe
constancy of an grains attack angle located on all length of a ledge. The method of the parameterization of a new design for
grinding wheel is developed. Analytical expression abougtiantity of the actually working abrasive grains and regularity
of ther distribution on an Archimedean spiral of the cutting ledge are received. It is established that the grinding wheel of a
new design in comparison with a standard circle promotes considerable (up to 30%) reduction of roughness of a polished
surface.

1. Creating breakthrough surface with a new construction side shingle circle. The cutting edge of the working surface was
interrupted, and the whitening part was made entirely from archway to arched spiral.

2. Conducting theoretical researches for the paranieation of the new construction sitbge circle.

3.Theoretical researches of conditions of formation of geometrical parameters of surfaces in curlization wittn-new co
stricted lateral circle circle

4. An experimental study of the effectiveness of @lating operation with a new constructed sidecle circle. Can-
parative determination of contact temperature, shear force and bracedness dependency laws.

5. New konstruksiyp¢ bur ni sh circle design, devel op anodicefficienqgyar e pr
Conducting experimental testing of new construction-bigside circle.

The comparative analysis of graphic dependences shows that at application of a new design of a face circle reduction of
roughness of a polished surface is obsem@usiderable (up to 30%).

Keywords the grinding wheel, faltering circle, Archimedean spiral, roughness, cutting force, granularity, waviness.

Introduction . The efficiency of the process for the face grinding is expressed in the high geometrical precision and
productivity of this process which is tens times surpasses productivity of the flat grinding by the periphery of a eiele. Th
fore, a study of the isge on a research and improvement of the process of face grinding, especially to decrease in temperature
impact on the processed surface, numerous researches have been devoted [31]. Generalizing results of tharevaysis of
searches in the field of tHace grinding, it is possible to concentrate generally on three directions of decrease in the thermal
impact on the processed surface of the details:
A management of the grinding process modes,
A application of the | ubriTM)ant cooling technological me ¢
A application of grinding wheels with a faltering surfac
The most effective method of increasing the efficiency and improvement of the quality of abrasive processing is the appl
cation of circles with a faltering working surface. At the same time, af the defining factors influencing course of the
process of grinding is the sizes of the processed surfaces, more precisely, the contact zone sizes. At flat grindirdeby the ¢
end, the zone of contact has considerable size in comparison withyptaeiof grinding. This feature leads to essentiakvari
ty of the specific characteristics of the process of grinding in different points of contact zone. Numerous efficienacef the
grinding process is expressed in the high geometrical precisiornraahgicgivity of this process which is tens of times suspas
es productivity of flat grinding by the periphery of a circle. Therefagtudy of the issue and improvement of process of face
grinding, especially to decrease in temperature impact on the pedcesrface, numerous researches have been devoted.
Generalizing results of the analysistbéresearches in the field tieface grinding it is possible to concentrate generally on
three directions of decrease in thermal impact on the processed ddsaies
A management of the grinding process modes,
A application of the lubricant cooling technological mez
A application of grinding wheels with a faltering surf ac
The aim of the study The most effective method of increase the efficienay iamprovement of the quality dhe abra-
sive processing is the application of circles with a faltering working surface. At the same time, one of the defining factors
influencing the course of the process of grinding is the sizes of the processed sorfaeqwecisely, the contact zone sizes.
At flat grinding by a circle end, the zone of contact has the considerable size in comparison with other types of driading. T
feature leads to the essential variety of the specific characteristics of the gpmatiegs in the different points of the contact
zone. The numerous factors leading to uneven abrasive impact on the processed surface especially brightly are expressed at
the big areas of contact.
It should be noted that process of face grinding by cineiéfs a faltering working surface is followed by vibrations. The
most significant sources of fluctuations when grinding are: imbalance of a faltering grinding wheel which is caused by errors
of its form and sizes, the sizes of the cutting ledges andrbgiber, uneven density of the structure of the tool and shock
impact of a faltering part of a grinding wheel on the processed detail surface. Vibration in the MTDI system in turn leads to
deterioration micro and macqrofiles of polished surfaces and lisyscales of application of faltering grinding [31].
Generalizing results of the carriedt analysis we establish the fact that each of abwetioned ways of decrease in
thermal impact on the processed surface has the positive and negative momentscémsatered, an effective way is faite
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ing grindings. Improving the grinding wheel design with a faltering working surface, defining it optimum parameters and
operating conditions, including the modes of grinding and a way of cooling it is possibteeasia efficiency of process of
face grinding in addition.

Proceeding from the above it is possible to come to a conclusion that process of thermal emission in a contact zone at face
grinding has difficult character. Except for traditional factors of tlugainysics it is necessary to pay attention as well to the
characteristics of abrasive grains works for working end face of a grinding wheel. Not in view of physical essence of these
features and without having mathematical model of process of the cutppgriag in a zone, it is difficult to define opt
mum conditions of decrease in thermal impact on the processed surface.

