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Purpose. Clarification of the influence of the temperature factor on the quality of the machined surface and the calculation of
the contact area of the “workpiece-indenter” depending on the design features of the tool and the machined surface, in order to
use the results obtained when assigning processing modes.

Methodology. Experimental studies on the influence of the temperature factor on the hardening process were carried out at a
specialized facility developed at the Department of Engineering and Woodworking Technology of CNUT (Chernihiv National
University of Technology). The three-roller pneumatic device was mounted on a support of the lathe-screw machine model 1K62.
Workpieces were mounted on a special mandrel in a three-jaw chuck. The spindle speed was set using an electronic tachometer;
the pressure on the rollers was recorded by a pressure gauge. Before the rolling, the workpiece was kept in a laboratory electric
furnace, the preheat temperature was recorded by a logometer. Since the surface quality of surface plastic deformation (SPD) treat-
ment with heating depends on a large number of factors, a central second-order rotatable composite layout was used to obtain the
multifactor model. On the basis of a priori information and the results of the previous experiments, the feed (5, mm/rev), pressure
(P, H) and preheat temperature (7, °C) were taken as factors determining the process. The surface layer hardness was taken as the
initial parameter.

Findings. In the study of preheating SPD, the influence of the temperature factor on the hardness of the surfaces of the work-
pieces was confirmed. Moreover, under different processing modes, this effect occurs in different ways. Probably, this is due to the
addition of thermal energy, which is due to the deformation of the surface layer and the heat supplied from the outside. For the
investigated steels it is determined that within the limits of 300— 450 °C under the modes used during rolling-in V= 30—70 m/min;
§=0.2—0.4 mm/rev; P=300—2000 N the temperature has a positive effect on the hardness of the rolled-in surface.

Originality. The obtained dependence of the contact area of the indenter-workpiece, depending on the geometrical parameters
of the running surface and the tool can be used in selecting the shape and size of the tool, depending on the specific conditions of
contact, in the design of new and improvement of existing methods and means of SPD.

Practical value. Using modern software and calculations according to the formulas above, we can predict the quality when
machining curvilinear surfaces with variable radius of curvature. And since the specific pressure required for the plastic deforma-
tion process to be known depends on the contact area and the force applied to the indenter, it is possible to adjust the reinforcement
process by varying the force applied to the indenter depending on the changing contact area.

Keywords: hardening, surface layer, temperature, pressure, hardness, contact area, indenter

Introduction. Surface plastic deformation (SPD) treat-
ment methods have been sufficiently studied to date. Plastic
deformation is the displacement of groups of atoms relative to
each other. This moves parts of the crystal along one or more
crystallographic planes at a distance greater than the distance
between atoms 1000 times.

The plasticity of metals and alloys depends on the nature
of the stress state. The closer it is to the state of volumetric
(hydrostatic) compression, the more plastic under the same
conditions it features. This is explained by the fact that volu-
metric compression complicates inter-crystalline deforma-
tion, which contributes to fracture.

The choice of treatment modes is based on the require-
ments made to the detail taking into account such factors as
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the physical and mechanical properties of the material being
processed, the nature of the pre-treatment and others.

It is known that the treatment modes affect the quality of
the treated surface (depth and degree of slander, macro- and
micro-irregularities, the nature of the distribution of internal
stresses), while due to deformation, heat energy is released [1].

The development of modern mechanical engineering re-
quires the use of materials with high specific strength, includ-
ing high-strength steels with a martensitic structure. However,
under cyclic and dynamic loads, these materials are character-
ized by reduced operational stability. It is not possible to pro-
vide a combination of high rates of static, dynamic and fatigue
strength by conventional methods due to low resistance to
brittle fracture and high sensitivity to stress concentration. In
this case, the use of combined methods for strengthening is
promising.
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As a result of strengthening SPD, it is possible to use high-
strength steels with a martensitic structure for parts with a high
concentration of stresses subjected to considerable cyclic loa-
ding. In the efficiency of increasing the fatigue strength in the
presence of sources of stress concentration, the SPD in most
cases exceeds other types of deformation and chemical-ther-
mal strengthening [2]. With optimal SPD modes, the durabil-
ity of parts at overloads is increased by tens of times, and the
endurance limit is 1.5—3 times [3]. In this case, the SPD is
more stable and less dependent on the type (form) of struc-
tural stress concentrators compared to other types of strength-
ening [4].

Literature review. Existing studies have shown that the
strengthening of rolling in the heated state compared with roll-
ing at room temperature leads to an additional increase in fa-
tigue strength by 7—22 % [5]. The optimum temperature is in
the region of pre-crystallization temperatures. In the study on
the effect of preheating temperature on the hardness of the
surface layer of the workpiece after rolling, there was found an
increase in surface hardness by 10—12 % compared with cold
rolling.

