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Iocmaesneni excnepumenmanvui docai-
0JceHHA N0 M00e08aHHI0 padianlbHO-poma-
uiiinoz20 npodimosanna cmanesux 0600i6 xouic
mpancnopmnux 3aco6ié pizHux munoposmi-
pie. Bcmanosaeni inmezpanvii mepudionaso-
Hi, manzenyianvhi i padianvui depopmauii. Ha
iX OCHOBI PO3PAxX08aHO pecypc NAACMUUHOC-
mi, 6U3HAUEHO HANPYIHCEHUL CMAaH, a MaxKo; C
iHmencusnocmi depopmauii i Hanpyicenv 0
pisnux diranox npodimo 06oda xoaeca. Ilpo-
6€0eH0 NOPIGHAHHA 080X ICHYIOUMUX CXeM NPo-
dimosanna

Kniouogi crosa: 06i0 xoaeca, nanpyscenns,
depopmauii, padianvio-pomauiiine npoginio-
8aHHs, MeMOO CimoK, memniem, pecypc niac-
muunocmi
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Ilocmasnenwvt sxcnepumenmanvhvle uccue-
dosanus no Mo0enuUpoBanul0 pPaouaibHo-
pPoMmMayuonno20 NPOPUAUPOBAHUL CMATILHBIX
0000be6 K0JeC MPAHCROPMHBIX Cpedcme pa3-
JUMHBLX MUNOPA3MEPOB. Yemanosaetbl unmez-
panvHble MepUOUOHATIbHBIE, MAHZEHUUANbHBLE
u paoduanvhvie depopmauuu. Ha ux ocnose
paccuuman pecypc naacmuuHocmu, onpeoe-
JleHO0 HanpsceHHoe COCmoaHue, a maxice
unmencueHocmu deopmauuil u Hanpa’NceHuu
0N PasnuuHbIX Yyuacmros npoduas 06ooa
xoneca. Ilposedeno cpaenenue osyx cywecm-
BYOWUX CXeM NPOPUAUPOBAHUS

Kntoueswvte cosa: 0600 xoneca, nanpsice-
Hus, depopmayuu, pacuanrbHoO-pomayuoHHoe
npouauposanue, memoo cemox, memniem,

pecypc naacmuunocmu
u| o

1. Introduction

The majority of the steel wheels of transportation vehic-
les consist of the disk, welded to the rim, onto which a tire
is mounted. And while the technology of manufacturing the
wheels disks by the methods of sheet stamping is explored
quite well, the questions concerning the radial rotary pro-
filing as one of the progressive methods of manufacturing the
rims, remain insufficiently examined and open [1, 2].

The quality of wheels affects not only the comfort of mo-
tion and work in a transportation vehicle, but also inertial
characteristics of automobile, fuel economy, operation re-
liability, as well as safety.

The quality of the steel rims of wheels can be increased
by improving the technologies of their production, but im-
provement in technologies is unthinkable without thorough
study of the processes and phenomena that occur in the
manufacturing cycle, in the deformation area, taking into
account the limiting factors and applying accumulated en-
gineering and scientific and technical information. The
relevance of this work is in thorough study of the field of
deformation and stresses, determining their magnitude and
direction that occur in a workpiece in all transitions of pro-
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filing the rims of wheels, detection of zones of localization of
the deformations to form technological methods on selection
of metal in the critical sections of the rim.

2. Literature review and problem statement

The complexity of experimental and theoretical analysis
of the radial rotary profiling of the rims of wheels is noted by
many authors of the studies on the discussed topic [1-4], and
for now there are no clear recommendations on determining
the main indicators of the stress-strained state with regard to
locality of the load application. Thus, the article [5] provides
qualitative characteristics in connection to the distribution
of deformations and stresses in the different sections of the
wheel’s profile but the information about the method of their
determining and the data on their quantitative assessment
are absent. In the papers [1-3], the stress-strained state was
determined by the method of tensometry, by gluing the sen-
sors on a workpiece in the tested zone. For registering indi-
cations of tensoresistors, they used expensive high-precision
equipment of the analog-to-digital type of converters and
operational amplifiers. However, this method is connected




with a large quantity of measurements and requires precise
calibration of tensoresistors and skilled researchers. The in-
terpretation of the results by some authors [1, 2] may differ
radically from that of others [3]. At the same time, practical
results of these articles are of particular nature, they can be
used for specified wheels and, therefore, the authors them-
selves expressed a wish about necessity of conducting studies
for other standard sizes.