Subject of study The idea of the decrease in thermal impact on the processed surface by means of conksigtivie
a grinding wheel has led to the emergence of circles with faltering (segment circles), eccentric, inclined, etc. shrfages (ta
These ways through the decrease in thermal impact on the processed surface, however, as it is mentioned above works well
they steadily lead to increase in vibration of the technological system because of the shock influence at falteringrtinding
imbalance, when grinding with excentric and inclined circles. The imbalance of grinding wheels in turn leads to increase of
thetension in a circle, to deterioration qualitytbe polished surfaces armmtcuringon themburning increasing he impire
ment attaclof the circle, premature failurepgndle and other knots of the machine. Among abmentioned designs of face
grinding wheels the greatest distribution has received segment circles which equip serially released flat grinding machines
with a vertical spindle and a rectangular table.

Analyzing wak of circles with a faltering working surfacesegment circles it will easily be convinced that cutting work
at the same time is performed generally by the grains located on an external working layer of a segment and on a forward edge
of its end face wit height of size of longitudindeedof a detail on one segment of a circle. It is attested that the intensive
sparkling of grains of this zone from a sheaf (Fig. 1b). In procegsedmpingement attadkerehappenedelf-designof the
segmenexternalprofile. At the same time, on an external surface of a segment is formed the working surface having some
angle of attack to the cutting plane. The similar phenomena was observed by professor A.l. Yakimov [31] at perigheral grin
ing by circles with a faltéeng working surfaceWhereinthe profile of a ledge receives a spiral outline. The section point
between a frontal and back zone of grinding at the same modes has eventually the fixed situationshiisetiy circle
proceeds evenly on all profile thimaintaining constancy of an angle of attack.

v "’5’3‘:‘;’:’:“‘3 R
OSSO e
T

e e
S
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Fig. 1. Selfdesign of an external profile of a segment in the process of grindings:
a) before alignment b)after alignment

The specified phenomenonéspecially characteristic at deep and draft multipass grinding with big feeds to the depth.
These judgments lead to a thought that the main center of thermal emission in a contact zone of a segment circle is frontal
the cutting strip of a contact zona.the subsequent strips actually working grains getting to already cut through scaditches
sparkout work. And thesparkout abilities of conditional strips increase in process of removal from a frontal zone oe-the d
creasing geometrical progression. $hine working end face of a segment conditionally breaks into two pahte front
cutting frontal page, the secoiglthe subsequergparkout strips. The exponential form of oscillograms of distribution of
temperature in a contact zone is a clear pobttie aforesaid [27].

The intermittency of a working end face of a circle ingparkout part slightly influences process thermal emission in
a contact zone at the same time because of intermittence of a surface, this part of a ledge is one of the main reasons for em
gence of vibrations in technological system and by that leads to deierias&processing reducing tisparkout ability of a
working end face of a circle.
Therefore, decrease of intensity of thermal emission in the cutting frontal part of a working end face of a circle where
it has the dominating value, by creationimtermittence in this zone and elimination of the centers of emergence of vibrations
by performance theparkout part by continuous, are the most optimal solutions of increase in efficiency of process of a face
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research. Thus, by the corresponding carsitre designit will be possible to reduce at the same time thermal impacts on the
processed surface and vibrations in technological system.

— K

S

Fig. 2. Face grinding wheel with a faltering working surface
During creation of intermittence in a frontal strip of a working end face of a circle, at the expense of cuts the total of the

actual grains decreases and therefore load of the cutting grains increases. The blow force perceived generally blyegrains of t
site ofa working ledge, adjacent to a forward edge, though is rather less, but will promote to emergence of vibrations in tec
nological system. Height of the site of a forward edge perceiving interference corresponds to the size of lorigéddinal
thegrinding wheel coming to one ledge of a faltering surface.

For elimination of the periodic interference in this zone and by that sources of vibrations, it is required profilirgysf the
ting ledges of a faltering part of a working end face of a grinding wioetilad promoted increase guantityof the cutting
grains of a working ledge and creation of conditions for rather equilibrium distribution of an allowance between them coming
to one ledge of a faltering part of a frontal strip. The problem of increapentityof the actually working grains in a wkr
ing layer of an abrasive circle amduilibrium didribution of an allowance between these grains is solved an outline of a
profile of the cutting ledge on an Archimedean spiral, i.e. transition fromat@rhto a ledge in the cutting frontal strip is
carried out on an Archimedean spiral. Thus, the formula of an invention Face grinding wheel which has been protected in the
State Committee on Standardization of Metrology and Patent Studies has beentéormndathe patent of the same name at
No. 0183 (Fig. 3) is taken out.

