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3anpononosanuii cnocio odepicanis 308HIMHIX NPOPiny-
HUX NOBEPXOHD, AKUU XAPAKMEPUIYEMBCI WUPOKOI0 0OCmYyn-
HICMI0 i HE3HAYMHOI0 6APMICMIO OCHAWEHHSL, IKe BUKOPUCIO-
syemvca. Cnocié rpynmyemocsa na momy, wio 36UMAUHUL
00epmosuil yeHmp 3aKPinAIOEMbCA Y pisuempumani moxap-
H020 gepcmama ocooaueum cnocooom. Y axocmi npoginey-
meoproUoi Mampuyi 6UKOPUCMOBYEMBC 36UMALIHA 207116~
Ka Haxuonozo xmoua nompionozo npodinio. Qbepmanmuam
pisuempumaua 3abe3newyemovcs Kym 3namy oci odbepmoso-
20 uenmpa 6iOHOCHO OCi 0Oepmanns 3a20moexKu. SHarenns
xyma 3namy caeae 1,5°. Kpomxa mopuesoi nosepxui mampu-
41 301TICHIOE 360POMHBLO-NOCMYNATLHUU PYX 34 KOJCEH 0Oepm
nampona moxKapHozo eepcmama N0 NOGEPXHI 3A20MO6KU.
Ilpu yvomy Konmaxm mopuesoi noGepxHs mampuyi i 3azo-
moexu 6id0yeacmvcs 6 00HIU MOuYi, 3a2AUOIOI0UUCL HA
seqununy nooaui 3a Koscen odepm nampona.

Buxopucmanns 0amnozo cnocody € aivmepramusoio ic-
HYI0UOMY CROCOOY POMAaUiiinozo hopmoymeopenns 3068HIMHIX
npodinbHux noeepxons, 01 6NPOBAOIHCEHHS AK020 HEO0Xi0-
He cneuianizoséane OCHAWEHHS | CReUianNi308aHull Pi3aioHul
iHCmpyMenm, sapmicmo K020 0yice 3Hauna (8ionosiono 2035
1215 y. e.). Kpim mozo, 3mina pozmipie aéo popmu nompio-
H020 npointo nompedye 6cmanosieHHs HOB020 Pi3ANLHOZO
iHCmpyMenmy, npu 3amini aK020 neobxione dodamxose naaa-
20091CenHSL.

Bunpooyeannsa 30iticniogaaucs npu éuzomoeJjenmi 0ea-
Haodysamuepannoi 306HiUHBLOI NogepxHi po3mipom S10. Ana-
ni3om 6ibpoepam npouecy Qopmoymeopenns eusHaAMeHUL
HaGibW payionarsHull eapianm oCHACMKU 0l 6UZOMO6-
JleHns npoinvrux 306HimHIX nosepxons. Ilposedeni npooni
8U20MOBNIEHHS 308HIUWHIX NPOPINLHUX NOBEPXOHb, MAKUX K
wecmuepanna po3mipom S10, nosepxnus TORX pozmipom E14
ma inwi. Ifi eunpodysanns niomeepounu ycnimmy moxncau-
8iCMb BU20MOBIEHHA PISHUX NPOPINLHUX 306HIWHIX nosep-
XOHb 3 BUKOPUCMAHHAM 3ANPONOHOEAHOT OCHACMKU.

Burxopucmanns 3anpononosanozo cnocody, saxuii mae ne-
3Hauny eapmicmo i He nompedye HaAABHICMb CReuianizoea-
H020 ocHawenns, 00360UMb POIWUPUMU 2aAY3b GUKOPUC-
Mmannsa CRpPANCEHUX NoGepxons npodinvuoi gopmu y ma-
wunodyoyeani

Kniouosi caosa: npodinvni 306niuni nogepxui, 06epmo-
suil yenmp, pomauiiine NPOWUEAHN, MOPUEEA 201i6KA

u] =,

1. Introduction
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When constructing new machines, in addition to cylin-
drical, more and more widespread are the profile connections:
joining the parts of machines along the surface of their mu-
tual contact, which has a smooth non-circular contour [1].
The profile connections are reliable, though technologically
complex as they require specialized equipment [2], which
limits the scope of application for this type of connections.
However, such connections are increasingly popular in the
medical, aerospace, automotive, and plumbing industries;
almost every manufacturer proposes, accordingly, its original,
new and advanced shapes of profiled surfaces [3]. In order to
maintain or repair the joints of parts of these connections,
a traditional technique in manufacturing is milling, chiseling,
or broaching. However, the specified techniques are not al-

ways applicable under conditions of small-scale production,
or require specialized equipment.