The studies of various authors [3, 6-9] are in a larger
degree directed toward the simulation of the process of pro-
filing with the aid of applied program complexes, conducting
simulation experiments and obtaining data of numerical
calculations, which is connected to accepting specific simpli-
fications and hypotheses. Thus, in the article [3], the zones
of effects of the largest radial deformations are determined;
in the papers [6, 8], the empirical dependencies are brought
out, which establish the connection of thinning the metal to
its mechanical characteristics and geometry of the deforming
tool. The article [7] defines optimal geometric dimensions of
the workpiece for specific standard size of the rim, while [9]
provides general approaches to numerical simulation of the
processes of cold forming. But the authors of the mentioned
papers assert that it is necessary to perform physical experi-
ments for checking their results.

That is why, to examine the process of radial rotary
profiling, its intensification, it is necessary to conduct expe-
rimental studies on the models under laboratory conditions,
with the use of contemporary measuring and registering
equipment. This will increase the quality and accuracy of
obtained data and will confirm or refute the existing results.

3. The purpose and objectives of the study

The purpose of experimental studies was determining the
stress-strained state when profiling of the rims of wheels, as
well as defining the intensity of deformations, stresses and
the resource of plasticity.

To achieve this goal, the following tasks were set:

— to determine maximal total deformations in each tran-
sition of the radial-rotary profiling of the rims of wheels;

— to define the number of the transition of profiling, in
which the semifinished product is exposed to the effect of the
largest compressive radial deformations;

— to compare two schemes of profiling, based on which
to select the most rational one by the criterion of variation in
thickness;

— to prepare general recommendations on the improve-
ment and intensification of the technology of radial rotary
profiling of the rims of wheels.

4. Materials and methods of experimental studies of
the stress-strained state during profiling

The strained state was determined by the method of coor-
dinate grids on the models of the rims of wheels with the scale
factor 1:4. Standard representatives of the narrow-profile
and wide-profile rims of the wheels were examined: 4.5Ex16;
W8x16; 5.5Fx20; DW 141.x38; DW20Ax26; 9.00x22.5.

For conducting the experiments, the following simplifi-
cations were accepted:

— hypothesis on isotropism and incompressibility of
material;

— hypothesis on the uniformity of deformation within
each cell;

— the process is close to monotonic deformation and,
therefore, it is possible to use the positions of deformation
theory of plasticity;

— aworkpiece is under conditions of the flat stressed and
volumetric strained state;

— elastic deformations are the magnitudes of the higher
order of smallness compared to plastic and are not considered
in the calculations;

— strain components were conditionally accepted as
average and were related to the cell center.

Dividing grids were applied to the plane of rectangu-
lar sample by a special device that consists of the cutter,
rigid lath and the base, which was placed in the spindle of
the vertical milling machine 6R12, while the workpieces
were fixed by seizures on the coordinate table; the mecha-
nisms of positioning the machine permit error of 0.01 mm.
Then the strip was twisted into the cowling and was butt-
welded. The family of coordinate lines formed a coordinate
grid with the square cells on the surface of the workpiece.
The sizes of square cells were 3x3 mm. The workpiece
of a wheel rim with the coordinate grid, marked on it,
is shown in Fig. 1.

Fig. 1. Model of a workpiece for the wheel rim with the family
of coordinate lines

The set of workpieces for studying the stress-strained
state in each transition of the process of radial-rotary pro-
filing is shown in Fig. 2.

Fig. 2. Set of experimental samples



Processing the experimental information, obtained by
the method of coordinate grids, remains quite labor-con-
suming process, which is predetermined by a large number
of measuring operations. That is why, for processing experi-
mental data we used visualization of initial information
with the help of applied programs of three-dimensional
simulation, which made it possible to simplify measuring
the coordinates of initial and deformed grids and to partially
automate the process of computing the displacements and
deformations by the tools of utilized software. For mini-
mization of errors of measurement in the coordinate grids,
we used the program package KOMPAS 3D V13 by the
company Ascon.

