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ous mandrel-free hot pipe rolling mills

AHomauis. Bid moeo, sKum YUHOM rnpu pospaxyHKax napamempie HanawmyeaHHs i KaribposoK 8arsikie KanibpysanbHuUX
i pedykuiliHux cmaHie 2apsiHoi 6e30rpaskosoi npokamxku mpyb6, y neeHit Mipi 3anexxums ix MoYHiCMb Mo MOBWUHI CMIHKU
i diamempy. [o 3Ha4ywux ghakmopis, siki Maromb 3Ha4HUl ernue Ha npouec ¢hopMo3MiHEHHS mpy6 npu no3008xHil
npokamui 8 kanibpax 6e3nepepeHo2o 6e30rpasko8o2o cmaHa 8i0HOCAMbCSI criocobu obpobku kanibpie earkie (iHOUEI-
OyanbHa 0bpobka KOXHO20 8arika okpemo abo obpobka kanibpie y 360pi). Po3apobrieHo HO8y MemoOuKy po3paxyHKy
mabnuub npokamku mpy6 y 0aHUX cmaHax, sika 8paxosye MexHOIoeito HapisaHHS Kanibpie npokamHux earskie. [Jose-
0eHo, W0 8UKopucmaHHs1 y00CKOHaneHoi MemoduKu po3paxyHKy mabnuub npokamku Ha KanibpysanbHUX i pedyKuiliHUX
cmaHax pi3HoOi KOHCMPYKUii 03807159€ 8u2oMoeIAMuU 2apsiyekamaxi mpybu 3 cymmesum rnid8ULWEHHSIM MOYHOCMI 2e0-
Mempu4HUX PO3MIpI8 i 3HXKEHHSIM sumpam memariy.

Knroyoei cnoea: kanibposka earkie, pedyKuiliHuli cmaH, KanibpysanbHuli cmaH no3008xHs1 be3onpaskoea rnpokamka,
mabnuys npokamku.

Abstract. The way in which the setup parameters and fork calibrations of calibration and reduction mills for hot man-
drelless pipe rolling are calculated depends to a certain extent on their accuracy in terms of wall thickness and diameter.
Significant factors that have a significant impact on the process of pipe forming during longitudinal rolling in the gauges of
a continuous mandrelless mill include the methods of processing roll gauges (individual processing of each roll separately
or processing of gauges as a whole). A new methodology has been developed for calculating pipe rolling tables in these
mills, which takes into account the technology of cutting roll gauges. It is proved that the use of an improved methodology
for calculating rolling tables on calibration and reduction mills of various design allows the production of hot rolled pipes
with a significant increase in the accuracy of geometric dimensions and a reduction in metal consumption.

Keywords: roll calibration, reduction mill, calibration mill, longitudinal mandrelless rolling, rolling table.
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Improvement of the method for calculating rolling tables for continu-

State of the problem. The main issue of the tech-
nology of rolling pipes on continuous mandrel -free lon-
gitudinal rolling mills (as well as on other pipe rolling
mills) is the possibility of manufacturing pipes on these
mills with high accuracy of wall thickness and diameter,
which largely depend on how the main technological
parameters of the forming process are set. This also
includes the method of calculating rolling tables.

To date, the following calculation scheme for tables
of continuous, burr-free calibration (reduction) of pipes
is most often used.

The mode of distribution of partial deformations
g;across the cages is set.

The ovality value of the calibers is set 4. In assign-
ing the values, A; the accumulated empirical experi-
ence of operating a specific pipe rolling unit is used, or
calculation methods are used. In determining the value
A; by calculation, the formula of G.I. Gulyaev is most
often used [1]

a=(2)" &)

1-¢;
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where q; is an empirical coefficient that depends on
the number of rolls in the stand and the steel grade of
the deformed pipe.

Further, using the assumption that the average di-
ameter of the caliber D; is equal to the sum of its height
h; and width b; [5]

D; =b; + h;, 2

or the method proposed in [1], calculate the height
h; and width b; of each gauge, as well as the values of
the quantities that determine the dimensions of the
gauge (radius R; and eccentricity e; for each of the
gauges that are cut individually; cutter diameter Dy;
and cutter offset F; for each of the gauges that are cut
in an assembly).