The object of research is the process of fabricating
profiled surfaces on parts of machines using the rotational
shape-formation [4, 5]. The profiled surfaces are made on ma-
chine tools of the turning group. A shape-forming technique
implies that a workpiece is mounted in a holder at a machine
tool and the shape-forming tool rotates freely with its axis
not coinciding with the axis of the workpiece.

The process can occur using drilling machines, but
a workpiece in this case is fixed, while the mandrel that holds
a tool rotates. It is possible to significantly extend the range
of application of a given process if the cutting tools, a matrix,
are the spanner wrench socket heads. The range of socket
heads is very wide both in terms of a profile shape and their
size, while their mechanical properties are almost identical to




actual cutting tools. Applying socket heads as matrices in or-
der to form the shape of outer profiled surfaces would signifi-
cantly reduce the cost of manufacturing process. The largest
share of cost for technological equpment is taken by a rotary
head, which we propose should be replaced with a standard
rotating center, mounted using a specialized technique.

In order to improve the process of shape-formation of the
profiled surfaces, we performed a technological audit, aimed
at determining the typical shortcomings in existing tech-
niques for the shape-formation of the profiled surfaces apply-
ing the specified technique. One of the most problematic areas
within this technological process is that its implementation
requires specialized equipment, as well as specialized cutting
tools, which is very expensive (2,035 and 215). The high price
of the equipment does not make it possible to implement the
process due to its economic inexpediency, which significantly
slows down the industrial implementation of such an innova-
tion as the profiled connections in mechanical engineering.

That explains why the specified technology is not com-
monly employed, and the scope of its application is limited.
In addition, changing the size or shape of a profile requires
the introduction of new cutting tools, and the installation of
the new cutting tools, that are different in size, would require
additional adjustment.

2. Literature review and problem statement

We can consider such an alternative to specialized equip-
ment as a broaching head, which was proposed for machining
the through and blind shaped holes in parts at the drilling and
milling machines, which was suggested by domestic scientists
in 1968 [6]. The device includes (Fig. 1) casing 6 to which,
by means of screws, a flange with shank 5 is tightly attached.
The inner hole of casing 6 is made at angle a.=1-2° to the
axis of shank 5; mandrel 7, on shafts 2 and 3, is mounted into
the hole of the casing. Cutting tool 1 is held in mandrel 7 so
that it could ensure the convergence between a plane of the
cutting edge and the point of intersection of axes, which is at
distance | from the bottom end of mandrel 7.

Fig. 1. Broaching head for machining the shaped holes

Machined part 8 with a pre-machined opening is placed on
table 9 of the drilling machine. Cutting tool 1 is fed to part 8.
Casing 6, through shank 5, is set into rotary motion and feed
motion, while mandrel 7, together with cutting tool 1, when
touching workpiece 8, does not rotate. Cutting tool 1 is ro-

tated on shafts 2 and 3 relative to casing 6, thereby executing
circular oscillatory movements around the axis of workpiece 8.

Points at the cutting edge of the tool perform recipro-
cating movements per each turn of the spindle, with the
contact between a cutting tool and the machined workpiece
occurring in one point, which moves along a closed contour
of the shaped hole, going deeper by the magnitude of feed per
every turn of spindle 4.

The above design of the broaching head had not become
widespread due to a series of shortcomings. Design of the
broaching head is quite complicated and its fabrication can
be carried out only at specialized machine-building enterpri-
ses. Cutting tools to the specified head should possess good
cutting properties and particularly individual in terms of size
that relates to the size of the required profiled surface. When
replacing a cutting tool, the entire structure of the broaching
head requires preliminary adjustment.

The same principle of rotary broaching was used when
constructing the broaching heads [7]. The operation is per-
formed at machine tools from the turning or drilling groups
applying the appropriate equipment — broaching heads and
broaches as tools [8, 9]. Fig. 2 shows broaching rotary heads
made by different manufacturers, as well as broaches that are
fixed in broaching heads depending on the required profile.

a

Fig. 2. Physical appearance of broaching heads
by different manufacturers, and broaches: a — Slater Tools
(United States of America); b — Brighetti Meccanica (Italy);
¢ — broaches for making holes, respectively, rectangle-
shaped, hexahedron-shaped, TORX

In terms of design, broaching heads made by different
manufacturers differ only in their physical appearance. These
tools almost do not differ in their structure, as they are based
on the same principle of work [10, 11], which implies tilting
the axis of the inner spindle relative to the axis of a workpiece
rotation. The spindle holds the tool at a small angle to the
axis of a broaching head (Fig. 3, @). In most cases, the tilting
angle accepts a value of up to 2 degrees.