This phenomenon is at the heart of the method for rein-
forcing heated parts [6]. The normal (room) temperature at
which the workpiece surfaces are carried out in production
conditions is not optimal in terms of the reinforcing effect.
Therefore, the current limit for improving the qualitative char-
acteristics of the surfaces of parts can be significantly increased
by applying optimal temperature regimes.

Thus, according to scientific research, we see that surface
plastic deformation in combination with other methods for
strengthening provides a variety of characteristics of the
strength of the workpiece [7]. Thus, the SPD with chemical-
thermal treatment increases both fatigue and contact strength
[8]; electroplated SPD provides increased corrosion resistance
and wear resistance without reducing cyclic strength; SPD
with isothermal hardening creates a favorable combination of
properties, viscosity, plasticity and fatigue strength [9]; high-
temperature thermomechanical machining (HTM) SPD in-
creases cyclic load resistance and fracture toughness [10].

Unsolved aspects of the problem. To apply the SPD with
heating in production, it is necessary to conduct the whole
range of studies on thermal and force effects on the perfor-
mance of machine parts, to identify optimal processing modes
at different ways of processing and types of instrument, to de-
fine dependence of contact patch on the shape of the indenter,
thermal management in the area of treatment.

Purpose. Clarification of the influence of the temperature
factor on the quality of the machined surface and the calcula-
tion of the contact area of the “workpiece-indenter” depend-
ing on the design features of the tool and the machined sur-
face, in order to use the results obtained while assigning pro-
cessing modes.

Results. As workpieces, cylindrical samples were used with
a diameter of 30 mm and a length of 60 mm, made of wide-
spread in the engineering of steel 34Cr4 and C55 (DIN).

Experimental studies of the influence of the temperature
factor on the hardening process were carried out at a special-
ized facility developed at the Department of Engineering and
Woodworking Technology of Chernihiv National University
of Technology. The three-roller pneumatic device was mount-
ed on a support of the lathe-screw machine model 1K62.
Workpieces were mounted on a special mandrel in a three-jaw
chuck. The spindle speed was set using an electronic tachom-
eter; the pressure on the rollers was recorded by a pressure
gauge. Before the rolling-in, the workpiece was kept in a labo-
ratory electric furnace, the preheat temperature was recorded
by a logometer.

Since the surface quality when processed with the SPD
heated depends on many factors, central planning rotatable
composite of the second order was used for the multifactor
model. On the basis of a priori information and the results of

the previous experiments, the feed (S, mm/rev), pressure (P,
H) and preheat temperature (7, °C) were taken as determining
the process. The levels and intervals of variation of the factors
are presented in Table 1. The hardness of the surface layer was
taken as the initial parameter.

Before processing the SPD, the samples were heated in a
laboratory electric furnace and maintained at a predetermined
temperature for 10—30 min in order to stabilize the tempera-
ture at the intersection of the sample. At each point in the fac-
tor space, three experiments were randomized over time. After
the SPD was processed and the samples were cooled to room
temperature, a hardness measurement of at least five points on
the surface was carried out. The average result of these mea-
surements was taken as the output of this experience. The ma-
trix and the results of the experiment are presented in Table 2.

As a result of the experiment plan, the mathematical de-
pendence of the surface hardness on the feed, pressure, and
preheat temperature was obtained. Statistical verification of
the adequacy of the model was carried out by the known meth-
od. The calculations were performed on a PC.

To study the response surface, a graphical interpretation of
the obtained dependencies was performed by the method of
sections. The results are presented in Figs. 1—3.

Determining the contact area of the workpiece-indenter.
The processing of workpieces by surface plastic deformation
with preheating at different processing modes leads to a change
in surface hardness. The obtained mathematical dependence
of the surface hardness on the basic parameters of the process
(P, T, S), allows establishing the degree of influence of each of
the factors on the initial parameter of the process. It is estab-
lished that the effect of the parameters is different depending
on the material being processed.

Consider the example of the response surface equation ob-
tained for steel 34Cr4: HRC = 20.1922 + 0.009176T +
+ 1.81709P + 10.8559S5 — 0.0444T7P — 4T2 — 0.20368TS —
—0.0148P2 + 0.55549PS — 6.7110552; it is seen that the most
significant factor influencing the increase in the hardness of
the treated surface is the feed S, this is because the studied in-
terval of variation of the factors of increase in the feed leads to
a violation of the nature of the contact of the indenter with the
workpiece: increased slippage of the indenter replaces the pro-
cess of rolling in the process of close-up. This fact testifies to
the imperfection of the running device used. It was found that
with increasing pressure, the hardness increases at the feed
rate §'=0.2 mm/rev for 34Cr4 steel. The intensity of hardening
is higher than at § > 0.2 mm/rev, which is explained by more
frequent influence of the deforming element on the surface,
with the increase in preheating, the surface hardness increases
(Fig. 3).

At a temperature of 7= 20—250 °C with increasing pres-
sure for C55 steel, an increase in hardness is also observed,
except for a temperature of 7= 500 °C. The latter can be ex-
plained by the decrease in strength due to the total effect of
heat supplied from the outside and heat released by force.