Material of the models of the workpieces of the rims —
steel 1008 (08F China).

Sizes of the models of workpieces for the rims of wheels:

W8x16 —h=1.2mm, D= 100 mM, | = 68 mm;

4.5Ex16 —h=0.8mm, D=100 mm, | =46 mm;

55Fx20 —h=1mm, D =125 mm, | =54 mm;

DW14Lx38 —h=1.25mm, D=230 mm, 1 =115 mm;

DW20Ax26 — h=1.4 mm, D=145.5mm, | = 156 mm;

9.00x22.5 —h=1.75mm, D=130 mm, | =77.5 mm;
where h, D and 1 are the thickness, diameter and length of the
sample, respectively.

External (1) and internal (2) rollers for profiling the
rims of wheels of all enumerated standard sizes to the 1:4
scale were designed and manufactured from steel 45, taking
into account profiling on the lathe, as well as the mount (3)
with the axis (4) for external rollers (1) were designed and
produced (Fig. 3).

Fig. 3. Set of deforming rollers for profiling of the rim 4.5Ex16

The die for sagging of the cowling was designed and ma-
nufactured (Fig. 4).

The workpiece was upset in the die in the tensile testing
machine UME-10TM from two sides simultaneously, after
which it was placed on the internal roller, fixed in the chuck

of the lathe. Internal roller was fastened into the chuck of
the lathe, and the assembled mount was pressed in the cutter
holder (Fig. 5).

Fig. 4. Distribution of the workpiece by conical punches

Fig. 5. Installation for profiling the rims of wheels on the lathe

External roller was moved to the internal until joining
the workpiece. After the joining, the internal roller was
set into rotary motion and the external, fixed in the cutter
holder, into progressive motion of transition. Thus occurred
the process of profiling the wheel rim. As the result of expe-
riments, we obtained the rims of the wheels of all standard
sizes to scale 1:4, in full compliance with technical require-
ments (Fig. 6).

Fig. 6. Profiles of the models of the rims of wheels in the transitions
of radial-rotary profiling for the standard size 5.5Fx20

For each type of the wheel rim, we carried out 6 experi-
ments in each transmission of profiling and distribution, after
which the templets were cut out of the obtained semifinished
products to study the distortions of dividing grid in the tran-
sitions (Fig. 7).



Fig. 7. Templets in the transitions of profiling for the model of
the wheel rim 5.5Fx20

The cut-out templets were photographed with identi-
cal focal length and uploaded into the window of the pro-
gram KOMPAS 3D V13, where the points were marked in
the grid nodes and the distances were measured between
them in the meridional and tangential direction by the tools
of the software program.

5. Results of studies on the simulation of the process
of profiling the rims of wheels

In the deformation area there occurs, besides normal,
shearing stresses as well, caused by the effect of local load and
by asymmetry of the deformation area. The action of shearing
stresses, which are accompanied by shearing strains, must
cause distortion of the dividing grid, which is manifested in
the transformation of initial square into the parallelogram.
However, measurement of the angles of cells after loading by
transitions demonstrated that the angles between the inter-
sected sides remain within the range of 90°+2°. This is, obvi-
ously, linked to the phenomenon, in accordance with which
the shearing stresses in geometric center of the local deforma-
tion area are equal to zero, and since the entire perimeter of
the workpiece consecutively appears in the center of the area
of plastic deformation, where the tangential and meridional
stresses, the largest in magnitude, act, then the distortions of
the cells in the form of turns disappear and the resulting grid
acquires the form of rectangles (Fig. 8).

a b c

Fig. 8. Templets by the transitions of profiling with the rectangular
deformed grid: @ — the first transition; b — the second transition;
¢ — the third transition

Since the undistorted grid had a form of square cell before
the deformation, in which it was possible to enter a circle,
then for calculating the main logarithmic deformations in the
transitions, it is possible to use the dependencies [10]

Er = ln?,
! (1)
I
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where r¢, r{ and ry are the radius of circle and the principal
axes of ellipsis, respectively.