The spindle rotates freely inside a broaching head and is
set into motion by a contact with a rotating workpiece. Thus,
while rotating, pressure on each corner of the broach chan-
ges constantly. This forms the principle of rotary broaching
at the time when the broach, fixed in a broaching head, is
simultaneously fed through the workpiece to the required
depth. The shaped holes are broached at a frequency of the
workpiece rotation to 1.200 rpm; the broaching process takes
approximately 10—15 seconds.

The process of broaching is possible at continuously
rigidly maintaining the axis of the cross-section of the front
surface of a broach at the workpiece rotation axis while exe-
cuting a «wobble swaying» relative to the axis of a workpiece
rotation. This type of movement of the broach can be enabled
by a rather sophisticated mechanism, whose assembly dra-
wing for broaching heads manufactured by Slater Tools [12]
is shown in Fig. 3, b.



Fig. 3. Structure of the broaching head manufactured by Slater Tools: a — principle of operation; b — assembly drawing

In addition, the mechanism of a broaching head makes
it possible to preliminary adjust it by regulating a match
between the axis of the cross-section of the front surface of
the broach and the axis of head rotation. Adjustment is per-
formed when changing a broach whose linear size is different
from the size of the pre-installed one.

Making outer profiled surfaces, in order to reduce the
cost, employs a regular broaching head for producing inter-
nal profiled holes. An additional adapter is mounted onto
a broaching head, and the adapter holds a matrix for broa-
ching the outer profiled surfaces (Fig. 4).

a b

Fig. 4. Broaching head for making outer profiled
surfaces manufactured by Brighetti Meccanica:
a — equipped with an adapter and a matrix;

b — broaching head assembly

The specified broaching heads [13] are available in Uk-
raine as well, for example, at the internet site Prom.ua, in sec-
tion Brighetti Meccanica. TOV «PROGRESPOSTACH»,
the city of Dnipro, offers «Broaching head BR-G16L KM4»
priced at y. 0. 2,035 [14], and «Broach GL 16-E-8» priced at
y. 0. 215 [15], which is very expensive.

The examined broaching heads, shown in Fig. 2, 3, are
different from the head in Fig. 1 only by the improved tech-
nological and operational properties, namely the ease of re-
placing a cutting tool, a simplified procedure for adjustment
after replacing the tool, as well as compactness. However,
the specified improvements were achieved at the expense of
further complexity in the design of the head itself. A possi-
bility for the customized fabrication of a broaching head is
out of the question at all. Cutting tools are no longer a unit
of production, they are produced in batches, which made it
possible to improve their quality and reduce cost. However,
the achieved price of the implementation is significant; more
to the point, it does not contribute to the machine-building
production at industrial scale.

3. The aim and objectives of the study

The aim of this study is to propose a technique to form
the shape of outer profiled surfaces under conditions of
small-scale or individual production of a wide range of shapes
typical for operational maintenance or repair of machines’
components.

To accomplish the aim, the following tasks have been set:

— to propose using the matrices, which are a tool for the
outer fabrication of profiled surface, based on standard pro-
ducts whose properties are characterized by appropriate me-
chanical characteristics, low cost, and which are widespread,;

— to determine the degree of sharpening a working edge
of the matrix as a tool for the outer fabrication of profiled
surfaces, in order to rationally improve mechanical properties
of the obtained workpiece;

—to determine the suitability of working edges of the
matrix as a tool for the outer fabrication of profiled sur-
faces, following the process of forming the shape of a profiled
surface at a workpiece, and to propose ways to improve the
operational resource of the matrix;

— to perform experimental tests using the recordings of
vibrograms for the process of making outer profiled surfaces
in order to define a technique that would ensure the required
quality of the surface at minimal preliminary adjustment of
equipment.

4. Materials and methods to study the shape
formation of outer profiled surfaces

Based on the previously considered designs of broaching
heads [16], we propose a greatly simplified structure of
broaching equipment (Fig. 5, a, b), which exploits a standard
rotating center as the primary node.