Table 1
Levels and intervals of factors variation

Name Factors
the level intervals of factors
. X X X variation
of variation (T,°C) | (P, H) | (S, mm/rev)

Sidereal 47.7 318 0.266
shoulder (—a)
Lower 150 1000 0.30 AX,=150°C
Zero 300 2000 0.35 AX, =500 H
Upper 450 3000 0.40 AX;=0.05 mm/rev
Sidereal 552.5 | 3682 0.434
shoulder (+a)
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Planning matrix and experiment results

Table 2

Factors Initial parameters
Experiment X _, —,
X X, X, O (O S (I I 7 vi | vy | owo| T

1 +1 -1 -1 +1 25 26 24 25 28 30.5 30 29.5
2 +1 -1 +1 +1 27 26 26 26.3 34.5 34 335 34

3 +1 +1 -1 +1 25.5 25 24.5 25 32 32 32.5 32.2
4 +1 +1 +1 +1 25.5 24.5 24 24.7 335 32 32 325
5 +1 -1 -1 -1 28.5 25.5 24.5 26.2 36.5 35.5 36 36

6 +1 -1 +1 -1 24.5 26 24.5 24.7 335 34 35 34.2
7 +1 +1 1 -1 27.5 24 25.5 26.3 34.5 25 31.5 30.3
8 +1 +1 +1 -1 23 25 235 23.8 34.5 34 31.5 333
9 +1 -1.682 0 0 29 28 30 29 33.5 36 31.5 33.7
10 +1 +1.682 0 0 24.5 25.5 235 24.5 32 335 34 33.2
11 +1 0 —1.682 0 25.5 24.5 25.5 25.2 36.5 34.5 34 35

12 +1 0 +1.682 0 23 25 25.5 24.5 29 29 31 29.7
13 +1 0 0 —-1.682 24 24.5 23.5 24 34.5 31 35 335
14 +1 0 0 +1.682 23.5 25 24 24.2 33.5 34 35 34.2
15 +1 0 0 0 24 26.5 26.5 25.7 34 38.5 35 35.8
16 +1 0 0 0 215 22 21.5 21.2 33 32.5 30 31.8
17 +1 0 0 0 21.5 21.5 22 21.2 34 33 32.5 33.2
18 +1 0 0 0 26.5 24 25.5 25 33.5 33 335 32.2
19 +1 0 0 0 25 26 25.5 25.5 33 32.5 31 32.2
20 +1 0 0 0 24.5 25.5 23 24.3 34 34 30.5 32.8

22
0

Fig. 1. Effect of additional heating before rolling on the hardness of the running surface:

a—atP=580N;b—at P=1730N; 1, 2, 3, 4 — for steel 34Crd when feeding S = 0.2; 0.4; 0.6; 0.8; mm/rev respectively; 5, 6, 7, 8 is the same for
C55 steel

40,

Fig. 2. Effect of feed on the hardness of the running surface:

a—atP=580N;b—at P=1730N; 1, 2, 3, 4— for 34Cr4 steel at temperatures T = 50; 200; 350, 500 °C, respectively; 5, 6, 7, 8 are the same for
C55 steel
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Fig. 3. Effect of pressure on the hardness of the running surface:

3 3 3
970 1,36x101,75x10 2,14x10
P.N

b

190 580

a —when S = 0.2mm/rev; b — when S = 0.6 mm/rev; 1, 2, 3 — for 34Cr4 steel at temperatures T = 50; 250; 500 °C, respectively; 4, 5, 6 are the

same for C55 steel

Output of the formula for calculating the contact area of a
tool part.

The existing types of indenters are characterized by the fol-
lowing basic geometric parameters (Fig. 4): R, — indenter ra-
dius, mm; R, — profile radius, mm.

When realizing the methods of rolling by a sphere, R, =
= R,=3-25 mm are most often used; by a roller — R;# R,; R;=
= 10—100 mm; R, = 3—25 mm; by a plate — R; = oo; R, =
=3—25 mm; when rigging a ring, depending on the diameter of
the part, there can be used R; < 0; R, = 40—200 mm. These
types of tools are given to one type — torus. Then the general
scheme of the process can be represented by rolling out the
external cylindrical surfaces with the radius of the part R,, > 0,
the plane surfaces R,, = «, the inner cylindrical surfaces R,, < 0.

Consequently, the sum is reduced to determining the con-
tact area of two figures (Fig. 4).

The equation of the part’s surface is the following

(x-a) +° =R} (1)
a=00,=R,+R,—z, ()

where z; is the depth of penetration of the indenter into the
surface of the part, mm.