The disadvantage of this method of calculating roll-
ing tables is that the value of the broadening index &b;
(which largely determines the level of transverse wall
difference of finished pipes) of the continuous state is
not an independent variable in each stand, and its
value is determined by the initially selected mode of
distribution of partial deformations &; and the ovality of
the calibers 4;.
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At the same time, it was established that, given the
initially given law of distribution of partial deformations
g; across the stands of a continuous mill, the use of
assumption (2) gives a significant error in determining
the geometric parameters of the gauges, because the
ovality of the gauges A; also significantly depends on
the technology of cutting them on the rolls [6].

Improved method for calculating rolling tables for
continuous, straight-run hot-rolling pipe mills.

Based on the shortcomings that were identified
when using the current methods for calculating rolling
tables for hot-rolled pipes on continuous longitudinal
rolling mills, two practical conclusions were made re-
garding the development of a new, different from the
above, concept of building rolling tables for coreless
deformation of pipes.

Firstly, when developing tables for specific pipe
sizes, it is advisable to initially specify the values of the
expansion indices &b; in continuous state cages, and
the ovality of the calibers 1; is determined as a function
of the values of partial deformations ¢; and §b;.

Secondly, the ovality value A; must be determined
depending on the technology of caliber manufacturing.
This approach to compiling tables of continuous man-
drel-free pipe rolling is protected by patents of Ukraine
[2, 3].

According to the proposed methodology, the calcu-
lation of the parameters for the calibration of rolls of a
continuous longitudinal rolling mill for coreless rolling
(calibration or reduction) of the outer diameter of a

rough pipe blank D, to the value D, is carried out in the
following sequence.

Calculate the total absolute deformation of the re-
duction along the outer diameter AD5;, = D, — D;.

The number of mill stands required to perform the
deformation 4Dyis determined N.

Assigning the values of the diameters of the work-
piece D; after rolling in each stand of the mill, the total
absolute deformation is distributed ADsbetween the
stands Nand the partial deformations are calculated
& = 1- %

J

Specify discrete values of the broadening 6b; in the
cages of the state.

Depending on the technology used to manufacture
the gauges, the ovality of the gauges is determined 4;,
which provides reduction with partial deformation ¢; by
widening 8b; in every cage of the state.

Depending on the gauge manufacturing technology
used, the height h; and width b; of each gauge are cal-
culated, as well as the gauge dimensions (radius R;
and eccentricity e;- for each gauge that is cut individu-
ally; cutter diameter Dy; and cutter offset F; - for each
gauge that is cut in an assembly).

Calculations and industrial experiments. As an ex-
ample, Table 1 shows the calculated parameters for
rolling a D, =168.3 mm pipe from a D, =182 mm billet
(rolling temperature ot =740 oC) in a 5-stand calibra-
tion mill with two-roll stands, the roll calibers of which
are individually cut.

Table 1 - Forming parameters when using the known (formula 1) and new improved (proposed) [3] method

of calculating rolling tables of the calibration mill

Parameters Cage number.i
1 [ 2 [ 3 | 4 [ 5
Known method
q; 15 15 15 15 15
& 0.02 0.03 0.01 0.0086 0
D;, mm 178.36 173.01 171.28 169.8 169.8
A 1.0307 1.0467 1.0152 1.0131 1.0000
6b; -0.032 0.19 0.362 0.019
Proposed method
&b;, mm 0.2 0.2 0.2 0.2
& 0.02 0.03 0.01 0.0086 0
D;, mm 178.36 173.01 171.28 169.8 169.8
A 1.0438 1.0480 1.0019 1.0178 1.0000

As follows from the above data, when calculating
the rolling parameters according to formula (1) for the
value of the indicator 1.5 recommended in [1, Table 13]
q; = (which, according to the authors, should ensure
rolling with a broadening index &b, =0.2) the values
of the broadening indices are §b; =—0.032+0.362 and
differ significantly from the value &b; (the ratio ;b—bz"_ var-
ies within — 0.16...1.81). This fact is explained by the
fact that when using the known method, the value §b;
is dependent on the selected values of partial defor-
mations ¢; and the calculated values 4;. In the case of
using the proposed method (according to the method
[2]), the value of the broadening index §b; is initially set
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(in the example under consideration, §b; =0.2), and
the calculated values of the ovality of the gauges 4; en-
sure rolling according to the initially assigned values
g;and 6b;.

