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Purpose. Providing deformation conditions in order to obtain the required texture of pipes made of Ti-3Al-2.5V alloy based on
the choice of rational values of the tool calibration parameters — gauges and mandrels during cold pilger rolling of pipes for the
required Q-factor distribution along the deformation cone.

Methodology. The research methods were based on the existing dependence, which describes the influence of the distribution
of the ratio of true reduction along the deformation cone along the wall thickness and along the average diameter, on the distribu-
tion of the Q-factor value. The calculation of calibration and all deformation parameters of the Cold Reducing tube process was
based on a number of existing theoretical and empirical dependencies included in the generally accepted and adapted methods of
their computation. To perform calculations, we created the software product “Q-Factor. Cold pilger tube rolling”.

Findings. The influence of the initial taper of the mandrel with a curvilinear generatrix and the sweep of the groove ridge, the
degrees of steepness of the generatrix of the mandrel and the sweep of the groove ridge, the value of the feed on the distribution of
the Q-factor along the compression zones and pre-finishing of the deformation cone were investigated by calculation. The use of
slope degrees n, equal to 1.5, i.e. less than values of crest slope degree had the most significant effect on obtaining the Q-factor
close to equilibrium distribution along the length of wall reduction and pre-finishing zones. A method of multifactor calibration of
the tool for cold pilger rolling of pipes is proposed, which makes it possible to select rational values of the initial taper of the man-
drel with a curved generatrix, the degree of slope of the sweep of the groove ridge and the mandrel, and to create conditions in the
wall compression zone for obtaining the required type of metal texture of cold-rolled pipes made of titanium alloy Ti-3-2.5V. At
the same time, in the prefabrication zone, in all investigated cases, there is a drop in the Q-factor values below one.

Originality. New knowledge was obtained about the influence of the rolling route and the full complex of tool calibration pa-
rameters in the process of cold pilger rolling of pipes on the distribution of the Q-factor along the length of the deformation cone.

Practical value. A method for determining the modes of deformation with an extended compression zone and without a pre-
finishing zone is proposed and tested with positive results. This method provides a distribution of the Q-factor along the reduction
zone of the deformation cone which is close to uniform distribution and with values above one. The results obtained make it pos-
sible to select the conditions for obtaining the required type of metal texture of cold-rolled pipes from titanium alloy Ti-3Al-2.5V
using the software product “Q-Factor. Cold pilger tube rolling”.
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Introduction. Titanium alloy products are already used in
vital parts of mechanisms, instruments and devices not only in

texture has a great influence on reliability of products made of
zirconium and titanium alloys [11, 12]. From behind in the

the nuclear, aerospace and shipbuilding industries, but also in
the elements of transmission and braking systems [1, 2],
ground electric transport engines [3] and even for premium
tube connections for oil and gas industry [4]. Titanium is a
polymorphic metal [5, 6]. Mechanical anisotropy is observed
in a-titanium with hexagonal close-packed latitude due to a
limited number of sliding planes.

Its mechanical processing is rather difficult [7]; therefore,
researchers increasingly frequently resort to new methods for
forming the mat surface [8]. Titanium and its 3-structure al-
loys having a body-centered cubic latitude are more ductile.
Among all possible factors [9, 10], namely anisotropy of metal
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standards for this type of product, special attention is paid to
the requirements to ensure the presence of the required type of
texture.

Taking into account the need to ensure uninterrupted and
safe operation of the abovementioned units, the requirements
for the microstructure of the tube’s material made of titanium
and zirconium alloys are among the highest [13]. Based on
these, studies in this field are relevant and necessary [14, 15].

The micro- and macrostructure of the material of titanium
[16] and zirconium tubes, subjected to deformation in cold
pilger mills, is influenced not only by hot working parameters
and the distribution of reduction value over the cross-section
area from passage to passage, but also distribution of the ratio
of true deformation along the wall thickness to true deforma-
tion along the mean diameter (Q-factor) both along the passes
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and along the deformation cone of each individual pass. This
fact requires the creation of separate, specialized modes of
tubes’ deformation in cold pilger mills, aimed at creating the
required structure of tubes made of alloys based on titanium
and zirconium.