To compile the equation of the indenter surface, which is
the body of rotation, it is necessary to know the radius of rota-
tion at an arbitrary point of the surface. But as there is a profile
radius R, the radius of the rotation of the generator will de-
pend on the coordinate (Fig. 5). Choose an arbitrary point F
on the axis OZ, which lies between points O and F, which have
Z coordinates z =0 and z = R, respectively. Then, owing to the
fact that ED' = OD= 00, + O,D = R;— R, + O,D from the rect-
angular triangle O,DD,, we find O,D

0D=\0,D>-DD"? = [R} -2,
and
ED'=R,—R,+\|R2-2*. ©)

Knowing the radius of rotation of the points of the gener-
ating indenter, depending on the coordinate Z, we can write
the equation of the indenter surface

2
x2+y2:(R3—Rp+‘/R§—zz) . 4)

To determine the boundaries of the change, we find the
coordinates of point C (Figs. 4, 5) from the rectangular trian-

gle
AC=J0C?~04* =\|R2~(R,-3,)". )

We find the limits of the change in x as a function of z. x
varies within the limits of the curve of the intersection of the
indenter surfaces at y = 0. It is necessary to solve the system for
determining the intersection curve of two surfaces, which con-
sists of the indenter surface equation (4) and the surface equa-
tion of the part (1), that is, the system of equations (6)

x2+y2:(RJ—Rp+JR§—zz)2
(x—a)zzR‘%—y2

From the second equation of system (6), we find

Y(x-a) =R2~(x-a)".

(6)

W

Fig. 4. General calculation scheme:

1 — indenter; 2 — processing part

- 4
£ h”
vl
0 UI[AHX
|

-

Fig. 5. Graphical interpretation of the indenter working surface
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Substituting the obtained expression in the first equation
of the system (6) and having solved it relatively to x, we obtain
the lower bound of the change x

2

@ +(R,— R +R -2 ) R,
2a '

From equation (4) for y =0, we find the upper limit of the

change
x=R—R,+ R -2 8)

If a smooth unequivocal surface is given by the equation
y =f(x), then the surface area is expressed by the formula

xX=

(M

4(2R,~7)
S=4 j dz

2a
To simplify the presentation we will designate

c(z)=R-R,+|R-2*, (11)
and after having integrated on x, then replacing 7= c¢(z), we will
obtain

R,
S=4Rp I ! - X
R“Z, \/le—(t+Rp—RI.)

Jr—(a=R) o) - |

1.
2at

(12)

x arcsin

In order to show that it is not possible to obtain an analytic
expression for the exact calculation of the contact area, we will
show that the integral in formula (12) is not taken in elemen-
tary functions. For this, we introduce a simplification in the
expression (12), that is, we suppose that the processing is car-
ried out by a sphere R; = R,. Then formula (12) can be repre-
sented as follows
L Iy ey

I —+arcsin————"|dz. (13)

0

2 2a,/R?-7?

Consider an indefinite integral

S=4R

i

RI_2_R?
Ry (14)

+
2a,/R*-7*

Integrating in parts, we find

2, p2_,2_p2
a+R —z°—
M+I

, (15)
afRP-z2

1= I arcsin

I = zarcsin

where
, _J‘ zz(az—Ré—Ri2+Z2) p 6
- _ 2_ 2 2. (g — 2y_ 2 “ )
(a=R,) ~R2+22 (R ~(a-R))~z
As Rl?—(a—Rw)zz —(R,-—Zl)2>0 we will make a re-
placement

i (17)

Then after the corresponding simplifications, formula (16)
will be the following

S= H 1+[ j [azj dxdz, )

where D is projection of this surface onto the XOZ area.

As this surface is symmetric respectively to the coordinate
areas XOZ and XOY, it is sufficient to find the area of the sur-
face located in a certain octant, limited on z by area XOY and
by point C, and on x — by curves, given by the equations (7)
and (8). Because the wanted surface belongs to the surface of
the instrument, the solution of the equation of the tool surface
(4) is relative to y, and substituting the expression in (9) we
found

RR, [ R2=2? Rp(Ri—Rp+1/Rz—zz)
I ———dx. (10)
o Ro(R-R, R

2
0 a%(R,.—RﬁW) -

; :j.zl(2R -2 )(1-2)(2R, (R -2)+2 (2R -2,)1%)
2\/@«/—\/ _a(2k-a) z‘)t

dt. (18)

4R,
zl(zRi_zl) .
If we accept now k = W7 then we will get
4(2R-z) £
1 - /() dt, (19)
2Jar, N1-2 -k
where
(?)=(1-)Q2R(R,—z)) + 71(2R, — 2)P). (20)

Asf(t?) is a polynomial from £, then the integral of expres-
sion (19) is not taken in the final form. It can be represented as
the sum of elliptic integrals.

Substituting /; into formula (15), we see that integral / is
not taken in the final form. Consequently, the integral in for-
mula (13) is also not taken in the final form.

So, it has been proved that it is impossible to obtain an
analytical equation for accurate calculation of the contact
area. Therefore, it is expedient to calculate the contact area in
the formula (12) by approximate methods, without represent-
ing the contact area as the sum of elliptic integrals.

