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AHomauisi. Mema po6omu — po3pobka Mamemamu4yHuUx modenel napamempie deghopmauii 05151 npokamui Ha crmaHax
XITP 3 enposadxeHHsM ix 00 npoepamHO20 3abe3neyeHHs1 MexHomoeiyHo2o npoekmysarHs dinsaHok XITP. aHumu
Onss ompumaHHs Modesiell € MPakmMuUYHi ma ekcriepuMeHmarbsHi Mapwpymu eupobHuumea HepxxasitoHux mpyb pizHo2o
copmameHmy Ha cmaHax XI1TP. [aHi cmpykmypogaHi ma eukopucmaHo KopensuiliHo-peapecitiHull aHani3 0nsi Mmode-
nosaHHs1. Ha ocHosi ompumaHux modernel napamempis 0eghopmauii po3pobrnieHo npozpamHe 3abe3rneyeHHs, Wo eupi-
Wwye numaHHs1 NPOeKmMye8aHHs1 Mapuwpymig supobHuuymea xonodHodegopmosaHux mpyb Ha cmaHax XITP. Pe3yrb-
mamu pobomu Oaromb MOX/IUBICMb CKOPOYy8amu Hac MPOeKmy8aHHs1 Maplwipymie ma mexHornoeii eupobHuymea,
ompumMyeamu Hosi 8apiaHmu mMapwpymie 0na eubopy ma onmumi3zauii supobHuUYymMea 3 Memo CKOPOYEHHS npoxodie
Mapwpymy, eumpamHoz0 KoediyieHmy memarsly ma aHasidy HagaHmakeHHs1 Ha 06r1adHaHHs.

Knroyoei cnoea: abcontomHe obmucHeHHsi, 0echopmauis, MamemamuyHa Modesb, 3azomoska, mpyba, cmamucmuy-
HuUl aHani3.

Abstract. The purpose of the work is to develop mathematical models of deformation parameters for rolling on CPTR
mills with their implementation in the software for technological design of CPTR sections. The data for obtaining models
are practical and experimental routes for the production of stainless-steel pipes of various assortments on HPTR mills.
The data was structured and correlation-regression analysis was used for modeling. Based on the obtained deformation
parameter models, software was developed that solves the issue of designing routes for the production of cold-formed
pipes on CPTR mills. The results of the work make it possible to reduce the time for designing routes and production
technologies, obtain new route options for selection and optimization of production in order to reduce route passes, metal
consumption coefficient, and analyze the load on equipment.

Keywords: absolute compression, deformation, mathematical model, workpiece, pipe, statistical analysis.

Introduction. Despite the rapid development of
highly intelligent technologies, it is impossible to imag-
ine modern human life without metallurgy. Since this is
the industry whose products, we use every day. Engi-
neering activities are associated with the use of mod-
ern information technologies, computer programs, the
ability to perform modeling, forecasting, programming
to perform technological calculations at a professional
level, implement them in the existing technological pro-
cess and develop new production technologies.

Problem statement. The production of cold-de-
formed pipes of the same assortment leads to the use
of different technological schemes for their manufac-
ture, from blanks of different sizes for a different num-
ber of deformation cycles. When designing variants of
routes for the production of cold-deformed pipes, it is
necessary: to use in each pass of the route all possible
variants of equipment for cold rolling of metal, to limit
oneself to unified sizes of diameters and wall thickness
of blanks, to limit the sizes of the initial blank to the as-
sortment of blanks and to use deformation modes that
ensure maximum use of the plastic properties of the
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metal, these problems were raised when designing
routes for the production of cold-deformed pipes of a
separate assortment and for some groups of steels [1-
5].

The purpose of the work is to develop mathemati-
cal models of deformation parameters for rolling a wide
range of pipes for different groups of steels that have
formed with the same deformation parameters on the
CPTR mills, with their implementation in the software
for technological design of CPTR sections, which is
useful for designers, production specialists, research-
ers and students when performing course and diploma
theses.