The third component of true deformations was found
from the condition of volume constancy without taking into
account the signs of the deformations [10]

ent€g+e, =0, (2)

where ¢, is the logarithmic deformation by the thickness of
a semifinished product.

For the selected templet, the measurements were ave-
raged in each section of the profile of the rim, and then we
found the mean arithmetic value of deformation for the entire
sample in each zone of measurement (Fig. 9).

Thus, the calculations were produced for the entire
nomenclature of the models of standard sizes of the rims of
wheels, indicated above, for each transition of radial-rotary
profiling. The standard results data of the study are pre-
sented in Fig. 10.

The results of measurements for each standard size of the
model of the rim and transition of radial-rotary profiling were sta-
tistically processed according to the method DSTU 8.207-76.
The normality of the results distribution of experimental
data was confirmed, as well as their reproducibility, by the
Cochrane criterion (level of significance q = 0.05).

The strained state of the studied sections in transitions was
evaluated by the intensity of logarithmic deformations [12]

€ =i\/sm2 +€mEe +Eq°. 3)
V3

The connection between the intensity of stresses and
intensity of deformations, as well as the tensile strength, was
determined with the use of regression dependencies [13] or
using the diagrams of plasticity [17]

0; =0, =0, +3.4€"6 (4)

G, =Gy +1.6e076 (5)

where Gy, 6,0 are the first member of equations, which cha-
racterizes initial mechanical properties; € are the intensities
of true deformations.

The index of the stress-strained state was calculated by
the formula [12]

(ET + 289)

n=r—- (6)
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Using the value 1, we calculated the critical intensity of
logarithmic deformations for this stressed state by the for-
mula, received from the condition of loss of stability [12]

_2\/1—T'|+T]2 o
P 2_1,] ’

where n is the indicator of strengthening, determined by me-
chanical characteristics of the used metal [14].
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Fig. 9. Transitions of profiling the models of the rims of wheels (1, II, lll, IV — the first, second, third and fourth transitions, respectively):
a— W8x16; b — 4.5Ex16; ¢ — 5.5Fx20; d — DW14Lx38; e — DW20Ax26; f— 9.00x22.5; 1 — zone of lateral flange, 2 — coupling of the
wall of flange with the shelf, 3 — coupling of the shelves with the walls of additional stream, 4 — coupling of the walls of additional stream
and additional stream, 5 — zone of shelves, 6 — coupling of the zone of shelves with the walls of central stream, 7 — coupling of the walls

of central stream with the central stream. 8 — zone of central stream, 9—16 — the same zones for asymmetrical
profile DW20Ax26, respectively



Further on, the used resource of plasticity for each sec-
tion of the templet in the transitions of profiling was deter-
mined, using the criterion of V. A. Ogorodnikov [11]
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Fig. 10, 11 demonstrate the standard graphs of distri-
bution of logarithmic deformations in the transitions of
profiling and intensity of stresses and strains, as well as
the used plasticity limit, respectively, for the standard size
of the wheel rim DW141L.x38, which are built according to
the results of processing experimental information in the
MathCAD program [14].

The data analysis of graphs on the distribution of loga-
rithmic deformations revealed that the deformations are dis-
tributed along the sections of the profile extremely unevenly
in all transitions of profiling for each standard size of the rim.
Thus, for the profiles W8x16, 4.5Ex16, 5.5Fx20, the strains
distribution along the entire profile of the rim has practically
similar nature, although their magnitude for each standard
size differs slightly, which is obviously connected with the
different ratio of the width of wheel to the diameter and dif-
ferent schemes of deformation.

a b

6. Discussion of the results of experimental study on
determining main characteristics of the stress-strained
state when profiling the rims of wheels

In the first transition, the largest meridional deforma-
tions occur in section 3 (coupling of central stream and
wall) and are equal to (+14 %), (+13 %), (+12 %) for the
rims of wheels W8x16, 4.5Ex16, 5.5Fx20, respectively.
The largest radial deformations — in section 3: (=10 %),
(-15%), (—13 %); the largest tangential deformations —
in section 4 (zone of central stream): (—4.1 %), (-4.0 %),
(-3.8%).

