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Purpose. Development of new constructions of devices for strengthening drill and casing pipes by surface plastic
deformation, determination of constructive and technological parameters of vibrational-centrifugal strengthening of
long-length parts.

Methodology. Based on the theory of static similarities of fatigue failure, methods for defining decreased mass and
consumption of materials for cylindric parts as a result of effective strengthening of their outer and inner cylindric-
shaped surfaces by vibrational-centrifugal treatment are suggested.

Findings. Based on the experience of industrial use of vibrational-centrifugal treatment for strengthening plane
wheel hubs and flanges, new constructive schemes of genuine devices for strengthening drill and casing pipes of ex-
ploration wells have been developed. To and durability of drill and casing pipes of exploration wells and to, The vibra-
tional-centrifugal strengthening treatment is expedient to use during the final stage of pipes production with the
purpose of increasing their reliability as well as decreasing their mass. This strengthening technology belongs to the
group of dynamic methods of surface plastic deformation, features ability to dissipate considerable energy of defor-
mation of strengthened part material in its surface layers which is equal to that of stamping. For parts made of con-
struction steel, the vibrational-centrifugal strengthening treatment provides for the thickness of the strengthened
layer within 0.15—0.20 mm, formation of residual compressive stresses of high gradient, enhanced micro-hardness.
Due to technological use of considerable inertial forces of massive strengtheners, which are rolled over the surface
during the strengthening process, effective reinforcement of metal of the surface processed and formation of residual
stress in their metal thickness are provided. This effective strengthening of both inner and outer long surfaces allows
decreasing the mass of long-length steel parts by 15—20 %. This provides for certain economic effect related to cost of
part material. For the first time, structural schemes of equipment for strengthening outer and inner cylindric-shaped
surfaces of long-length parts through vibrational-centrifugal treatment have been described, including those for drill
and casing pipes. The suggested constructions of strengthening equipment have a simple constructive design, do not
require first line maintenance workers, and are effective and energy-efficient.

Originality. The developed designs of devices for strengthening long outer and, particularly, inner surfaces of cy-
lindric long-length parts have no comparable counterparts internationally. Due to these designs, the spheres of effec-
tive use of surface strengthening increase considerably.

Practical value. Material capacity of long-length parts strengthened by the suggested design of strengthening
equipment decreases. On a 2—3-kilometer exploration well, the decrease in the drill string mass by 15—20 % as a result
of strengthening treatment will allow saving about 30—40 tons of costly constructional steel. Wide industrial applica-
tion of the vibrational-centrifugal strengthening and the suggested equipment for its implementation will also allow
increasing reliability and durability of a wide class of long-length parts.

Keywords: surface strengthening, a long-length part, inner surface, drill pipe

Introduction. Along with drilling units and boring
tools, drill and casing pipes are the most critical compo-
nents of the borehole drilling process, particularly, of
deep-hole exploration wells. Quite frequently, these are
resisting power and reliability of these critical compo-
nents that specify such significant parameters for well-
drilling process as boring speed and capacity of thread-
ing a layer of high hardness, ability of a borehole pillar to
stand horizontal displacements of layers of soil and
rocks and others. Due to the need for resisting consider-
able working load, drill and casing pipes are made from
qualitative construction steel of 40X and 30XI'C brand,;
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moreover, they have rather thick walls (up to 10 +
15 mm).

Regarding the current state of mechanical engineer-
ing development, there are only two realistic ways of
cheapening drill and casing pipes:

- transition to manufacturing pipes using cheap ma-
terials;

- technological enhancement of resisting power of
pipe material, which will allow decreasing pipe wall
thickness and, consequently, their mass and costly ma-
terial usage for their production.

While manufacturing these pipes for relatively shal-
low artesian wells, substitution of metal of drill and cas-
ing pipes for plastic mixture was opted for. Unfortunate-
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ly, resisting power of available plastic mixtures for pro-
ducing drill and casing pipes for deep exploration wells
is not adequate yet. That is why technological enhance-
ment of strength characteristics of pipe metal is an op-
tion, i.e. a way of cheapening, in this case. This will al-
low decreasing pipe wall thickness without losses for
their reliability and, consequently, consumption of cost-
ly materials for manufacturing.

Analysis of the recent research and publications.
Structurally, both drill and casing pipes are made as
long cylindric hollow details of annular cross-section.
They are manufactured at a rolling mill followed by nor-
malisation, natural cooling and pipe aging treatment for
reassignment of residual stress in their metal thickness.
In most cases in the outer zone of pipe material there are
formed technological residual tensile stresses.

It is commonly known that engineering support in
the outer and boundary layers of material of metal parts
of compression stress can resist devastating impact of
working load to the fullest extent. That is why finishing
and strengthening operations are introduced in the pro-
cess of manufacturing metal parts, particularly steel
ones, with the purpose of improving properties and
quality of outer layers of the material of the parts.

Among various finishing and strengthening opera-
tions for metal parts, thermal operations and reinforce-
ment of outer layers of the part material with surface
plastic deformation have become routine methods.

Certain restrictions as for surface strengthening of
drill and casing pipes exist regarding the variety of sur-
face plastic deformation. First of all, only methods of
the dynamic strengthening group are applicable here.
Improvement of strength characteristics of pipe material
outer layers and formation of residual compressive stress
of high gradient are of the essence. However, not every
common dynamic method for surface strengthening is
suitable for strengthening treatment of such specific
parts as drill and casing pipes. Among the known kinds
of dynamic strengthening methods by surface plastic de-
formation (SPD) only stamping [1] and vibrational-
centrifugal treatment (VCT) [2] could meet high re-
quirements for indicators of energy of strengthening
deformation and treatment class provided regarding the
pipes. Nevertheless, it is understood that due to ex-
tremely low efficiency of strengthening stamping, this is
expedient to use only for strengthening threaded hol-
lows of drill and casing pipes. For the outer zone of the
pipes with a length up to 11.5 m, stamping is not sui-
table.

The vibrational-centrifugal strengthening (VCS)
treatment developed at Lviv Polytechnic National Uni-
versity organically combines two such important tech-
nological parameters as high efficiency of strengthening
treatment along with considerable strain energy. High
efficiency of the VCS treatment was proved by its suc-
cessful use for plane wheel hubs and flanges and sleeves
of boring pumps [3]. VCS of the outer surface and radius
blends made of light structural alloys of plane wheel
hubs and flanges has doubled the life time of these criti-
cal components compared to strengthening by roller
burnishing. Moreover, resistance to abrasive wear of
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steel sleeves of boring pumps has increased one-and-a-
half to two times as a result of strengthening their outer
surface through VCT [4, 5].