Research methods. The operating modes of the
CPTR mills introduced at Ukrainian pipe plants, known
methods of route calculations [1-5] were analyzed,
data were generalized and regression models of defor-
mation parameters were derived for new groups of
steels and a wide range of products were derived. Al-
gorithms were constructed, according to which soft-
ware for calculating pipe production routes on CPTR
mills was developed. In order to improve the methods
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of calculating deformation parameters, regression-cor-
relation analysis of generalized experimental and prac-
tical data was performed. Various approximation mod-
els were carefully analyzed and the most accurate
ones were selected, according to which the corre-
sponding software for calculating routes was devel-
oped.

Results of the study Analysis of routes and tech-
nological maps of stainless-steel pipe production at
Ukrainian pipe plants led to the unification of the as-
sortment of stainless-steel cold-formed pipes into 8
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following groups (table 1) [1-6]. The purpose of unifying
the assortment is to identify the same deformation pa-
rameters in the production of cold-formed pipes on
CPTR mills. The maximum permissible compressions
in diameter (4D,,,) for pipes of each group of steels of
the considered assortment, changes in wall thickness
during rolling of pipes of different assortment on CPTR
mills were determined based on practical and experi-
mental data.

Table 1 - Assortment of cold-formed pipes by steel groups

Group Type of pipes

General purpose (austenitic stainless steel)

High quality (austenitic stainless steel)

General purpose (stainless ferritic)

With particularly high quality and precision requirements (stainless and carbon)

General purpose (10, 20, 15X, 20X, 20K, 10G2)

Improved quality (20A, 35, 15XM, 15X5M, 30XMA, 50XMA, 38XA, 38XMUA, 40X, 12X1MF, 12XN3A)

Hardly deformable (45, 50, 30KhGSA, EI-712)

OINO |0 |WIN|F-

Special thin-walled austenitic stainless steels

An algorithm for determining workpiece dimensions
when designing production routes has been devel-
oped, which is represented by the following calculation
stages:

The maximum diameter of the workpiece before
passing through the CPTR mill is defined as:

DO = Dgot + ADmaxr (1)

where Dy,.is the diameter of the finished pipe, mm;

D,— workpiece diameter, mm;

AD, .- maximum crimping diameter, mm.

The steel groups hereinafter correspond to the
groups indicated in Table 1.

Data received4D,,,, are presented as graphs of de-
pendence on the size of the finished product and

o Steel group 1-3 /

7

approximated by regression equations. The results of
the approximation are presented in Figures 1, 2.

The graphs below show pointwise practical and
experimental data that are approximated by regression
equations. Figures 1-5 — Definition of regression
modelsAD,,,, for different steel groups and assort-
ment. Figures 6-7 — definition of regression models for
calculating the wall thickness of the workpiece.

Comparison of statistical data and calculations
using regression models (Fig. 1, 2) allows us to select
models (1, 2) that are accepted for automated route
calculation for 1-3 product groups:

AD = 1,6481In(D) — 1,5542, (1)
for 4-7 product groups:
AD = 0,8241In(D) + 0,2229. (2)

AD =-0,0005D?+ 0,0927D + 1,4354

R?=0,9652

6

5 4

= 1,6481Ln(D) - 1,5542
R2 = 0,9356

20 40 60

80

100 120
Finished tube diameter, D, mm

Fig. 1. Maximum pipe compression by diameter4D,,,, on CPTR mills for steel groups 1-3
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AD = -0,0002D?+0,0464D + 1,7177

AD,mm Steel group 4-7 R%?=0,96

4,5

4

D = 0,8241Ln(D) + 0,2229

35 7 R?=0,9356

3
2,5

2 -
1,5 T T T T T )

0 20 40 60 80 100 120

Finished tube diameter, D, mm
e AD e polynomial (AD) e |0garithmic (AD)

Fig. 2. Maximum pipe diameter crimping 4D,,,,on CPTR mills for steel groups 4-7

For ultra-thin-walled stainless steel pipes (group 8), data, the curved lines are approximations of the data
the dependence ADwas studied on D, t, t/Dfor the by equations.
states XMTP 6-15, XMNTP15-30, XMNTP 30-60 (Fig. 3-
5). The points on the graphs correspond to practical

