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Calculation of the forming tool for rib cold rolling by the enveloping method is usually complex and very time-consum-
ing. The cold rolling process is not always optimized, resulting in a poor quality of the rolled rib profile and premature
failure of the forming tool. Improvement in techniques of rib rolling on metal heat-exchange tubes is a challenging
technological task, which has defined the purpose of the present work — the study of the effect of the forming tool for
cold rolling of ribs by enveloping method on the accuracy of geometrical dimensions of ribbed surfaces. Absence of
a well-developed calculation methodology for this type of tool now adversely affects the rate of manufacturing ap-
plication of rib cold rolling processes. Since the main task when introducing the rib rolling process is to achieve the
required accuracy of the work-piece, it seems expedient to improve calculation methodologies allowing designing
a forming tool for rib cold rolling taking into account the required accuracy of geometrical dimensions of the ribbed
surfaces. The present work proposes a methodology that allows performing calculations of parameters required for
manufacturing and supervision over various rolling tools. Experimental approbation data of the outlined methodology
results are presented. Because of deformation processing without additional technological operations, the effect of
surface hardening has been achieved, and the roughness of rolled ribbed surfaces Ra was 0.8 um, which is com-
parable in quality only with finishing machining. It was demonstrated that when calculating the coordinates of profile
points, the geometry of the lead-in, as well as rolls with a screw rib, it is particularly important to determine the angle

of crush forming rolls and the y-coordinate of rolling bars as the main characteristics of the profile.
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INTRODUCTION

Improving the quality and competitiveness of a manu-
facturing range, the introduction of highly productive and
resource-saving technologies, and continuous scientific
and technological modernization with optimal use of re-
sources are important conditions for the economic de-
velopment, as shown in works [1-3]. The technological
paradigm [4] of the modern production sector is charac-
terized by increased stock utilization ratio and the aver-
age number of operations per workplace per month ac-
cording to works [5, 6]. In many respects, it is connected
with a reduction of the relative role of subtractive technol-
ogies of materials processing by cutting due to the devel-
opment of additive and hybrid technologies of geometry
generation as well as methods of non-cutting shaping,
as is proven in papers [7-9]. The use of plastic defor-
mation methods reduces labor costs and the amount of
processing waste, as demonstrated in papers [10-12]. In
comparison with analogues made by cutting, products
manufactured with the use of plastic deformation meth-
ods have added mechanical characteristics of surfaces,
as is proven in publications [13-16] that is their compet-
itive advantage. Common methods of metal processing
nowadays are rolling, drawing, compression molding
and hot and cold stamping. One of the most promising
methods of plastic deformation for the formation of the
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ribbed surfaces is rolling with the help of the forming tool
in the form of heads with a radial arrangement of rolls
driven into rotation by way of simultaneous longitudinal
cold pushing of the initial workpiece [34, 35].

Possibility of the ribbed surfaces formation for heat-ex-
change devices can be achieved due to application of
radically different technologies, as is proven in paper
[17], however, the efficiency of their operation will sig-
nificantly depend on the quality of surfaces. In particular,
heat-exchange characteristics are significantly reduced
because of clogging of the ribbed surfaces in case of
their low quality, as demonstrated in publications [18-20].
The roughness of ribbed heat exchange surfaces has
a significant impact on the efficiency of their operation.
With its high productivity, the rolling technique ensures
high quality of the ribbed surface due to improving its
smoothness and simultaneous hardening, as shown in
paper [21].

Nevertheless, the industrial introduction of the cold roll-
ing method is fraught with certain difficulties. Since the
cold rolling process is not always optimized according to
papers [22-26], in practice premature destruction of the
rolling tool in case of the low accuracy of the rolled rib
profile is often observed, as is proven by the authors of
papers [27, 28]. As can be seen from the above, the im-
provement of the rib rolling forming technology on metal
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heat-exchange tubes is a challenging technological task
which has defined the purpose of the present work that
was to study the effect of the forming tool for cold rolling
of ribs by way of enveloping on the accuracy of geomet-
rical dimensions of the ribbed surfaces.