The obtained data confirm similar studies on the mea-
surement of deformations, which were cited above [1-5],
but they were carried out under manufacturing conditions
on the full-scale models of the rims. The places of radius
transitions undergo the effect of the largest stretching
deformations, where their localization takes place, which
leads to local thinning of metal in these zones. Bastings of
board flanges (zones 1, 2, Fig.9, a—c) obtain tensile de-
formations in the tangential and meridional direction and
compressions in the radial, which leads to thinning of metal
in these zones. Section 4 is deformed with elongation in
the meridional and radial directions and with compression
in the tangential, which leads to insignificant thickening
of this zone.

c d

Fig. 10. Standard graphs of distribution of integral logarithmic deformations (meridional, tangential, radial) in the transitions of radial rotary
profiling of the wheel rim DW 14Lx38: @ — 1%t transition — DW 14Lx38; b — 2"? transition — DW 14Lx38; ¢ — 3 transition — DW 14Lx38;
d — 4t transition — DW14Lx38

a b

c d

Fig. 11. Standard graphs of distribution of intensities of deformations and stresses, critical deformations and resource of plasticity
in the transitions of radial rotary profiling of the wheel rim DW14Lx38: @ — 1 transition — DW14Lx38; b — 2 transition — DW 14Lx38;
¢ — 3 transition — DW14Lx38; d — 4 transition — DW14Lx38



The second transition of radial-rotary profiling leads to
further deformation of each section of the profile. The places
of couplings of central stream with its walls are exposed to
the largest tensile deformations in the meridional and com-
pressions in the radial directions (point 4, Fig. 9, a—c). This
is connected to the molding of the section of the workpiece,
which, in the previous transition, obtained strengthening and
has lower plastic characteristics for both schemes of profiling.

Thus, the intensity of deformations in section 4 of the
central stream (Fig. 9, a—c) in the end of the first transi-
tion of profiling amounted to (4.1 %), (3.9 %) and (4.2 %)
for W8x16, 4.5Ex16, 5.5Fx20, respectively, the intensity of
stresses — 310MPa, 306 MPa u 315MPa, the use of resource
of plasticity — (5 %), (5.7 %) and (6.1 %). Further formation
of central stream leads to the critical use of the resource of
plasticity for this section. This is expressed by excessive thin-
ning of metal in the zones of radius transitions of the central
stream to the walls, which sometimes exceed 20 % of its ini-
tial thickness. This thickness of metal is not acceptable from
the positions of the uniform strength of the rim while opera-
ting. In the end of the second transition of profiling the use of
the resource of plasticity for the wheel rim W8x16 — (27 %),
for 4.5Ex16 — (34.7 %), for 5.5Fx20 — (30.3 %) (point 4 of
the templet, Fig. 9, a—c). Taking into account the deforma-
tions, which this section obtained in the first operation, the
total use of the resource of plasticity amounted to: W8x16 —
(32 %), 4.5Ex16 — (40.4 %), 5.5Fx20 — (36.4 %).

The repeated deformation of these zones in the third
transition of profiling can lead not only to the increased
thinning, but also to destruction of the semifinished product.

In the third transition of radial rotary profiling, the re-
molding of the radius couplings of profile is achieved, from a
larger radius to the smaller that correspond to the drawing of
the finished product, and the final formation of lateral flanges
occurs. The measurement of deformations near the ends of
the semifinished product in the third transition revealed that
these zones (point 1, Fig. 9, a—c) are exposed to the stretching
meridional and compressive tangential deformations. This
leads to the thickening of metal in the zone of ends of the
flanges, in comparison with the previous transitions. The
total radial deformation after three transitions of profiling
for the wheel rim W8x16 reached: (-4.6 — 6.4 +7=—-4%);
for the rim 4.5Ex16: (4.3 -6.3+7=-3.6%); for the rim
5.5Fx20: (-4.0 - 5.6 +7.5=-2.1 %). For example, if the ini-
tial thickness of metal of the workpiece in the zone of the end
of the lateral flange of the wheel rim 4.5Ex16 was within the
limits of 3.5 mm, then its decrease was equal to 0.126 mm.
Final thickness after deformation in this zone will reach
=3.4 mm, which indicates sufficient hardness of the lateral
flange.