It is also necessary to study the influence of the working
tool calibration parameters on the character of the Q-factor
distribution along the deformation cone. Ideally, the Q-factor
should increase along the deformation cone or fluctuate
around a certain value. But too large values of the Q-factor are
also unacceptable since they lead to deterioration in mechani-
cal properties.

Analytical research survey. All factors that directly (or indi-
rectly) affect the change in the ratio of the reduction in the wall
thickness to the reduction in the mean diameter, affect the na-
ture of the Q-factor distribution along the cone. It is known
that the character of the Q-factor distribution is influenced by
the chosen distribution law of the tube wall thickness along the
deformation cone reduction zone. It is also necessary to use
mandrels with curvilinear generant of its surface. These man-
drels have a greater degree of deformation control than conical
ones.

The parameters of tool calibration during cold pilger roll-
ing, which affect the change in the deformation mode along
the deformation cone, include the total reduction along the
wall, the total reduction along the average diameter, the taper
of the mandrel with a curved generatrix, the initial taper of the
groove ridge sweep, the degree of steepness of the groove ridge,
the degree of steepness forming the mandrel and the amount
of metal feed.

The objective of this work is to study the influence of the
calibration tool parameters set during cold pilger rolling —
mandrel initial taper with curvilinear generant, initial sweep
taper of the gauge crest, slope degree of the gauge crest and
mandrel generant and also metal feed rate to the Q-factor dis-
tribution along the deformation cone for various typical routes
of tube production from an alloy based on titanium Ti-3Al-
2.5V.

Methods. Currently, tubes made of titanium alloys, in par-
ticular, tubes made of allotropic, as technically pure titanium,
titanium alloy Ti-3Al-2.5V are widely used. At relatively low
temperatures in this alloy, the a-phase with hexagonal close-
packed latitude is prevalent [12] (Fig. 1).

It is understood that the energy spent on the process of
crystal deformation by twinning is half the energy causing the
slip deformation process. To start the deformation when apply-
ing force to the crystal in the direction parallel to the base pole
(Fig. 1, position 1), it is necessary to create the amount of
strain twice as big as that in the perpendicular direction. When
forces are applied in the direction perpendicular to the base
pole, the deformation proceeds mainly through sliding (Fig. 1).

Initially, after hot rolling, Ti-3-2.5V alloy tubes have a
random grain orientation. After cold pilger rolling, depending
on the Q-factor distribution from pass to pass (and along the

Fig. 1. Orientation of crystal planes in a hexagonal close-
packed latitude:
1 — basal pole; 2 — pyramidal sliding plane; 3 — prismatic sliding
plane; 4 — general sliding direction

deformation cone in each pass), it is possible to obtain either a
radial orientation (high Q-factor value cold rolling), or a tan-
gential orientation (low Q-factor value cold rolling).

The tubes with radial metal structure have the following
advantages: increased endurance strength, increased plasticity,
higher value of the yield stress at a given value of the ultimate
stress limit and higher ductility.

In the standard for tubulars AMS 4945, among other
things, the methodology (and requirements) for measuring the
relative reduction ratio (in another way — compressive defor-
mation ratio, CSR) is outlined. CSR testing is used to deter-
mine the texture of tube metal. If the tests obtained small val-
ues of CSR, then the tube has a tangential structure, at high
values it has a radial structure.

The value of the Qy-factor per pass should increase from
the first to the last when the reductions are distributed over the
cold rolling passes. The value of the Qs-factor per pass is cal-
culated as the ratio of the true deformations along the wall to
the true deformation along the mean diameter per pass.

Calculation of the calibration and all deformation param-
eters of the cold rolling of pipes was based on a number of ex-
isting theoretical and empirical dependencies included in the
generally accepted method of their calculation.