LITERATURE REVIEW

For the formation of the ribbed surfaces, various techno-
logical methods can be applied; however, the choice of
one or another technology is defined not only by design
features of a manufactured product but also by economic
feasibility and productivity. In most cases, the manufac-
turing cost of technological operations of ribbed surfac-
es forming by cold rolling method turns out to be much
lower in comparison with cutting processing, as shown
in paper [10]. The reason for this is higher productivity of
the method, a higher utilization factor of the processed
material, lower costs for depreciation of equipment and
replacement of machining tools as disclosed in work
[29]. Besides, cold plastic processing has a number of
technical advantages in comparison with other forming
methods, the main of which are low roughness and hard-
ening of the part surface (Table 1).

Under pressure, which exceeds the value of the flow
stress of the processed material as a condition shown
in paper [10], plastic deformation occurs in the materi-
al at room temperature, as demonstrated in work [13],
the result of which is not only the formation but also a
significant change in material characterization of the pro-
cessed part, as is proved in paper [15]. Rolling is accom-
panied by an intensive increase in the surface hardness
of the part and hardening of its material, as shown in
paper [16]. Wear resistance of products manufactured
by plastic deformation is 30-40 % over than of milled
ones, and strength characteristics of rolled ribs are up by
10-20 %. The change in properties of the strained mate-
rial is connected with changes in its structure, occurring
at various scale levels under the action of technological
processing conditions according to the Curie principle,
as stated in papers [30-32]. Besides the change of the

processed material properties under the action of the
smooth and practically non-deformable tool, the rough-
ness of the processed surface decreases according to
work [21]. In addition to it, an important advantage of the
rib rolling method is a high dimensional stability of the
machining tool as indicated by the authors of paper [28],
which is maintained at the level of the original one during
the whole running time of the tool.

Although the listed forming processes and changes in the
structure and properties of the material happen simulta-
neously, they have different intensity and, therefore, the
resulting cold rolling effect can be significantly different.
Depending on the required effect of processing, it is nec-
essary to choose the appropriate technological modes
for each particular pair of the forming tool and processed
product taking into account the applied equipment and
the type of the technological operation. Usually, the main
task when introducing the rib rolling process is to achieve
the required accuracy of the workpiece. Besides the ex-
perimental approach for the solution of this problem, it
is expedient to apply the calculation methodologies al-
lowing designing a forming tool for cold rolling of ribs
taking into account the required accuracy of the ribbed
surfaces. Since the accuracy is characterized not only
by the accuracy of geometric dimensions but also by the
accuracy of the shape and mutual location as well as by
roughness of surfaces, special attention has been given
to these particular parameters in the article.

METHODOLOGY

The deformation processing method is one of the most
significant factors determining the design of the machin-
ing tool. The kinematic process of rolling of the line pro-
file ribs by enveloping method is similar to the process
of rib manufacturing by slotting or milling [33]. The dif-
ference consists only in a few working motions typical
for each machining method. The basis for obtaining a
theoretically correct tool profile is the principle of mutual
enveloping of the triangular rib profile and the tool when
rolling the centrode of the triangular rib profile over the

Table 1: Comparison of methods for ribbed surfaces forming of parts

Characteristics I?owd(?r metallur_gy, Casting Mechanl_cal Cold rolling
including surfacing processing
Range of wall More than 2 More than 5 | More than 0.1 | More than 0.1
thicknesses, mm
Proportion qf théaorehcal 85-90 94-99 100 100
density, %
Proportion of theoretical 75.85 04-97 100 100 and more
strength, %
Typical part surface
More than 2 More than 3 0.4-2 0.8-1.6
roughness Ra, ym
Effective production More than 500 More than 500 | More than 1 More than 1
volume, pcs.
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centrode of the tool without sliding. The following theo-
retical provisions must be implemented for cold rolling of
ribs by enveloping method:

* Conjugated profiles must have a common contact
tangent and normal;

* The normal drawn through the contact point of the
conjugated profiles must pass through the profiling
pole, which is the tangential point of the tool and the
centrodes of the triangular rib profile.

* Depending on the nature of the working motions
during rolling, the forming tool can be classified as
follows:

» Atool with a radius of the finite quantity centrode that
performs a rotational motion during rolling (rollers,
roller heads, etc.);

* Atool with infinite radius centrode, having a straight-
line direction of the main motion (flat bars, round
cross-section bars).

The calculation methodology of the forming tool for roll-
ing of the line profile ribs presented in this paper is com-
posed of three independent stages. At the first stage, the
calculations related to the manufacturing of the rolling
tool are performed. These include:

» Initial parameters selection of the reference profile of
the triangular ribs;

»  Calculation of the pitch circle radius of the triangular
rib profile;
*  Calculation of the workpiece diameter;

*  Calculation of basic geometrical parameters of the
tool.

