11.  Olette M., Gateller C. Clean steel // Proc. Engl. 2nd Int. Conf. Balatonfiired, 2011. P. 122—-137.

12.  Sidorenco M. F, Magidson I. A., Smirnov N. A. Scan inject // 3rd International Conference of Retining on iron and steel by powder
injection. Lulea, 2013. P. 7/1-7/36.

13.  Trubin K. G., Oyks G. N. Metallurgiya stali. Moscow: Metallurgiya, 1997. 515 p.

14. Efimov V. A. Razlivka i kristallizatsiya stali. Moscow: Metallurgiya, 2006. 550 p.

15. Povolskiy D. Ya. Raskislennye stali. Moscow: Metallurgiya, 1992. 207 p.
16. Kudrin V. A. Metallurgiya stali. Moscow: Metallurgiya, 1991. 488 p.
17. Bigeev A. M. Metallurgiya stali. Moscow: Metallurgiya, 2007. 440 p.

18. Bewar J. Fachber. Hiittenprax // Metallweiterverarbeiten. 2011. Issue 1. P. 55-58.

19. Yashimura M., Yochikawa S. Mitsubishi sted // Mtg. Techn, Rev. 2010. Vol. 14, Tssue 1-2. P. 1—12.

20. Abratis H., Langhammer H. J. Radex Kdsh. 2011. Tssue 1-2. P. 436—442.

21. Ttskovich G. M. Raskislenie stali i modifitsirovanie nemetallicheskih vklyucheniy. Moscow: Metallurgiya, 2011. 306 p.
22. Oyks G. N,, Tofore H. M. Proizvodstvo stali. 4-e izd. Moscow: Metallurgiya, 2009. 525 p.

23. Trubin K. G, Oyks G. N. Metallurgiya stali. Moscow: Metallurgiya, 2004. 535 p.

| =,

Hocnidsceno cnocié npomszyeanus moscmocminnux mpyé. 3anpono-
HOBaHUIl CNOCIO nonsieae 6 Oepopmyeanii nycmominoi 3azomoexu 0es
onpasku. Po3pooneno memoouxy nposedenns meopemurnux 00CaioHcens
MCE. Memoouka npustauena 015 6U3HAUEHHS MENJI06020, dehopmosa-
H020 cmany ma Gopmo3IMinU 3a20MO6KU npu Kyeanui mpyéd 6e3 euxopu-
cmanna onpaexu. 3minnumu napamempamu 0yau enympiwnii oiamemp
nycmominoi 3azomoexu, axuil eapirosascs 6 inmepeani 0.30; 0.55;0.80. Ha
0CHOBI CKIHUEHO-eJleMEHMHO020 MO0eI06AHHS YU 6CMAH06IEeHI: PO3NO-
din memnepamyp i inmencuenocmi aozapudmiutux oepopmauiii 6 06’°emi
mpy6u nicas npomsizyeanns 6e3 euxopucmanns onpasxu. Busnauascs odia-
Memp omeopy mpyou, AKull YymeoproEmvbCs npu NPoms2Y8anti 0aHUM cno-
cobom. Bcmanoemosanucs 3aneincHocmi iHmencueHocmi no006ICeHHs ma
nomosewenns cminku mpyou. bye pospooaenuii cneyiaavnuli NOKA3HUK 0N
ouintosanms nodogicenns mpyou. byao susnaveno, wo npu 30invueni euym-
piunboz0 diamempy no0osxcenHs mpyou 3GIILUYEMbCA MA FHUNCYEMBC
iHMEHCUBHICMb 3MEHUEHHS OMEOPY. 3A2ANbHON 3ALEHCHICMIO 3MO0ENbO-
8AHUX CXeM NPOMSZYBAHHS € Me, WO BEeTUMUHA NOO0BHCEHHS NYCMOMINOT
3a20MOBKU HECYMMEBO 3IMIHIOEMBCS 0151 PIZHUX CIMYNEHI8 00MUCKANL NpU
cmanux 6ionocHux posmipax mpyou. Ile 0ozeonuno ecmanosumu pexo-
Mendosany nodauy 0Ons 30inbWEHHA NO00BHCEHHS NYCMOMINOL NOKOG-
KU ma 3meHuwieHHs cmynens 3axpumms omeopy. Pauionanvna nodaua
nosunna cxaadamu (0.05...0.15) D. Pe3ynvmamu cxinueno-enemeHmnozo
MO0eN0BAHHS NePeBIPANUCS eKCNEPUMEHMATIOHUMU 00CHIOHCEHHAMU HA
ceunyesux 3paskax. Byna zanpononosana memoouxa excnepumenmano-
HOo20 Mmoldemosanus. Bcmanoeneno, wo npu énympimnvomy odiamempi
3azomoexu (0.5...0.6) D, cnocmepizacmoca maxcumym nomoeuseHns cmin-
Ku. Bcmanoseaeno, wo pesynvmamu 3 (Popmo3mineHHS 3a20mO6KuU, AKi
ompumani y meopemuunomy oocaioxceni MCE, na 9...14 % 6iavue 3a
excnepumenmanvii. /locmogipricms pesyaomamie meopemunnozo mooe-
NI06AHHS NIOMEEPOHCYEMBCS OAHUMU eKCRePpUMEHMY 31 SMEHULEHHS HYM -
plunvozo diamempy mpyou. Pisnuys meopemuunux pesyivmamis i excne-
pumenmanvhux cxaaoae 9...12 %. Bcmanoeneni 3axonomipnocmi daromo
MOJCTUGICMb BUIHAMAMU OCMAMOUHUI Oiamemp omeopy mpy6u. 3a pe3yv-
mamamu Mo0eN08aAHH 6CMAHOBIEHO, W0 NPOMALYEAHHL MPYOHUX 3420~
moeox 0e3 onpasxu yiaxom mozcauee. Lleii cnocio poswuproe moxcausocmi
Mexnpoyecie 6U20MOoBLEHH MPYOGHUX 3A20MOBOK