To perform the calculations, a software product “Q-Fac-
tor. Cold pilger tube rolling” (Fig. 2) was developed. In the
case of calculating a deformation tool using some dependen-
cies from the method of proportional reduction calibration,
the nature of the Q-factor distribution along the deformation
cone can be controlled by the slope degree of the mandrel and
the gauge crest sweep and initial taper of the mandrel and the
gauge crest sweep. The calculations were performed according
to the scheme shown in Fig. 2:

1) input of initial data, such as tube and workpiece param-
eters, deformation cone parameters (including the length of
the deformation cone zones), and so on;

2) calculation of intermediate data, such as the maximum
allowable initial taper, the gap between the mandrel cylinder
and the inner side of the tube, and others;

3) calculation of mandrel diameters d, in the control sec-
tions;

4) calculation of the wall thickness S, in the control sections;

5) calculation of the gauge diameter D, (i.e. the deforma-
tion cone) in the control sections;

6 ) calculation of intermediate deformation data D, _ ,;
S, _ ac and others;

7) calculation of the Q-factor distribution along the defor-
mation cone.
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Fig. 2. Settlement scheme
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It is important to create such deformation modes in which
the Q-factor distribution along the cone hovers around a cer-
tain value (above the value of the Q-factor equal to one) or
increases along the cone.

For the computational research on the Q-factor distribu-
tion along the deformation cone, the following routes of the
CRT-55 mill were selected:

- option A, route is 38.1-2.2 — 32.1-2. The relative reduc-
tion over the cross-sectional area €X is equal to 23.78 %. The
relative reduction in diameter ¢ is 15.75 %. The relative re-
duction along the wall thickness € is equal to 9.09 %. The
greatest possible initial taper of the mandrel 2 tga is 0.0231.
The Q-factor per pass Qs is 0.97;

- option B, route is 38.1:2.2 — 32.1-1.47. The relative re-
duction over the cross-sectional area g5 is equal to 42.99 %.
The relative reduction in diameter g, is 15.75 %. The relative
reduction along the wall thickness gy is equal to 33.18 %. The
maximum possible initial taper of the mandrel 2tga is 0.0101.
The Q-factor per pass Qs is 1.078.

When calculating the Q-factor distribution according to
calibration option A, the following values of the initial taper of
the mandrel generant were selected: 2 tga is 0.005, 2 tga is
0.01, and 2 tga. is 0.012.

The results of calculations are shown in the graph (Fig. 3).

Calculation of the Q-factor distribution according to cali-
bration option B was performed with the following initial taper
values: 2 tga is equal to 0.005, 2 tga. is 0.08 and 2 tga is 0.01.
The calculation results are shown in the graph (Fig. 4).

As can be seen from the graphs (Figs. 3 and 4), in all cases,
already in the final sections of the deformation zone, the Q-
factor possesses values close to zero, since there is hardly any
deformation along the wall thickness, but further plugless roll-
ing in the pre-finishing zone continues.

In the variant of the rolling route A, when Qs is 0.97, i.e.
there are initially unfavorable rolling conditions, the Q-factor
value in the cross-section of the deformation cone falls below
one in the last third of the reduction zone at 2 tgo equal to
0.005, and in the case of calibration with 2 tga equal to 0.012,

-
-
Seae
-
Seo

2tga= 0012

-
Seo
Y

0 TTTT T TV T I T A AT P v T v T T rrTT
1357 9111315171921232527293133353739414345474951535557
Cross-sections of deformation zones and pipe wall calibration

Fig. 3. Influence of the initial taper of the mandrel with curvi-
linear generant on the Q-factor distribution along the re-
duction and pre-finishing zones of deformation cone (the
mandrel slope degree n equal to 2.5, the route is 38.1- 2.2—
32.1- 2, the feed rate m is 5 mm)

2tga=0.01
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Fig. 4. Influence of the slope degree of the mandrel with curvi-
linear generant on the Q-factor distribution along zones of
reduction and pre-finishing of the deformation cone (the
slope degree n is 1.5, the route is 38.1- 2.2—32.1- 1.47, the
feed rate m is 5 mm)

it drops already at the end of the first third of the compression
zone.