1. To achieve the required accuracy of the ribbed sur-
face, the calculation of the rolling tool should be
based on the reference rib profile with adjusted di-
mensions. The adjustment shall be carried out, tak-
ing into account the elastic recovery of the workpiece
metal by expression (1):

Ad,, = %ﬁdcp 1)

CcP

where Ad_ is the value of the absolute change of the
rib profile average diameter, oB is the ultimate tensile
strength of the workpiece material, E is the modulus of
elasticity of the workpiece material, dCp is the average
diameter of the rib profile.

The choice of geometrical elements of the profile (Figure 1)
is carried out according to the formulas:

dc=dm—[l+gj8=; d, =dm—(l+2]61;
e 273

d, =dzﬂ—[%+§J52

in which de is the outer average diameter of the manu-
factured product; deH is the outer average diameter of
the crush forming roll; de is the tolerance range of the
average diameter; d, is the diameter of the manufactured
product rib in its top point; d,  is the diameter of the crush

()
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forming roll in its lower point; 8, is the diameter tolerance
range in the rib top of the crush forming roll; d, is the di-
ameter of the manufactured product rib in its lower point;
d,, is the diameter of the manufactured product rib in its
lower point; d,_ is the diameter of the crush forming roll
in its top point; 9, is the diameter tolerance range in the

lower point of the rib.

After that, the constant parameter of the triangular ribs
profile e is calculated. All notations are shown graphically
in Figures 2 and 3. For straight-sided ribs, the profile pa-
rameter e corresponds to the expression (3a):

e = é (33)
2

where b is the width of the straight-sided rib. For the ribs

of the triangular profile, parameter e is found from the

expression (3b):

e =rsin E (3b)
2

in which B is the pressure angle at the top of the rib; r, is

the radius of the addendum circle along the full profile; r
is the radius of the pitch circle of the profile.

Tool wear during the rolling process and thermal defor-
mations are not taken into account in the calculation, be-
cause they are so small that practically have no impact
on the accuracy of the rolled products.

2. When calculating the minimum possible radius of the
pitch circle of the triangular rib profile, the formula
(4a) is used for the crush forming rolls and formula
(4b) is used for the rolling bars. The following no-
tations are used in the formulas: y is the pressure
angle of the triangular ribs; re is the radius of the ad-
dendum circle. These formulas define the possibility
of processing the tool profile to its full height.
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Figure 1: Tolerance range distribution
of the crush forming roll and triangular ribs profile
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2i+3
i = |12~ s siny (42)
min a.:3 +§ej (4b)
Ve o4

The radius of the pitch circle of the rib profile r is taken as
close as possible to the calculated value of the workpiece
radius in the range from r_._to re, which ensures the cor-
rect division of the workpiece by the required number of
ribs because the circular pitches of the conjugated pro-
files have the same value only on the pitch circles.

3. The preliminary calculation of the workpiece diam-
eter is carried out from the condition of equality of
areas of cross-sections of the workpiece and the
finished part and subsequently is defined more pre-
cisely on the basis of experimental data.

4. The calculation of the gearing characteristics (Fig-
ures 2 and 3) includes:

* The determination of the circular pitch t0 by the for-

Figure 2: Point coordinates plotting of the crush
forming roll profile
o

L

mula (5a), in which z is the number of rolling ribs:

_ 2w (5a)

o T _
z
*  The determination of the gearing ratio i by the for-
mula (5b), in which z_is the number of ribs on the
roll:

z (5b)

i=—

2

* The determination of the centre-to-centre distance
A by the formula (5c¢), in which R is the radius of the
pitch circle of the rolling tool:

A=R+r (5¢)

5. Basic geometrical parameters of the rolling tool (Fig-
ures 2 and 3) are calculated for the crush forming
rolls according to the following formulas:

* The number of ribs on the crush-forming roll z is
rounded to an integer value based on the approxi-
mate radius of the crush forming roll R :

4 = 2Fep (6a)

Te

* The radius of the pitch circle of the rolling tool R:
¥
ot (6b)

*  The radius of the addendum circle of the rolling tool
R :

R =4-r,

*  The radius of the dedendum circle of the rolling tool
R:

R =4-r,

* The rib height h based on the radius of the lower
point of the rib r, when rolling:

(6¢c)

(6d)

h=1 —n (6e)

Then the calculation of additional parameters necessary
for the complete control of the tool is performed, more
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specifically: 1) calculation of coordinates of profile points
(%, ¥); 2) calculation the diameter dp of the control crush
forming roll.

