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Abstract. The article discusses the main structural features of radial-shear rolling mini-mills and their most common sizes. A generalized algorithm for
designing such mills using modern CAD systems is described. The main approaches to the methodology of software adaptive design of models in
engineering are listed with their features and differences. In particular, the methodology of horizontal modeling, explicit modeling methodology, and
resilient modeling strategy are considered. The article describes the method of virtual squeezes and presents the main geometric scheme of the spatial
position of the rollers of the longitudinal profile. The data obtained as a result of the calculations were encoded and summarized in tables. The formulas
presented were used in the parametric design of the roller unit of the three-roller mill 30-70 using Autodesk Inventor software. The obtained parametric
model, using classical formulas of the virtual squeezes method, allows for automatic reconstruction of the deformation zone for new initial parameters.
The developed model is applicable for three-roller mills with working roll angles d =5 — 15° and feed angles 3 = 18 — 22°. The article presents sketches
and diagrams of the constructed model for different rolling angles — 5, 10, and 15°. As the rolling angle increases, a noticeable increase in the conicity
of the roller is observed. The vector of future research on improving the obtained software model was indicated. Further research on improving
the parametric model will include expanding the set of existing parameters to include the frame and full set of roller connections — neck, cover,
pressing device, etc.
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AHHOmayus. B crarbe paccMOTPEHbl OCHOBHBIE KOHCTPYKTHUBHBIE OCOOCHHOCTH MUHH-CTAHOB paanaibHO-cBUroBoii npokarku (PCII), ux naudomnee
pacnpocTpaHeHHble TUropazMepsl. Onucan 0000IEHHBIH alIrOPUTM IIPOEKTUPOBAHUS TAKMX CTAHOB C NMpUMEHeHneM coBpeMeHHbIX CAD cucrem.
INepeunciienbl OCHOBHbBIE TOIXOABI K METOMOJIOTMH NPOIPAMMHOIO aJalTHBHOTO NPOSKTUPOBAHMS MOAENICH B MHXKMHMPUHIE, NMPHBEICHBI MX
0COOCHHOCTH M Pa3iuyusl. B 4acTHOCTH, PacCMOTPEHBI METOAOIOIMH T'OPU30HTAIBHOIO MOJEIUPOBAHUS, MOJCIUPOBAHUS C SIBHBIMU CCHUIKAMM
1 ycTOH4MBOro MojenupoBanus. OnucaHa MeToMKa BUPTYaIbHbBIX EPEKUMOB, IPUBEIEHa OCHOBHASI F€OMETPUUECKas CXeMa IPOCTPAHCTBEHHOTO
MOJIOKEHHST BAJIKOB MPOJOJILHOTO Tpoduuist. TlomyueHHble B pe3ysbrare pacyeToB JAHHbIC 3aKOIMPOBAHbI M CBEAEHBI B TaOmuIpbl. [IpuBeneHHbIe
(hopMyJIBI HCHOJIB30BaHBI TIPU TTAPAaMETPUUECKOM IPOSKTUPOBAHUH BAJIKOBOIO y3i1a TpexpayikoBoro crana PCII na npumepe tunopasmepa «30-70»
B nporpammHoOii cpezne Autodesk Inventor. ITosyuennas napamerpudeckast Mojesb, UCIONb3Ys Kiaccuueckne GopMysbl METOAUKH BUPTYaJIbHBIX
MEePEKUMOB, MO3BOJISICT ABTOMATHUECKH [IEPECTPanBaTh ovar Ae()opMaly st HOBBIX HCXOAHBIX MapameTpoB. PazpaboTaHHas Mozielb IpUMEHHMa
JUISL TPEXBAJIKOBBIX CTAHOB, MMEIOIIMX YIIIbI PACKaTKU pabodnx BaiKoB & = 5 — 15° u yrsl nomauun B = 18 — 22°. TIpuBeneHbl 3CKU3bI U ITIOPbI
MOCTPOESHHON MOJIEIH JUISl PA3JIMYHBIX YIIOB packatk — 5, 10 u 15°. [Ipu yBennueHun yria packaTku 3aMEeTHO 3HAYUTENIbHOE YBEJIMYEHUE KOHYCHOCTH
Bajka. O003HaYeH BEKTOp OyAylIMX HCCIIEIOBAaHMI MO JOpabOTKe M COBEPLICHCTBOBAHMIO MOIy4YEeHHOH mporpamMMHoit moienu. JanbHeifmue
HCCIIeI0BaHus 110 J10paboTKe MapaMeTpuyeckoi Mosienn OylyT BKIodarh B ceOs paciiupeHre Habopa MMEIONIMXCs apaMeTpoB Ul 100aBIeHHs
B KOMITBIOTEPHYIO MOJIE/Ib CTAHWHBI M BAJIKOBBIX Y3JIOB, BKJIIOYAs ONOPBI, MOAYILIKH, KPBIIIKH, HAXXUMHOE U yPaBHOBEIIHMBAIOIEE YCTPOHCTBO U T. II.