Fig. 3. Face grinding wheel with the ledges outlined on an Archimedean spiral
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At a faltering circle the ledges outlined on an Archimedean spiral remind mills withréived eeth, at the same time in
relation to a cutting zone the forward surface has the form of an Archimedean spiral, and a back surface a flat foren. Charact
istic of a formrelive is the frontal surface on an Archimedean spiral which keeps constancy ofl@ andfby that an angle
of attack of the cutting grains located on it.

Theoretical researchesThe Archimedean spiral turns out by means of summation ofetwea load distributiofi for-
ward as a result of longitudinéed of a detail and a grinding wheebtary by means of rotary motion. The Archimedean
spiral practically provides with the corresponding characteristic constancy of an attack angle of the grains located on all i
length. Theoretically, constancy isn't present, but the deviation littlgpeaudically for the process of grinding they can be
neglected. Forpnelive of the new design of a face grinding wheel can make on the specialeitgae machine with form
relive cutters and grindings. Perhaps also implementation of a doubledliven At the same timethe cutting part of a su
face of a ledge formeliving with falling of a nape at a siZe and back with falling of a nape at a ske When milling the
value undertakes equdl,2-1,5)K [17]. The double formreliving leads tahefinal division ofthe frontal and back parts of
the cutting ledge that limits technological capabilitiesheffrontal part at various modes of grinding. The provision of a point
of intersection othe Archimedean spirals with the various falling of a eahould be defined proceeding from the value of a

\Y
ratio ¢ n - At unstable value of this ratio the provision of a point of the section of a frontal and back zone will move.

Theoretical requisites

\Y/
In case of increasing sizatioto d n part of the allowance will be removed a rear zone of the cutting ledge. Wherein,

the point of intersection of a frontal and rear zone will promote to emergence of shock influence. In case of reduistion of th
ratio the allevance for a ledge entirely is removed a forward part of a frontal zone of a ledge that will undoubtedly lead to
reduction of number of active abrasive grains and increase in load of them. Creation of a double relieving work from a pos
tion of technologicatonstruction, will lead to a complication of technological process of production of a grinding wheel and
increasing its production cost.

_Vy _ VaD,

°® n. 1000V, W

At face grinding the feed per revolution of the disc is defined by a formula Mgge is speed of longitudinal moving

of a detail to m/min N, - is the frequency of rotation of a circle in rper - is the diameter of a grinding wheel in ka

- is the speed of rotation of a grinding wheel in m/s.
Feed per revolution on the cutting ledge of a grinding wheel with a faltering working surface is determined by a formula

— Sob — Vdﬂ:)k

Z ~ 1000V, Z

@)

where, Z -is the quantifer of ledges of the faltering cutting part of a circle.

For the definition of the characteristic of the Archimedean spiral according to which ledges of a faltering partdsf a grin
ing wheel the size of a step of an Archimedean spiral are outlined we equate to the size of longitudinal feed per oavolution
oneledge of a faltering part. To this value of a step there can correspond two spirals differing from each other in time directio
of rotation of a circle. At rotation of a circle the grinding wheel with the ledges outlined by the left spiral (fig.4végeand
versa (fig.4 b) is clockwise applied.

T
e :‘ 020’0
.’

a) b)

Fig.4. Definition of the characteristic of the Archimedean spiral.
a) left spiral, b) right spiral.
The polar equation of the Archimedean spiral is presented in the form
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p_J
— = 3
a2 3)

where- P is the increment vector radius, and is the step of te Archimedean spiral at a whole revolution vector rad

us,and/ is the current value of a polar angle of rotation vector radius.
We will write down the equation (3) in a look

r=Kj (4)

where K is the parameter of the Archimedean spikals the- grain arrangement vector radius at its turn is defined by
the size of an increment of the current value on a corner in one radian

-2
2p

To turn of radius of a vecto{ from any its situation on a corner, it corresponds the same increment of the distance.
Writing down value K in a formula (4) we will receive

(5)

=2 (6)
2p
Values of an angle of rotation depending on quantity of ledges are p@deab. 1.
tad. 1
z 3 6 12 24
/ ectou 120 60 30 15

In a formula (6) equating a step of an Archimedean spiral to the size of longitudinal feed per revolution of a circle detail
we will receive

V,D/
r=2e2d @
2000V,
The increment vector radius on the cutting ledge outlined on an Archimedean spiral will be (tab. 1)
V,Dy
r=YaoW 8)
2000V, Z
tabl.2
Z 3 6 12 24
J 120 60 30 15
r Sob/3 Sob/6 Sob/12 Sob/24

Thus, creation of intermittence in cuttinghe frontal zone with transition from a ledge to the hollow on an Archimedean
spiral and performance continuous can loher caring part of a working surface of a face grinding wheel consideraly te
perature impact on the processed surface and vibrations of the MTDI technological system that also the quality of a polished
surface in total will lead to increase in efficierafyprocess.