The curve of the working tool profile, obtained because
of profiling by the enveloping method, is complex and
therefore is usually described by equations in parametric
form. One of the following geometric elements may serve
as a parameter in the derivation of these equations: the
current rotation angle, triangular rib profile @; variable ra-
dius of the triangular rib profile p _or tool profile p.

In this case, the variable parameter for the crush forming
rolls is the current tool radius p, and for the rolling bars —
the x-coordinate. The procedure for the calculation of the
profile point coordinates is as follows.

1. For the crush forming rolls: 1) the current rotational
angle ¢ is calculated; 2) the auxiliary angle & (the
vertical contact angle when rolling by the crush form-
ing rolls) is calculated; 3) the pressure angle 6 is de-
termined; 4) coordinates x, y of the profile points are
calculated.

2. For the rolling bars: 1) the determination of the cur-
rent rotational angle @; 2) the calculation of the y-co-
ordinate of the profile.

Formulas for calculating the point coordinates of the
crush forming roll profile are derived in a rectangular co-
ordinate system associated with the roll profile (see Fig.
2) and originating at the point O,, which is the center of
the roll. By taking an arbitrary radius value p within the
range from R to R, which corresponds to some rotation-
al angle of the triangular ribs profile ¢ and the tool profile
¢, = @, equality is written from the rectangular triangle
BO,C:

0,C*=0,B*+BC*? (7)
in which each of the summands is defined by the follow-
ing expressions:

OB =R+PCsin(y+¢) @®)
O,C=PCsin(y*9)

where PC is the common normal line of the conjugate
profiles:

PC= .r'[sin(vi(p}—sin y] 9)
Substituting the found values into the equality (7) and

solving the resulting square equation for sin (yx) , we
obtain the expression (10):

. g 2 2
. siny sin y k-1
il o
( H)(2+z‘)Jr (2+i] +z‘(2+i)
in which the ratio p/R is expressed by the coefficient k.
From the same triangle BO,C let us define sin(d):

sin(y+o) (10)

(11)

The pressure angle represents the following difference:

3 ! :
sind= @ :E[sm('\{i(p) —sm y]cos(yi(p)

©=¢ 0= [(Yiq’) - Y]i—arcsin{;; [Sin(yi(p) —Siny]cos(yiq))}
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The coordinates of the profile points are determined by
the system of equations (13):

x=pcos®

y=psin®
After calculating the pressure angle 0, it is necessary
to check the overlap of the angle 8max. Because of the
wrong choice of the pitch circle radius of the crush form-
ing roll R = r/i, the pressure angle 6 may take a value
higher than the maximum permissible 8max, which may
lead to underestimating of the profile height during the
machining process. Therefore, the condition of & <®Bmax
must be followed, which, taking into account that 6max=
(Ot - 0s)/2 will take the following form (14):

8270‘_55
2

(13)

(14)

where &, is the angular pitch of the roll; & is the central
angle corresponding to the width of the space along the
arc of the pitch line.

If this condition is not met, the value of the radius R
should be increased by reducing the radius of the pitch
circle of the triangular rib profile r.

In deriving the formulas for calculating the coordinates
of the profile points (x, y) of the rolling bars, the variable
parameter is the x-coordinate of the point C, which be-
longs to the rib profile and the bar profile simultaneous-
ly, rotated relative to the initial position, shifted from the
point P by a distance PO = ro (see Figure 3). In this case,
the rectangular coordinate system O _ with the beginning
at the intersection of the bar profile with the initial line is
built so that the O, axis passes through the profile centre
of the triangular ribs and the Oy axis coincides with the
initial line of the bar.