At 2 tga equal to 0.008 and 2 tga. equal to 0.01, the Q-fac-
tor values drops below one in the 44" and 45" cross-sections,
respectively. The most favorable rolling conditions are ob-
served when 2 tga is equal to 0.005, but Qs takes values below
one also at the end of the deformation zone (in the 47" cross-
section). Q-factor values close to zero are observed already in
the first quarter of the pre-finishing zone in all cases of calibra-
tions for a given route. At the same time, in the sections start-
ing from 47, Q-factor values are below 1.

Impact assessment results of the slope degree of the roll
crest on the Q-factor distribution are shown in Figs. 5 and 6.

Impact assessment of the of the slope degree of the roll crest
on the Q-factor distribution along the reduction and pre-finish-
ing zones of deformation cone was also performed for rolling
routes A, B. Herewith crest slope degree varied from 1.5 to 2.5.

Impact analysis of the slope degree of the gauge crest gen-
erant on the Q-factor distribution along the reduction and
pre-finishing zones of deformation cone (Figs. 5 and 6) shows
that it is preferable to use slope degrees n equal to 1.5, i.e.,
lower values of the crest slope degree. In such a case, Q-factor
distribution becomes close to equilibrium along the deforma-
tion cone length, and Q-factor decrease below one occurs in
later cross-sections. In this situation the metal is in more fa-
vorable conditions in terms of providing the required type of
tube metal structure.

Calculations performed to assess the impact of the feed
rate on Q-factor distribution along the reduction and pre-fini-
shing zones of deformation cone (mandrel slope degree # is
2.5; crest slope degree n, is 2.5; 2tga is 0.01, the route is 38.1 x
x 2.2—2.1 - 1.47) showed that when the feed value changes in
the range from 2 to 8§ mm, the curves describing changes in the
Q-factor along the reduction and pre-finishing zones of defor-
mation cone, practically merge.

So, the influence of the feed in the studied range of param-
eters can be neglected when choosing the deformation condi-
tions to ensure the required type of texture.
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Cross-sections of de formation zones and pipe wall calibration

Fig. 5. Influence of the slope degree of the gauge crest generant
on the Q-factor distribution along zones of reduction and
pre-finishing of the deformation con (2 tgo. is 0.01, the
route is 38.1- 2.2—32.1 - 2, the feed rate m is 5 mm)

135 7 9111315171921232527293133353739414345474951535557
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Fig. 6. Influence of the slope degree of the gauge crest generant
on the Q-factor distribution along zones of reduction and
pre-finishing of the deformation con (2 tga. is 0.008, the
calibration type is calibration of proportional reductions,
the route is 38.1- 2.2—32.1- 1.47, the feed rate m is 5 mm)
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The studies carried out have shown that by choosing the
rolling route and changing the tool calibration parameters
and, as a consequence, the parameters of metal deformation
during cold pilger rolling of tubes, it is possible to achieve a
Q-factor distribution close to equilibrium along the reduction
zone only in the wall reduction zone.

At the same time in all investigated cases there is a drop in
the Q-factor values below one in the pre-finishing zone, the
length of which is one and a half lengths of the linear displace-
ment. This leads to an increase in the metal consumption rate
and therefore at a high price, it leads to a decrease in the eco-
nomic indicators of production.

The article presents a comparative study on the Q-factor
distribution with and without the presence of the pre-finishing
zone in the working tool calibration (caliber sweep) (Fig. 7). In
the absence of pre-finishing zone, in the zone of length
1.5mpy, located after the reduction zone and before the begin-
ning of the diameter calibration zone, the value of reduction
along the wall thickness was chosen not more than half of the
tolerance for the wall thickness. This condition is introduced
in order to ensure the required tube accuracy along the wall
thickness. Such a calibration technique has been tested in
practice and is quite sufficient to obtain tubes with reasonable
accuracy in wall thickness at a calculated value of the feed rate.