Therefore, there is every reason to consider the use
of the VCT to be promising for efficient strengthening
with the purpose of decreasing the mass and increasing
reliability and durability of drill and casing pipes.

However, both the experience of industrial use of
VCS for treating drill and casing pipes and equipment
constructions for efficient strengthening of the surface
of such long parts are lacking.

Objectives of the article. The objective of the research
is to develop constructions of highly-efficient strength-
eners for surface plastic deformation of the material of
drill and casing pipes. Due to considerable strain energy,
the strengtheners are to provide formation of residual
compressive stress of high gradient and enhanced mi-
cro-hardness of their material in outer layers of strength-
ened material, which will eventually contribute to in-
creasing reliability and durability of these and other
critical long-length parts.

The main tasks of the research included:

- development of structural schemes of strengthen-
ers for strengthening outer and inner layers of cylindric
long-length parts through SPD;

- development of mathematical relation in order to
determine the main technological and structural pa-
rameters of vibrational-centrifugal strengtheners of
long-length parts;

- development of methods for forecasting decrease in
the weight of cylindric long-length parts due to qualita-
tive surface strengthening of their material.

Presentation of the main research. The idea of apply-
ing inertial forces of planetary rolling motion of massive
impact body as a source of energy while contacting with
the surface of the treated part because of an insignificant
number of distorted elements was taken as a base of sug-
gested constructions of strengtheners of long-length
parts to which drill and casing pipes belong [6].

Fig. 1 shows a basic structure diagram for strength-
ening the surface of drill and casing pipes.

The device is equipped with resiliently fixed on the
base I on pneumocylinders 2 of platforms 3 and 4, one
of which, for example, the left one, is fixed with a pos-
sibility of moving vertically, and the other one — in a
horizontal plane. Displacement of the platform 3 in a
vertical plane to one of two end positions (above the
platform 4 or below) is performed by changing the air
pressure in the pneumocylinders on which it is fixed.
Displacement of the platform in a horizontal plane
along the base is done with a support 5 which is bolted
on the base in different positions. Displacement of the
support 5 along the base is done with the help of a mo-
tion screw 6.

On both platforms there are fixed balance weights of
vibration exciters and between the platforms there are rig-
idly fixed drill and casing pipes 7. In this particular case,
the number of simultaneously strengthened parts equals
three; however, it can be larger for operational reason.

The vibration exciters placed on each platform in-
clude a frame fixed on the rolling-contact bearing on an
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Fig. 1. Basic diagram of a vibration machine for strength-
ening the surface of drill pipes

axis &; on the frame there is fixed a balance weight 9.
The rotational motion of the vibration exciter housings
is provided by electric motors /7 through elastic cou-
plings /0. The shafts of both electric motors rotate in the
same direction, at the same rate and through the same
angle. The vibration exciters are covered with protective
covers 12.

On each of the parts to be machined there is loosely
fixed one roller /3 with processing balls /4 placed in a
separator plate; hardness of the balls is larger than that
of strengthening part material. The diameter to which
the processing balls are placed in the separator plate is
chosen regarding the required mode of vibration sup-
port of roller rotation while providing machined parts
with oscillation of specified amplitude. The mass of the
roller /3 and frequency of its rolling is set experimen-
tally depending on the strengthening part material and
required quality parameters for strengthening treatment
in the outer layer of the part material. The rollers are as-
sembled in one unit with the help of flanges /5 and spac-
er sleeves /6; the unit is based on them with the help of
guiding rollers (not shown in the figure) in order to avoid
surface damage of the parts.

On ecither of the platforms there are fixed limit
switches 17 and 1§ which give an electric signal to a
command-apparatus /9 when on impact with the flan-
ges [5. The command-apparatus /9 is intended to
change the air pressure in the pneumocylinders 2 of the
left platform 3 and consists of pressure control valves 20
which regulate the air pressure in the pneumocylinders
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of the platforms, a pneumatic electric spool 27 and a
pneumatic electric spool control block 22.

Strengthening of drill pipes is performed in the fol-
lowing sequence. On the pipes, which are to be strength-
ened, there is fixed a unit with rollers. The drill pipes are
fixed on the platforms with the help of collect chucks
and the balance weights of vibration exciters are given
rotational motion by applying voltage to the electric
motor winding. Balance weight rotation causes excita-
tion of circular plane-parallel vibration of the drill pipes
with specified amplitude; the square area of the pipes is
orthogonal to their centre lines. Influenced by vibration
of the treated pipes the rollers 73, which are fixed on
them, get involved in the mode of vibration support of
their rotation, which is accompanied by rolling over the
outer strengthened surface. Rolling of the rollers occurs
to the processing balls 74 placed in their separator plate
with an impact; as a result, the pipe material is plasti-
cally strained and strengthened in places of contact.

Positioning the platforms 3 and 4 at different levels
provides for vertical lean of the pipes being treated with-
in 5...6° to the platform 4. The unit with the roller under
the action of its attractive force moves towards the plat-
form 4. Reaching the limit switch /& fixed on the plat-
form 4, the flange /5 of the unit acts on the rod of the
switch and closes its contacts. The signal arrives at the
command-apparatus /9, the pressure in the pneumo-
cylinders 2 of the platform 3 changes, the platform
comes down to the extreme position reversing the de-
flection angle of the parts in process and the direction of
movement of rollers over the processed surface.

The number of movements of the unit with the roll-
ers over the pipes being strengthened, traverse speed of
the unit which is set by the deflection angle of the parts
as well as the roller weight, vibration frequency of the
platforms and time of strengthening are determined ex-
perimentally in each specific case relative to the material
of the parts being strengthened and required quality pa-
rameters of the strengthening treatment.

Rolling of the rollers and their movement over the
processed parts provide for uniformity of strengthening
over the surface strengthened. The thickness of strength-
ening of the outer layer material of steel pipes up to
0.2...0.25 mm a with cold work hardening degree of
20...25 % is obtained through mutual collision of the
rollers and the parts while contacting through an insig-
nificant number of processing balls.