We shall consider a technique for making profiled holes in
Fig. 5, a. Workpiece 2 is clamped in chuck 1 of the lathe; it is
preliminary machined to the specified size. Standard rotating
center 5 is fixed in the tool holder of a lathe using transition
bushing 6 of a Morse cone. A plate in the form of a lug is
welded to the bushing. Owing to the plate, the bushing is
clamped in tool holder 8. One end of matrix 3 of the required
profile is placed at the pre-machined surface of a workpiece;
bushing 4 is pressed into matrix 3 with a slight pull. Bushing
4 has a centered hole at the other end, through which it is
pressed by the cone of rotating center 5 against the ma-
chined workpiece. A change in the position of the tool holder



is enabled by the displacement of transversal support 7.
The tool holder rotation in the direction of angle B ensures
a fracture angle of the axis of the rotating center o relative
to the rotation axis of the workpiece’s hole. Fig. 5 shows the
intentionally enlarged fracture angle a in order to elucidate
the process. The value for fracture angle o reaches 2°.

A technique for making shaped holes in Fig. 5, b differs in
that bushing 4, onto which matrix 3 is mounted with a pull,
is also installed with a pull in rotating center 5, ensuring
the alignment of matrix’s rotation axis relative to the axis of
center 6. The centering does not exist, which is why, prior
to operation, it is required to fine-tune the match between
the axis of matrix 3 and the axis of workpiece 2. Adjustment
is performed by changing and adding spacers when the lug
of bushing 6 is clamped in tool holder 7. It was established
by comparing the structure of the broaching head, shown in
Fig. 3, which consists of more than 40 parts and nodes, that
the proposed technique for making profiled surfaces employs
8 parts and nodes.

It is proposed to use the socket heads of wrench spanners
as the matrix. Socket heads are widely used in the repair and
maintenance of many nodes and elements in machines. This
type of tool is mostly required in the process of repairing
a car. The main advantages of socket heads over other types
of manual tools is the possibility to use them in hard-to-reach
places, as well as the application of the maximum effort to
connections.

The most common type of a profile is hexagonal. Also
found are the twelve-point socket heads, which are charac-
terized by a more comfortable arrangement on the mounting.
Given the popularity of imported equipment, the caps with
new types of profile have been popular. Certain types of the
profile are shown in Fig. 6.

In addition, socket heads are divided into those for gene-
ral purposes and the impact heads (Fig. 7). Those for general
purposes are used for operations involving a mechanical tool.
Such heads are made of chrome-vanadium steel, they have
a mirror chrome plating and demonstrate optimal wear resis-
tance. The impact heads are designed for use with motorized
actuators and have enhanced mechanical strength. These
heads are made of chrome-molybdenum phosphate steel, they
are characterized by the presence of holes for a safety pin and
a circular duct for the locking ring.

In our research, we shall use socket heads for general pur-
poses since they are more common. Application of the impact
heads will ensure a better result because the values for hard-
ness of working surfaces of heads for general purposes, and the
impact ones, are, respectively, HRC 38...42 and HRC 42...48.

Fig. 5. Variants for making the shaped holes at machine tools of the turning group
using rotary shape formation: a — a matrix is self-installed; b — a matrix is rigidly

fixed in the rear center
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Fig. 6. Certain types of the profile of socket heads:

a — hexagonal; b — twelve-point; ¢ — SL (Superlock,
Surface) (for fractured edges); d — universal (for different
types of profiles, including inch-based);

e — TORX (E-heads)

Fig. 7. Physical appearance of heads: a — for general
purposes; b — impact

The process of profile formation, by analogy with work
of the broaching heads manufactured by foreign producers,
Slater Tools and Brighetti Meccanica, implies the use of
a cutting tool with pointed cutting edges (Fig. 3, @) with
a taper angle in the range of 60—70°. The specified taper
angle can be implemented by using socket heads. Socket
heads that are produced to standard have an angle of the
profile’s working plane edge within 110—120° (Fig. 7, a). Ma-
chining a socket head at the lathe enables the sharpening of
angle of the profile’s working surface edge at any magnitude.
In this research, we used a taper angle of 65°. Note that socket
heads were sharpened exclusively by cutters with carbide in-
serts. We observed the enhanced hardness of heads’ working
surfaces in the specified range HRC 38...42. In addition, there
remained burrs at the edges of working surfaces of a socket
head, which required additional efforts for their elimination.

