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Abstract 
Rolling mills require continuously analysis of existing process and equipment in order 
to improve working conditions, add new products and manage new investment. This 
paper will show, utilising a demonstration for a revamping project, how the Wicon 
Rolling Library would greatly simplify the above analysis, reducing relating risks, 
costs and time. 
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A BIBLIOTECA DE LAMINAÇÃO “WICON” PARA LAMINADORES DE 
TARUGOS, BARRAS E VERGALHÕES: UMA DEMONSTRAÇÃO AO VIVO DE 

UM PROJETO DE MODERNIZAÇÃO 
 

Resumo 
Laminadores requerem análises continuas de processos e equipamentos, de modo a 
melhorar as condições de trabalho, adicionar novos produtos e gerenciar novos 
investimentos. Este trabalho irá mostrar através de uma demonstração para um 
projeto de reforma, como “Wicon Rolling Library” simplificaria drasticamente as 
análises acima, reduzindo riscos relacionados, custos e tempo. 
Palavras-chave: Laminadores; Análise de Processo; Equipamento; Novos produtos; 
Demonstração. 
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Figure 1: Property parameters for rod and wire rod 
 
The products rod and wire rod (generally semi products) have got more property 
demands (combinations of properties) than most other rolled steel products. Figure 1 
shows the property parameters for rod and wire rod. 
 
The properties 
 
The total property is settled by the COMBINATION of the property parameters. 
Changing one parameter, changes the total property of the rod. 
 
The quality 
 
The quality is depending on how well the property parameters are kept. 
The difference in quality between two rods is depending on the level of one property 
parameter only.  
To work with the property parameters in order to improve the quality of the product is 
continuously going on. One of the most common tasks is to improve the surface 
quality and the tolerances by means of improving the mill setup and/or changing the 
pass design. 
Other common improvements are to increase the billet size and finishing speeds in 
order to improve the production yield.  
The improvements above might include exchange and extension of the equipment 
e.g. additional stands. 
Only by having good knowledge of the process parameters it is possible to make the 
right decisions and take the right measures for improving the product quality and the 
yield in the mill. Mill managers require professional tool for making the necessary 
calculations and simulations of the process parameters in a rolling mill. Customers 
require to easily test and check their own ideas as well as the technical quotations of 
the mill suppliers when upgrading existing mills or building quite new mills. This will 
avoid to make costly investments in unnecessary or wrong equipment having paid off 
the program investment in a very short period of time by saving just a few hours of 
standstill or avoiding unsuccessful test of rolling in new passes. 
It is of course also of great importance that the mill is designed for the kind of 
materials to be rolled, see Figure 2.  
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Figure 2: Mill configuration as a function of the composition of the rolled material 
 
The WICON Rolling Library contains program modules for making all relevant and 
necessary calculations for setting up the mill on daily basis as well as for making new 
pass designs and designing new mills, covering all different mill layouts from single 
stand blooming mills over old looping trains to modern continuous mills, 3-roll blocks 
and 2-High finishing blocks. 
The library cover also all the conceivable symmetrical groove shapes and rolling 
sequences which can occur when rolling finishing Rounds, Squares, Hexagons and 
Flats in Wire Rod, Bar or Blooming Mills. By combining the basic groove types it is 
possible to form hundreds of different sequences to be used in the rolling process. It 
is also possible to make simulation and calculations of the slit rolling process. 
Figure 3 shows the different program modules and how they are connected with one 
another.   
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Figure 3: Program modules included in the WICON Rolling Library 
 
The main module ROLLING OFF-LINE is a dynamic simulation program which 
instantaneously recalculates the conditions for the mill setup after any change of the 
rolling parameters e.g. the gap changing for rolled material with different spread 
properties. 
Making a simulation of an existing mill requires that the database is built in order to 
load the Layout and the Rolling Schedule data files into the ROLLING simulation 
module (see the flow chart in Figure 3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4: The layout of the existing mill WICON 
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Figure 4 shows a schematic layout of the existing mill WICON consisting of an older 
stand configuration in the beginning and a more modern part at the end with 
continuous stands and a finishing block. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: The Layout database table of the WICON rod mill 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: The Rolling Schedule database table of the finishing dimension Round 5.50 mm for the 
rolling mill WICON 
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Figure 7: The Groove Table of all the BOX grooves included in the different Rolling Schedules 
 
