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Аннотация. В статье рассмотрены основные конструктивные особенности мини-станов радиально-сдвиговой прокатки (РСП), их наиболее 

распространенные типоразмеры. Описан обобщенный алгоритм проектирования таких станов с применением современных CAD систем. 
Перечислены основные подходы к методологии программного адаптивного проектирования моделей в инжиниринге, приведены их 
особенности и различия. В частности, рассмотрены методологии горизонтального моделирования, моделирования с явными ссылками 
и устойчивого моделирования. Описана методика виртуальных пережимов, приведена основная геометрическая схема пространственного 
положения валков продольного профиля. Полученные в результате расчетов данные закодированы и сведены в таблицы. Приведенные 
формулы использованы при параметрическом проектировании валкового узла трехвалкового стана РСП на примере типоразмера «30-70» 
в программной среде Autodesk Inventor. Полученная параметрическая модель, используя классические формулы методики виртуальных 
пережимов, позволяет автоматически перестраивать очаг деформации для новых исходных параметров. Разработанная модель применима 
для трехвалковых станов, имеющих углы раскатки рабочих валков δ = 5 – 15° и углы подачи β = 18 – 22°. Приведены эскизы и эпюры 
построенной модели для различных углов раскатки – 5, 10 и 15°. При увеличении угла раскатки заметно значительное увеличение конусности 
валка. Обозначен вектор будущих исследований по доработке и совершенствованию полученной программной модели. Дальнейшие 
исследования по доработке параметрической модели будут включать в себя расширение набора имеющихся параметров для добавления 
в компьютерную модель станины и валковых узлов, включая опоры, подушки, крышки, нажимное и уравновешивающее устройство и т. д. 

Ключевые слова: винтовая прокатка, радиально-сдвиговая прокатка (РСП), мини-станы, технологический пережим, угол подачи, угол раскат-
ки, угол скрещивания, эксцентриситет, очаг деформации
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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 δ = 5 – 15° and feed angles β = 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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 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-
nal intent of the engineer [17], promotes standardization and 
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 

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:

– З represents the considered cross section of the ingot 
with radius rP and center at О; 

– В represents the  cross section  of  the  roller with 
radius RP and center at ОВ , in contact with the ingot cross 
section З at point F; 

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

– GGB is the common perpendicular (eccentricate) with 
length Е to the roller and rolling axes, meaning OGGB =  
=  CGBG = 90°; 

– ОС is the  line perpendicular to  the  rolling axis 
with length Р, intersecting the  roller axis, denoted as  

СOG = 90°. In drum type mills, it is positioned 
on the drum axis; 

– β, δ, γ 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 ri . This contact point is located at a known dis-
tance Δli along the  rolling axis from the  technological 
squeeze (from point О) (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] 

		     	 (1)

where  is the  maximum possible diameter in the 
squeeze, mm;  is the minimum roller pass diameter 
in the squeeze, mm; Δ is the gap between adjacent rollers, 
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mm; φ 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 β, rolling angle δ and the number of opera
ting rollers, and can be determined using the equation:

         (2)

These conditions are subsequently verified by analy
zing interference in the CAD system.

Fig. 1. Diagram of the relative position of the axes of roll CL and rolling Ol (a); designations of geometric dimensions 
of deformation focus and roll (b):

thick red line – deformation focus, double – roll; 1, 2 – sections of input and output, respectively; P – section of technological squeeze

Рис. 1. Схема взаимного расположения осей валка CL и прокатки Оl (a) и обозначения геометрических размеров 
очага деформации и валка (b): 

красная толстая линия – очаг деформации; двойная – валок; 1, 2 – сечения входа и выхода соответственно; 
Р – сечение технологического пережима

T a b l e  1

Source data for the calculation example

Таблица 1. Исходные данные для примера расчета

Parameter Notation Units of 
measurement Value

Feed angle β deg 20
Rolling angle δ deg 5
Roller radius in squeeze RP mm 80
Ingot radius in squeeze rp mm 15
Input cross section of deformation zone:

– radius
– distance to squeeze
– roller cross section radius
– distance from roller cross section center to roller 
cross section center in technological squeeze

r1
Δl1
R1

XR1

mm
mm
mm

mm

25
80
?

?
Output cross section of deformation zone:

– radius
– distance to squeeze
– roller radius
– distance from roller cross section center to roller 
cross section center in technological squeeze

r2
Δl2
R2

XR2

mm
mm
mm

mm

16.5
–80

?

?
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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 1 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, A2, B5, B6, C5 and C7. 
The following relationship holds true for these parameters:

cosX1 cosX2 = cosB5 cosB6 =

	              = 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 A, 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 l between technological and 

T a b l e  2

Results of calculation of calibration parameters  
for three sections

Таблица 2. Результаты расчета параметров калибровки  
по трем сечениям

Cross section
Deformation 

zone, mm Roller, mm

Δli ri ХRi Ri

Input 1 80 25 78.001 80.512
Technological 
squeeze, Р 0 10 0 80

Output 2 –80 16.5 –80.320 76.034

T a b l e  3

Parameter coding table

Таблица 3. Таблица кодирования параметров

Nota
tion Parameter Equation in Autodesk Inventor Equation

Initial (main) parameters
X1 Feed angle β, deg Explicit value (20) Explicit value (20)
X2 Rolling angle δ, deg Explicit value (5) Explicit value (5)
X3 Roller radius in squeeze RP , mm Explicit value (80) Explicit value (80)
X4 Ingot radius in squeeze rP , mm Explicit value (15) Explicit value (15)
X5 Radius r1 , mm Explicit value (25) Explicit value (25)
X6 Radius r2 , mm Explicit value (16.5) Explicit value (16.5)
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T a b l e  3 (Continuation)