From the triangle PCB we will obtain the expression (15):
_ X
1g(r*o)
By substituting PC from the equality (9), as well as by
transforming and moving the entire numerical expres-

sion to the left side, we can obtain a square equation
(16):

P(,'cos(yi(p) (15)

(16)

The solution of the equation (16) is the expression (17)
defining the angle ¢ as a function of the x-coordinate:

. . el
L [m] o

2 2
where k, is a variable equal to x/r.
The y-coordinate is defined by the following expression:

rsin’ (y£¢)-rsinysin(yo)-x=0

sin(y+@ (17)

y=r[(v£0)-y—(sin(y+o)-siny)cos(y+o)] (18)
(12)
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From the presented analytical dependencies, it follows
that the most important in terms of the required accuracy
of the calculation are formulas for determining the min-
imum radius of the pitch circle of the profile of the trian-
gularribs r . _and the pressure angle of the crush forming
rolls (or y-coordinates of the rolling bars).

At the third stage, the calculation of geometrical param-
eters of the lead-in of the crush forming rolls, working
according to the scheme with the axial feed of the work-
piece, is performed. The calculation reduces to deter-
mining the length of the lead-in m, and the vertex angle
a1 depending on the given values of the cone angle a.

The ribs of the crush forming rolls can have a straight-
line or curved profile, which geometry is determined
by the geometry of the cutting tool and the method of
profiling. The most expedient for economical energy
consumption in metal deformation in the process of rib
formation during rolling should be considered a profile
limited by a curve, which by nature close to the profile
curve of the calibration part of the rolls. Under this con-
dition, at the transition from the lead-in to the calibrat-
ing part, the minimum energy is spent for the secondary
metal deformation associated with the final formation of
the profile of the triangular ribs with the help of the cali-
brating part of the rolls. This profile can be obtained, for
example, by machining with a shaping cutter using the
enveloping method.

Let the process of profile cutting of the calibration and
lead-in parts be performed with a tool whose profile cor-
responds to the reference rib profile. As the cone serves
as a poloidal surface, when cutting the ribs of the lead-
in, with a constant gear ratio i and a constant angular
pitch &i the circular pitch t0 has a variable value along the
length of the lead-in t0 # t0), and the width of the space
along the arc of the pitch circle has the same values at
any point of the poloidal cone. Therefore, the circular
pitch t0 is reduced by reducing the thickness of the roll
rib. At the same time, the profile height is reduced, and
at the point C (C') the profile height is the same as the
height of its foot.

Then let us take the normal section I-1, passing through
the point A, and the section II-ll, crossing the polhode
in the point B. We will project the rib profiles obtained
in these sections onto the common plane parallel to the
two secants. The circular steps t0 and t0" will be equal to
their values taken on the elevation, and the radii of the
pitch circles in these sections, representing the distanc-
es R, and R’ from the considered points A and B to
the actual axis of rotation of the roll, will have a variable
value, which is determined by the formulas:
R , R'

RHP cos RI'[P -
The reduced gearing ratio is also different from the ac-
tual ratio (20):

(19)

coOs o

i

Ry
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The pressure angle 0 is equal to the difference of angles
(21):

0,=2(8,-3,) ©,=1(5,-3,) @
2 - 2

Knowing the pressure angle of the triangular ribs Y, the
pressure angle of the roll from 6, and 6, as well as the
reduced values of the gearing ratios irlp and i‘np, we will
find the values of radii of the addendum circles along the

full profile in these sections R, and R",.

The taper lead-in actual angle a, is determined by the
expression (22):
a, =a+p, (22)
We will find the taper lead-in projection angle B, by ex-
pression (23) from the ACA, triangle:
AA,

CA

A segment of CA is defined by the expression (24) from
the ACD triangle:

AD
sin o
The full profile height AA" in the section I—I is defined by
expression (25):
R
cosd (29)
By substituting dependencies (23)-(25) into the expres-
sion (22), we will get the dependence (26):

tan 3, = (23)

ca - (24)

AA'=R, -

2 -R
o, = o+arctg _—Rtga m

P IU—

2mr (26)

“p
We will define the length of the lead-in m, from the trian-
gle A [EK by the expression (27), and the segment BE will
be found by the formula (28):
o~ KE _R-R+a-BE

27
tgoy g @)

(cosa, +sinasinf, )

(28)

BE = BE, + E\E = BB,
Coscosu,

By substituting the value of BE from the formula (28) into

the expression (27) and identically transforming the for-

mula (27), we will determine m, by the formula (29):

(R,-R+a)cos’ acosa, — (R]'cosct -R+ a)(cosa] +sinasin b, ) (29)

m, =

sina, cos”
It should be noted that the rib profiles in normal I—I and
end llI—Ill sections have different geometrical parame-

ters. In particular, the curvature of their side surface de-
pends on the pressure angle Y of the rolling tool. The
correlation between the actual angle Y in the normal
cross-section and its projection Y, in the end section is
determined by the equality (30):
tgy, = tgycosu

(30)
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As can be seen from the above, it was demonstrated
that it is possible to change the geometry of the lead-in
profile and bring it closer to the profile geometry of the
calibration part by changing the pressure angle of the
tool making the lead-in profile.