The data of each groove is inserted in the Rolling Schedule from the Groove Table 
database. Each type of groove has its own specific table and Figure 7 shows the Box 
grooves used in the WICON mill  
The groove dimensions are as X-Y coordinates included in the Rolling Schedule 
(Figure 6) in order to display a graphic presentation of the result of the simulation in 
the ROLLING and PASS DESIGN program modules.  
The passes 1 – 13, 15 and 17 marked with the red rectangles in the Rolling Schedule 
in Figure 6 will be exchanged with a new pass design as described later in this paper. 
The Layout table (Figure 5) and the Rolling Schedule table (Figure 6) are loaded into 
the ROLLING simulation module, in which all the relevant calculations instantly are 
carried out. Figure 8 shows the result of the simulation as seen on the screen. 
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Figure 8: The result of the simulation of Round 5.50 as rolled in the WICON mill (18 of 27 passes) 

 
The picture included in Figure 8 shows the first rolling sequence and how the 
grooves are filled. The grooves are displayed upon one another in the way the bar 
enters into the next groove in order to better understand the spread conditions. The 
red lines in the grooves are the free bar edge and the red square is the billet. 
 
ORDER of Calculation: 
1: Spread calculation =  

Function (Geometry, Grade of rolled material, Temperature, Tension.....) 
 Purpose:   To find the Dimensions of the exiting bar, Forward slip, Effective 
roll 
  diameter and Angle of bite for each pass. 
 Direction: From billet to finishing dimension. 
 
2. Calculation of Speed – Roll/Motor revolution = 

Function (Finishing speed, Area of the bar, Roll diameter, Tension & Forward 
slip....) 

  
 Purpose: To set the right motor rpm. 
 Direction: From Finishing dimension to billet.    
 
3: Load, Torque & Power = 

Function (Geometry, Grade of rolled material, Temperature, Tension....) 
 Purpose: For new mills and revamping which requires new or additional 
stands:
  To find suitable dimension of stands, gear boxes, motors etc.) 
  For existing mills: 
  To check the load distribution of the stands and motors as well as 
input 
  data for the EMPTY gap and temperature calculations. 
  Direction: From billet to finishing dimension 
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4. Calculation of temperature = 
 Function (Power, Dimension & Heat transfer coefficients) 
 Purpose: To find the entry temperature into next pass. 
 Direction: From billet to finishing dimension. 
5. Calculating the EMPTY gap = 
 Function (Load, Dimension, Mechanical roll deflection & Oil film factor) 
 Purpose:  To find the Empty gap setting in order to get the desired Active 
gap 
  for the loaded stands. Of greatest importance for stands with oil 
film  
  bearings e.g. finishing blocks. 
 Direction: From billet to finishing dimension. 
All the calculations above are complicated and are nested in a way that requires a 
more than a simple spread calculation program. Many of the calculations require a 
loop calculation of 100 times to find the most exact result. An example is the 
calculation of the bar dimension of stands under tension. 
The spread calculation is based on equivalent rectangles applied on an improved 
and developed spread formula. 
  Each groove consists of a number of elements (lines and arcs) between the 
coordinates C0- C1, C1-C2 ….. in the groove drawing above. The equivalent 
rectangles require a subroutine which is searching for the intersection points between 
the entry and exit groove of the pass. This is done by checking which element of the 
entry groove is intersecting which element of the exit groove. After finding the 2 
intersecting elements (line – line, line – arc, arc – line, arc –arc etc.) the subroutine 
calculates the coordinates for the intersecting point. 
In the next step the exit width of the bar is calculated taking into account also the 
influence of applied tension between the stands. The calculation is based on 
constant volume, which means that the exit area from a stand 2 has to decrease to 
the same amount as the increase of the speed of the stand 2 compared to stand 1. 
Figure 9 shows the speed – area relations when rolling without and with tension 
between two stands.  
The exit area A2T from stand 2 in Figure 9 can only decrease by reduced exit 
width. When the width changes then also the Effective roll diameter (Working 
diameter at the neutral point * the Forward Slip) changes. That requires a step by 
step loop calculation to find the balance of altered width and altered Effective 
Diameter to give the constant volume condition. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9: The influence of the tension between two stands on the exiting width from stand 2. 
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The leading end of the bar will always be rolled without tension, as the tension only 
can work when the bar is in contact with at least two stands at the same time. That 
means that the leading end and also the tail end will have larger width than the rest 
of the bar which has been rolled in a steady state condition, see Figure 10. 
The difference in width along the bar will be larger the larger tension and the more 
stands controlled by Low Tension Control in separate driven stands or the more 
stands there are in a block. The length of the width difference is depending on the 
distances between the stands and the reductions in each stand.  
 