Knouosi cnosa: moscmocminna mpyéa, npomseysanns 6es onpaexu,
KYBAHHS, 3aK0BYBAHHS OMEOpPY, nodosxucenns 3azomosxu, MCE, menno-
euii cman, depopmosanuii cman
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properties [1—3]. Such parts include thick-walled pipes. These

forgings must be produced by forging on a mandrel. However,

A priority task for the development of power engineering
is to reduce the cost of parts and to improve their mechanical

the thick-walled pipes are manufactured from solid shafts by
using the operation of drilling a hole [4]. The result is the




increased time of machining, enhanced consumption of me-
tal, as well as fiber cutting. This relates to the fact that, given
the pipe length exceeding 4,000 mm and a diameter of the
hole less than 300 mm, using a mandrel during broaching is
impossible [5]. Therefore, the issue on making the workpieces
for thick-walled pipes remains relevant, thereby requiring
a comprehensive analysis and improvement [6].

2. Literature review and problem statement

Based on an energy method, paper [7] devised a model for
installing an axial drawing for a workpiece when deforming
pipe workpieces at radial-forging machines. The authors
determined the influence of reduction and feed of a hollow
workpiece on the strength and change in the profile in a me-
ridional cross-section of the pipe. However, the established
model does not make it possible to determine the lateral de-
formation of a metal at forging, which requires that problem
should be solved in a 3D setting.

Article [8] proposed a technological process of pipe for-
ging, during which the resulting workpiece is heated and post-
pressed. Additional die equipment provides for the conditions
under which a metal of the workpiece flows in the central part.

Study [9] applied a finite-element analysis to examine
the technological process of pipe forging without the use of
a blacksmith mandrel. Based on modeling results, it was found
that the devised technological process could be used at a small
feed of a workpiece to the tool. Forging without the use of
a blacksmith mandrel at significant axial feeds increases the
level of axial force, which may lead to the formation of gaps.