The graph (Fig. 7) shows that in this case the necessary
conditions are created to ensure an equilibrium, in size not less
than one, Q-factor along the entire length of the deformation
zone. The drop in this value at the end of the reduction zone is
insignificant and can be neglected.

The proposed deformation mode has been tested in pro-
duction conditions. At the same time, an increased yield was
observed.

It should be noted that the described approach somewhat
reduces the productivity of cold rolling mills, since the tube
deformation process must be carried out with a reduced feed
rate.

However, a decrease in productivity leads to significantly
lower production costs than an increase in the metal con-
sumption ratio.

Thus, it is possible to create conditions for obtaining the
required type of metal texture of cold-rolled tubes from tita-
nium alloy Ti-3Al-2.5V by selecting the parameters of rolling
route and mandrel initial taper with curvilinear generant, slope
degree of the gauge crest and mandrel.

The results obtained make it possible, by changing the
rolling route and tool calibration parameters for cold-rolling
tube mills [17, 18] to select the conditions for obtaining the
required type of metal texture of cold-rolled tubes made of ti-
tanium alloy Ti-3-2.5V, and also to expand its use in the na-
tional economy [19, 20].

1357 9111315171921232527293133353739414345474951535557
Cross-sections of deformation zones and pipe wall calibration
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Fig. 7. Effect of the presence of pre-finishing zone on Q-factor
distribution along the deformation cone (n is 1.5, 2 tga. is
0.005, the route is 38.1- 2.2—32.1- 1.47):

1 — with pre-finishing zone (I = 1.5myy); 2 — calibration without
pre-finishing zone but with special one at the end of reduction zone
where the value of reduction along the wall thickness was chosen
not more than half of the wall thickness tolerance

Conclusions.

1. It is shown that feed values changes in the range from 2
to 8 mm (when the mandrel slope degree equals to 2.5, crest
slope degree #, is 2.5, the value of 2 tga is 0.01, for the route
38.1-2.2—2.1 - 1.47) virtually do not affect the nature and val-
ue of the Q-factor distribution along zones of reduction and
pre-finishing of the deformation cone.

2. A method is proposed for calibrating the tool for cold
pilger rolling of pipes, which allows us, by changing the rolling
route (or for the current route), to select rational values of the
initial taper of the mandrel with a curved generatrix, the degree
of slope of the groove ridge and mandrel, and to create condi-
tions for obtaining the required type of metal texture of cold-
rolled pipes titanium alloy Ti-3-2.5V.

3. The most significant effect on obtaining a Q-factor
close to equilibrium distribution along the length of the wall
reduction and pre-finishing zones was the use of the slope
degree n equal to 1.5, i.e., lower values of the crest slope de-
gree.

4. It is shown by calculation that certain action provide
more efficient conditions of deformation for obtaining the re-
quired metal texture of tubes, namely:

- removing the pre-finishing zone and at the same time
increasing the length of the crimping zone;

- applying compression along the wall thickness, not ex-
ceeding half the tolerance for the wall thickness at the end of
the crimping zone;

- choosing rational calibration parameters using the soft-
ware product “Q-Factor. Cold pilger tube rolling”.

Conditions are created to ensure the values of the Q-factor
close to uniform, and not less than one along the entire length
of the deformation zone.

The deformation mode developed according to the pro-
posed method of tool calibration of the cold-rolling mill of
pipes was tested in production conditions. At the same time,
an increased yield was observed.
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Mera. 3abe3neueHHs: yMOB AedopMallii 1Uisi OTpUMaHHS
HeoOXimHo1 TekcTypu TpyoO 3i crutaBy Ti-3Al-2.5V Ha ocHOBI

BUOOpPY pallioHATbHUX 3HAYEHb MapaMeTpiB KasliOpyBaHHS
IHCTPYMEHTY — KaJliOpiB i onpaBOK MpPU XOJOAHIM MiJIbrepHiit
npokarui Tpyo [asi HeoOximHoro poarnoainy Q-cgakropa
Y3I0BX KOHYca AedopmMaliii.