Displacement of the platform 4 along the base 7 with
the help of the motion screw 6 and use of the rollers with
different diameters makes it possible to strengthen drill
pipes of different length and diameter, which increases
technological opportunities of the method considerably.

Fig. 2 shows a basic structure diagram for strength-
ening the surface of casing pipes while giving a strength-
ening tool — a rolling element — a generating motion by
making an electromagnetic field influence it. Like the
construction for strengthening drill pipes considered
above (Fig. 1), the device is equipped with platforms re-
siliently fixed on the pneumocylinders, the command-
apparatus for changing the deflection angle of the parts
being treated in a vertical plane, fixed limit switches for

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 5



GEOTECHNICAL AND MINING MECHANICAL ENGINEERING, MACHINE BUILDING

‘ : A-A

N
Qo4

S

increased

Fig. 2. Basic diagram of a processing device with electromagnetic gear for strengthening pipes

giving a signal to the command-apparatus and mecha-
nisms of workholding and displacing one of the plat-
forms along the base, which makes it possible to
strengthen pipes of different length.

Distinctive features of the device include absence of
unbalance vibration exciters with electric motors of their
driving and availability of electromagnets 2 assembled
in a housing /. Each of the processed parts 3 having their
outer layer strengthened is enclosed by six electromag-
nets regularly spaced circle-wise; the coils of the electro-
magnets are connected in such a way that they form
three two-cycle vibration exciters shifted to each other
by an identical angle. Among the electromagnets cover-
ing the processed parts there is a loosely fixed roller 4
with strained bodies 6 (steel heat-treated balls) placed in
its separator plane 5. The housing is based on the pipes
being strengthened on guiding rollers 7.

When strengthening the outer zone of casing pipes,
the housing 7 with electromagnets 2 and rollers 4 are
fixed on tubes 3 which are further fixed on the platforms
of the device. The platforms are placed at different levels
relative to the base. When applying voltage to the elec-
tromagnet coils, the rollers being attracted by magnetic
adhesion to each of them alternately, are drawn in the
rolling over the outer layer of a strengthened pipe which
comes over strained balls standing out from the separa-
tor plate. At places of contact with the strained balls, the
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material of the part is plastically strained and strength-
ened. Since the platforms are placed at different levels,
the housing 7, being under the action of attractive force,
along with the rollers 4 moves on roll pins over the pro-
cessed surface generator of the pipes to the platform
which is situated below at this moment. Having shifted
to this platform, the housing 7 influences the limit
switch, which gives a signal to the command-apparatus.
Pressure in the pneumocylinders changes, the deflec-
tion angle of the parts processed reverses and the hous-
ing shifts to the opposite platform. Uniformity of
strengthening the pipe surface is provided by rotation of
the rollers and their moving over the processed surface
generator. The thickness of the strengthened layer and
degree of the cold work hardening are regulated by
changing the mass of the roller, the number of repeated
moves of the rollers over the surfaces processed.

When strengthening the inner layer of casing pipes
(Fig. 3), the housing / with electromagnets 2 and rollers
4 is placed inside the processed parts 3. Here with the
purpose of increasing technological possibilities of the
device, it is worth using two series of electromagnets
placed in each of the parts processed with their coils in-
terconnected in parallel.

The roller 4 with the separator plate 5 and strained
balls 6 is placed amidst the series of electromagnets
while one anchor §each is attached to the roller end; the
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Fig. 3. Strengthening of the inner layer of casing pipes

anchors are made of transformer sheet iron and are put
into the central zone of each electromagnet series. The
housings 7 are based in the parts being processed on the
guiding rollers 7.

When voltage is applied to electromagnet coils, the
anchors & being pulled to each of the coupled electro-
magnets in turn, rotate. Along with them the roller 4, to
whose ends they are attached to, rotates. Rotation of the
roller is accompanied by its rolling over the inner face of
the strengthened pipe which comes over strained balls 6
standing out from the separator plate 5. The mechanism
of strengthening the pipe surface and the nature of the
roller’s axial displacement along the part being strength-
ened as well as their sequence are similar to those in the
device for strengthening the part outer face described
above.

Fig. 4. presents one more basic structure diagram of
the strengthener of the outer face of drill and casing
pipes.

The main structural components of this strengthener
are two housings set on the tubular base with a bevel gear
wheel of the rotary actuator, the drive itself in the form
of the electric motor, coupling and driving bevel gear
wheel as well as cylinder-shaped strengtheners, which
are connected with the rolling housings by corrugated

6 9 11 10 8 7

Fig. 4. The model of the strengthener for surface strength-
ening by plastic deformation of the outer surface of
drill and casing pipes
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pipes, along with strained elements in the form of steel
heat-treated balls of high hardness.

The tubular cylindrical base 2 is set on the strength-
ened surface of the processed part / with the help of
centring roll pins 4 actuated by springs 3. On the tubular
base 2 on bearings 5 there are placed two housings 6 in
coaxial relationship with the geometrical axis of the part
being processed. On either of the housings 6 there is rig-
idly fixed one toothing rim of the bevel gear wheel 7. The
toothing rims of the bevel gear wheel 7 are placed op-
posite one another. They have the common point of in-
tersection axes of their toothing rims and they form two
bevel gearings of the drive together with the driven cone-
shaped gear wheel &, which is geared to them. This loca-
tion of the toothing rims of the bevel gear wheels pro-
vides for counterrotation of the housings 6 about the
part [ being processed. The driven cone-shaped gear
wheel & geared to the bevel gear wheels 7 is fixed in the
bearings on the static base 9, while its shaft end portion
is attached to the electric driving motor /1 by the cou-
pling 10; the electric driving motor /7 is set on the static
base (not shown in the Fig. 4).

The strengthening device is based on the processed
part 1 with the help of the centring roll pins 4 actuated
by the springs 3 which simultaneously provide for sta-
tioning of the strengthener on the surface of the part /.

The actuating work tool of this device is made of
massive cylinder-shaped strengtheners /3 on the outer
surface of which in separator cavities there are fixed de-
formable bodies (DBs) 74 with axial rotation; the DBs
are in the form of steel heat-treated balls of high hard-
ness. The cylinder-shaped strengtheners /3 are attached
to either of two housings 6 through an elastic resilient
member /2, for example, corrugated rubber bellows.
Such implementation allows the strengtheners to have
capacity for shifting towards the axis of the part 7 being
processed (Fig. 5) apart from rotational motion with the
frequency equal to the rotation frequency of the hous-
ings 6. The numbering of positions in Fig. 5 corresponds
to the numbering in Fig. 4.