The results from work [10] established a three-dimensio-
nal model of the technological process of pipe broaching
using a mandrel by applying a finite element method (FEM),
and analyzed the strained state of a hollow workpiece at
broaching. The authors proved the feasibility of a reduction
technique for four sides of a pipe workpiece with an inner
mandrel. It was determined that the turning angle of a hollow
workpiece has no decisive influence on changing the shape of
an article. It was established that broaching pipes with a small
hole using a mandrel is not possible, due to a warp in a thin
mandrel and the complexity of pulling it out of the forging.

Paper [11] experimentally investigated techniques of
radial forging of pipe workpieces. The examined technique
implied the improvement of equipment for the possibility of
broaching not at hammers, but at hydraulic pressing units.
The paper has established a pattern in the change of a pipe
workpiece’s wall at broaching.

Study [12] reported results on pipe broaching without
the use of a blacksmith mandrel. It was established that
the absence of a mandrel helps reduce the hole and weakly
lengthens the pipe. Experimental data on broaching tech-
niques without using a mandrel have made it possible to
determine that the created different thickness along the wall
of the pipe was about 2 %. However, the study misses infor-
mation on the impact of shape and size of forging dies on the
lengthening of a pipe at forging without a mandrel.

Paper [13] established the impact of the geometry of a de-
forming tool on the stressed-strained state in the process of
pipe forging on a mandrel. It was established that for manu-
facturing a hollow forging with the maximal uniformity in
the distribution of intensities of deformations and mecha-
nical characteristics along the wall of a pipe it is advisable to
use a deforming tool with a convex surface. The results from

experimental simulation of a pipe forging technique at radial-
forging machines helped find that the examines process
makes it possible to improve the strength and viscosity of
a metal [14]. The author established a dependence for de-
termining the axial, radial, and circumferential deformation
of a workpiece. He defined the influence of reduction on the
technological modes of broaching using a mandrel. However,
papers [13, 14] failed to establish the impact of a deformation
technique on the formation of texture, which increases the
anisotropy of the mechanical characteristics for a material.

Study [15] modelled the techniques for radial forging
of pipe workpieces using a mandrel. The results from ex-
perimental simulation were used to manufacture pipes of
different diameters and walls. The authors carried out the de-
formation by using four peens, which contributed to guiding
the flow of a metal of the workpiece along the axis, thereby
reducing the extension in the process of forging.

The process of forging pipe workpieces was used to in-
vestigate the influence of a peen shape on determining the
forging of axial part of an ingot [16]. The research found that
it is possible to obtain uniform mechanical characteristics in
the transverse and longitudinal directions by improving the
shape of peens.

The increase in the accuracy of size of the outer and
inner parts of metal pipes after forging using a mandrel is
reported in [17]. The authors found that increasing the angle
of cutting peens improves the uniformity of deformation dis-
tribution. Increasing the reduction contributes to improving
the accuracy of a pipe’s hole, but such an increase may lead
to crack formation.

Paper [18] studied the impact of segregation distribution
in a workpiece at forging, which made it possible to refine the
modes of heat treatment. The authors developed a program in
order to study the process of pipe deformation.

Studies [19, 20] compare the processes of pipe forging
with three and two peens without the use of a mandrel. The
research results established that the process of broaching
with two forging peens leads to a more intensive formation
of defects at the surface than when broaching by using three
peens [21-23]. It was found that the forging effort when
using two peens is larger than that when three peens are
applied. Deformations inside the body of workpieces when
forging pipes with three peens are distributed evenly. How-
ever, such a pipe forging technique cannot be used for the
manufacture of long pipes.