1  For identification of essence of process of grinding with application of a new design of a face circle, development of
a technique of parametrization of its faltering part, definition of the characteristic of a working surface and devalbpment
practical recommendations about its application we will analyse the mechanism of work of the grains located in a working
layer of the cutting ledge outlined on an Archimedean spiral. For the purpose of the analytical description of the mafchanism
work of active abrasive grains of ledges of the offered design, as well as in standard cases of mathematical modeling and the
analysis, we will make some schematization of the process of grinding for development of the practical recommendations. For
this purpse according to work we accept betaventioned submitted formulations:

A Grains in a circle and in its layers are focused randc¢

A In the process of grinding, in process of a spa&rkling
casual orientation remains,

A Not all grains of a working surface of a circle-parti:
es,

A The nominal surface of contact of a fcontaatb®conditiondke a det
ternal surface of a circle.

A The circle which is carried out throug top of trhe mos

nal surface of a circle.

A The circle r epl acdgamantinbbuadares drainapace oftthe foal wik be called the surface of a
ligament a circle.

A working |l ayer of a circle is the | ayer | ocated bet we

10
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While grinding, one of the maireasons for uneven abrasive impact on the processed surface is the changing of the
speed of cutting of grains in a contact zone in size and in the direction. Change of cutting grain speed in size hagpens on t
width of a working end face of a circle besawf change of district speed of the grains located on different concentric circles

V. =F(R) . At the grains located on one circle change of speed of cutting occurs in the di}éctf)rFO ) . Depending
on the direction of longitdinal feed per revolution of a detail in relation to an axis of symmetry of a circle, a part of grains of
a contact zone work against feed per revolution of a detail, having made counter grinding, and other part on feed- per revol
tion of a detail havingnade passing grinding [16]. It is obvious that, at a chaotic arrangement of grains in a working layer of a
circle such variety of speeds and operating conditions of grains of a zone of contact will lead to uneven abrasivetimepact on
processed surfacedluding on process of thermal emission in a contact zone.

Other essential factor leading to uneven abrasive influences in a zone of contact is that work of cutting is performed
generally by the grains located on a peripheral, frontal strip of a woekiddace of a circle with a feed per revolution width
on a circle. At the subsequent turns of a circle thetlmatugh site of a surface repeatedly meeting from a working surface of a
circle, breaks it into conditional strips with different extent of alw@impact on the processed surface. Depending on the
number of repeated meetings a part of grains of each strip get on already cut through flutes. At the same time, the extent of
abrasive influence and therefore, the process of thermal emission deameabesdecreasing geometrical progression. In
work [16] analytical expression of the change of the amount of actually working abrasive grains on the width of a working
end face of a circle is offered. On the basis of this formula, the analytical expregsie quantity of actually working ador
sive grains within the area of contact when grinding With the application of a new design of a face circle is received.

=gk | @ ‘”S R 1+ s 1a[D @-93, ©
g JlggX2 1~ e | 1000v, (60V, )?

b -

Where
working layer of a circle,g- a half average verisimilar value of a corner of the top cutting gt’él/n,sped:fic productivity,

the amendment on a symmetric arrangement of a curve of distribution of depth of tops of the grains in the

mm / with; K - concentration diamond or the cubic boron nitride grains,a’/cr; grain form coefficient;X - average value
V
of the size of grinding sills grains -d speed of longitudinal movement of a detalil, m/mﬁﬁ%- the coefficient considering

V
intermittence in a frontal zone of a working end face of a new design of a grinding Wﬁevelspeed of rotation of a grinding

wheel, m/s; D - outer diameter of a working end face of a circle, mm.

At face grinding besides grains of a working end face, work of cutting is performed also by the grains located on an exte
nal surface of a circle. From this point wiew determination of the probable quantity of the actually working grains and
regularities of their distribution on the surface of the cutting ledge of a circle outlined on an Archimedean spiratastimpor
and can accompany disclosure of the mechapiswork of a new design of a grinding wheel.