The deformable elements in the form of steel heat-
treated balls /4 of high hardness are set for their axial
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Fig. 5. Schematic cross-section of the strengthener 13
with deformable steel balls 14 (legends from Fig. 4)

rotation in the separator cavities on the outer surface of
the cylinder-shaped strengtheners /3 on the diameter
which is equal

Dy=D,+e+ D,

where D, is the diameter of the processed surface of the
part I;  is the eccentricity of the strengthener 13 relative
to the geometrical axis of the processed surface of the
part 7; D is the diameter of the deformable elements in
the form of steel heat-treated balls which is mostly cho-
sen from the ratio D = (0.15 + 0.20) D, from the range of
D =10+ 15 mm (Fig. 5).

The cylinder-shaped strengtheners 13 are loosely set
on the part 7 being processed for rotation about the axis
of the strengthened surface with the eccentricity €. In
Fig. 4 the direction of rotation of strengtheners 73 with
DBs 74, driven gear wheel § and axial displacements of
the processed part 7 is indicated with arrows.

Strengthening treatment of the outer cylindric-
shaped surface of long-length parts, including drill and
casing pipes, by the device under consideration is per-
formed in the following way. The pipe / to be strength-
ened is placed amidst the strengtheners 73, resilient
members /2 and the base 2 with its processed outer cy-
lindric-shaped surface being amidst the centring roll
pins 4 (Fig. 4). After switching on the electric driving
motor /1, the rotational moment and rotational motion
are applied to the driven gear wheel § from the shaft
through the coupling /0. Through the toothing rim, ro-
tation of the gear wheel & is transferred to bevel gear
wheels 7, which counterrotate with the housings 6 about
the strengthened pipe /. Through the resilient members
12, the rotational moment is transferred to the strength-
eners /3, which gains the rotational motion about the
strengthened surface of the pipe / being processed.

Under the action of centrifugal forces, the axial rota-
tion of the massive strengtheners 13 is transformed into
the rolling motion of the strengtheners by the DBs 74
fixed on their inner surface over the strengthened surface
of the pipe 1. This is stimulated by the eccentricity € of
the strengtheners /3 relative to the processed surface of
the pipe /. During the strengthening treatment at any
time, the strengthener /3 contacts the strengthened sur-
face of the pipe / through an insignificant number of the
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DBs 74, which are placed along the generating lines of
the inner surface of the strengthener /3 and the surface
processed. Due to the availability of compound rolling
motion of the strengthener /3, which switches both its
geometrical axial rotation and its redial motion relative to
the processed surface of the strengthened pipe / simulta-
neously, making contact of a successive group of the DBs
14, which are placed along the generating line of the
strengthener 13, with the processed surface of the pipe /
occurs with an impact (Fig. 5). At the same time the
strengthener 13 is affected by the centrifugal force F,
whose rolling action vector is directed from the centre of
the mass of the strengthener and runs perpendicular to
the geometrical axes of the strengthener and the pro-
cessed surface [7]. The centrifugal force direction is indi-
cated with an arrow with the letter symbol F, and its value
Fis proportional to the mass m and the eccentricity € of
the strengthener and the square of circular frequency #z of
its rolling motion and is determined from the relation

F=m-¢ o
where o = 2nn is the circular frequency of the rolling mo-
tion of the strengthener /3; n is the rolling frequency of
the strengthener 713 over the processed outer surface of the
pipe I; € is the eccentricity of the strengthener 13 relative
to the geometrical axis the processed surface of the pipe /;
m is the mass of the strengthener /3 with the DBs /4.

The regulatory quality of the strengthening treatment,
namely, the thickness of the strengthened layer of the ma-
terial on the processed surface and ensured level of resid-
ual stresses, straining force, i.e. impact force which falls
on each of the DBs and is proportional to the centrifugal
force F acting on the rolling strengthener /3, and is in-
versely proportional to the number N of the DBs /4 placed
along the generating line of the strengthener, that is

F _F_ m-£~D-c02’
"N /
where / is the length of the generating line of the cylin-
der-shaped surface of the strengthener /3, on which the
DBs 74 are set.

As DBs /4in the device considered steel heat-treated
balls of high hardness are mostly used. That is why im-
pact interaction of the DBs 74 with the surfaced of the
processed pipe / whose material is not as hard as that of
the steel balls is evident formation of considerable con-
tact stress at points of contact of the balls 14 with the
processed pipe I material; under the action of the con-
tact stress the processed part material is plastically
strained and strengthened. The value of the contact
stresses, which occur at points of contact with the
DBs 74 in boundary layers of the surface material of the
processed pipe /, as a result of impact interaction, is de-
termined the relation. «t
F._10-m-¢-D-n?

1

O =g I-d?

b

nd? | . .
where S = e is the square area of the residual impres-

sion after an impact contact with the deformable spheri-
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cal body (ball 74); d is the diameter of the impression on
the processed surface, as a result of an impact contact of
the DB 74 with the pipe I being strengthened.

Here the basic design parameters of the strengthener
include:

- the eccentricity ¢ of the strengthener;

- the number N and the diameter D of the DBs
equipped on the strengthener.

The basic technological parameters of the strength-
ening the outer cylinder-shaped surface of long-length
drill and casing pipes by plastic deformation which are
essential for the ultimate quality of strengthening treat-
ment in the process considered are [7]:

- impact force F;, which falls on each of the DBs and
mostly depends on the mass m of the strengthener;

- rolling frequency » of the strengthener over the
outer surface of the strengthened pipe;

- speed of the axial movement of the processed part
relative to the strengthener or vice versa — that of the
strengthener relative to the processed part;

- the number of redrawing passes, i.e. recurrent
shifts of the strengtheners along the generating line of
the processed surface of the part.