An analysis of the scientific literature has revealed that
the issue on manufacturing the thick-walled pipes has not
been solved up to now. The most advanced methods are the
broaching techniques without using a mandrel. However,
neither SSS nor a shape change in a pipe’s hole in the broa-
ching process without using a mandrel have not been estab-
lished. Thus, there is a need to improve and explore the pro-
cesses of pipe broaching without the use of a mandrel. Devising
new technological processes for pipe forging without the use of
a blacksmith mandrel requires comprehensive modeling and
preparation of recommendations for their implementation.

3. The aim and objectives of the study

The aim of this study is to devise a process of forging
thick-walled pipes without the use of a blacksmith mandrel
in order to reduce the time and consumption of a metal while
machining pipes of responsible designation.



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

—to devise a methodology for theoretical and experi-
mental research into the processes of pipe forging without
a mandrel;

— to establish the thermal, strained state, and to deter-
mine the impact of the inner diameter of a pipe workpiece
on a change in the length of the pipe at forging without
a mandrel, and to identify patterns of change in the relative
thickness of the wall of a pipe workpiece during forging with-
out the use of a mandrel;

— to test data from the finite-element modeling of change
in the shape of a workpiece at broaching without the use of
a mandrel by conducting laboratory experiments.

4. Procedure for modelling the processes of broaching
pipe forgings without the use of a blacksmith mandrel

4. 1. Theoretical modelling of shape change, thermal
state, and the distribution of strains

We simulated changes in shape, the thermal state of
a workpiece, as well as the deformed at forging without
the use of a mandrel, based on FEM employing the soft-
ware suite Deform 3D. The material chosen was steel of
grade 40X, the temperature range when treating by pressure
was 1,180...790 °C. Poisson’s ratio was 0.3, the Young modu-
lus of elasticity of first kind was 2-10° MPa. The temperature
of heating a workpiece t=1,180 °C, the motion velocity of the
deforming tool v=30 mm/s; the pipe diameter D=1.0 m. The
inner diameter in relative ratio (dy/D) was 0.30, 0.55, 0.80.
Schematic of the deformation process is shown in Fig. 1.
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Fig. 1. Estimated scheme of forging without the use
of a blacksmith mandrel: a — front view; b — side view

The length of hollow ingots varied in the range of 288,
330, and 480 mm. To handle and maintain a workpiece at
deforming, we used a technological pin, which required the
use of pipe workpieces with bottom (Fig. 1).

4. 2. Procedure of experimental modeling

We experimentally studied the process of pipe forging
using lead samples. The lead was introduced with 1.0 % of
antimony, which brought the rheological properties of the
material closer to steel of grade 40X with a temperature of
hot treatment by pressure. The outer diameter of the work-
pieces was 50 mm, height — 24 mm, the inner diameter of
a hollow workpiece varied in a range of 12.25; 22.5; 35 mm;
the feed was 10 % of the diameter (D); a scaling factor was
1:20. Hollow lead samples were produced by casting into

a mold. Parallelism of the deforming tool was ensured by
a stamp package (Fig.2). Deformation was carried to the
outer diameter of 26 mm. In the process of experimental
studies, we measured the dimensions of a pipe’s hole.

Fig. 2. Equipment for experimental modeling

Forging was conducted at hydraulic pressing unit of
power 0.5 MN. The speed of the tool was 1.5 mm/s, which
would correspond to the kinematic conditions of similarity.
When deforming, we measured dimensions of the models and
the forging effort at broaching with a reduction of 5 %. We
measured the volume of the cavity in a forging piece using
a dimensional volumeter. The depth and volume of the cavity
defined the diameter of a pipe’s hole after broaching without
the use of a blacksmith mandrel.

3. Results of theoretical modelling the thermal,
strained state, and a shape change in a workpiece
at broaching without a mandrel

We have improved the technological process of pipe de-
formation without the use of a blacksmith mandrel, which
implied performing operations of perforation and broaching.
The final broaching of workpieces was carried out without
the use of a mandrel. At present, this method is not studied
sufficiently; in addition, there are no recommendations for
implementing a given forging technique.