 
 
 
 
 
 
 
 
 

 
Figure 10: The influence of tension between stands 

 
The following description is an example of a “revamping project”, in which the 
existing billet of square 130 mm in the WICON mill is exchanged with a round 145 
mm billet, which requires a new pass design in the 3-high stand. The calculations are 
carried out in the PASS DESIGN program module: 
Step 1: Load the WICON layout and the existing Rolling Schedule RD5.50-1. 

Change the billet shape and size to RD145 and make the calculation in 
the existing grooves. The result is shown in Figure 11, which indicates 
that the 2 first grooves of sequence 1 are overfilled. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: The new round billet rolled in the existing grooves of the first sequence 
 
Step 2: The reduction calculator (Figure 12) opens by clicking “Precalculation of 

reduction & areas for new pass design On/Off” in the menu bar. By 
clicking the up and down arrows the number of existing finishing passes 
is settled in this case the last 22 passes will be kept. 
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  The total number of passes is also kept, which means that the first 6 

passes will be redesigned. The calculator is closed by clicking 
“Precalculation …” again.  The name of the mill is now changed to 
XXXMILL in order not to destroy the original layout table if changes of 
e.g. gear ratio have to be carried out. 

   
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12: The reduction calculator 
 
Step 3: The required data for making the new pass design of the first rolling 

sequence is inserted as seen in Figure 13. The groove combination is 
decided to be Round – Diamond – Round as an example of the many 
groove combinations that the program can handle. The design 
parameters of the bar are entered in the yellow section and are at this 
stage only given for the entry and exit bar of the sequence. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 13: Input data for the new pass design of the first sequence. 

 
 



811

 By clicking the “Calculate button” in Figure 13 the design of the intermediate DI-
groove is carried out by means of equivalent rectangles and spread calculation. The 
depth and angle of the DI-groove is step by step altered to find the final result of 
getting the right width of the exit bar as well as fulfilling the desired Fitting parameter. 
It might require 100 looped calculations to reach the required result.  
The result is presented in Figure 14, which includes a picture that shows how the 
grooves are interacting as well as the dimensions of the grooves. The picture is in 
this case covering the yellow section where the dimensions of the bars are 
presented. Under the blue part with the dimensions there are also other important 
process parameters presented. Each value has to be thoroughly examined and 
evaluated before the final acceptance of the design. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14: The result of the new pass design for sequence 1 
 
Step 4: After the first sequence in Figure 14 is approved the pass design work 

continuous with the next sequence. By clicking the up arrow of the 
sequence label the exit groove of the first sequence is moved to 
become the entry groove of the second sequence as shown below. 

  The required data for making the new pass design of the second rolling 
sequence is inserted in Figure 15. The groove combination is also here 
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decided to be Round – Diamond – Round. The design parameters of 
the bar is entered in the yellow section and is at this stage only given 
for the exit bar of the sequence as the entry bar data is transferred from 
the design of the first sequence. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15: Input data for the new pass design of the second sequence. 
 
By clicking the “Calculate button” again the design of the intermediate 
DI-groove of sequence 2 is carried out the same way as for the first 
sequence and the result is shown in Figure 16. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16: The result of the new pass design for sequence 2 
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The design of the sequence 3 is carried out in the same kind of operation but for the 
groove combination RD – OV –RD.  The exit groove of sequence 3 is the connecting 
groove to the oval OV70 in sequence 4. By the design of sequence 3 connected to 
sequence 4 the there is  
a new complete Rolling Schedule available for the simulation in the ROLLING 
module.  
By clicking File – Save – Sequences all geometrical data of the simulated Rolling 
Schedule is saved to be available for the PLOT ROLL “CAD” program. That program 
is used for making groove drawings, roll drawings and groove plans and has also an 
interface to other common CAD programs. 
Figure 17 shows the groove plans of the first three sequences of the original and the 
new pass design in the 3-high mill.  
     
   Original 3-high design   New 3-high design 
 
 
                                                                             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 17: The groove plans of the first 8 passes  
 
This is very short description of the capability of the WICON Rolling Library. A more 
comprehensive description is found on the website www.wicon.se or in the promotion 
CD, which is available by an E-mail contact to wicon@morgardshammar.se . 
WICON with the products the “Rolling Library” (the computer program library for billet, 
bar and rod mills) and the “Rolling On-line” for level 2 process control, is now 
incorporated in Danieli Morgårdshammar, completing the range of products and 
services offered by the company. 
 

 
 