Kawuessle c108a: BUHTOBAs IIpOKaTKa, pajuajIbHO-CABUTOBAas IIPOKATKA (PCH), MHWHH-CTAHBI, TEXHOJIOTUYECKHUI TNIEpEKNM, yroJi moaavdu, yroji packar-
KU, yroJl CKpeluBaHusl, SKCHUCHTPUCUTET, odar L[e(l)OpMaI_[I/II/I
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[ INTRODUCTION

Modern radial shear rolling (RSR) mini-mills are
characterized by a simple design, utilizing optimal feed
angles (18 —22°) and rolling angles (not exceeding
10 — 12°) [1]. Typically, these mills are specifically assem-
bled for the production of particular products, determined
by the mill’s dimensions and structural features. Despite
their compactness and high mobility, these mills offer
a wide range of full-scale capabilities. Helical rolling
mini-mills align with the requirements of lean produc-
tion [2] and facilitate the application of innovative RSR
methods, which enhance the material properties of long
products through intensive plastic deformation [3; 4].
For example, pure magnesium has shown significant
improvement in its mechanical properties through three
roller helical rolling, attributed to changes in its micro-
structure [5]. Researchers in [6; 7] have documented
the formation of a gradient structure and the improved
properties of austenite stainless steel AISI 321. The tech-
nological capabilities of RSR mini-mills have been suc-
cessfully tested using titanium rods in accordance with
specific requirements [8].

For example, the «30-80» three-roller piercing mini-
mill is specifically designed for hot piercing of ingots
into shell with a bottom [9 — 11]. It utilized a wedge lock
device as a screw-down mechanism, and the rollers are
characterized by pre-feed and rolling angles according
to the design. The mini-mill stands out for its mobility,
compactness, and the absence of the need for assembly
on a power basement.

Furthermore, numerous industrial and research entities
have successfully implemented the «14-40» three-roller
helical mini-mills [1; 12]. A comprehensive overview
of the main designs and specifications of RSR mini-mills
can be found in [1]. These new-generation mini-mills
exhibit lower metal intensity, reduced energy consump-
tion, and offer simplified operation compared to small
section mills using longitudinal rolling techniques. This
makes them particularly attractive to small and medium-
sized companies operating in the metallurgy and mechan-
ical engineering sectors.

Previously, researchers [13 — 15] developed a syste-
matic approach to the design of mill stand based on the uni-
fied “metal deformation—mill design” system, enabling
the production of items with predetermined properties.

The new mill stand designs are based on several key
principles: the use of a close-top roll housing, position-
ing the working rollers at consistent angles of feed and
rolling, and separation the actuating mechanism of roller

positioning from direct action of the rolling force. These
design principles have not only simplified the mini-mill
design but also improved its operational conditions.

Typically, the design process for such mills begins
with the deformation zone and the predetermined main
geometrical profiles of the rollers and rolled ingots.
Given the wide range of dimensions for RSR mills and
the need to design custom equipment to meet specific cus-
tomer demands, it is advisable to utilize the parametriza-
tion capabilities available in most modern CAD systems
during the design process. These capabilities significantly
reduce the time required for developing computer models
and facilitate subsequent refinement and error elimination.