Thus, change in such design parameters as mass m
and the eccentricity ¢ of the strengthener conditions
change in the force F; of impact interaction with the
strengthened part material and, correspondingly, the
value of the contact stresses o,,,, which are formed in
the outer zone of the metal of the strengthened part at
points of contact with the deformable spherical bodies.
The process is implemented rather simply through at-
taching extra loads to the strengthener 73, which in-
creases its mass and, consequently, contributes to in-
creasing the centrifugal force F and force of impact in-
teraction of the strengthener with the material of the
processed part /, which is inextricably connected with
the centrifugal force. The recurrent shifts of the pro-
cessed part / over the strengthening device (or vice ver-
sa), i.e. redrawing passes, improve uniformity of the
strengthening treatment.

From the literary sources it is known that qualitative
surface strengthening of parts does not only provide for
their increasing reliability and durability but is also able
to decrease the mass of strengthened parts due to im-
provement of the mechanical properties of metal in their
outer and boundary layers. This is proven demonstra-
tively both by fatigue testing of real strengthened parts
[8, 9] and by numerous laboratory fatigue testing of
samples of different materials, which were subject to
surface strengthening by various methods. Results of
these research studies are widely presented in works by
national and foreign researchers. Thus, Borodin N.A.,
Stepanov M. N. and Khazanov I.1. proved that surface
strengthening increases durability of large-format parts
from nonferrous metals and alloys, in particular, mag-
nesian and aluminium wheel hubs of planes. Kudriavt-
sev 1. V., Kravchuk V.S. [10], Kaledin B.A. and Che-
pa P. A. proved in their research that surface strengthen-
ing of steel parts can enhance their durability and resis-
tance to wear-out. Meanwhile basing on fatigue testing
strengthened steel samples, Oliinyk N.V. and Krav-
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chuk V.S. developed a theory of the so-called ‘static
similarities of fatigue failure’ in their work ‘Reduction in
consumption of materials for parts strengthened by sur-
face plastic deformation’. They proved that due to in-
creasing fatigue endurance of parts, which is ensured by
strengthening, it is possible to considerably decrease the
cross-section area of heavy-loaded steel parts and their
mass. Their theoretical and experimental studies dem-
onstrated that as a result of qualitative strengthening of
steel parts by SPD, fatigue micro-crack initiation shifts
from the outer zone to deeper boundary layers. More-
over, the rate of fatigue micro-crack initiation and
growth decreases considerably as well as the rate of their
transition from being micro to destructive fatigue mac-
rocracks. Consequently, the so-called ‘median’ endur-
ance strength increases, and, eventually, fatigue endur-
ance of the material of parts grows.

Analysing possible decrease in the mass of a part asa
result of surface strengthening, the researchers recom-
mend [ 10] proceeding from the assertion tested by phys-
ics of metals that ‘fatigue endurance of a strengthened
part with the changed mass will be ensured provided the
product of its median endurance strength is retained at
the same level at the modulus of section as that of a un-
strengthened part, that is

Oy W, =0, W,
where 6_;, and 6_j;, are median endurance strengths of
the material of the strengthened and unstrengthened
parts, correspondingly; w, and w, are the modulus of
section of the unstrengthened and strengthened parts,
correspondingly.

Then, the value of the strengthening factor can be
presented as

In general casing and drill pipes of exploration wells
as machine parts are made as thin shells of rotation
whose modulus of section is equal to

nd?
w :3—21((114 —dé‘),

where d, is the diameter of the outer zone of a casing or
drill pipe; d, is the diameter of the inner surface of a cas-
ing or drill pipe in the same section.

Since the standards for drill and casing pipes strictly
specify their outer diameters, it is possible to decrease
their mass by decreasing the pipe wall thickness, i.e. by
increasing the inner diameter

4 4
w _di —dy

4 4
w, di-d,

p= o))

where d,, and d,, are the inner diameters of unstrength-
ened and strengthened pipes, correspondingly.
The mass of the unstrengthened pipe is

w-p-l
m, = s

(d?-d3,),
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while the mass of the strengthened pipe is

n-p-l
m, = 4

(d?=d3)),

where p and / are the material density and the length of
the pipe, accordingly.
Then it can be written as

21
m _dp —d,
1_
my di —d;;

(2

Having performed basic mathematical transforma-
d? +d?
tions of formulas (1) and (2) and set K =H we
d; +dj,
obtain an expression for calculating the mass change for
the casing or drill pipe as a result of its strengthening by

VCT
K-m
my, =——.
p
Formula (3) shows interrelation between a possible
decrease in the mass of the drill or casing pipe as a result
of decreasing its wall thickness while retaining strength
characteristics of the pipe due to its qualitative strength-
ening of by SPD including strengthening by VCT.

Experimental studies show that the value of the K is
within 0.95 + 0.99, while the strengthening factor of the

3)

—ls

partis B= , depending on the treatment mode it is

—lu
within K = 0.2...0.25. Consequently, the mass of drill
and casing pipes can be decreased by 15—20 % as a result
of their surface deformation. For a static exploration
well with the drill pipe diameter of @100 mm, casing
pipe diameter of @300 mm with conventional pipe wall
thickness of 10mm, metal mass decrease at every one
meter of the well makes 15—20 kg as a result of surface
strengthening. This will make 30 + 40 tons of steel for a
2 + 3-kilometre well and, consequently, 300 + 400 thou-
sand US dollars’ cost cut on each exploration well.

Therefore, summing up it is worth mentioning the
following. First of all, attention should be paid to devel-
oping a new method of surface strengthening of parts of
circular section, which the authors called ‘vibrational-
centrifugal strengthening treatment’. A specific distinc-
tive feature of this strengthening technology is giving a
massive strengthening tool rolling motion over the sur-
face being strengthened. As a result, the strengthened
surface is affected by considerable dynamic loads, which
provides for qualitative strengthening of parts with high
gradient of residual compressive stress and micro-hard-
ness in outer and boundary layers of the strengthened
part material.

Another positive aspect is development of a series of
construction diagrams of equipment for surface strength-
ening by VCS treatment of outer and inner surfaces of
long-length parts. While surface strengthening treatment
of steel long-length parts could be implemented more or
less successfully by some of numerous strengthening
methods, for example, bead blasting or shock-vibrating
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machining, the devices for strengthening the elongated
interior face are suggested for the first time. They have
no comparable counterparts among strengthening
equipment internationally. This opens extraordinary
prospects for technological enhancement of reliability
and durability of such specific long-length parts as tank
and artillery gun tubes [11], casing pipes, high-pressure
pipes and others through strengthening them. Moreover,
suggested devices have a simple constructive design and
can be installed at any machine-building enterprise.