The process of forming the profiled surfaces, in addi-
tion, employed socket heads without post-machining the
edge of a working surface. It is assumed that the edge of
a socket head, which has an angle of
the profile’s working surface edge in
the range of 110—120°, would form the
required profile by cold plastic defor-
mation rather than remove excessive
metal by a sharp cutting edge. We shall
consider this acceptable, as least in two
aspects. First, the process of broaching
the profiled surfaces with the removal
of unnecessary material will be replaced
by the process of plastic deformation,
which is characterized by the improved
mechanical properties with the result
being an increase in the endurance limit
for the metal of the produced profiled
surface of a workpiece by 30 %. Second,




socket heads with the required shaped profile prior to the
shape-forming process will not require additional machining,
which is difficult both due to a significant strength of heads
themselves and the necessity of removing sags after turning.
in order to re-sharpen cutting edges.

3. Results of research into shape-formation
of outer profiled surfaces

We have tested two techniques for making profiled outer
surfaces with self- installation and when the head is rigidly
fixed in the rear center (Fig. 8). The tests were carried out
at the lathe 11611P, the end twelve-point head 10 is manu-
factured by STANLEY. The socket head was initially used
without preliminary sharpening at the angle of the profile’s
working plane edge within 110-120°, and afterwards — at
a taper angle of 65°. The following parameters were applied
in the course of research: a fracture angle of the rotation axis
o=1.5° rotation frequency, 800 rpm; feed, 0.1 mm/rev. The
force of longitudinal feed was not enough, which is why we
pressed using the rear center of the lathe.

Fig. 8. Technique for obtaining outer profiled surfaces
using a socket head, which is: a — freely installed between
a workpiece and the sharpening of the rotating center;
b — rigidly fixed in the rotating center

Testing a socket head without modification, with a wor-
king edge angle in the range of 110—120°, yielded a good
result for both techniques (Fig.8). The second technique
required a more precise adjustment, while the obtained result
was close to that from the first technique.

Testing a socket head after its additional modification to
a taper angle of 65° did not work out for the first technique
at all. The second technique confirmed the efficiency of
the design only after precise adjustment. It required both
the alignment of a workpiece rotation axis with the profile
center of the socket head’s cutting edges and the absence of
a backlash throughout the entire structure. Application of

the socket head with a taper angle of 65° proved to be im-
practical during further tests.

In order to identify causes of the process of rotational
shape-formation in line with the first and second techniques,
we recorded a series of vibrograms. We used the vibrosensor
DN-3-M1, which was attached via pin M4 to the oiling hole
of the rotating center. A signal from the vibrosensor was con-
verted by the vibrometer VVM-201, it was then registered
by the USB oscillograph IRIS.

An analysis of the vibrograms (Fig. 9, a, b) reveals that the
first technique results in a stable process of profiling the outer
surfaces while the second, in addition to the specified, proceeds
with separate dynamic jerks. Numerical values for vibro-acce-
lerations amounted to, respectively, 2.4 and 3.3 m/s? indicating
that the first technique is more stable than the second. It was
determined that separate dynamic jerks were triggered by the
console technique for fixing the equipment and a possible pre-
sence of gaps in some sections. The repeated observation of links’
components in the technique implying rigid fixation pointed to
the presence of significant radial efforts in connections, which
led to the weakening of the previous pull. Thus, the variant
for a rigid fixation is suitable for application, but happens to be
impractical in comparison with the first technique.

0.2
s \ y\ i don ]
DO LTSty (L ey e N
N VA T P YA A I M %A LA VA T T WA
e 1§ W v Yy '\J LV Y
-0.2 t,s
10 20 30 40 50
a
0.2
i
[\
( /‘H\\f ) [ A\ - \ P] ll\ A o |"\‘, \
! Ly, AV N VALY "vl "\.
0 \ﬂ\/ \ﬂ«\ q\N\V \/ V’ \M\J ) \ | B W \vff '/’U‘M)
N \) |/ Y
- '
lbl
-0.2 s
10 20 30 40 50

b

Fig. 9. Vibrograms of the process of shape-formation
of outer profiled surfaces using a socket head, which is:
a — freely installed between a workpiece and the sharpening
of the rotating center; b — rigidly fixed in the rotating center

Fig. 10, a shows the received profiled twelve-point sur-
face S10. We have used a technique when a socket head is
freely installed between a workpiece and the sharpening of
the rotating center. Upon fabrication, the resulting profiled
surface is smaller in size than the dimensions of the socket
head, which was involved in the production. This is caused by
a fracture angle between the axis of the received profiled sur-
face and the axis of the socket head. At a fracture angle of 1.5°
the radial gap is 0.2 mm. That makes it possible to freely,
without a pull, to mount a wrench on the surface. The state
of the socket head after a series of production cycles testifies



to the lack of destruction traces, especially when the lubrica-
tion of conjugated surfaces was used.