Changing the shape of pipe workpieces during forging
without using a blacksmith mandrel depends on strained
state (SS). SS depends on a shape and size of the defor-
ming tool and deformation parameters. The process of pipe
broaching without the use of a mandrel is accompanied by
an increase in the pipe wall. Therefore, to determine the pat-
terns in changing the internal diameter of a pipe workpiece,
one should explore the impact of pipe broaching when using
peens with cuts.

In order to accurately determine SS, one should find the
distribution of a forging’s temperatures at forging. Tempera-
ture distribution after deformation would make it possible to
determine the required number of heating cycles. The distri-
bution of temperatures within a workpiece was determined
by using FEM.

An analysis of temperature distribution data inside the
body of a workpiece after deformation, 20 %, revealed that
the temperature drop in terms of volume corresponds to
a temperature range of deformation of steel of grade 40X
for the examined size of the pipe (Fig. 3). The average tem-
perature drop within the volume of the forging is 350 °C. As
a result, the number of heating cycles, in comparison with
a standard technology, decreased from two to a single heating
cycle. The results obtained can be explained by the fact that



deformation without the use of a mandrel is not accompanied
by the dissipation of thermal energy towards a cooling man-
drel, as is the case for a standard forging technique. The result
is the extended technical capabilities for the deformation of
pipe workpieces because of the increased number of pressings
over a single heating cycle.

Fig. 3. Distribution of temperatures after forging
without the use of a blacksmith mandrel for different inner
diameters (do/D): a — 0.80; b— 0.55; c—0.30

Deformation changes the cross section of a workpiece.
When the cross section of a workpiece enlarges prior to defor-
mation and at the same degree of reduction, the length of the
workpiece after the deformation would increase (according
to the law of constancy of volume).

We investigated of the process of pipe deformation without
the use of a mandrel by peens cut at 115° and a feed of 50 %
of the original diameter of the workpiece (Fig. 4). An analysis
of the results obtained has made it possible to establish that
deformation without the use of a mandrel reduces the hole of
a pipe (Fig. 5). The decrease in the inner diameter is made up
by the enlarged wall and a decrease in the outer diameter.

a b c

Fig. 4. The strained state after deformation without using
a mandrel for workpieces with an internal diameter (dy/D) of:
a—0.80; b—0.55; ¢ —0.30
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Fig. 5. Dependence of workpiece elongation on relative inner
diameter when reducing a pipe by 20 %

When reducing a workpiece with equal outer diameters
for the same deformation, a decrease in the inner diameter is
defined by the thickening of a pipe’s wall. When broaching

without the use of a blacksmith mandrel, we have determined
the impact of the inner diameter of a workpiece (dy/D) on
its elongation (Fig. 5). It was found that increasing the inner
diameter of a workpiece increases the forging inner diameter.
At the same time, the elongation of a workpiece (y) reduces.

Changing an inner diameter for different sizes of a work-
piece should be carried out based on the parameter that ac-
counts for elongation. This parameter is defined by the ratio
of difference in the areas of a workpiece prior to deformation
and forging to the reduced area:

_E—F _(D'-d*)~(D}~d’)
E, D*-D;

f
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where Fy, F; is the original and resulting cross-sectional area
of a workpiece; Fyq is the cross-sectional area of the reduced
workpiece; D, dy are the outer and inner diameters of the
original workpiece; Dy, di are the outer and inner diameters
of a forging.

The proposed indicator makes it possible to determine
the elongation of a hollow workpiece at different deforma-
tions of a pipe workpiece. In other words, this parameter
shows part of the area of a reduced pipe workpiece, which
leads to the lengthening of the pipe. At f—0, a pipe does not
elongate. At f—1 (Fy—F,=F,), the entire change in area is
aimed at increasing the lengthening of the pipe.

Forging pipes with conventional peens does not lead to
an observable lengthening of the pipe. Increasing the inner
diameter of a pipe leads to a decrease in length. This can be
explained by the following — at large inner diameters (thin
walls), a metal would flow in the direction of thickening of
the wall of the forging rather than towards increasing its
length. Consequently, one should improve the technique of
pipe broaching without the use of a blacksmith mandrel in
order to increase the length of a forging.