The suggested decrease in specific material require-
ment for drill and casing pipes for exploration wells due
to the strengthening by VCT is no less important. Saving
30 =40 tons of costly steel on the mass of drill and casing
pipes, that is about half a million US dollars on every
exploration well, would be highly relevant for the state.

All above-stated proves the prospects for wide indus-
trial application of the VCS treatment.

Conclusions.

A fundamentally new method of vibrational-centrif-
ugal strengthening treatment has been developed which
belongs to the group of surface plastic deformation
methods and features ability to dissipate considerable
energy of deformation of strengthened part material.
The method belongs to the group of dynamic surface
strengthening methods; it provides for the thickness of
strengthened layer of steel parts of 0.15 + 0.20 mm on the
outer surface and 0.10 + 0.15 mm on the inner surface of
cylindric long-length parts. Due to considerable energy
of impact interaction between a tool and processed part
material, there are formed residual compressive stresses
of high gradient. As a result, this increases strength and
reliability of strengthened parts including those of steel
long-length drill and casing pipes.

For the first time, constructions of strengtheners for
surface plastic deformation of outer and inner zones of
long-length parts including those of drill and casing pipes
have been proposed. The suggested strengtheners have a
simple constructive design, are energy-efficient, do not
require first line maintenance workers. Apart from
strengthening drill and casing pipes, these constructions
can be used for qualitative strengthening treatment of
outer and inner zones of high-pressure pipes, outer sur-
face of tank torsion shafts as well as torsion shafts of large-
capacity self-propelled artillery weapons, inner surface of
tank and artillery gun tubes of heavy gauge and others.

Along with increasing reliability and durability of
parts strengthened by vibrational-centrifugal treatment,
the strengthening technology considered makes it pos-
sible to decrease the part mass due to improving strength
characteristics of the strengthened material. The volume
of decreased mass of the parts due to qualitative strength-
ening treatment for drill and casing pipes of exploration
wells makes 15 + 20 %, which can provide up to 0.5 mil-
lion US dollars of economic benefit for a 2 + 3-kilome-
tre well as a result of decreasing consumption of drill-
string pipe materials.
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Biopamiiino-BiaueHTpoBe nmoBepxHeBe
3MillHeHHs1 OyYpPOBHUX i 00caaHUX TPYO
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Meta. CTBOpeHHSI HOBUX KOHCTPYKIIiii YCTaTKy-
BaHHS JUIs1 3MiLIHEHHSI OYypoBUX i 00camHUX TPYyO IO-
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BEPXHEBUM TUIACTUYHUM Ne(POPMYBAHHSIM, BU3HAYEH-
HSI KOHCTPYKTUBHUX 1 TEXHOJIOTIYHUX TTapaMeTpiB Bi-
OpaliiiHO-BiILIEGHTPOBOIO 3MIlIHEHHSI [TOBIOMipHUX
JeTajen.

Meromuka. Ha mincraBi Teopii cTaTW4yHOI momi-
OHOCTi BTOMHOTO PYWHYBaHHS 3alIpOIIOHOBaHA METO-
KA BU3HAUYEHHS 3MEHIIEHHS MacHu Ta MaTepiaoeM-
HOCTI LUJiHAPUYHUX IeTajeil y pe3yabTari eheKTUB-
HOTO 3MillHEHHSI iX BHYTPIilUHiX i 30BHILLIHIX LMJIiH-
JNPUYHUX TTOBEPXOHb BiOpaILlifHO-BiALIEHTPOBOIO 00-
pobKkoto.

Pesyabratu. Ha mincraBsi mocBigy NMpoOMUCIOBOTO
BUKOPHMCTAaHHSI BiOpalliiiHO-BiALIECHTPOBOI 00POOKU
IS 3MiLTHEHHS 6apabaHiB i pebopa KOJIiC JIiTaKiB CTBO-
pPeHi HOBI KOHCTPYKTHUBHI CXeMU OpPUTiHAJIbHUX MPU-
CTPOIB JUISI 3MILTHEHHST OYpoBUX i 00camHUX TPyO Teo-
JIOTOPO3BiNyBaJbHUX CBEPMJIOBMH. BigpauiiitHo-Bin-
LICHTPOBY 3MIlIHIOBaJIbHY OOpPOOKY MOLIJIBHO BUKO-
PUCTOBYBaTH Ha 3aBeplIaIbHOMY €Tarli BUTOTOBJICHHS
TpyO 3 METOIO MiABUILIEHHS X HAIiHHOCTI Ta TOBTrOBiU-
HOCTi, a TaKOX 3MeHIleHHs Macu. Lls 3MiliHIOBasibHA
TEeXHOJIOTisl HaJeXUTh 10 TPyMU IMHAMIYHUX METO/iB
MOBEPXHEBOTO TJIaCTUYHOrO Ae(opMyBaHHS, Binpis-
HSETBCS CIIPOMOXKHICTIO 3a0€¢3MeUYeHHST 3HAYHMX,
CHiBpO3MipHUX KapOyBaHHIO, CUJI Ae(OpMyBaHHSI Ma-
Tepiaay 3MIiITHIOBaJbHUX JeTajiell y TOBEPXHEBUX OTO
npouiapkax. st geranei i3 KOHCTPYKUIAHUX cTaiei
BiOpaliifHO-BinIeHTpOBa 3Mil[HIOBaJIbHa 00OpoOKa 3a-
Oes3redye TOBIIMHY 3MILIHEHOTO IPOIIapKy MaTepiany
B Mexax 0,15—0,20 MM, ¢popMyBaHHSI B HbOMY 3aJIMIII-
KOBMX HAIPY>kKEHb CTUCKY 3HAYHOT'O TPANi€HTY, MiIBU-
IIEHHSI TOBEPXHEBOI MiKPOTBEPIOCTi. 3aBASIKA TEXHO-
JIOTIYHOMY BUKOPHMCTAHHIO 3HAYHUX CUJI iHeplii Ma-
CUBHMX 3MIIlIHIOBaYiB, 110 Y MPOIECi 3MIlIHIOBATbHOI
00pOOKM OOKOUYIOThCSI MO MOBEPXHi, 3a0€3MeUy€eThCs
edeKTUBHE 3MilTHEHHS MeTaly 0OpOOTIOBAaHUX MOBEP-
XOHb, (POpMYBaHHSI B TOBILI MaTepially 3aJIUIIKOBUX
HamnpyxXeHb CTUCKY. Take edeKTuBHE 3MIlITHEHHS SIK
30BHIIIHIX, TaK i BHYTPIllIHiX MPOTSKHUX MOBEPXOHb
103BoJIsIE Ha 15—20 % 3MEHIIUTU Macy JOBIOMIpHUX
crajeBux neraneit. [lum 3abe3nedyeTbes IEBHUM €KO-
HOMIYHUI edeKT, 3ajeXXHUil Bil BapTOCTi MaTepiany
Jetajieil. Yepiie onvcaHi MpUHIUIIOBI CXeMHU yCTaT-
KyBaHHSI ISl 3MillHEHHSI BiOpaliiiHO-BiAlLIEHTPOBOIO
00pOOKOIO BHYTPIIIIHIX Ta 30BHILIHIX HUJIIHIPUYHUX
MOBEPXOHb JOBIrOMIpHUX AeTajeli, y TOMy YUCIi i Oy-
pOBUX Ta 00CagHUX TPYO. 3aPONOHOBAHI KOHCTPYKIIil
3MIIHIOBAJILHOTO YCTATKYBaHHS IIPOCTi 32 KOHCTPYK-
TUBHOIO OYI0BOIO, HE Mepen0avyaroTh MOTPedu B 00CTy-
rOBYIOUOMY TI€pPCOHAJIi BUCOKOI KBaiikallii, BUCOKOI
MPOAYKTUBHOCTI Ta €HEProolaaHOCTi.