AD, mm
2,5

2 L 2
1,5 L 2

/

i

05— AD=1389,3(tgot/Dgot)*- 571,35(tgot/Dgot)* +65,276(tgot/Dgot) -
0,234
& ol ] ) R*=0,9703 ) ]
0 0,02 0,04 0,06 0,08 tgot/Dgot 0,1

Fig. 3. Maximum pipe diameter crimping on CPTR 6-15 mills for steel groups 8

AD, mm
3,5
3
2,5 4.
2
1,5 -
1 AD=-1485,2(tgot/Dgot)? + 132,89(tgot/Dgot) - 0,0889
0,5 2=0,9159
0+ ; ;
0 0,02 0,04 0,06 0,08
tgot/Dgot
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Figure 4 - Maximum pipe diameter crimping on CPTR 15-30 mills for steel groups 8
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Fig. 5. Maximum pipe diameter crimping on CPTR 30-60 mills for steel group 8

To calculate the thickness of the workpiece wall, we
analyzed practical and experimental data for each
CPTR state (for groups 1-3, these are CPTR states 8-
15, 15-30, 30-60, 60-120, Fig. 6, for group 8, CPTR
states 6-15, 15-30, 30-60, Fig. 7) and obtained models
for each CPTR state.

In Figures 6-7 the following notations are used:
tg0c —Wall thickness of the finished (reducing) pipe;
t,— the thickness of the workpiece wall.

1z = 0,7585|n(t‘,,) +1,8561
. CPTRS-15 g o
25

010203 040506070809 1 111213 14 15 16

tgop MM

tz= 1,0383In(t,,,) + 2,1363

tz CPTR 15-30 R?=0,9915

35

3 f
25

0 05 1 15 2 25

tgob mm
tz CPTR'30-60  tz=123657In(t;,)+ 2,4952 tz CPTR60-120 tz =1,9328In(ty,) +2,5605
R?=0,9918 R?=0,9551
4 6
35
5
3
25 t
2 3
- 2 /
05 —4f !
0 0 ‘ . : ‘
0 05 1 15 2 25 g 3.l 0 05 1 15 2 25 tyo M

Fig. 6. Approximation by regression models of the values of the billet wall thickness according to data for pipes

made of stainless-steel grades (Groups 1-3)

For carbon and alloy steels (group 4-7):
status of the CPTR 8-15:

t, = 0,4858 - In(ty) + 1,6734;

status of the CPTR 15-30:

t, = 0,7047 - In(ty) + 1,9517.

The type of dependence of the wall thickness of the
billet on the wall thickness of the finished pipe is loga-
rithmic ¢, = a - In(t,,) + b, where the coefficients a, 2
2 bare determined by the type of mill. For the use of
models in the program for calculating routes, equations
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(6) were unified t,(tg, stan())for steel groups 1-3,
where stan - types of CPTR: 8, 15, 30, 60:

L Steel group 8 CPTR 8-15
1,8
1.6 |
1,4
1,2
1 4
0,8
0,6
0,4
0,2

Steel group 8 CPTR 15-30

a=10,0217 - stan+ 0,661 4

tz = 0,6505In(tgot) + 1,4876
R? = 0,9654

tz = 3,1039tgot* - 8,8058tgot® + 7,2156tgot2 = 0,173tgot + 0,1908

R* =0,9956

0,7 0,8 0,9 1 1,1 1,2

tgot, mm

tz = 0,7835In(t o) + 1,6093

tz, mm R* = 0,9624
2,5
&
2
1,5
1
>
0,5
o,
0
Q 0,2 0,4 0,6 0,8 1 1,2 1.4 1,6
« tz - practical data ——— logarithmic (tz - practical data) tgot, mm
tz = 0,998In(tgot) + 1,7582
Steel group 8 CPTR 30-60
tz, mm e R* = 0,9674
3
2,5 2 2
2
1.5
1
0,5
0 ' '
0 0,5 1 1,5 2

< tz - practical data

tgot, mm

e we|Ogarithmic (tz - practical data)