Industrial testing of the proposed method for calcu-
lating rolling tables (roll calibration) was performed for
mills with long-roll stands and calibers cut in assembly,
carried out in the conditions of a 24-stand reduction mill
TPA 140, a 22-stand reduction mill TPA 30-102 and a
5-stand calibration mill TPA 350 "Interpipe Niko Tube

Analysis of rolling parameters when using existing
roll calibrations showed that the broadening indicators
&b; in the first five stands of the reduction mill in the



roling process, they have values within
6b; =30.2+66.2%, and in the following stands (except
for the last two) §b; =9.4+18.4% (Fig. 1).

Considering that the 22-stand reduction mill TPA

30-102 produces both relatively thin-walled (% <0.1)
t

70
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and relatively thick-walled (% >0.1) pipes, two modes
t

of distribution of broadening indices across the stands
of the reduction mill were proposed, the parameters of
which are shown in Fig. 1.
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Fig. 1. Shop basic (1) and proposed (2, 3) modes of distribution of expansion indicators §b; across the stands
of the TPA 30-102 reduction mill when rolling along the “basic” route D, - D, =117 =42 mm: 2 - % <0.1;
t
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As an example, Table 2 shows a comparison of
pipe accuracy parameters when rolling pipes on a re-
duction mill along the route DyxS,— D.xS,=
117.0x3.50 —48.3x3.25 mm (German standard DIN
2440) using shop rolling tables and rolling tables cal-
culated according to the proposed method [2].

Considering that on TPA 140 of JSC “Interpipe Niko

Tube ” only relatively thin-walled pipes (? <0.1) are
t

produced, it was decided to use one “base” calibration
on the reduction mill, unlike TPA 30-102, where two
“base” calibrations were introduced (see Fig. 1). For

the proposed base calibration, the mode of distribution
of expansion indicators was chosen §b; on the stands
of the mill, in which the value 6b; in the stands of the
middle group lies within the range of §b;=6.8...15.4%
(as opposed to §b; =10.8...19.7% for shop calibration
of rolls [6, 7]. At the same time, based on the fact that
preliminary ovalization of billets has a positive effect on
reducing the transverse wall difference of pipes, such
an arrangement of stands was proposed that provides
additional ovalization (without deformation in diameter)
in the stands of the main group of the reduction mill [4].

Table 2 - Comparison of accuracy parameters of pipes 48.3 x 3.25 mm according to DIN 2440 [9]

Pipe wall thickness Outer diameter of the pipe
Permissible range of Permissible range
" N © values ° values
5 & 2 g E &
b (] (3] = © o
3 _E 5 _ g o8 > 2 o8
o008 05 € I © £o T < =T
S EG =20 2 c — T c c — B¢
8= 4 g s = = o [ 58 = < Q 58
%5 | o3 g §2 | 82 g o g § 53 8o g
§3= a2 o} z g < 8 2 & z <> <8 g
=08 % % mm mm mm mm mm mm mm mm
Workshop | 7.9+19.8 | 0.06+0.52 3.37 1.05 48.21 0.42
Proposed | 5.0-14.3 | 0.04:029 | >%° [329 1.19 0.75 48.3 48.26 0.9 0.25

Notes: the table is based on the results of measurements of 30 pipes (for each position); *without the end sections of the

pipe
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As mentioned above, the industrial testing of the
proposed modes of distribution of partial deformations
and the new method of calculating the parameters of
roll calibration for a 5-stand calibration mill with two-roll
stands and individually cut calibers was carried out un-
der the conditions of TPA 350.

According to the shop rolling table, it was assumed
to use oval roll calibration in the first four stands, and
round calibration with rounded outlets in the last stand
(outlet angle ap = %rad.). The distribution of partial de-

formations g;across the mill stands is set in accordance
with the “falling” mode (g; > ¢, > &3 > €, > &), and in
the last stand of the mill, the partial deformation along
the diameter is 0.10...1.37% [8]. For the calculation of
new rolling tables and roll 5 =calibration parameters,
it was proposed:

change the mode of distribution of partial defor-
mations and choose ¢; from the condition of minimizing
the calculated values of the given relative transverse
heterogeneity B,;

to reduce the ovality of finished pipes, use round roll
calibration (15 =0) in the last stand of the mill.