The ledges outlined on an Archimedean spiral conditionally are divided into two parts. A forward part of a ledge where
the abrasive grains located in a layer directly not participate in the grindingspracwill be conditionally called rear zone,
and an endutting part where we occur the process of the cutting will be called the cutting part. The position of the section
point of the cutting and rear parts of a ledge isn't fixed and can change ifi@npdspending on cutting mode elements, in
particular, from a ratio of longitudinal feed of a detail to a circle turn, i.e. from the characteristic of an Archimeédéan sp

Y/

d
With increase in a ratio% k' the position of the section poimoves from the cutting part to the rear part and vice versa.
other words, the ratio of the cutting part to the rear part is defined depending on inclination corren siagle of attack of a
frontal zone of the cutting ledge. At the same time pifeeess of interaction of the cutting grains with the processed surface
will also proceed differently. Depending on the size of an angle of attack the cutting grains settle down on differest radius
from the center of rotation of a circle and moving ortaie trajectories, delete an allowance with separate thin layers. At the
big characteristic of an Archimedean spiral and respectively great values of an angle of attack of grain work with lwf depths
introduction in metal and the main part of an alloesat the same time is removed the grains located on a forward part of the
cutting ledge. Being on different radiuses from the center of rotation of a circle, grains rotate on concentric ciicigsdelet
allowance with separate thin layers.

During suchabrasion removal of the metal, heat generated in a zone of micro sites of single grains, extends through the
longitudinal lying and underlying layers of the remained allowance. However this heat does not distribute on length and depth
of metal is removedvith facing [27] According to such scheme removal of an allowance physicomechanical properties and
structural conditions of the detail layer it will be mainly formed from thermal influence of the grains located on theuspark
part of a circle working enthce, and to a lesser extent from the grains located on the cutting ledge which is outlined by the
Archimedean spiral.

The reduction of the specific number of thermal impulses and increase share of heat which is taken away with facing will
lead to reduddbn of volume of the absorbed heat of the detail at faltering grinding. With increasing in depth of incision of
abrasive grains the specific weight of work of friction decreases. At active micro cutting, the work spent for frictiasedecre
up to 80%. Ifto consider losses on friction of a sheaf and also sticking of metal to a circle surface in the course of grinding,
then the specific weight of work of friction will be even more [27].

11
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For assessment of the cutting ability of circles with the ledgesedtbn an Archimedean spiral in a zone of a frontal
strip it is necessary to know probable amount of the cutting grains and the nature of their distilisttitnution differently

altitudes of grains from the surface of a ligament ranging from Q.tovidth sufficient reliability can be described the law of
normal distribution Experience shows that the curve of distribution has the center of grouping at distangge 05N,
from an external surface of a circle. Mass distribution of the sizes of abrasive grains is described by the law of trermal dis

bution, with an average square deviation [27]

1

Yn(X) = N X X)y, (10)
m ) 1
6

252

exp[-

5,0 1D, ° L(X+3s)01- ¢)

6 L)

X S
Where ~ ! -is the current size” M- is the average fibular size at distribution for mass" - is the average square-d

viation of the grain size at distribution for mass.
For environments of thigbular size

M =10,6 N,

where N is the granularity in accordance with GO55238%2015.
For average square deviation

s, =017X

At the engineeringalculations transition from distribution curve parameters on the mass of grdihand ~ ™ to disti-

bution curve parameters by their quantity is carrieobgvux andS .
For powders of wide range of granularity

X, =088X, p s =09%s
For powderf narrow range of granularity
— )
X, =096X g $°Sy
It is known that under the influence of a large number of independent or poorly dependent factors curves of dispersion of

their sizesapproach the theoretical curve of the normal dispersion. From this point of view, differently altitude of grains from
the surface of a ligament can schematically be presented in the form of the dot chart (fig. 5).

01

Hep

Fig. 5. The dot chart ofistribution differently altitudes of grains from the surface of a ligament

At the same time, the average value of height ift§rains about which sizes of depth of separate grains grouped will
have an appearance of an arch of a sheaf, concentric téaeesuror descriptive reasons representations of regularity-of di
tribution of grains on the cutting ledge should be passed from the polar system of coordinates to rectangular. At e, same ti
with some schematization of the considered site with trenéextf a ledge of the circle faltering part it is possible to present in

the form of direct parallel abscissa axis.

12
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Fig. 6. Distribution of an allowance for a ledge between the grains located on the surface outlined on an Archiimedean sp
ral

Let's saylat weeded polar system as the center of rotation of a grinding wheel coincides with the beginning of rectangular
system and a polar axis with the positive direction of abscissa axisArdsive grainM is any point of the plane. Its

rectangular coordinas areX andu and polar coordinates al‘tL. and u. At the same time, transition from polar coordinates

to rectangular is made on formulas.

X =rCoy , Y =rSiry (11)

We will assume that during grinding of grain on a surface of a ledge are located not on an arch of a circle arrd on an A
chimedean spiral where dispersion from the center of rotation of a itirsldecreased in direct ratio to ledge length. At the
same time, radius a vector of a surface of a ligament at the rotation of the circle clockwise decreases in directirat® to a
angle of rotation that is schematically shown in the form of theckdart presented in fig. & for average height i tef the
grains located on a working layer of the ledge surface outlined on an Archimedean spiral for construction of the dispersion
curve from the center of rotation of a circle, it is possible foheddntervals into where the field of dispersion is broken
with some probability there will be an equal quantity of grains. In other words, the size of radius of a vector of amemtange
of grains on a circle surface evenly would dissipate on all fittispersion i.e. under the law of equal probability.

|

HHGI

¥

].m (Da

Fig. 7. Dispersion of average value the radius of vectors of grains on a ledge surface outlined on an Archimedean spiral.