To determine the use limits of formula (12) for calculating
the contact area of the part with the indenter, we consider the
position of point C relatively to the surface of the part (Fig. 4).
As the surface of the part is limited by the radius R, the point
C may be outside of it, because the coordinate of the point C
on Z depends on the radius of the profile of the indenter R,

In this case, it is necessary to integrate on Z, taking into
account the actual dimensions of the part, that is, formula (12)
is not suitable to calculate the contact area. The second case is
not suitable for formula (12), when the width of the indenter is
such that the point C lies outside the indenter surface. In this
case, it is necessary to integrate with the actual sizes of the in-
denter. Consequently, taking into account the above cases,
formula (12) should be corrected

RZ -72
2N (o 2 \/ 2, (21)
e QR e RS () |
2ac(z)
where a is determined by the formula (2); ¢(z) — by the for-

mula (11)
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bzmin[h;‘” ,%,,/zl(zR,. —zl)], 22)

where H,, is the width of the part; H; is the width of indenter.

Ifthe indenter has a rectangular profile, that is R, = oo, then
in this case, the boundary transition can be obtained from the
formula for calculating the contact area. To do this, you have
to find the boundary of expression (21) with R, — oo, that is, in
this case

(23)

x arcsin

Consider the subintegral expression as a function of two
variables f(z, R,), it is easy to be sure that this function is con-
tinuous for arbitrary R, (due to the fact that R, > z) and there is
a continuous boundary function for it

o(c)= Jim (28,

= Riarcsin\/Ri2 —(a—RW)2 -\/(11+RW)2 —-R%.

In addition, the function f(z, R,) will be evenly bounded in
the integral 0 <z < b with R, > 2b. Indeed, because the function
of arcsine is always limited, it remains to show the limitation of

the function
c(z) B R -R, +,/le -72
\/Rﬁ—zz ) \/1_12 .
R2
P

By virtue of obvious inequalities (4 — B)> < A> — B> < (A +
+ B)? we can write

24

c(2) R-R,+R+z_R-b
\/R,f—zz - £

<2(R,+b).
"k,

P P

Therefore, the subintegral function f(z, R,) is limited for
all0<z<band R,>2b|f(z, R))| < m(R;+ b) = const and that is
why in the expression (23) we can perform a boundary transi-
tion under the integral sign, then

b [2 (2R -2 )4/ _R
S :4JRi arcsin a(28 zl;al(:Jer) 5 dz. (25)
0 i

And since the subintegral function in this case does not
depend on z, then for the tool of the rectangular profile, the
contact area is equal to

[ 2
S =4bR; arcsin \/m (a+RW) & ,  (26)
2aR;

2

The obtained dependences (21, 22, 26) can be used to
specify processing modes, to choose the shape and size of the
tool, depending on the specific contact conditions, when de-
signing new ones and improving existing methods and means
of the SPD (surface plastic deformation).

. (H, 6 H.
where b=min 7"’,*’ .

Conclusions. The influence of the temperature factor on
the hardness of the processed workpieces surfaces was con-
firmed during the study of the SPD (surface plastic deforma-
tion) with preheating. Moreover, this effect occurs in different
ways under different modes of processing. This is probably due
to the addition of thermal energy, which arises from the defor-
mation of the surface layer and the heat, supplied from the
outside. It is known that during the deformation at different
speeds, there is different heat dissipation. It means that the
very mode of rotation (speed, supply, and others) causes the
different heat dissipation in the surface layer. Thus, the metal
strength decreases when the total effect of temperature factors
exceeds the recrystallization threshold. It was not possible to
precisely determine the value of the temperature of the pre-
heating for the investigated steels, but it was noted, that within
the limits of 300—450 °C in the modes, used for rolling V =
=30—70 m/min; S = 0.2—0.4 mm/rev; P = 300—2000 H, the
influence of temperature positively affects the hardness of the
rolled surface.

The most significant factor influencing the increase in the
hardness of the treated surface is the feed .S, this is because in
the studied interval of variation of the factors of increase in the
feed leads to a violation of the nature of the contact of the in-
denter with the workpiece: increased slippage of the indenter
replaces the process of rolling in the process close to smoothing.

It is established that with increasing pressure, the hardness
increases at the feed rate S = 0.2 mm/rev for 34Cr4 steel. The
intensity of strengthening is higher than § > 0.2 mm/rev, due
to more frequent impact deforming element to the surface.

Depending on the hardness of the material being treated,
the radius of the indenter is projected. The harder the material
is, the smaller the radius of the indenter is. Thus, the contact
area of the indenter with the workpiece under certain process-
ing modes increases the condition of the surface layer of the
workpiece material.

The obtained dependence of the contact area the indenter-
workpiece, depending on the geometric parameters of the sur-
face, which is rolling up, and on the instrument, can be used
when choosing the shape and size of the tool, depending on
the specific contact conditions, when constructing new and
improving existing methods and means of SPD.