Modern CAD systems offer parameterization capabi-
lities, allowing for the creation of a wide range of para-
meters. These parameters can be static (representing
a fixed value), calculated (expressed through mathemati-
cal equations based on static parameters), or reference
(referring to the actual value of existing geometry for
use in other geometrical units). CAD systems enable
the establishment of semantic connections between
constructed geometry and developed parameters of any
type, thereby creating associative bonds between diffe-
rent components of the designed equipment.

The choice and implementation of an appropriate design
methodology play a crucial role in the design process.
A well-defined methodology allows for the development
of a unified approach to constructing associative bonds
and establishing parametric dependencies between indi-
vidual units [16]. This formalization of parametric simula-
tion methods brings the design process closer to the origi-
nalintentofthe engineer [17], promotes standardizationand
internal consistency within the simulated model, reduces
development time, and maximizes the potential for reus-
ing previously developed parts and units. Employing
an appropriate and well-designed methodology enables
faster modifications of models compared to an informal
approach [18; 19]. The development of design methods is
closely tied to the advancement of CAD systems and their
application in engineering design tasks. Ultimately, these
methods represent the accumulated engineering expe-
rience of researchers aimed at enhancing the flexibility
and validity of the designed models [20]. An incorrect or
non-formalized methodology can have a negative impact
on the overall quality of the model and the time required
for the design process [21]. There are documented cases
where the correct selection of a methodology, particularly
in the context of MDO (Multidisciplinary design optimi-
zation) tasks, has led to significant achievements in air-
craft production [22].
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There are three formalized methodologies known for
developing computer models, aimed at enhancing model
flexibility, reduction development and modification time,
and improving overall model stability.

Horizontal Modeling methodology: This simula-
tion strategy, patented by Delphi Technologies [23], focuses
on reducing critical errors that may arise during model
modification by elimination of dependences in the existing
geometry and parameters. Traditional CAD systems typi-
cally employ a vertical tree structure for elements, which
can lead to errors when modifications are made. The Hori-
zontal Modeling Methodology proposes minimizing such
dependencies and instead referring to unaffected initial ele-
ments, such as basic planes and the center of coordinates.
This transforms the vertical tree structure into a horizontal
one, reducing the occurrence of errors.

Explicit Reference Modelling methodology (ERM):
Proposed in [18], ERM aims to minimize the number
of dependencies and restrictions related to the current
geometry in the model, as it tends to vary with changes in
the model. Instead, references are used, which can refer
to auxiliary geometric objects. Unlike the Horizontal
Modeling Methodology, ERM is focused on maintaining
the global concept of parametrical approach.

Resilient Modeling methodology [24] was intro-
duced in [25]. This methodology emphasizes the crea-
tion of robust models with extensive possibilities for
reusing units and elements. It involves optimizing parent-
child dependencies and organizing the structure of ele-
ments in a more comprehensible manner.

Each of these methodologies has its advantages and
disadvantages depending on the pattern of the developed
model. The key criterion for the operability of a paramet-
ric model is its ability to adapt to changes made to its ele-
ments. The operability of these methodologies has been
demonstrated in various optimization scenarios, includ-
ing the automatic generation of numerous geometrical
variations and units [26].

This work focuses on the parametric simulation of a
roller unit using generalized algorithm for design-
ing of deformation zone of a three-roller RSR mill in
Autodesk Inventor software. The model is developed fol-
lowing the recommendations of the Explicit Reference
Modelling.

[ FORMULATION OF THE PROBLEM
AND EXPERIMENTAL METHODS

Geometry of the spatial position of longitudinal
profile rolls

In order to construct and calculate the geometry
of the spatial position of longitudinal profile rollers,
a procedure known as virtual squeezes is utilized, which
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was developed and proposed for calculations of RSR
mini-mills [13]. This procedure is based on invariant
geometry relations of RSR mills, taking into account
changes in virtual angles of feed and rolling along
the axis of the deformation zone. It allows for efficient
parametrization of roller dimensions and the deforma-
tion zone [14]. The procedure is based on the layout
depicted in Fig. 1, a, where:

— 3 represents the considered cross section of the ingot
with radius 7, and center at O,

— B represents the cross section of the roller with
radius R, and center at O, in contact with the ingot cross
section 3 at point F;

— Ol and CL are the rolling axes for the ingot and
the deformation area, respectively;

— GGy is the common perpendicular (eccentricate) with
length £ to the roller and rolling axes, meaning ZOGG, =
= ZLCG,G =90°%

— OC is the line perpendicular to the rolling axis
with length P, intersecting the roller axis, denoted as
ZCOG =90°. In drum type mills, it is positioned
on the drum axis;

— B, 9, y represent the angles of feed, rolling and cross-
ing, respectively.