Fig. 7. Approximation by regression models of the values of the billet wall thickness according to data for
ultra-thin-walled pipes made of stainless-steel group (Group 8) for grades CPTR 6-15, CPTR 15-30,
CPTR 30-60

b =0,3657 - In(stan()) (5)

Unified equation for steel groups 1-3 and corre-
sponding CPTR states:

t, = (0,0217 - stan + 0,661) - In(tg,) +
(0,3657 - In(stan()) () (6)

A similar dependence of the workpiece wall thick-
ness was obtained for ultra-thin-walled stainless steel
pipes (steel group 8) — Figure 7.

Unified equation for determining the wall thickness

60

of the workpiece for group 8 (7):
t, = (0,0145 - s tan + 0,5647) - In(t o) +
(0,0111 - In(stan()) ), (7)
where the parameter stantakes the value accord-
ing to the type of state of the steel CPTR - 6, 15, 30.
Taking into account the research, a program for cal-
culating routes on the CPTR mills has been developed.
Examples of calculations are given in Figures 8-10.
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Table 2. Summary table of models for calculating the wall thickness of the workpiece

State of the CPTR | Regression modelt, - wall thickness of | State of the | Regression modelt, - wall thickness of

(steel groups the workpiece, t;,,—wall thickness of | CPTR (groups of | the workpiece, tz,.—wall thickness of

1-3) the finished pipe itles?)ls the finished pipe

CPTR 8-15 t; = 0,7585 - In(t4e) + 1,8561 CPTR 30-60 t; = 1,3657 - In(tge) + 2,4952
R?=0.993 R?=0.9918

CPTR 15-30 t, = 1,0383 - In(tge) + 2,1363 CPTR 60-120 t, = 1,9328 - In(tgy) + 2,5607
R?=0.9915 R?=0.9551

State of the CPTR | Regression modelt, - wall thickness of | State of the | Regression modelt, - wall thickness of

(groups of steels | the workpiece, t;,.—wall thickness of | CPTR (steel | the workpiece, tg,.—wall thickness of

4-7) the finished pipe gr%lps the finished pipe

CPTR 8-15 t, = 0,4858 - In(t,,,) + 1,6734 CPTR 15-30: t, = 0,7047 - In(tgo) + 1,9517

CPTR 6-15 (gr. st.

t; = 0,6505 - In(tgy) + 1,4876

8) R?=0.9654
CPTR 15-30 (gr. t, =0,7835 - ln(tgot) +1,6093
st. 8) R?=0.9624
CPTR 30-60 (gr. t; = 0,998 - In(tgo) + 1,7582
art. 8) R%= 0.9674
HiameTp roToeci Tpvia 12 (Mepeeipka EMxigHMX 83 HHX -CTIHKH
Toemesa crisss roTosoi TpyiE 1(MNepeeipka BMXiAHME A3HHE -gi3METRY
IIponoEyEThCR THO CTAHY
Pozpaxverosl gaml
Pozpaxyeor MarcEMansEe JomvereEmoro delial)
Poapaxveos TOBIMEEE CTIHEKE IATOTOBKE
JiameTp 3aroToBKE Dz=C+deltalr| 14.5
ToRmEEA CTIHKE Iar0TOBKH 1,500 0217 0 S L PN 0 355 NS + 1 1351
Koedimicar seTa#mE 0o opoxoIy 218| “—EmmioEI e I
Ctvmias gedopmanil 3a opoxod {:I,Su?
Hemyvonnee smaTenns Cop bl Tacrmel s ma cramax XIITP - 1,06
cirok
ctov
JoB#EHEA JLISEKE 00TECKY . 170/
Jigifige sMimenaa mu 1833
Iloga=a B4
MagcEMansE0 TODVeTEMA DOIATA m_,. B
IIpeEMacmo IHATeHEA DOTATH B0
Jimifige IMimeEEa TPEEMAEMO 17,4

Figure 8 — Calculation of the route 14.5x1.9—12x1mm CPTR8-15, group 1
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POSPENYHOR MAEDIDYTY NPORATRA — Tas opomcgy | Midsiseg il rwnamnuﬁ E