RESULTS AND DISCUSSION

Experimental testing of the calculation results gained ac-
cording to the presented methodology was carried out.
Rolling was performed on a vertical milling machine in a
three-rolls rolling device with feed-out of the workpiece.
Test results of the rolled products demonstrated that the
un straightness of the rib profile in the normal section did
not exceed 0.008 mm and the variation in a dimension of
the rolls did not exceed 0.04 mm; the tangential pitch er-
ror was + 0.015 mm. Because of deformation processing
without additional technological operations, the effect of
surface hardening has been achieved, and the rough-
ness of the rolled ribbed surfaces Ra was 0.8 ym, which
is comparable in quality only with finishing machining.
Besides, it was found that the use of machining tools with
the pitch or gradient of working coils error leads to the
formation of surface defects such as "fold" regardless of
the contour filling degree. As well, surface defects such
as folds, layers and burrs (Figure 4) as well as defects
in the form of metal pitting and cracking may also take
place.

The main reason for the formation of defects during the
rolling process is related to the conditions of rib profiling.
Swelling of the profile takes place due to the redistribu-
tion of elementary volumes of metal, displaced by the
working coils of the forming tool. In the process of the
profile swelling, it appears that the emergence of both
symmetrical and asymmetrical deformation is possible.
The nature of the deformation depends on the way that
working windings of the rolling tool pass over the surface
of the forming rib, i.e. the windings either coincide or not.
The formation of defects at the tip of the full rib profile is
possible due to symmetrical deformation. However, the
defects in the rib profile may have a different arrange-
ment depending on the displacement value of the tool
profile in the deformation cycle. Adjustment of the rolling
machine when the butt beat tool installation also leads
to asymmetry of the metal deformation, with the conse-

Figure 4: Defects in rib rolling
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quence that the paths of the tool windings do not match
and defects take place in the form of folds, layers and
rolling laps, etc. Breaking the symmetry of metal defor-
mation during cold rolling of the ribs mainly takes place
in the following cases:

. because of the wrong displacement of the forming
tool;

* because of the poor quality of the machining tools;

* because of the complete filling of the winding profile
during rolling;

* because of the low rigidity of the rolling machine
used.

The main types of destruction of the rolling tool are irre-
versible deformations and fire cracking. Until the present
time, there has not been formed a simple and unified the-
oretical apparatus describing the influence of aggregate
factors on the destruction of the tool during its manu-
facture and operation. Nevertheless, the most important
factors that determine the durability of a forming tool can
be divided into design and operational ones. The design
factors are the geometry of the tool, chemical compo-
sition of its material, type of heat treatment, hereditary
technological features of the production of the tool itself,
etc. Operational factors include the deformation meth-
od, temperature and degree of deformation as well as
the type of lubrication. Furthermore, subjective factors
should also be mentioned, such as skills of workers and
their compliance with technological instructions, and pro-
duction culture in general. The variety of factors acting
in the process of the forming tool operation and the lack
of sufficient amount of accumulated experimental data
on the working conditions of the tool in many respects
complicate the possibility of the theoretical analysis and
development of new solutions to improve the quality of
the forming tool.

CONCLUSIONS

Manufacturing application of cold rolling of the rib pro-
files leads to the significant increase in productivity and
quantity reduction in processing waste. The present
work proposes a methodology that allows you to perform
calculations of parameters required for manufacturing
and supervision over various rolling tools. Experimental
approbation data of the outlined methodology results are
presented. It was demonstrated that determining the an-
gle of the crush forming rolls and y-coordinates of the
rolling bars as the main characteristics of the profile is of
particular importance for the calculation of the rolling tool
profile. The worked-out technological process has high
productivity, and the obtained products at low roughness
have high mechanical properties of the formed surfaces.
Because of deformation processing without additional
technological operations, the effect of surface harden-
ing has been achieved, and the roughness of the rolled
ribbed surfaces Ra was 0.8 um, which is comparable in
quality only with finishing machining.
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