Metoauka. baszyBasiacs Ha icHYyIOUill 3ajieXXHOCTi, 1110
OIMMCYE BIJIUB PO3IOIiIY BiJHOIIEHHS iCTUHHUX OOTUCHEHD
Y3I0BX KOHYca nedopMallii Mo TOBUIMHI CTIHKHU i 1O cepef-
HbOMY JIiaMeTpy, Ha po3roAii BeanuuHu Q-dakropa. Po3pa-
XYHOK KaliOpyBaHHS i poO3paxyHOK ycix aedopMaliitHux
rmapameTpiB MPOLIECY XOJIOIHOI MPOKATKU TpyO Ga3yBaBcst Ha
HM3II iICHYIOUMX TEOPETUYHUX 1 eMIIPUYHUX 3aJIeKHOCTEM,
110 BXOZSITH 10 3arajbHOMPUITHSTUX aIalITOBAHMUX METOMIB 1X
po3paxyHKy. Jiss BUKOHaHHSI PO3paxyHKiB CTBOPUJIN IIPO-
rpamuuii npoaykt «Q-Factor. Cold pilger tube rolling».

PesyabraT. [ociikyBajii po3paXyHKOBUM CIIOCOOOM
BIUIMB ITOYATKOBOI KOHYCHOCTI OINPaBOK i3 KPUBOJIHIITHOIO
TBipHOIO Ta PO3TOPTKU TpeOeHs Kalliopy, CTYIEHIB KPYTU3HU
YTBOPIOIOUOI OINpPaBKK Ta YTBOPIOIOYOI PO3rOPTKU TpeOEHS
KaTiopy, BeJTMIMHY TToavi Ha posronin Q-dakropa y3moBxk
30H 00TUCKY I TpenoopooKu KoHyca aehopmalii. Haibinbin
3HAUYHUM BIUIMB HAa OTPUMAaHHS OJIM3bKOI 10 PiBHOMiIpHOTO
posnofiny Q-dakropa 1Mo MTOBXHHiI 30H OOTUCKY CTiHKM Ta
MpearoopoOKK 3pOOUIIO 3aCTOCYBAHHSI CTYMEHIB KPYTU3HU A,
piBHMX 1,5, TOOTO MEHIIMX 3HAYE€Hb CTYTNEHSI KPYTU3HU Ipe-
6eHs1. 3aTpOITOHOBAHO METON 6araTo(hakTOPHOTO MiAOOPOU-
HOTO KaJiOpyBaHHSI iIHCTPYMEHTY XOJIOIHOI MiJIbrepHOI Mpo-
KaTKu TPYyO, 1110 T03BOJISIE MiNiOpaTh ONTUMAaIbHI 3HAYEHHS
IMOYaTKOBOI KOHYCHOCTI OINpaBKM i3 KPUBOJIHIHHOIO TBip-
HOIO, CTYIEeHsI KPYTM3HU PO3TOpPTKU TrpedeHs Kajaiopy Ta
OIPaBKU i CTBOPUTU B 30Hi OOTUCKY CTIHKM YMOBH JIJISI OTPU-
MaHHSI HeOOXiTHOTO TUITY TEKCTYPU METaTy XOJIOTHOKATAHUX
TpyO i3 TuTaHOBOrO crutaBy Ti-3-2.5V. Ilpu ubomy, y 30Hi
MpenoopoOKHU, y BCIX NOCTIIKEHUX BUITAIKaX CITIOCTePIra€Th-
cs MafiHHs 3HaUYeHb Q-dakTopa HUXUYEe OJUHUILLI.

Haykosa HoBu3Ha. OTprMaHi HOBi 3HaHHSI IIIOJ0 BILIUBY
MapIpyTy IMPOKATKH i TIOBHOTO KOMIUIEKCY MapaMeTpiB Ka-
JIOpyBaHHS iHCTPYMEHTY Yy MPOLECi XOJOAHOI MiJIbIepHO1
MpOKaTKU Tpyd Ha posnonin Q-dakropa no 10BXMHiI KOHYca
nedopmariii.