Section 3 (Fig. 9, a—c) of the coupling of the wall of
board flange with the landing shelf in the final stage of pro-
filing is reformed to the coupling with a smaller bending ra-
dius in comparison with the previous transition (for the rims
4.5Ex16 and 5.5Fx20). In this zone the stretching meridional
and radial deformations occur, tangential are equal to zero,
and in some cases, if the coupling is formed in the previous
transition, then all three deformations are absent (for the
wheel rim W8x16). In any case, this section is exposed to
the largest alternating strains in the first and second opera-
tion, when the landing shelves are formed. The total radial
deformation of this zone: for W8x16 (point 1 (the first tran-
sition), point 2 (the second transition), point 3 (the third
transition) on templets, Fig. 9, a): (—4.6 —8.3 - 0=—-12.9 %);

4.5Ex16 (point 3 (the first transition), point 2 (the second
transition) and point 3 (the third transition) on templets,
Fig. 9,b): (-9 -7.5-9.8=-26.3%); 5.5Fx20 (point 3 (the
first transition), point 2 (the second transition) and
point 3 (the third transition) on templets, Fig.9, ¢):
(-8.5-7.7-98=-26%).

The zone of coupling of the landing shelf with the
wall of the central stream (points 2, 3, 4 for W8x16 and
points 3, 4 for 4.5Ex16 and 5.5Fx20, Fig. 9, a—c) is exposed
to compression strain in the radial direction in all three
transitions for the wheel rim W8x16 and two transitions
for the rims 4.5Ex16 and 5.5Fx20. The total radial defor-
mation for W8x16: —-6.8 — 13 —1.9=-21.7 %; for 4.5Ex16:
-15-1.9=-16.9 %; for 5.5Fx20: —13—-1.9=-14.9 %.

Final profiling of the zone of stream and its couplings
with the walls is completed in the third transition of pro-
filing (points 2, 4, 5 — W8x16; points 4, 5 — 4.5Ex16, 5.5Fx20,
Fig.9, a—c). The radial deformations are equal to: W8x16:
-10-15-2.1=-271%; 4.5Ex16: —17-2.1=-19.1 %;
5.5Fx20: —15-2.7=-17.7 %. The intensities of stresses
for the section of coupling of the wall and the central
stream: W8x16 — 471 MPa; 4.5Ex16 — 497 MPa; 5.5Fx20 —
479 MPa.

Generalizing the results of the studies on the stress-
strained state when profiling of the narrow-profile rims of
wheels, it is possible to draw a conclusion that the largest de-
formations act on the places of radius couplings of the profile,
deformations increase from one transition to the next and
their total magnitude can exceed the permitted by 20 % from
the initial thickness of the workpiece. Both schemes of the
radial rotary profiling: 1 — formation of the central stream
and 2 — formation of the shelves are equivalent, although the
obtained results testify to the preferability of the second
scheme over the first. This coincides with the results of
theoretical studies regarding the stresses that act in the pro-
cess of deformation of the cowling in the transitions where
the couplings of the wall and the central stream are exposed
to the largest stretching deformations [15, 16].

It was assumed previously [5] that with the formation of
wide stream in the first operation (the second scheme), thin-
nings in the couplings of profile will be less than when profil-
ing the narrow stream (the first scheme). However, based on
the conducted research, the connection was not established
between the width of the stream and the degree of thinning
in the places of radius couplings of the profile for the narrow-
profile rims of wheels.

When profiling the wide-profile rims of the wheels of
standard sizes DW14Lx38 and DW20Ax26, the similar pat-
tern is observed of the distribution of integral logarithmic
deformations, stresses, as well as their intensities.

In the first transition, the largest logarithmic compres-
sion radial deformation acts on the zone of point 2 for
DW141.x38: (8.4 %) and the zone of point 3 for DW20Ax26:
(-7.6 %) (Fig.9,d, e). These are the places of couplings of
bastings of board flanges with the walls of the stream and the
walls with the central stream, respectively. The resource of
plasticity for these zones is 12.1 % and 17.3 %. Although the
radial deformation for the zone of the point 3 DW20Ax26 is
less [3], but in this case, the resource of plasticity proves to
be larger because of the action of large plastic deformations
in other directions. Hence, it follows that in order to decrease
thinning of metal in the radius couplings, it is necessary to
seek the heteronymic scheme of the strained state in the me-
ridional and tangential directions.