HaykoBa HoBu3Ha. CTBOpeHi KOHCTPYKIIii oOnan-
HaHHS 1151 3MIIHEHHST MPOTSKHUX 30BHIIIIHIX, a 0CO-
0JMBO, BHYTPIllIHIX MOBEPXOHb LUJIIHAPUYHUX TOBIO-
MipHMX JeTajieil He MaloTh aHaJIOTiB y CBITOBIiil Mpak-
TULI. 3aBASIKU LIUM KOHCTPYKIIiSIM CYTTEBO PO3LIUPIO-
I0ThCS Taly3i e(eKTUBHOTO 3aCTOCYBaHHSI TTOBEPXHE-
BOTO 3MilIHEHHSI.

IIpakTuuna 3naynMicth. [lonsrae y 3mMeHileHi Ma-
TepiaJIOEMHOCTI TOBrOMipHUX AeTajeid, 110 3MillHeHi
Ha 3apONOHOBAHUX KOHCTPYKIIiSIX ycTaTKyBaHHS. Ha
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2—3-X KiJIOMETPOBIii T€0JIOTOPO3BiMyBaJIbHIN CBEPIJIO-
BUHI 3MEHILIEHHSI BHACJIIIOK 3MILIHIOBaJIbHOI 0OpOOKM
Ha 15—20 % macu TpyO OYpOBOi KOJOHHU [103BOJUTH
eKoHOMUTHU 0s113bKO 30—40 TOH BapTiCHOI KOHCTPYK-
wirinoi crani. [Iupoke TNpoMuclioBe BIPOBAIKEHHS
BiOpalliliHO-BiILIEHTPOBOrO 3MillHEHHSI Ta 3aIlpoIlo-
HOBaHOTO yCTaTKyBaHHS JUIS Moro peajisallii 103BO-
JIMTh TaKOX MiABUILMTUA HaAilHICTb i JOBrOBIYHICTb
JIOBOJIi IIMPOKOTO KJIaCy UMJTIHIPUIHUX JOBIOMIipPHUX
JeTajneu.

KimouoBi cioBa: nosepxueee 3miynenus, 00820MipHa
demans, 6HYMpIUIHs NOBEPXHs, Oyposa mpyoa

BubpanuoHHo-1eHTPOOeKHOE OBEPXHOCTHOE
yHpouHeHHe OYPOBBIX M 00CAIHBIX TPYO

HU. C. Apmanaszus, J1. U. lllesuyk, JI. P Cmpymunckas,
0. U. Cmpoean

HaumonanbHbI yHUBEpCUTET ,,JIbBOBCKAsT MOTUTEXHUKA™,
r. JIbBOB, YKpanHa, e-mail: ivan.aftanaziv@gmail.com

Ieab. Co3manne HOBBIX KOHCTPYKIIMIT 000pyI0Ba-
HUS IJIs1 YIIPOYHEHUSI OYpOBBIX U 00CagHBIX TPYO MO-
BEPXHOCTHBIM  TIJIACTUYECKUM  Ae(OPMUPOBAHUEM,
orpenesieHue KOHCTPYKTUBHBIX M TEXHOJOTMYECKUX
napaMeTpoB BUOPALIMOHHO-LIEHTPOOEXHOTO YIpPOY-
HEHMS IJIMHHOMEPHBIX JeTanei.

Metoauka. Ha ocHOBaHMM TEOpUM CTATUYECKOTO
MoA00usI YCTaJTIOCTHOTO pa3pylieHUs peutoXeHa Me-
TOIWKA OIIpeAeICHUS YMEHbBIIICHUST MACCHl M MaTepya-
JIOEMKOCTH ILIWIMHIPWYICCKUX HeTalleii B pe3yiabTaTe
3G GEKTUBHOTO YIIPOUYHEHUS MX BHYTPEHHUX 1 HAPyXK-
HBIX IWIHHAPUIECKUX ITOBEPXHOCTE BUOPAIITMOHHO-
LIEHTPOOEXKHOI 00pabOTKOIA.