We will return now to the most probable arrangement of grains at which aitinghe dominating influence of a profile
of the linking of a ledge outlined on an Archimedean spiral on the relation of the center of a circle, a large numbel indepen
ent factors of one order of sizes in the form of differently altitude of grains allgdarorks. The dot chart for such case will
have the view shown in fig. 8

13
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Fig. 8. Dot chart differently altitudes of the grains of the working surface of a ledge outlined on an Archimedean spiral.

Apparently, from this chart the average value @f thdius of the vector of grains on the surface of a ledge outlined on an
Archimedean spiral is decreased evenly, despite differently altitudes of the grains in general. The analysis of thedconstruct
curve dispersion shows that field of dispersion ofdtzes, the radius of vectors of the grains located on the surface of the
cutting ledge outlined on an Archimedean spiral is of the sum of sizes of the field of the dispersion generated by cumulative
action of a large number of independent factors of adermf sizes in the form of differently altitude of grains on the relation
of a surface of a ligament and size of shift of the middle of this field of dispersion under the influence of the dofaatating
in the form of change the radius of a vectoa@urface of a ligament is proportional to an angle of the rotation on the relation
of the direction of longitudinal feed of a detail on an Archimedean spiral, that is (fig. 9)

o4 on

i

2

-

Leer

|
L)
=

Fig. 9. A distribution curve differently altitudes of the graiosated on a working ledge outlined on an Archimede&n sp
ral.

From it is visible that the size of the field of dispersion the radius of vectors of the grains located on the sutfgae of a
ment the cutting ledge represents the sum of sizes of the diettispersion generated by cumulative action of a large number
of independent factors of one order of sizes in the form of differently altitude of grains on the relation of a surfayze of a
ment and size of shift of the middle of this field of the dismpe happening under the influence of action of the dominating
factor in the form of change of radius of a vector of a surface of a ligament of a ledge it is proportional to an atagjenof ro
on the relation of the direction of longitudinal giving ioe. an Archimedean spiral

Wy = W+ W (12
where, Wi _is the the size of the field of normal dispersion differently atiiés of the grains from the surface of a
ligament a grinding wheel which are cumulative action of a large number of independent factors of one order of sizes

W> _is thesize of shift of the middle of the field of dispersion differently altitudes of grains under the law of

equal probability, change of the current value lihament surface vector radift®om the center o€ircle rotation because of
an outline of the cuttig ledge on an Archimedean spiral that in this case plays a role of the dominating factor

14



R N S 4¢ 2018

w,=bJ
b

where ™ - is theconstant coefficient;

J - is thecurrent polar corner in degrees.

W,

Writing down values’1and”z in a formula (12) we wilbbtain

W, =(X+3s)1- &+b (13)

The curve of dispersion represemismposition of curves dispersion of normal distribution and the equal probability
shown in the drawing.

Size of "1 can be defined from the expression

W =6s, (14)

where ,S - is theaverage square deviation differently altitudes of grains

S0 =2 Dy, ® S(X+35)1-) as)

Where, D,,,, is the layer size in the plane, perpendicular to a circumference of the c?ﬂ:le, is thearithmetic ave-

age value,u -is the average square deviation differently altitudes of grains by quanHyi,s theaverage square deviation
differently altitudes of grains by quantity.
The size of shift of the middle of the field of dispersion differently of altitude of grains under the law of equal gyobabili
is determined by a formula
V.D/j
]/|/2 = _({L (16)
2000V, Z

Writing down value?"1 and 2 from formulas (14 and 16) in a formula (13) we will receive sizes of the field ofrdispe

siondifferently of the altitude of the grains located on the surface of a ledge outlined on an Archimedean spiral.
Wy = (X +35)(1- €) + 0 an)
2000v, Z

The analysis of size and charactetlud field of dispersion differently of altitude of grains on a surface of a ledge bf a fa
tering frontal strip of a face grinding wheel shows that at an outline of ledges on an Archimedean spiral differentlypfltitud
the grains located on a ledge sudaconsiderably increases, and the nature of the curve dispersion corresponds composition
of curve dispersion of the normal distribution and equal probability. With increase differently in altitude of the cdgi@sg le
the number of actively working gra increases, there is more uniform distribution of the allowance for processing coming to
a share of one ledge between active grains of a surface of a ledge, the cutting ability of a grinding wheel increaiest and by
the efficiency of process of grindj increases.