The second transition of the radial rotary profiling of the
wheel rim DW 14Lx38 is intended for formation of zone of the
central stream, wheel rim DW20Ax26 — formation of zones
of the board flanges. The radial logarithmic deformation (the
largest in absolute magnitude) affects zones of radius cou-
plings from the wall of the central stream to the stream:
&, =—13 % for DW141.x38; &, = —16 % for DW20Ax26. Judging
by the given results, the molding of the central stream ap-
pears more preferable before the molding of the board flanges.

In the third operation, the lateral flanges for the rim
DW141Lx38 are formed, as well as the central stream for
DW20Ax26. The largest radial deformations in this tran-
sition of profiling are obtained by (Fig. 9, d, e): zone 4 of
the rim DW141.x38: (—14 %); zones 4, 7, 13 for the rim
DW20Ax26: (—14 %), (—15%), (—14 %). The total radial
deformation will be equal to (Fig.9,d, e): for zone4 of
the rim DW14Lx38 (with point 3 of the previous transi-
tion): (-2.2 — 14=-16.2 %); for the rim DW20Ax26, point 1:
(-3.5-69=-10.4 %); point 3: (7.2 -14-54=-26.6 %);
point4: (=7.6 —16+0=-23.6 %). When forming the cen-
tral stream of the rim DW141x38 in the second transi-
tion (points 6, 7, Fig. 9, e), the radial deformations are equal to
(-8 %) and (—13 %), respectively, for the rim DW20Ax26 in the
third transition (points 6, 7, Fig. 9, d): (=11 %) and (-15 %).

As can be seen from the given results, during profi-
ling of the central stream, radial deformations prove to
be larger for DW20Ax26 as this is connected with the
simultaneous deformation of zones of the lateral flanges
and the central stream. This leads to an increase in tensile
meridional stresses and their localization in the places of
radius couplings of the profile, although during profiling of
the central stream of the rim DW141Lx38, the deformation
affects the sections of the landing shelves. Obviously, ten-
sile meridional stresses, acting in the critical section, have
larger magnitude for the rim DW20Ax26 in connection
with the larger ration of width of the profile to the diameter,
other conditions being equal. The total radial deformation
for zone of the central stream amounted to: for DW141.x38,
the coupling of the landing shelf with the wall of the cen-
tral stream: (—8-10—-4.6 = —22.6 %); walls with the stream:
(—13+0-12=-25%); for DW20Ax26, the coupling of the
landing shelf with the stream: (-11-7.9 = -18.9 %); the cou-
pling of walls with the central stream: (-15-8.9 =-23.9 %).

The conducted studies and comparison of the results
indicates that the application of scheme of profiling the
landing shelves, and then zone of the central stream, is more
preferable for the wide-profile wheels by the criterion of per-
missible thinning.

During the radial rotary profiling of the rims of wheels
with 15° shelves, we receive similar results on thinning of
metal in the places of radius couplings. The largest radial
compression strains are observed at the end of the work-
piece (9.7 %) and in transition of the landing shelf to the
walls of the central stream (-9 %).

In the second transition of profiling:

— zone of the end (-6.6 %);

— coupling of shelves with walls (-6 %);

— coupling of wall with central stream (-9 %).

In the third operation:

— zone of the end (+6.0 %); section of coupling shelf to
wall 0 %;

— zone of radius of bending of the central stream (7.8 %).

Total radial deformations in all transitions (Fig. 9, f):

— zone 1 — (-9.7-6.6+6=-10.3 %);

— zone 2 — (-9-6+0=—-15 %);

— zone 3 — (-5,6-9-7.8=-22.4 %).

The largest radial compression strain is obtained by
the section of coupling of the central stream with its
wall (-22.4 %), while the zone of coupling shelves with the
walls (—15 %).