IIpakTHyHa 3HAYUMICTh. 3aMIPOINOHOBAHO I BUIPOOYBAHO
3 TIO3UTUBHUMM De3yJbTaTaMU MeTon OaraTtodakTopHOTO
MiI0ipKOBOIO BUBHAUCHHS PeXXUMiB 1e(hOpMyBaHHS 3 MOJI0-
B>KEHOIO 30HOI0 OOTUCKY CTiHKU i 6€3 30HM ITOTIepeIHbOI 00-
pooxu. Lleit MmeTon 3abe3neuye OJIM3bKUI 10 PiIBHOMIpHOTO
posnofin «Q-dakropa» y3M0BX 30HU OOTUCKY CTiHKM Jie-
¢dopmaliiiHOro KoHyca i 3i 3HaUEHHSIMU BUILE OIWHUILI.
OTtpuMaHi pe3yJbTaTh JaloTh MOXJIMBICTD MiIOUpPAaTH 3 BU-
KOPUCTaHHSM TMporpaMHoro mpoaykry «Q-Factor. Cold
pilger tube rolling» yMoBM [J1s1 OTpUMaHHsI HEOOXiTHOTO TUITY
TEKCTYPU METaLy XOJOIHOKATAHUX TPYO i3 TUTAHOBOTO CILJia-
By Ti-3Al-2.5V.

KiouoBi ciioBa: xo100Hokamani mpyou, mumanosuii cniae
Ti-3A1-2.5V, mun mexcmypu, no4amkosa KOHYCHiCIb 0npag-
Ku, Q-¢hakmop
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ean. OGecrieueHue ycioBuii neopmMaliuy 1ist mojyde-
HUsI HEOOXOAMMOI TeKCTYphI TpyO 13 criaBa Ti-3Al-2.5V Ha
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OCHOBE BbIOOpa PAIIMOHAILHBIX 3HAYEHUI MapaMeTpoB Ka-
JIMOPOBKY MHCTPYMEHTA — KAJIMOPOB M ONPaBKHU MTPHU XOJIOI-
HOW MUJIBIepHON MpoKaTke TpyO [isl TpeOyeMoro pacrpene-
neHust Q-dakrTopa BAOJIb KOHYyca AehopMallii.

Metomuka. ba3zupoBanach Ha CyIIECTBYIOIIEH 3aBUCUMO-
CTH, KOTOpasl ONKMCHIBACT BIUSHUE pacIipeneeHs OTHOIIE-
HUSI UCTMHHBIX 00XaTWil BIOJb KOHyca aedhopMalluy I10
TOJIIIIMHE CTEHKHU U T10 CpelHeMY AUaMeTpy Ha pacripeaese-
Hue BeqnuuHbl Q-dakropa. Pacuer KanuOpoBKU U pacyer
BceX nedOopMallMOHHBIX IMapaMeTpoB IIpoliecca XOJOTHOM
MPOKATKU TPYO O6a3rpoBaiCs Ha psizie CYIIeCTBYIONINX TEOpe-
TUYECKUX U OMITUPUYECKUX 3aBUCUMOCTEM, BXOISIIMUX B 00-
IENPUHSTHIE ananTUPOBaHHBIE MeTONbl WX pacueta. st
BBITIOJTHEHUSI PAacYeTOB CO3AAJTM IPOTPaMMHBIN MPOAYKT
«Q-Factor. Cold pilger tube rolling».