Fig. 10. The result of shape-formation of the twelve-point
outer profiled surface S10: @ — obtained surface and state
of the socket head; b — test for strength using a torque
indicating wrench

Fig. 10, b shows the test of the received surface S10 for
destruction. The destruction occurred in a place where the
core contacts a socket head in the form of twisting the core
itself at a torque of 32.2 N-m. Despite the presence of a small
radial gap between the wrench and the resulting surface, the
circular backlash of the wrench was negligible, the faces were
not damaged.

Fig. 11 shows the obtained outer profiled surface and the
state of socket heads after making other profiled surfaces, spe-
cifically the hexagonal surface S10 and the surface TORX E14.

The profiled surfaces, shown in Fig. 11, indicate the
assigned geometrical shape without defects and drawbacks.
Working edges of the socket heads show no wear or jamming
after repeated tests. The test results confirm the possibility
of making the outer profiled surface applying the proposed
technique.

6. Discussion of results of the shape-formation
of outer profiled surfaces

The strengths of this work worth noting include the pos-
sibility to implement a technology for manufacturing outer
profiled surfaces at any enterprise that has a lathe. All other
equipment is always present at the workplace of a turner:
a rotating center and reducing bushings for Morse cones.
The shape-forming matrix to be used is a socket head of the
required profile, which is also common. The proposed tech-
nique should be used in small-scale manufacturing, where
the acquisition of specialized equipment, a rotary head and
a broach, which are expensive, is not economically feasible. In
addition, the technique to form the shape of a profiled surface
is accompanied by the plastic deformation of a workpiece’s
metal, which improves its mechanical properties.

A weakness of the study performed is that the proposed
technology is suitable for the manufacture of a small number
of articles, up to 30—50 workpieces. It is not possible to pro-
duce a large number of profiled surfaces using the same tool,
because the hardness of working edges of socket heads does
not make it possible.

A promising direction in the improvement of quality of
the profiled surface, obtained when applying the proposed
technique, is to undertake a research using, as a shape-
forming matrix, the impact socket heads together with
a lubricating-cooling liquid. Such a comprehensive applica-
tion of the specified measures would make it possible to con-
siderably increase both the resistance of the matrix’s edges
and the performance efficiency of the process.

Difficulties in the implementation of the proposed tech-
nology are due to the wear of existing CNC machine tools,
namely the presence of a radial run-out at a cam holder,
which affects the quality of operation for the shape-formation
of profiled surfaces. Application of the more precise metal-
cutting equipment implies a substantial increase in costs, as
it would involve the modernization of existing equipment.

7. Conclusions

1. It has been proven that it is advisable to use, as a matrix
for the external production of profiled surfaces, the wrench
socket heads, whose profile coincides with the required pro-
file for production. We conducted this study applying socket
heads for general purposes, whose working surfaces” hardness
is HRC 38...42. Application of impact socket heads ensures
the best result; hardness is HRC 42...48.

2. Socket heads were not ad-
ditionally modified prior to the
process of shape-formation; their
working edges were not sharp-
ened, it ensured the process of
cold plastic deformation of the
surface and made it possible to
improve mechanical properties of
the obtained workpiece. The re-
sulting profiled surface S10 was
destroyed in a place where the
core contacts a socket head in the
form of twisting the core itself at

b a torque of 32.2 N-m.
Fig. 11. The obtained outer profiled surfaces and the state of socket heads
after production: @ — hexagonal S10; 6 — TORX E14

3. An analysis of working ed-
ges of socket heads following the



process of making the profiled surfaces has revealed the
absence of wear, dents, and damage. It is mandatory that
working edges of socket heads should be lubricated in the
process of shape-formation.

4. By conducting experimental tests using the recording
of vibrograms in the process of profile formation of outer
surfaces, we have substantiated a technique that ensures the

required surface quality. Numerical values for vibro-accele-
rations when using this technique were 2.4 m/s? in contrast
to another one, 3.3 m/s? indicating that a given technique
is more balanced and less energy-intensive than another
one. Our technique is characterized by minimal previous
adjustment of equipment without changing the design of the
rotating center.
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