The set of notions used, such as technological squeeze,
geometrical squeeze, and design layout, were introduces
in [27; 28]. According to the procedure, the determi-
nation of the roller profile is simplified to calculating
the radius of the roller’s cross section that will come
into contact with the ingot’s cross section of a known
radius r,. This contact point is located at a known dis-
tance A/, along the rolling axis from the technological
squeeze (from point O) (Fig. 1, b).

Calculation of roll calibration using

the deformation center

Now, let us illustrate the calculations based on the pro-
cedure by determining the roller radius in extreme cross
section of the deformation zone using the initial data for
«30-70» mill (Table 1). The roller diameter in the squeeze
is chosen to ensure the minimum pass without the roller
surface crossing. The maximum feasible roller diameter
in the squeeze, taking into account the feed and rolling
angles, as well as the gap between rollers, is determined
by the equation [29]

d:ﬁﬂ A

D = —— =2, (M
k

where D™ is the maximum possible diameter in the

squeeze, mm; d™" is the minimum roller pass diameter

in the squeeze, mm; A is the gap between adjacent rollers,
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b

Fig. 1. Diagram of the relative position of the axes of roll CL and rolling O/ (a); designations of geometric dimensions
of deformation focus and roll (b):
thick red line — deformation focus, double — roll; 7, 2 — sections of input and output, respectively; P — section of technological squeeze

Puc. 1. Cxema B3anmHOTO pacnonoxenus ocei Banka CL u npokarku O/ (a) u 0003HaYEHUSI TEOMETPHYECKUX Pa3MEPOB
ouara aedopmaryu 1 Basika (b):
KpacHast TOJICTast JINHUS — odar aedopMaruu; 1BoiHas — BaJIOK; /, 2 — CEYEHHs BXO/Ia M BBIXO/Ia COOTBETCTBEHHO;
P — ceyenne TeXHOIOTMUECKOTO MepeKuMa

mm; ¢ is the inclination angle of the generator of the input
roller cone, deg; k is the coefficient that relates the roller
diameter to the pass diameter.

The coefficient k£ incorporates parameters such as
the feed angle B, rolling angle 6 and the number of opera-

i = cos6—0. 87\/0. 75c0s8° +0.25cos B’

)

cos 5\/0. 57cosd? +0.19cosp?

These conditions are subsequently verified by analy-

ting rollers, and can be determined using the equation: zing interference in the CAD system.

Table 1

Source data for the calculation example

Tabnuya 1. McxoaHble JaHHbIE /I IPUMepa pacyeTa

. Units of
Parameter Notation Value
measurement

Feed angle B deg 20
Rolling angle o deg 5
Roller radius in squeeze R, mm 80
Ingot radius in squeeze r, mm 15
Input cross section of deformation zone:

—radius 7 mm 25

— distance to squeeze Al mm 80

— roller cross section radius R, mm ?

— distance from roller cross section center to roller

cross section center in technological squeeze Xy mm ?
Output cross section of deformation zone:

—radius 7, mm 16.5

— distance to squeeze Al mm -80

— roller radius R, mm ?

— distance from roller cross section center to roller

cross section center in technological squeeze Xeo mm ?
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The calculated data obtained are sufficient for plotting
the roller calibration for three cross sections The calcu-
lated results are summarized in Table 2.

Similar calculations for roller unit calibration can be
based on a higher number of cross sections to achieve
greater precision. The calculation process for each cross
section is similar to the aforementioned procedure.
By using the described algorithm, it is possible to create
a table of roller calibration with required step for produc-
tion using a numerically controlled machine.