Discussion of the results. From the given data it fol-
lows that in terms of relative transverse wall uneven-
ness and ovality, pipes that were rolled using the pro-
posed roll calibration are more accurate than pipes
rolled using shop calibration. In the given example (Ta-
ble 2), the actual range of wall thickness values (abso-
lute transverse wall unevenness (4S; = Stmin ) for

a

pipes rolled using the proposed calibration is approxi-
mately 25% less than for pipes rolled using the shop
calibration of rolls (0.75 mm versus 1.05 mm, respec-
tively); the value of Mg, the mathematical expectation
(average value) of the value of the relative transverse
wall difference B, pipes rolled using the proposed cali-
bration are 1.46 times less than those rolled using the

shop calibration of rolls (Méﬁ =9.6% mm versus
M,/gt =14.1%, respectively).

Summarizing the results of comparing the accuracy
indicators of pipes of different sizes rolled on reduction
and calibration mills using the proposed and shop cal-
ibrations of rolls, we can conclude that when using the
proposed calibrations, a decrease in the relative trans-
verse wall difference of pipes is observed B; (the rec-
orded values of the relative decrease Mg, in the value
range from 1.12 to 2.45).

It is especially worth noting the high efficiency of us-
ing the proposed method for calculating rolling tables (
roll calibration parameters ) of thick-walled pipes. For
example, in the case of manufacturing pipes with di-
mensions of 57x11+12 mm from billets of 117x9+12
mm using the proposed rolling table, their absolute
transverse wall difference is approximately 2.0+2.5
times lower (0.8-1.0 mm versus 1.8-2.4 mm) than that
of pipes rolled according to the shop rolling table (Fig.
2) [6].

Fig. 2. Cross-sections of pipes D,x S;= 57x11 mm, rolled using the shop rolling table (a) and using the pro-

posed rolling table (b)

The results of industrial tests became the basis for
the introduction into production of new roll calibrations,
the parameters of which were calculated using the pro-
posed method.

Industrial testing of the proposed roll calibrations of
the 24-cage and 22-cage reduction mills TPA 140 and
TPA 30-102 of JSC "Interpipe Niko Tube " showed that
the accuracy of pipes manufactured using them, in
terms of relative transverse thickness variation and
ovality, exceeds the accuracy of pipes manufactured
using shop roll calibrations. For example, the values of
relative reduction recorded during comparative experi-
ments Mg range from MBt =1.10 to 1.45). This fact
served as the basis for the industrial implementation of
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calibrations calculated using the proposed method in
the conditions of the reduction mill TPA 140.

During rolling on a 5-stand calibration mill TPA 350
of JSC “Interpipe Niko Tube” of a pilot-industrial batch
of casing pipes according to the API Spec. 5CT stand-
ard with a nominal size of 244.48x11.99 mm (blank
255x12 mm, material - steel 32G2, batch volume
1415.4 1), a decrease in the actual metal consumption
coefficient by 3.4% was recorded in relation to the
value that occurs in the production of pipes of the same
assortment using the shop rolling table [10, 11].

The positive test results became the basis for the
industrial implementation of the proposed rolling tables



and roll calibrations for the entire range of pipes pro-
duced on the TPA 350.

Conclusions

A new method for calculating hot-rolled pipe rolling
tables on continuous longitudinal rolling mills of various
designs has been developed, which takes into account
the peculiarities of the technology of cutting calibers on
rolls, where the initially specified process parameter is
the law of expansion distribution &b; on the mill stands.

The proposed method for calculating rolling tables
was tested in industrial conditions and implemented on
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the entire range of rolled pipes in the conditions of the
TPA 30-102 reduction mill, the TPA 140 reduction mill
and the TPA 350 calibration mill of JSC "Interpipe Niko
Tube".

When using rolling tables calculated using the pro-
posed method, the relative transverse wall difference
of pipes decreases (depending on the standard sizes
of rolled pipes) by 1.12...2.45 times for TPA 30-102
and by 1.10...1.45 times for TPA 140; the relative de-
crease in the metal consumption coefficient for TVA
350 is 3.4%.
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