Using modern software, calculations, by the given formu-
las, will allow us to predict the quality of the processing of cur-
vilinear surfaces with a variable radius of curvature. And as the
specific pressure, which is necessary for the process of plastic
deformation, follows the known relationship to the area of
contact and the force applied to the indenter, it is possible to
adjust the strengthening process by changing the force, applied
to the indenter, depending on the area of the contact, which is
changing.
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Po3po6ka it nociiKeHHS TePMOMIACTHIHIX
METO/iB 3MIIIHEHHS JeTaJjei
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MeTta. YTOUHEHHS BIUIMBY TeMIIepaTypHOro (hakTopy Ha
SIKiCTh 00POOJIEHOT MOBEPXHI 1 pO3paXyHOK IUIOI KOHTAKTY
«3aroToBKa — iHIEHTOP» Y 3aJI€XKHOCTI BiJl KOHCTPYKTUBHUX
0COOJIMBOCTE IHCTPYMEHTY Ta OOpOOJIOBAHOI MOBEPXHi 3
METOIO0 BUKOPUCTaHHS OTPMMAHMX PE3yJIbTaTiB IPU MPU3Ha-
YeHHI peXuMiB 00pOOKU.

Meronuka. ExcnepuMeHTaabHi JOCHTIIKEHHS BIUIMBY
TeMIepaTypHoro ¢hakTopy Ha MPOIEC 3MIITHEHHSI TIPOBOIM-
JIMCS Ha crielliali3oBaHill ycTaHOBLI, po3pobJieHiii Ha Kade-
JIpi TEXHOJIOTi MalMHOOyayBaHHS Ta AepeBooOpodku HY
«YIT» (HauioHanbHuii yHiBepcuTeT «YepHiriBcbka MmosiTex-
Hika»). TpUpoIMKOBMIT TTHEBMAaTUYHUI MTPUCTPiii BCTAHOB-
JIIOBaBCSl Ha CYMOPTi TOKApHO-TBUHTOPIZHOIO BepcTaTa Mo-
neni 1K62. O6po06.oBaHi 3aroTOBKM BCTAHOBJIIOBAIKMCS Ha
crieliaibHii OMpaBlli y TPUKYJIauKOBOMY MaTpoHi. YacroTa
0o0epTaHHsI ILITMUHIENS BCTAHOBTIOBAJIACS 32 TOTIOMOTOIO
€JIEKTPOHHOTO TaXOMETpPa, TUCK Ha POJIMKU PEECTPYBABCS 3a
maHoMeTpoM. [lepen o6KaTyBaHHSIM 3aTOTOBKM BUTPUMYBa-
J1cs B JabOpaTOpHiil efnekTporieyi, TemriepaTypa mnornepe-
JIHBOTO MiAIrpiBy peecTpyBaacs JoromeTpoMm. Taxk sk sIKiCTb
MOBEPXHi Mpu 0O0poOIi MOBEPXHEBUM TUIACTUYHUM Jedop-
myBaHHsM (ITI11) 3 mimirpiBom 3a1eXXUThb Bil BEIMKOI KiJib-
KOCTi (hakTOpiB, TO U1l OTpPUMaHHS 6aratohakTopHOi Moei
3aCTOCOBYBAJIOCS LIEHTPAIbHE POTOTA0EIbHE KOMITO3UIIiiTHE
TJIaHYBaHHS Opyroro nopsaky. Ha migcrasi anpiopHoi iH-
dopMallii i1 pe3yJbTaTiB MONEPeaHiX EKCIIEPUMEHTIB B SIKOC-
Ti YUHHUKIB, 110 BU3HAYalOTh Mpolec, OyJIU TPUINHSITI 1MO-
nava (S, Mmm/00), Tuck (P, H) i reMneparypa mornepenHboro
ninirpiBy (7, °C). B sikocTi BuxinHoro napamerpa Oyja npu-
MHsITa TBEPAICTh MOBEPXHEBOTO WIAPY.

Pesynbraru. [Tpu nocnimxkenni [T/ i3 monepenHim mimi-
rpiBOM IiATBEPIXKEHO BIUIUB TEMIIEPATypHOTO (hakTopa Ha
TBEPAICTb TOBEPXOHb 00pOOJIeHUX 3aroToBOK. [Ipruomy, 3a
pi3HUX pPEeXUMIB OOpOOKM 1ieii BIUIMB BiIOYBA€ThCS I10-
pizHOMY. BiporinHo, 1ie BinOyBa€eTbcs MO MPUYMHI TOIaBaH-
HSI TEIJIOBOI €Heprii, 1110 BUHUKAE 3a paXyHOK pPoOOTH Jie-

(opMyBaHHS TOBEPXHEBOTO IIAPY i TEIUIa, SIKE MiABOIUTHCS
330BHi. 1151 OCaiaXKyBaHUX CTajeid BU3HAYEHO, 1110 B MeXax
300—450 °C mpu pexumax, siki 3aCTOCOBYIOThCSI ITPU 00KATy-
BaHHi V' =30-70 m/xB; §=0,2—0,4 mm/00; P =300—2000 H
TeMIlepaTtypa MO3UTUBHO BIUIMBA€ HA TBEPIICTh OOKAaTaHOI
MMOBEPXHi.