Parameter coding table

Таблица 3 (продолжение). Таблица кодирования параметров

Nota
tion Parameter Equation in Autodesk Inventor Equation

Parameters of technological and geometrical squeezes

A1 Distance P between rolling axis and roller axis in 
squeeze, mm x4 + x3 / cos(x2)

A2 Crossing angle γ, deg acos(cos(x1) * cos(x2)) cosA2 = cosX1 cosX2

A3 Length of common perpendicular E, mm a1 * sin(x1) * cos(x2) / sin(a2)

A4 Distance L between technological and geometrical 
squeezes along the rolling axis, mm a1 * sin(x2) / (sin(a2) * sin(a2))

A5 Distance l between technological squeezes along
rolling axis, mm a4 * cos(a2) A5 = A4 cosA2

A6 Distance LR from roller cross section center to
geometrical squeeze, mm a4 – x3 * tan(x2) A6 = A4 – X3 tanX2

Parameters of virtual squeeze in cross section 1 of deformation zone input

B1 Distance l1 to geometrical squeeze along rolling axis, 
mm a5 + x3 B1 = A5 + X3

B2 Distance L1 to geometrical squeeze along roller axis, mm b1 / cos(a2)

B3 Distance P1 between rolling axis and roller axis in 
perpendicular to rolling axis, mm

sqrt((b1 * tan(a2)) ^ 2 бр + (a3) 
^ 2 бр)

B4 Distance PN1 between rolling axis and roller axis in 
perpendicular to roller axis, mm

sqrt((b1 * sin(a2)) ^ 2 бр + (a3) 
^ 2 бр)

B5 Rolling angle δ1, deg acos(b4 / b3)

B6 Feed angle β1, deg atan(a3 * tan(a2) / b3)

B7 Roller radius R1, mm cos(b5) * (b3 – x5) B7 = cosB5 (B3 – X5)

B8 Distance LR1 from roller cross section center to
geometrical squeeze, mm b2 – b7 * tan(b5) B8 = B2 – B7 tanB5

B9 Distance XR1 from roller cross section center to roller
cross section center of technological squeeze, mm b8 – a6 B9 = B8 – A6

Parameters of virtual squeeze in cross section 2 of deformation zone output

С1 Distance l2 to geometrical squeeze along rolling axis, 
mm a5 – x3 C1 = A5 – X3

С2 Distance L2 to geometrical squeeze along roller axis, mm c1 / cos(a2)

С3 Distance P2 between rolling axis and roller axis 
perpendicular to rolling axis, mm

sqrt((c1 * tan(a2)) ^ 2 бр + (a3) 
^ 2 бр)

С4 Distance PN2 between rolling axis and roller axis in 
perpendicular to roller axis, mm

sqrt((c1 * sin(a2)) ^ 2 бр + (a3) 
^ 2 бр)

С5 Rolling angle δ2, deg acos(c4 / c3)

С6 Feed angle β2, deg atan(a3 * tan(a2) / c3)

С7 Roller radius R2, mm cos(c5) * (c3 – x6 ) C7 = cosC5 (C3 – X6)

С8 Distance XR2 from roller cross section center to roller
center of technological squeeze, mm c2 – c7 * tan(c5) C8 = C2 – C7 tanC5

С9 Distance XR2 from roller cross section center to roller
center of technological squeeze, mm c8 – a6 C9 = C8 – A6
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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 rP 
and the roller radius in the squeeze RP are consecutively 
plotted (parameters X4 and X3, respectively) to  obtain 
the  point  C. The  segment CGB (А4) coincides with 
the roller axis. Perpendiculars from segment OG are used 
to  construct the  feed angle β (parameter X1). Another 
auxiliary line is drawn from the  top of  angle β, paral-
lel to segment ОС. Point GB is obtained by intersecting 
this auxiliary line with the  perpendicular. The  eccentri-
cate E (parameter A3) 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 
δ ranging from 5 to 15° and feed angles δ 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 (β = 20°, δ = 5°) 

Рис. 2. Адаптивная схема взаимного положения осей валка и прокатки (β = 20°, δ = 5°)

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

Рис. 3. Параметры, используемые для построения геометрических пережимов: А (а); В (b); С (с)
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Fig. 4. Adaptive model of the constructed roll-barrel 30-70 with a rolling angle δ = 5°:
axonometry (а); side view (b) 

Рис. 4. Адаптивная модель построенного валка-бочки типоразмера «30-70» с углом раскатки δ = 5°:
аксонометрия (а); вид сбоку (b)

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

Рис. 5. Адаптивная модель построенного валка-бочки типоразмера «30-70» с углом раскатки δ = 10°:
аксонометрия (а); вид сбоку (b)

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

Рис. 6. Адаптивная модель построенного валка-бочки типоразмера «30-70» с углом раскатки δ = 15°:
аксонометрия (а); вид сбоку (b)
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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 

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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