Method. As the abrasive tool standard grinding wheels 5C-83%330 with the characteristic §f16MaM1KI , [ 1 1}
300R20R127 with the characteristic of tiie[ 121004 1,y sl00R25520 with the characteristic 14A40CM1K and a new design
of a face griding wheely s100R25:20 with the characteristic 14A40CM1K afd! 1300207127 with the characteristic of
the[ {12100 1 with the faltering cutting part of a working surface, transition from hollows are applied to ledges on an A
chimedean spiral. In qualityhroughSpindle Coolant applied 3% solution of soda in water. At the same time, providing
identity of all experimental conditions, only the grinding wheel changed.

The purpose of pilot studies was definition of influence of parameters of the modexdihgron mechanisms of fo
mation of geometrical parameters of a surface and physicomechanical properties of a layer when grinding by standard face
circles and circles of a new design with the faltering cutting part of a working surface. By comparisonecktied results
qualitatively advantages of a new design of a grinding wheel have also quantitatively been defined.

Obiject of pilot studies | was operation of face grinding of flat surfaces of details on machines with back and forth motion
of a detail.Prototypes of preparations have been accepted from the tempered steel 40X with a hardné8sHiRG5with
sizes of cross section 30x20mm.

Arrangement of the task It has been investigated: contact temperature, normal component of cutting dogieess,
and errors of a geometrical form of polished surfaces standard circles and circles of a new design.

15
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Levels of factors and intervals of variation tabl.3
Levels of factors Notation Vi.(na s B /d3i3dig S @3/ 3d dz t,0 d3d3
Basic level 0 15,7(3000) 3 0,03
Variation interval bX, 1,05 15 0,015
Upper +1 16,75(3200) 4,5 0,45
Lower -1 14,652800) 1,5 0,015
Star Top +1,215 16,95753536) 4,8225 0,048225
Lower -1,215 14,424252464) 1,1775 0,011775
Standard circle tabl.4
\% X1 X2 X3 X1 X2 X3 Tc
1 - - - 12,89 1,5 0,015 720
2 + - - 16,75 1,5 0,015 700
3 - - 14,65 45 0,0155 750
4 + - 16.75 45 0.015 760
5 - - + 14.65 15 0.045 730
6 + - + 16.75 1,5 0.045 740
7 - + + 14.65 45 0.0455 740
8 + + + 16,75 45 0,045 820
9 -1,215 0 0 14,424 3 0,03 680
10 +1,215 0 0 16,976 3 0,03 720
11 0 -1,215 0 15,7 1,8925 0,035 699
12 0 +1.215 0 15,7 3,1 0,035 740
13 0 0 -1,215 15,7 3 0,012 730
14 0 0 +1.215 15.7 3 0,048 735
15 0 0 0 15,7 3 0,03 690
E=37108- 341, - 159V, - 13999 +7,9V,V, + 7936V, t +9,7V,? +83V72 +36444> (18)
tabl.5
Points of 7 2 - =\ 2
the planv Xa X2 X3 Yv S\/ \Evz (Yv - \%)
1 710 700 750 720 700 722 4
2 680 730 690 700 700 695 25
3 790 725 735 750 1677 738 144
4 730 750 800 760 1300 760 0
5 720 760 710 730 700 717 169
6 710 720 790 740 975 739 1
7 715 780 725 740 1900 733 49
8 865 795 800 820 1525 805 225
9 720 670 650 680 1300 703 529
10 695 760 705 720 1225 731 121
11 679 683 735 699 976 671 784
12 710 780 730 740 1300 754 196
13 760 710 720 730 700 702 784
14 715 720 770 735 925 726 81
15 680 720 670 690 700 702 144
L 2
10954 a SV 10898 a —3256
=16603

16
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New design tabl.6

Vi X1 Xz x3 X1 Xz X3 tn
1 - - - 12,89 15 0,015 515
2 + - - 16,75 15 0,015 510
3 - + - 14,65 4,5 0,0155 545
4 + + - 16.75 4,5 0.015 565
5 - - + 14.65 15 0.045 520
6 + - + 16.75 15 0.045 545
7 - + + 14.65 4,5 0.0455 535
8 + + + 16,75 4,5 0,045 625
9 -1,215 0 0 14,424 3 0,03 470
10 +1,215 0 0 16,976 3 0,03 525
11 0 -1,215 0 15,7 1,8925 0,035 495
12 0 +1.215 0 15,7 3,1 0,035 545
13 0 0 -1,215 15,7 3 0,012 540
14 0 0 +1.215 15.7 3 0,048 530
15 0 0 0 15,7 3 0,03 495