Haykosa HoBu3Ha. OTpuMaHa 3aJ1eXXHICTh TUIOLIi KOHTaK-
Ty «iHIEHTOP — 3arOTOBKa», Y 3aJI€XKHOCTI BiJl FeOMETPUYHUX
MapaMeTpiB TMOBEPXHi, 110 OOKATyeTbCs, Ta iHCTPYMEHTY
MOXe OyTH BUKOpPUCTaHA MpY BMOOPi (hopMHU i1 po3MipiB iH-
CTPYMEHTY B 3aJIEKHOCTI BiJl KOHKPDETHUX YMOB KOHTaKTYy-
BaHHSI, TIPY KOHCTPYIOBAaHHI HOBUX i BIOCKOHAJIEHHI HasiB-
HUX MeToxiB i 3aco6iB ITITJI.

IIpakTiyna 3HauMmicTh. BUKoOprcTOBYIOUM CyyacHe Mpo-
rpaMHe 3a0e3MeUeHHsT i pO3paxyHKHM 3a IPUBEACHUMM (Hop-
MyJIaMU, MOXKJIMBO TPOrHO3YBaTH SIKIiCTb IMPU 00pOOLIi Kpur-
BOJIiHIITHUX TOBEPXOHB 31 BMiHHUM paliiycoM KpUBU3HU. Tak
K MUTOMMI TUCK, HEOOXiTHUI ST MPOTIKAHHS TMPOLECY
IJIACTUYHOTO AehOpMYBaHHS, 3HAXOAUTHCS y BimoMiil 3a-
JIEXKHOCTI BiJl IJTOLI KOHTAKTY i CUJIU, 1110 TPUKJIAAAETHCS 10
iHIEHTOpa, TO MOXHA PEryJIoBaTH IMPOIEeC 3MIIIHEHHS 3Mi-
HIOIOYM CUJTY, SIKY IPUKJIAAAI0Th 10 iHIEHTOPA, Y 3aJ1eXKHOCTI
BiJl TLJTOIi KOHTAKTY, 110 3MiHIOETHCS.

KunrouoBi cioBa: 3miynenns, nogepxuesuil wap, memnepa-
mypa, muck, meepoicmo, NAOWA KOHMAKMY, IHOeHMOp
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Iens. YTOuHEHUE BAUSHUSI TeMITepaTypHOTO (haKTopa
Ha KayecTBO 00pabOTaHHOI MOBEPXHOCTU M pacyeT IJIola-
I KOHTAKTa «3aroTOBKa — WHIEHTOP» B 3aBUCHUMOCTU OT
KOHCTPYKTHUBHBIX OCOOEHHOCTEN MHCTPYMEHTa U 00padaThi-
BaeMOI1 MOBEPXHOCTH C 11eJIbI0 UCTIOJIb30BAHUS MOJYYEHHBIX
pe3yJabTaTOB IIPpU Ha3HAYEHUU PEXKMMOB 00PabOTKU.

Metoauka. DKCIIepUMEHTAIbHBIE UCCISTOBAHUST BIIUSI-
HMSI TeMIlepaTypHOro (akropa Ha TPOLECC YMPOYHEHUs
TPOBOAWJINCH HA CITEIMATM3UPOBAHHON YCTaHOBKE, pa3pa-
0oTaHHOI Ha Kadeape TeXHOJIOTUI MAIIMHOCTPOCHUS U Jie-
peBoobpadbotku HY «UIl» (HauumoHaibHBIN YHUBEPCUTET
«YepHuUrosckasi MoJIUTeXHUKa»). TpexpoauKoBoe IMHEBMa-
TUYEeCKOe YCTPOICTBO YCTAHABIUBAJIOCH Ha CYIIIOPTE TOKAp-
HO-BUHTOpe3HOro craHka monenu 1K62. O6pabaTsiBaeMbie
3arOTOBKM YCTaHABIWBAJIUCH Ha CIENUATHHOI OMpaBKe B
TPEeXKyJ1ayKoBOM MaTpoHe. YacToTa BpalleHUs IIMUHAES
yCTaHABIMBAJIACH C TIOMOIIBIO JIEKTPOHHOTO TaxOMeTpa,
NaBJIeHUe Ha POJMKU PEruCTPUPOBAIOCH MO MAHOMETDY.
[Mepen 06KaTKOI1 3aTOTOBKY BBIIEPXKUBATUCH B TaOOpaTOp-
HOW 3JIEKTPOIEYH, TeMIleparypa MpeIBapuTeIbHOro Moao-
rpeBa PerucTpUpOBaach JOTOMETPOM. TaK Kak KayecTBO
MOBEPXHOCTU MPU OOPAOOTKE MOBEPXHOCTHBIM IIacTUYE-
ckuM nedopmupoBanueM (ITI1/1) ¢ momorpeBoM 3aBUCHUT OT
00J1bI1I0r0 KoyecTBa (haKTOPOB, TO AJIS MOTYYEHUSI MHOTO-
(akTopHOIT MOmENTM TPUMEHSIIOCH IEHTPATbHOE POTOTA-
0eJbHOE KOMITO3UIIMOHHOE TUIAHUPOBAaHKWE BTOPOTO MOPSIA-
ka. Ha ocHoBaHMu anpropHo#t nHMOpMAIuy 1 pe3yIbTaToB
MPEIBITYIINX SKCIIEPUMEHTOB B KauecTBe (DaKTOPOB, OIpe-
NEJSIONMX Tpoliece, ObLIM MPUHATHL Togava (S, MM /00),
nasnenue (P, H) u Temrneparypa npeaBapuTebHOTO MOJI0-
rpesa (7, °C). B kauecTBe MCXOMHOTO MMapaMeTpa Obl1a MpH-
HSITa TBEPAOCTb MOBEPXHOCTHOTO CJIOST.