[ KEY EXPERIMENTAL FINDINGS

The Explicit Reference Modeling methodology was
chosen as the foundation for this work. All calculated
parameters from Tables 1 and 2 were incorporated as user
parameters into the Autodesk Inventor models. These
parameters are directly calculated and determined within
the Autodesk Inventor software.

To simplify the calculations within Autodesk Inventor,
all the parameters are encoded as two-symbol variables
(consisting of a Latin letter and a digit). The parameters
are categorized as follows:

— parameters X: these serve as the main initial data for
the model calculation;

— parameters A: these are used to determine the para-
meters of technological and geometrical squeezes;

— parameters B: these are used to determine the para-
meters of the virtual squeeze in cross section / of the defor-
mation zone input;

— parameters C: these are used to determine the para-
meters of the virtual squeeze in cross section 2 of the defor-
mation zone output.

A comprehensive list of the parameters is provided in
Table 3. The accuracy of the constructed model is veri-
fied using the parameters X1, X2, 42, B5, B6, C5 and C7.
The following relationship holds true for these parameters:

Table 2

Results of calculation of calibration parameters
for three sections

Tabnuya 2. Pe3yjabraThl pacuera NapaMeTpoB KaJIMOPOBKH
10 TPeM CeYyeHUusIM

Deformation
. Roller, mm
Cross section zone, mm
Al 7 XR, R,
Input / 80 25 78.001 | 80.512
Technological 0 10 0 30
squeeze, P
Output 2 -80 16.5 | —-80.320 | 76.034
cosX1cosX2 = cosB5cosB6 =
=cosC5¢cosC7 = cosA2. 3)

The deformation zone in the model is created using
a 3D sketch. The explicit parameters of this sketch are
linked to the user-defined parameters. When the depen-
dencies and initial data (X) are correctly established,
the 3D sketch of the model will have zero degrees
of freedom. This means that the constructed geometry
variant is the only possible one given the preset param-
eters. Removing any initial parameter (X) will introduce
degrees of freedom to the deformation zone model.

The layout of the mutual position of the roller and
rolling axes is depicted in Fig. 2.

Fig. 3 illustrates the parameters 4, B and C, which are
used to construct the geometrical and technological roller
squeezes.

The deformation zone is constructed starting from
the technological squeeze on the rolling axis, which
serves as the common coordinate center of the model O.
The rolling axis is plotted passing through the coordi-
nate center. The distance / between technological and

Table 3
Parameter coding table
Tabnuya 3. Tabauna KOIHPOBAHHUSI IAPAMETPOB
Nota- . .
tion Parameter Equation in Autodesk Inventor Equation
Initial (main) parameters

X1 Feed angle 3, deg Explicit value (20) Explicit value (20)
X2 Rolling angle 9, deg Explicit value (5) Explicit value (5)
X3 Roller radius in squeeze R,, mm Explicit value (80) Explicit value (80)
X4 Ingot radius in squeeze r,, mm Explicit value (15) Explicit value (15)
X5 Radius 7,, mm Explicit value (25) Explicit value (25)
X6 Radius 7, mm Explicit value (16.5) Explicit value (16.5)
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Parameter coding table

Tabnuya 3 (npoooncenue). Tabauna KOTUPOBAHUS NAPaAMETPOB

Table 3 (Continuation)