Pesyabratel. MicciaenoBaau pacueTHBIM CIIOCOOOM BIIUSI-
HUe HauaTbHOI KOHYCHOCTH OTTPaBKY C KPUBOJIMHEITHOI 00-
pasylolieii U pa3BepTKU IpeOHsI Kajauopa, CTereHel KpyTu3-
HBI 00pasyolIeil OIpaBKU 1 00pa3ylolleii pa3BepTKH TpeOHST
KanaubOpa, BEJIMUYMHBI ITOauu Ha pacnpeaeneHue Q-dakropa
BIIOJIb 30H OOXAaTUs U TIPEIOTIEIKM KOHyca nedopMaliiu.
Hawnbosnee 3HauuTeIbHOE BAMSIHUE HA MOJIyYeHUe OJIM3KOro
K paBHOMEPHOMY pacripeaesieHnio Q-dakropa 1o IjimHe 30H
00XKaTusl CTEHKU U MPEIOTACIKM OKa3ajlo MpUMEHeH e CTe-
MeHel KPYTU3HBI N, paBHBIX 1,5, T.e. MEHBIIUX 3HAYCHUIA
CTEINEeHU KPYTU3HbI TPEOHSI.

IpensioxkeH MeTon MHOTO(AKTOPHON KaJIMOPOBKU WH-
CTPYMEHTA XOJIOMHOM MUJIbIePHOI MPOKATKU TPYO, KOTOPBIA
MO3BOJISIET TTOA00PATh PallMOHATbHBIC 3HAUCHUS HAYaJIbHOM
KOHYCHOCTH OIPaBKM ¢ KPMBOJMHEIHOI oOpasytolieit, cre-

TeHN KPYTU3HBI Pa3BepTKU I'peOHsST Kaanbpa U OMpaBKU U
CO3/1aTh B 30HE 00XaTHSI CTEHKU YCJIOBUSI JIs1 TOJTyYEeHUsT He-
00XOIMMOTO TUTIA TEKCTYPHI METAJUIa XOJIOMHOKATAHBIX TPYO
u3 TutaHoBoro cruiasa Ti-3-2.5V. [1pu aToM, B 30He TIpe1oT-
NIEJIKM, BO BCEX MCCIIEIOBAHHBIX CITy4YasiX HaOmoaeTcs mase-
HMe 3HaueHUI Q-daKkTopa HIKE eTUHULIBI.

Hayuynas noBu3na. [1onyyeHbl HOBbIE 3HAHUS O BIUSTHUU
MapIIpyTa IpOKaTK! 1 TIOJTHOTO KOMITJIeKca ITapaMeTpOB Ka-
JMOPOBKY MHCTPYMEHTA B MPOIIECCe XOJIOTHON MUITbIepHON
MPOKATKM TPyO Ha pacmpeaeieHre Q-dakTopa o ITnHe KO-
Hyca aehopMalnu.

IIpakTyeckasa 3HayumMocTb. [IpeaioxeH u onpodoBaH
C TIOJIOKUTENbHBIMU Pe3yJbTaTaMU METOA MHOTO(aKTop-
HOTO TTOJI0OPOYHOTO OIMPEeIeICHUSI PEXUMOB IeDOPMUPO-
BaHWS C YIJMHEHHON 30HOI 00KAaTHsSI CTEHKU U 0€3 30HbI
MpenBapUTEIbHON OTAENIKU. DTOT METol obecreyuBaeT
01M3K0oe K paBHOMEpHOMY pacnpenesieHue «Q-dakropa»
BIOJIb 30HBI 00KaTUsI CTEHKU NeOpMallMOHHOTO KOHYyca
Y CO 3HAYEHUSIMU BbIlle eAuHULBbI. [lomydeHHbIe pe3ylib-
TaThl JAIOT BO3MOXHOCTh MOAOMPATH C MCITOJIb30BaHUEM
nporpaMmmuoro mnpoaykra «Q-Factor. Cold pilger tube
rolling» yciioBuUS 1151 TOJy4YE€HUSI HEOOXOAMMOTO TUIla TeK-
CTYpbl MeTajljla XOJIOAHOKATaHbIX TPYO M3 TUTAHOBOTO
crutaBa Ti-3Al1-2.5V.

Kurouesbie cnoBa: xon00Hokamansie mpyovl, mumaHosblil
cnaaé Ti-3A1-2.5V, mun mexcmypol, HaA4aAbHASI KOHYCHOCHIb
onpasku, Q-gpakmop
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