B L EI‘I‘I Jorssassae
JiameTp roToEol TPYOR D 17 | Mepeesipes s g SErm -CTisse

ToENEES CTIEEE T0TOECT TPy T 0.5 | Mepesipes suxigrm gare -giaweTpy
IIponoBEYVETECA THI CTAEY 1z T3-ai
PocpaxvErRoEi gami Po_s%lnn:
FoapanyBor MaREMATERD ToOyCTHEMOTD deltaly =1 E,
FoopaxvEOE TOEIIHEN CTIHEH 3aT0T0EER Tz 1 4456

JiaMeTp Far0TOERHE Dz=D-deitaD |

20
TOENIHEA CTiHEH 3aT0TOERHE Tz L.-‘}s.l

KoedimieaT ERTA#KH 0 TPOX0IY B |-::'.:-:'.'.:":'.'. T =tia=t] |

CTVIIEE T¢ MAIIL 33 IP0X

Ja=yerees: sy wewss copey=eai H = XmoTr [T

ctrok

ctov

JoEFHEA TLTAEEH 0OTHCEY Lt 1

JIEiHEe TMIMTETET m o 11

Ilogaga m 3,
MarmEManeEEs JOOVCTHMA D0JaYa Mhera: 3
TIpEiMaEM0 IHATEEER T0I3TH m E]

JTiEifiEe IMIMEERA TPEAMAEND

Fig. 9. Calculation of the route passage 20x1.45—17x0.5 CPTR 15-30, group 1

POSDEOCYHOR MPEDMINTY NPORETRA T smoxcgy | Mdeisd il Mprymia cranes E
B -E-IEE"-I e ]

JiaMeTp rOTOECL TPYOE o 20 | Mepesipes SR Gar ~CTirse
TOEINHES CTIEEE [0T0EDL TPVIH T LASH Neperipss spoigrmm g -giawetpy
IMponoEyETECA THI CTAHY 12 Kaag
FPozparEeoei gami

FoapayyHoR MARHMATERED TomycTaMors deltald 3
FozpaxvEo: TOENHEH CTiHEH 3aT0TOEER Tz

JiamMeTp JaT0TOEER Drz=D-+detzl
TOENHEA CTIHEH 3aT0TOEER Tz

KoedimicsT ERTA#ER D0 TPOXOIY w

CTVIeE 36 MATIL 33 TR0 e

Jampemo: e woews copoameai H = XImTF (1%

ctrok

chov

JoEXHEA JLUTAEEH FOTHCEY Lata 178
JIEiHEe TMIMEEEA mu 1703
IMogaga m 2.7
MarpEMaTERED JOMVCTEMA D0JATa Mherce |
TIpEiMacLD IHATEEEA T0IaTH m = 7]
JIEiHEe IMIIEEEA TPHAMAEMD 1703

Fig. 10. Calculation of the route passage 23.5x2.5 -20x1.45 CPTR 15-30 group 1

Comparing the calculated routes with the existing assortment, with other equipment options and with a
ones makes it possible to propose routes for a new reduction in the number of passes (Table 3).
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Table 3. Calculated routes (st.12X18N10T, gr. )

No. | Manufacturing route Types of deformation
1 23x2.5
20x1.45 CPTR 15-30
17x0.5 goth CPTR 15-30
2 43x3.65
39x2.6 CPTR 30-60
35x1.2 Got CPTR 30-60
3 15x2.3
12x1.6 CPTR 8-15
10x0.75 CPTR 8-15
8x0.25 Got CPTR 8-15
4 23x2.5
20x1.5 Got CPTR 15-30
5 10.5x1.3 CPTR 8-15
8x0.5 Got
Conclusions reduces the time for designing routes, allows for the

The developed mathematical models and calcula-  optimal selection of routes with fewer passes com-
tion program solve the issue of designing rolling routes  pared to the current ones, which, in turn, leads to sav-
on CPTR mills for different groups of steels, which ings in production time and metal consumption .
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