Pe3syabraTtl. Ha ocHOBaHMHM OIbITa NMPOMBIIIEH-
HOTO TIpUMEHEHUs BUOPALIMOHHO-LIEHTPOOEKHOM 00-
paboTKM 1 ympoyHeHus1 0apadaHoOB U pedep Koyec
CaMOJIETOB CO3[aHbl HOBbIE€ KOHCTPYKTHUBHBIE CXEMBbI
OPUTMHAJBHBIX YCTPOUCTB /11 YIIPOUHEHMST OYPOBBIX
¥ 00CagHBIX TPYO reoJIoropa3BeOYHbIX CKBaXXWH. Bu-
OpaLlMOHHO-LIEHTPOOEKHYIO YKPEILISIONIY0 00padoT-
Ky IIeJIecoo0pa3HO MCTOJIb30BaTh Ha 3aBeplIalolieM
3Tarie N3roTOBJICHUS TPYO C LEJIbIO MIOBBIIICHUS X Ha-
JIEKHOCTH, a TaKKe YMEHBIIIEHWE MacChl. DTa yIIpod-
HSTFOIIAsT TEXHOJIOTUSI OTHOCUTCSI K TPYIITe TMHAMUIC-
CKHUX METOIOB TMOBEPXHOCTHOTO IIJIACTUYECKOTO JIe-
(dopMHUpoBaHUsI, OTIMYAETCS CITOCOOHOCTBIO obecte-
YEeHMS 3HAYUTEIbHBIX, COpa3MEPHBIX YeKaHKe, CHII
nedopMUpoBaHUs MaTepualia YIIPOUHSIEMbIX AeTalleit
B UX IMOBEPXHOCTHBIX ciogx. [ meraneil U3 KOH-
CTPYKLIMOHHBIX CTajell BUOpallMOHHO-LIEHTpOOEeKHAas
yIpoyHsomas oopadboTka obOecreurBaeT TOJIIUHY
YIIPOYHEHHOTO cJiosg MaTepuana B mpeaenax 0,15—
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0,20 MM, (popMHUPOBaHKE B HEM OCTATOYHBIX HATIPSIKe-
HUI CXAaTUSl 3HAYUTEJBHOTO TPAAUEHTA, MOBBILICHUE
MMOBEPXHOCTHOW MUKPOTBEPIOCTU. biaronapsi TexHo-
JIOTUYECKOMY UCIOJb30BaHUIO 3HAUUTEIbHBIX CHUJI
WHEPLMU MAaCCUBHBIX YIIPOUHUTENEH, KOTOPhIE B IIPO-
1iecce ympoyHsolleii o0paboTKu OOKaThIBAIOTCS I10
MOBEPXHOCTH, obecrneunBaeTcs 3(pHeKTUBHOE YIIPOU-
HeHUe MeTaula oOpabaThiBaeMbIX ITOBEPXHOCTE,
dopmupoBaHue B TOJIIE MaTepuasa OCTaTOYHbBIX Ha-
npsikeHuit cxatusi. Takoe a(pdeKTMBHOE yIpOYHEeHNE
KaK BHEIIHMX, TaK ¥ BHYTPEHHUX MPOTSKEHHBIX T0-
BEpPXHOCTE 1mo3BoisteT Ha 15—20 % yMEeHbBIINUTh MacCy
JUIMHHOMEPHBIX CTAJIbHBIX AeTaneil. DTUM obecredyu-
BaeTCsl OIpEACICHHBIM 3KOHOMUYECKU 3(pdexr, 3a-
BUCSILMIA OT CTOMMOCTU MaTepuaia aetajieil. Bnepsoie
OIMMCaHBl TIPUHUMITMAIBHBIE CXEMBl 000PYIOBaHMS
JIJIS yIIPOYHEHUST BUOpALMOHHO-LIEHTPOOEXKHOI 00pa-
OOTKOM BHYTPEHHMX M HApYXHBIX LMJIMHIPUYECKUX
MMOBEPXHOCTEH JIMHHOMEPHBIX AeTajleil, B TOM Yncie
U OypoBbIX U 0bOcagHbIX TpyO. IIpemtoxkeHHbIe KOH-
CTPYKILIMU YIIPOUHSIIOIIET0 000pyI0BaHKS IPOCTHIE TTO
KOHCTPYKTMBHOMY CTPOEHUIO, HE MPeayCMaTpUBAIOT
HEOOXOAUMOCTHU B OOCTYKMBAIOLIEM MTEPCOHAJIE BBICO-
KOl KBaIM(PUKAINN, BRICOKOU MTPOMU3BOOUTEIILHOCTU
1 BHEPTOCOEePEKCHNS.

Hayunas noBu3na. Co3maHHBIE KOHCTPYKIIUKA 000-
pYLOBaHUA IJ1d YIIPOUHEHUS NPOTAXKEHHBIX BHELLIHUX,
a 0COOEGHHO, BHYTPEHHUX ITOBEPXHOCTEH ITMIUHAPU-
YECKUX IJTMHHOMEPHBIX IeTajiell He UMEIOT aHAJIOTOB B
MUPOBOI TpakTuKe. biarogapst 3TUM KOHCTPYKIIUSIM
CYILIECTBEHHO pacIIMpsIoTcs 06JacTu 3 GhEeKTUBHOIO
MPYMEHEHUsI TTOBEPXHOCTHOTO YIIPOYHEHUSI.

IIpakTyeckas 3HAYUMOCTb. 3aKJIIOYaeTCsd B
YMEHBIIEHUW MaTepuaJOeMKOCTH JIJTMHHOMEPHBIX
JeTajeil, ynpouyHEHHBIX Ha TMPEMIOXKEHHBIX KOH-
CcTpyKLUsx odbopynoBanus. Ha 2—3-x kusiomMeTpoBoii
Te0JIOTOPA3BEIOYHON CKBaXKHE YMEHBIIICHUE BCIICI-
CTBHE YIIpOUHSsIIolIeil 00paboTku Ha 15—20 % macchl
TpyO OypOBOI1 KOJIOHHBI ITO3BOJIUT 3KOHOMUTH OKOJIO
30—40 ToHH IoporocTodileil KOHCTPYKLIMOHHOI cTa-
qu. llIupokoe mpoMbllIEeHHOE BHEAPEHUE BUOpaL-
OHHO-IIEHTPOOEXKHOTO YIIPOYHEHMUS 1 MPEIIOXKEHHO-
ro 000pyIOBaHMS ISl €T0 peau3allii TTO3BOJIUT TaK-
K€ MOBBICUTDH HaIEXKHOCTb U JOJTOBEYHOCThb JOBOJIb-
HO IIMPOKOIO Kjacca HAJIUHIAPUYECKUX JITMHHOMED-
HBIX JeTaeu.

KiioueBble cioBa: nosepxHocmuoe ynpouHeHue,
OAUHHOMEDHble 0emanu, 6HYMpeHHsIsI NOGEPXHOCMb, 0)-
posas mpyba

Pekomendosano 0o nybaikauii dokm. mexH. HayK
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