If we compare thinning in the similar zones of the profiles
of other standard sizes (W8x16 (—20.8 %); 4.5Ex16 (=17 %);
5.5Fx20 (—15 %)), then it is possible to draw a conclu-
sion that manufacturing this section of the profile is more
expedient to conduct in two transitions, moreover, the
largest deformation is to be accomplished in the first
transition.

It also follows from the conducted studies that the radial
logarithmic compression strain must be average while the me-
ridional and tangential — extreme, and, in order not to observe
thinning of metal in dangerous places of the profile, it is neces-
sary that the compressive extreme deformations are the largest
by the module. This is possible to achieve during profiling of
the central stream in the first transition to the entire designed
depth but with the increased radii of bending of the conjugated
sections. It is also desirable, if technological process allows
it, to perform the shape changing of each design section of
the profile separately, which will make it possible to conduct
the process of deformation under more favorable conditions,
gradually drawing the outlying sections into the deforma-
tion area, thus decreasing dangerous stretching meridional
deformations.

7. Conclusions

1. The largest logarithmic radial compression strains act
on the zones of bending radii from the shelves of the central
stream to the central stream both for the narrow-and wide-
profile standard sizes of the rims of wheels. The obtained data
partially agree with the articles [15, 16] on the examined
question. All sections of the rim undergo, in each transition,
increasing logarithmic deformations. Generalized results
show that the deformations in radius transitions of the final
profile are distributed unevenly. In the place of transition
from the board to the landing shelf, maximal thinning reaches
19...21 %, elongation 1...2 %, deformation by width 18...19 %.
In the zone of transition from the landing shelf to the wall of
the central stream, maximal thinning amounts to 14...15 %,
elongation 0 %, deformation by width 15..16 %. In radius
transitions of the central stream, maximal thinning reaches
25..29 %, elongation 4 %, deformation by width 29..34 %.
The maximal intensities of deformations and stresses in the
last operation are 28...37 % and 390-510 MPa and occur in
radius transition of the central stream. The use of resource of
plasticity for these zones — 30...45 %.

2. The largest logarithmic deformations are received
by the zones of couplings of landing shelves with the walls
of the central stream and the walls of the central stream
with the central stream for all standard sizes of the rims of
wheels. For the rims of wheels W8x16 and DW141Lx38, the
second transition of profiling introduces essential effect on
the total deformation of these zones: (=13 %) and (—10 %)
for the coupling of the shelf with the walls of the central
stream, respectively. For the section of coupling of the walls
with the central stream: (-=15 %) and (—13 %). The rims of
standard sizes 4.5Ex16, 5.5Fx20 and DW20Ax26 receive the
largest deformations of these sections in the first transition of



profiling: (=15 %), (=13 %) and (—11 %) for the connection
of the shelf and the wall of the central stream, respectively.
For the section of coupling of the wall with the central
stream: (—17 %), (=15 %) and (—15 %). The given results
testify to different effect of the schemes of profiling on the
strain distribution in the transitions.

3. No essential difference between the two schemes of
profiling the rims of wheels was revealed:

1 — molding of bastings of the board flanges with the
consequent profiling of the central stream;

2 — molding of the central stream with the subsequent
molding of the board flanges.

For the narrow-profile rims of wheels, the second scheme
is more preferable, for the wide-profile — the first (the best
scheme was selected as the one, in which the lowest radial
compression strains in the critical cross sections of the profile
were observed).

4. The reason for uneven strain distribution along the
width of the profile is the drawbacks in the existing schemes
of profiling.

For improving technological process of radial rotary pro-
filing for manufacturing the rims of wheels with the lowest
metal content, it is necessary, for each standard size of the rim
to be considered individually, taking into account the geom-
etry of the workpiece, design dimensions of finished product,
the type of steel. For decreasing the magnitude of radial
compression deformations, which lead to the thinning of the
profile, it is necessary to exclude a possibility of repeated
profiling by the same radii (working principle «radius to
radius»). Reduction on the rim width should also be redis-
tributed, thus ensuring a gradual shift of angular radius zones
from the center to the periphery, to align deformations in the
transitions and to provide additional force action on the area
of plastic deformation.
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