6. Results of experimental modeling of shape change
in a hollow forging when forging without using a mandrel

Lead models were deformed by peens cut at 115° and
afeed of 10 %. These parameters were set based on the results
from modelling using FEM as the rational ones for intensive
elongation at forging. Broaching was executed in runs with
a deformation of 5% at each stage. The deformation was
performed in the following sequence: a run lengthwise — ro-
tation of a workpiece at 90° — a run lengthwise — rotation of
a workpiece at 90° — a run lengthwise — rotation of a work-
piece at 90° — a run lengthwise — rotation of a workpiece
at 45° — a run lengthwise. Such a deformation sequence
ensures that a workpiece is shaped in the form of a poly-
hedron, which is close to cylinder. Under the preset modes
of deformation, the process of deformation does not lead to
the formation of folds at the surface; the maximum flow of
a metal is achieved along the axis of a forging.

Results from a theoretical study were compared with ex-
perimental data. Fig. 6 shows data on experimental simulation
when deforming workpieces of inner diameters (dy/D) of 0.80,
0.30, 0.55 by cut peens. We have built graphic dependences for
pipe lengthening (f) (Fig. 7), thickening of its wall (Fig. 8),
and a change in the inner diameter of a pipe (dy,/D) (Fig. 9).

It was determined that increasing the inner diameter
lengthens the pipe and reduces closing a hole (Fig. 7). The es-
tablished results can be explained by a thin wall that provides



for a small amount of metal, so the less amount of the metal
flows in the direction of wall thickening.

a b c

Fig. 6. Experimental hollow workpieces with different
inner diameter (dy/D) after deformation by 20 %:
a —0.80; b—0.55; ¢ — 0.30

The data on pipe workpiece elongation, acquired from
theoretical modelling, exceed the data from the experiment
by 8..14 % (Fig. 7). In addition, the thickness of a wall is
growing more intensively for lead samples (Fig. 8).
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Fig. 7. Dependence of pipe workpiece lengthening
on the inner diameter of a workpiece
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Fig. 8. Change in the thickness of a pipe wall depending
on the inner diameter of original workpiece

Experimental study has made it possible to determine
(Fig. 8) that increasing the inner diameter of a pipe work-
piece to 0.6 leads to the extreme thickening of its wall. The
inner diameter exceeding 0.6 leads to a decrease in the thick-
ness of the wall.

FEM data and experimental data have made it possible
to determine the extreme thickening of a wall, which occurs
at a relative diameter of 0.55..0.60 (Fig.8). It was estab-
lished that such ratios for a pipe workpiece are ineffective at
broaching without the use of a mandrel due to the intense
thickening of the pipe wall. Discrepancy between experimen-
tal data and those obtained theoretically is 5...7 %.

The accuracy of modeling results, when using FEM,
about the decrease in inner diameter depending on the

inner diameter of a workpiece (Fig. 9), is confirmed experi-
mentally. Difference between experimental and theoretical
results is 9...12 %.
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Fig. 9. Dependence of the decrease in inner diameter
on the inner diameter of a workpiece at deformation without
using a mandrel

The detected patterns are similar. The regularities estab-
lished make it possible to determine the inner forging dia-
meter of a pipe. Increasing the inner diameter of an original
workpiece leads to an increase in the inner diameter of the
forging.