Y= 4608- 4891V, - 1502V, - 36862t +7.V,V, + 7936V, +14,69v2 +86V2 + 255582 (19)

tabl.7 _ _
hepar | i Y, Y, Y, S £ | (%-¥)
1 505 540 500 515 450 522 49
2 560 490 480 510 1900 510 0
3 525 530 580 545 924 540 25
4 550 600 545 565 924 573 64
5 565 490 505 520 1575 506 196
6 515 525 595 545 1900 546 1
7 515 520 570 535 925 530 25
8 655 600 620 625 775 615 100
9 450 510 450 470 1200 503 1089
10 505 500 570 525 1525 547 484
11 525 480 480 495 675 504 81
12 535 580 520 545 975 558 169
13 520 510 590 540 1700 502 1444
14 570 515 505 530 1225 518 144
15 475 540 470 495 1525 502 441
7960 18148 7976 4312

On the basis of the conducted pilot researaresrthogonal planning of the second order graphic dependences mf a co
tact temperature on grinding mode elements, in particular from the speed of cutting (fig. 4.a), feed per revolutioteof a circ
(fig. 4.b) and depth of cutting on one pass have beestie@wted. The analysis of the received graphic dependences confirms
adequacy of theoretical models about efficiency of a face grinding wheel of a new design.

17



n o ror ¢ s 7 For o cJ’rn\

S 4¢2018

325
300
275
250

225
200

——1 W H|]

+th2

175
150
125
100

P(V)st P(V)nov

155 16 165 17 175 18

V m/ dbpq

Fig. 10. Dependence of a normal component of force of cutting on cutting speed, at the processing:

1-standard circle, the 2nd circle of a new design
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Fig. 11. Dependence of a normal component of force of cutting on giving on a turn at the processing:

1- by the standard circle, the-D®y the circle of a new design
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Fig. 12. Dependence of a normal component of force of cutting on cutting depth on pass, at the processing:

1- by the standard circle, the By the circle of a new design
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The analysis ofhe received models and graphical dependencies shows that initial technological prerequisites of the mode
parameters influence of the grinding and intermittence of the working surface of the grinding wheel on the contact temper
tures of the grinding pross have found the experimental confirmation. Follows from these dependences that at the
corresponding selection of a rational combination of the elements of the grinding mode decrease in temperature impact on the
processed surface can achieve. When gripaith application of the new designed grinding wheel, in comparison with a
standard circle, the contact temperature considerably (up to 30%) decreases. The high efficiency of a new designed grinding
wheel is explained by the fact that the removed matiayalr evenly is distributed between working grains of a surface of a
ledge, outlined on an Archimedean spiral. The received empirical models of process of grinding allow to establish the high
efficiency of the new designed grinding wheel and to definatiarral combination of the grinding mode elements for the
identification of the basic conditions of their introduction.

Conclusion.

1. Generalizing results of the conducted researches it is established that at the mechanisms of face grindingiprocess co
cealing the sufficient potential opportunities disclosing their physical essence and regularities of formation that ifléstpossi
find the necessary desigachnology solutions promoting increase in efficiency of the grinding process.

2. The new desigof a face grinding wheel with the faltering cutting and sgarkparts of a continuous working surface,
with transition from hollows to ledges on an Archimedean spiral is developed. The characteristic of an Archimedean spiral is
the sum of two uniform mains- forward as a result of longitudinal feed of a detail and a grinding wheel, rotary by means of
rotary motion, and practically provides constancy of an angle of attack of the grains located on all its length. Theeeffered
sign of a face grinding whebas been protected in the State Committee on Standardization of Metrology and the Patent of
maintaining and the patent of the same name at No. 0183 is taken out.

3. It is established that creation of intermittence in cuttitige frontal zone with traiitton from a ledge to the hollow on
an Archimedean spiral and performance continuous can raise theosparért of a working surface of a face grinding wheel
considerably efficiency of process of grinding, way:

- decrease in temperature impact on thepssed surface;

- decrease in roughness of a polished surface;

- rather uniform distribution of an allowance for a ledge between the cutting abrasive grains.

- decrease shock impact on the processed surface and by that reduction of vibrations of trechidddical system.

4. The technique of parametrization of a new design of a grinding wheel is developed. Analytical expression amount of a
tually working abrasive grains and regularity of their distribution on an Archimedean spiral of the cuttingsleelggvied
when grinding with a face circle of a new design;

5. By implementation of the orthogonal plan of the second order for three factors mathematical models of dependence of
roughness of a polished surface on grinding mode parameters have beesdresggpeds of grinding, speed of a detail and
depth of cutting, when grinding both standard, and a new design of a circle. The comparative analysis of graphic dependences
shows that at application of a new design of a face circle reduction of roughiegsslished surface is observed considerable
(up to 30%).
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