I\tliootz— Parameter Equation in Autodesk Inventor Equation
Parameters of technological and geometrical squeezes
. . . . X3
A1 Distance P between rolling axis and roller axis in x4 +x3 / cos(x2) A= X4+
squeeze, mm cos X2
A2 Crossing angle v, deg acos(cos(x1) * cos(x2)) cosA2 = cosX1cosX2
. . . sin X1cos X2
A3 | Length of common perpendicular £, mm al * sin(x1) * cos(x2) / sin(a2) A3= Alv
i i i sin X2
44 Distance L between teghnolo_glcal and geometrical al * sin(x2) / (sin(a2) * sin(a2)) A4 =20
squeezes along the rolling axis, mm sin® A2
45 DlsFance l between technological squeezes along a4 * cos(a2) 45 = Adcosd2
rolling axis, mm
46 D1stance. LR from roller cross section center to a4 — X3 * tan(x2) 46 = A4 — Y3 tanX2
geometrical squeeze, mm
Parameters of virtual squeeze in cross section / of deformation zone input
B1 Distance /1 to geometrical squeeze along rolling axis, 45+ 13 Bl=45+ X3
mm
. . . Bl
B2 Distance L1 to geometrical squeeze along roller axis, mm b1/ cos(a2) B2= e
cos
Distance P1 between rolling axis and roller axis in sqrt((h1 * tan(a2)) ~ 2 6p + (a3) \/ﬁ
B3 perpendicular to rolling axis, mm "2 6p) B3=y/(Bltan 42)" + 43
Distance PN1 between rolling axis and roller axis in sqrt((b1 * sin(a2)) ~ 2 6p + (a3) - P 5
B4 perpendicular to roller axis, mm A2 6p) B4 =/(Blsin 42)" + 43
B4
B5 | Rolling angle 81, deg acos(h4 / b3) CosBS = 5
A3tan A2
B6 Feed angle B1, deg atan(a3 * tan(a2) / b3) tan B6 = s
B7 Roller radius R1, mm cos(b5) * (b3 —x5) B7 = cosB5(B3 — X5)
B3 D1stanc§ LR1 from roller cross section center to b2 — b7 * tan(bs) BS = B2 — BTtanB5
geometrical squeeze, mm
B9 Distance XRI from roller cross S(?CthIl center to roller b8 — a6 B9 = BR — 46
cross section center of technological squeeze, mm
Parameters of virtual squeeze in cross section 2 of deformation zone output
cl Distance /2 to geometrical squeeze along rolling axis, 4513 Cl=45-X3
mm
. . . C1
2 Distance L2 to geometrical squeeze along roller axis, mm cl /cos(a2) C2= m
cos
Distance P2 between rolling axis and roller axis sqrt((cl * tan(a2)) ~ 2 6p + (a3) \/ﬁ
3 perpendicular to rolling axis, mm A2 0p) C3=y(Cltan 42)" + 43
Distance PN2 between rolling axis and roller axis in sqrt((cl * sin(a2)) ~ 2 6p + (a3) \/ﬁ
4 perpendicular to roller axis, mm ~20p) C4=4(Clsin42)" + 43
. C4
C5 | Rolling angle 52, deg acos(c4 / ¢3) cosC5 = o)
A3tan A2
C6 | Feed angle B2, deg atan(a3 * tan(a2) / c3) tan C6 = 3
C7 Roller radius R2, mm cos(c5) * (3 —x6) C7 = cosC5(C3 — X6)
3 Distance XR2 from Aroller cross section center to roller €2 ¢7 * tan(cS) C8=C2 — CTtanCs
center of technological squeeze, mm
9 Distance XR2 from roller cross section center to roller 8 —ab C9=C8— 46

center of technological squeeze, mm
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geometrical squeezes along the rolling axis (parameter
A5) is determined to obtain segment OG. An auxiliary
line is drawn from the point O, perpendicular to seg-
ment OG. Along this line, the rod radius in the squeeze 7,
and the roller radius in the squeeze R, are consecutively
plotted (parameters X4 and X3, respectively) to obtain
the point C. The segment CG, (44) coincides with
the roller axis. Perpendiculars from segment OG are used
to construct the feed angle B (parameter X1). Another
auxiliary line is drawn from the top of angle 3, paral-
lel to segment OC. Point G, is obtained by intersecting
this auxiliary line with the perpendicular. The eccentri-
cate E (parameter A43) is plotted from point G to intersect
the auxiliary line. The construction of the other virtual
squeezes follows a similar procedure.

Figures 4-6 depict the parametric models of con-
structed roller—body assemblies for various mill dimen-
sions.

These models can be used to simulate the deforma-
tion zone and design roller parts for three-roller mini-
mills. The developed parametric model is suitable for
three-roller mills with rolling angles of working rollers
0 ranging from 5 to 15° and feed angles o ranging from
18 to 22°.

Notable features of these models include fast con-
struction and reconstruction of roller joints using parame-
trization. By employing universal modular joints between
individual parameters of each model and mini-mill units,
the design time for mills can be significantly reduced.