7. Discussion of results of manufacturing the forgings
of pipes without the use of a mandrel

We have devised a new technique to broach pipes without
the use of a mandrel. We have established the distribution of
temperatures, deformations, as well as dependences of change
in the inner diameter and the thickening of the wall of a pipe
workpiece at broaching without the use of a mandrel. The
obtained results have made it possible to define the rational
geometric parameters for a pipe workpiece to be deformed
without a mandrel, as well as the advantages over existing
broaching techniques for hollow articles:

—we have improved a technique to manufacture thick-
walled pipes with an inner diameter less than 300 mm (super-
high pressure pipes, strings for drilling rigs, etc.). Previously,
such articles were made from solid billets by drilling. That
required considerable time cost for machining and increased
the consumption of metal;

— deformation of pipes without the use of a mandrel has
made it possible to reduce the number of heating cycles for
workpieces by excluding the cooling that is inherent to the
broaching technique on a cooling mandrel, mounted inside
the hole of a pipe workpiece. The result is the reduced time
of deformation and lower energy costs to heat the workpiece;

—the devised forging technique without the use of
a blacksmith mandrel makes it possible not to use specialized
mandrels made from heat resistant steel;

— the deformation without the use of a mandrel changes
the distribution of temperatures and deformations of a pipe
workpiece. As a result, at reduction, a metal flows not only
in the longitudinal direction, but also across the axis of
a forging;

— a parameter has been constructed for elongating a work-
piece, which defines the rate of elongation of a pipe work-
piece over the speed of wall thickening, which makes it
possible to estimate a shape change in the workpiece at
broaching without the use of a mandrel.



One should note the following limitations in the devised
technique for the deformation of thick-walled pipes:

— deformation without using a mandrel leads to the flow
of a metal across the axis of a pipe that results in the wall
elongation and complicates handling a shape change of the
workpiece. That requires that the specified modes of defor-
mation should be strictly followed;

— the absence of an inner mandrel necessitates an increase
in the margin for the inner diameter of a pipe;

— the proposed broaching technique should be used only
for the manufacture of thick-walled pipes.

Recommendations on the geometric parameters for work-
pieces, compiled in the current work, are of significant scien-
tific and practical value; they could be used in the theory
and technology of deformation processes of hollow articles
without using a mandrel.

The practical aspect of applying the results of modeling is
the improved technological process of pipe broaching whose
inner diameter <300 mm, when the application of a mandrel
is impossible.

Previously, scientists investigated the processes of defor-
mation of pipe workpieces that employed mandrels. Broa-
ching without the use of mandrels is a complex process; it,
however, extends the technical capabilities of pipe deformation.

This work does not report results related to the possibilities
of the devised process to make pipe workpieces by peens of a
special shape, which could increase the intensity of a metal flow
in the axial direction to enable the manufacture of thick-walled
pipes. Therefore, there have remained the unresolved issues on
determining the influence of shape and size of a workpiece and
the shape of a deforming tool on increasing the elongation of
a pipe workpiece at deformation without the use of a mandrel.

8. Conclusions

1. It was determined that the temperature drop within
the volume of a forging does not exceed the limits of hot
treatment by pressure. The average difference in temperature
within the volume of a forging is 350 °C. The result is that
the number of heating cycles at final broaching decreased
from 2 to 1 cycle in comparison with the standard forging
technology.

2. It was established that increasing the inner diameter
of a workpiece leads to that the elongation increases while
the forging of a hole decreases. The general dependence
within the simulated processes of deformation implies that
lengthening takes place insignificantly at different levels
of deformation for the fixed size of a pipe workpiece. That
has made it possible to establish the recommended feed
and reduce the forging of an inner diameter. The rational
relative feed for an intensive broaching of a hollow piece
is 5..15 % of the workpiece diameter. A relative inner dia-
meter of 0.55...0.60 results in the maximum thickening of
a forging wall.

3. Results of elongating a workpiece, acquired by using
FEM modeling, exceed those obtained experimentally by
9..14 %. Thickening of the wall occurs faster during the
experiment. The accuracy of results from theoretical mo-
delling is confirmed by the experiment to reduce an in-
ner diameter depending on the inner hole of an original
workpiece. Difference between the data from theoretical
modeling and experimental study in this case is 6...12 %.
The detected patterns are similar. The regularities estab-
lished make it possible to determine the resulting diameter
of a pipe’s hole.
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