Pesyabratsl. [1pu uccnenoBanuu I111/1 ¢ npenBaputenb-
HBIM TTOIOTPEBOM TOATBEPKICHO BIMSHUE TEeMITepaTypHOTO
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(akTOpa Ha TBEPAOCTh IMOBEPXHOCTEH 00pabOTAaHHBIX 3aro-
TOBOK. [lpnueM, npu pasinyHbIX pexumax oOpabOTKU 3TO
BJIIMSTHUE TIPOMCXOIUT IMO-pa3HOMy. BeposTHO, 3T0 Tipouc-
XOJUT M3-3a 100aBJIEHUS TETJIOBOIM SHEPTUU, BO3HUKAIOIIEH
3a cyeT paboThl 1ehOpMUPOBAHUSI TTOBEPXHOCTHOTO CJIOSI U
Teria, KOTOpoe MOIBOAUTCS U3BHe. [71s1 ucciaemyeMbIX cTa-
Jieit onpenesieHo, uto B nipeaesax 300—450 °C npu pexumax,
NpUMeHsieMbIX npu obkatke V = 30—70 m/muHn; S = 0,2—
0,4 mm/06; P = 300—2000 H Ttemneparypa MOJOXHUTEILHO
BJIMSIET HA TBEPIOCTh OOKATAHHOI TTOBEPXHOCTH.

Hayunasa HoBusHa. [TosyyeHHast 3aBUCHMOCTD TIIOIAIN
KOHTaKTa «MHIEHTOP — 3arOTOBKa», B 3aBUCMMOCTH OT I'€0-
METPUYECKUX TTapaMeTPOB IMTOBEPXHOCTH OOKATKU U MHCTPY-
MEHTa, MOXET ObITh MCIOJIb30BaHa IMpU BbIOOpe (OPMbI U
pa3MepoB MHCTPYMEHTA B 3aBUCUMOCTU OT KOHKPETHBIX YC-
JIOBUI KOHTaKTa, NMpU KOHCTPYUPOBAHUM HOBBIX U COBEp-
1IEHCTBOBAaHUU UMeloIuxcs MmetonoB U cpeacts TTT1/1.

IIpakTiyeckas 3HauuMocCTb. Mcronb3ys coOBpeMeHHOE
[IPOrpaMMHOE OOECIIeYeHNE ¥ PACYETHI 110 IPUBEIEHHBIM
¢dopMyiaM, BO3MOXKHO ITPOrHO3MPOBATh KAUueCTBO MpU 00pa-
0OTKE KPUBOJIMHEWHBIX TTOBEPXHOCTEH ¢ IIEpEeMEHHBIM paiy-
yCOM KpUBU3HBI. M Tak Kak yaeslbHOe naBjlieHKre, HeOOX0a-
Moe TSI TIPOTeKaHUs TIpoliecca MIacTUIeCKOro aAehopMUpo-
BaHMsI, HAXOMUTCSI B U3BECTHOM 3aBUCUMOCTU OT ILIOINAIMN
KOHTaKTa M CWIbI, YTO IIPUKJIAALIBAETCS K MHIEHTOPY, TO
MOXHO PEeryJIMpoBaTh MPOLECC YIPOUHEHUST U3MEHSISI CUITY,
KOTOPYIO MPUKIAABIBAIOT K MHIEHTOPY, B 3aBUCUMOCTU OT
MEHSIIOIIeICs IJIOIAAN KOHTAKTa.

KioueBble ci0oBa: ynpourerue, NOGEPXHOCMHbLU CAOU,
memnepamypa, oaenexue, meepoocmv, NAOWAOb KOHMAKMA,
UHOEHMOpD
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