Fig. 2. Adaptive scheme of relative position of the axes of roll and rolling (f =20°, 6 = 5°)

Puc. 2. AjnanTuBHas cxema B3aMMHOTO TIOJIOJKEHHs OCeil Basika 1 mpokarku (§ = 20°, & = 5°)

Fig. 3. Parameters used to construct geometric sections: 4 (a), B (b), C (¢)

Puc. 3. [TapameTpsl, HCIIONIB3yEMbIE IS TIOCTPOCHHS TEOMETPUUECKUX TTepekuMoB: 4 (a); B (b); C (¢)
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a b

Fig. 4. Adaptive model of the constructed roll-barrel 30-70 with a rolling angle 6 = 5°:
axonometry (a); side view (b)

Puc. 4. AnantuBHas MozeNb HOCTPOCHHOTO BaKa-00ukn Tunopasmepa «30-70» ¢ yraom packaTku 6 = 5°:
akconomerpust (a); Buj cOoky (b)

a b

Fig. 5. Adaptive model of the constructed roll-barrel 30-70 with a rolling angle & = 10°:
axonometry (a); side view (b)

Puc. 5. AnantuBHas Mozienb HOCTPOSHHOTO Basika-004ky TUnopasmepa «30-70» ¢ yriom packarku 6 = 10°:

akconometpust (a); Buj cOoky (b)

a b

Fig. 6. Adaptive model of the constructed roll-barrel 30-70 with a rolling angle & = 15°:
axonometry (a); side view (b)

Puc. 6. AnanTuBHas Moziesib IOCTPOCHHOTO Basika-004ku Tunopasmepa «30-70» ¢ yrinom packarku 6 = 15°:

akconometpwus (a); Buj cOoky (b)
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Fig. 7. Constructed parametric model of deformation focus: roll joint constructed by parametrization method (a);
deformation focus obtained by an array of circular elements (b)

Puc. 7. ITapamerpudeckas MOJelb o4ara JehopMalin: BaIKOBOE COSMHEHHE, TOCTPOCHHOE C MOMOIIIBIO METO/IA TTapaMeTpH3aLuy (a);
oygar gehopManyy, IOTydeHHBIH MaCCUBOM KPYTOBBIX 3JIEMEHTOB (b)

Additionally, the constructed model ensures the produc-
tion of high-quality items based on the specified initial
model parameters (X).

Fig. 7 illustrates the deformation zone consisting
of three rollers. The deformation zone can be obtained
by utilizing a circular array or creating an assembly by
positioning the rollers around the sketch at a 120° angle,
in accordance with the preset rolling and feed angles.

The parametrization method greatly facilitates
the design process of roller joints and rolling mills,
reducing the manual effort required for adjusting parts
and angle ratios.

- CONCLUSIONS

By applying a parameterizable design algorithm, engi-
neers can efficiently develop a computer model. Specifi-
cally, the method for plotting the deformation zone, based
on the radii of the rolled ingot, roller, feed angle, and
rolling angle, enables the rapid creation of a 3D model for
roller calibration and the deformation zone. This model
serves as a foundation for selecting other structural units
of the mill.

The algorithm for designing the deformation zone was
developed as a function of adjustable parameters, which
are utilized for parametrization within a CAD system.
The algorithm is based on the concept of virtual squeezes,
which leverage the invariant relationships of RSR roller
geometry in relation to the desired parameters of the tech-
nological squeeze. These parameters include the diameters
of the roller and rod, as well as the feed and rolling angles
along the rolling axis and/or roller axis. In the develop-
ment of the computer model for the roll joint of the “30-70”
mill, an explicit reference simulation methodology was
employed, incorporating parameterizable properties that
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can be varied based on the mill’s objectives and specific
design requirements. The resulting model is adaptive,
allowing for the easy determination of dimensions and
spatial positions of rollers and the deformation zone in
the mini-mill.

Further research efforts will focus on the develop-
ment of an adaptive parametric model, encompassing
the assembly of component units such as the shaft and
body of working roller, bearing supports, pads, screw-
down mechanism, and stands.
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