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ABSTRACT 

This paper presents a roll profile design to achieve greater reductions on a cold rolling mill to produce much lighter gauges in 
fewer passes without compromising strip shape. This study is based on the simulation of roll separating force applied on 
models with different roll profiles and analyzes the stress distribution across the rolls and the strip. The study also includes 
the thermal analysis of YOGIJI-DIGI-supplied 6-high reversing cold rolling mills with more pass reduction for similar 
incoming thickness compared to other mills and the significance of strip, coolant and roll temperatures in the cold rolling 
process. 
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INTRODUCTION 

This paper presents the innovative roll profile design to achieve greater reductions on a Cold Rolling Mill to produce much 
lighter gauges in lesser passes without compromising on strip shape. This study is based on the simulation of roll separating 
force applied on models with different roll profiles and analyses the stress distribution across the rolls and the strip. The study 
also includes the thermal analysis of YOGIJI-DIGI supplied 6-HI reversing cold rolling mills with more pass reduction for 
similar incoming strip thickness compared to other mills and the significance of strip, coolant and roll temperatures in the cold 
rolling process. 

 

BACKGROUND 

In the recent times, the market shift is towards reducing the finish gauges, conserve energy and of course increase production 
rates. Thin gauge rolling demand is increasing with increasing competition and pressure to reduce final equipment weight 
without compromising on strength. Thin strip used for roofing are also popular in certain markets in Asia and Africa to cater 
to low budget consumers. 
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The study is based on the optimised roll design of the 4-HI and 6-HI reversing cold rolling mills installed by YOGIJI-DIGI 
across the world producing relatively thinner gauges. 

The most significant aspect of these mills is that they have more reduction compared to other mills for similar incoming hot 
strip thickness and final cold rolled strip thickness. The strip profile is relatively better and production rate is also higher in 
comparison. 

The distinguished feature of these cold mills is that none of these mills use any heat exchanger to cool the rolling oil emulsion. 
This is in comparison to other mills where the cooler is typically designed to remove 50 to 60 percent of the heat load generated 
in the rolling operation based on the mill motor power1. 

 

FUNDAMENTALS OF COLD ROLLING AND HEAT GENERATION IN THE ROLLING PROCESS 

In a cold rolling mill, it is the Arc of Contact between the hard work roll surface and the softer steel strip surface where friction 
is created and thus plastic deformation occurs and heat is generated2. 

 

 
Figure 1. Roll Bite 

Within the roll gap or the arc of contact, energy is distributed in to three main areas: 

• Deformation energy uniformly distributed within the strip 
• Frictional energy due to relative sliding between the roll and strip 
• Heat transfer from the strip to the rolls due to temperature difference 

The heat absorbed by the rotating roll is subject to a more complex mechanism. The heat will continuously migrate to cooler 
zones in the roll and out of the roll body at localized chill zones created by the coolant spray impingement on the roll surface. 

The roll is subject to thermal and mechanical fatigue during rolling: 

• Thermal fatigue as the roll cycles through the elevated temperature in the roll bite and lower temperature zones cooled 
under the coolant sprays 

• Mechanical fatigue by mechanical compression (flattening) and physical deflection caused by the rolling force and 
the torque applied by the motor 

• Also if the strip is very thin, the top and bottom work rolls may contact each other beyond the edges of the strip. It is 
a known fact that the strip plastic deformation and roll deformation can be directly used in the control of strip shape 
and profile during rolling. 

 

OPTIMIZATION OF ROLL SIZE TO REDUCE THE ROLL FLATENNING EFFECT 

In any mill, it is not possible to roll with strip width equal to the roll face width. So, roll bending and roll flattening are two key 
phenomenon in the cold rolling process. The rolls act like beams as the separating force causes the rolls to bend and the amount 
of bending depends on the size and the length of the rolls and the strip width. 

In a 6-HI Mill, the intermediate rolls can be laterally shifted to roll virtually any width of strip with any incoming profile at any 
roll separating force to nullify the roll bending movement but the roll bending cannot be eliminated. 
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The roll flattening will depend on: 

• The total RSF (Roll Separating Force) 
• Diameter of the roll – the exponent ratio of roll flattening to roll diameter is 3 to 2 
• Face width of the roll or the roll contact outside the strip edges 

With the market trends moving towards thinner gauge and high strength steels it was imperative to further optimize the cold 
rolling process to increase the reduction on the strip without compromising the strip quality. 

 

 
Figure 2. Comparison of the Existing and New Design for 1250 mm 6-HI CRM 

The work roll barrel lengths in typical design of 4HI and 6HI mills are 13 to 22% more than the maximum strip width to be 
rolled. 

YOGIJI-DIGI designed the work roll and back-up roll barrel lengths for both 4HI and 6HI cold rolling mills as below: If “x” 
is the strip width in mm 

Work Roll Barrel Length = x + 100 Back Up Roll Barrel Length = x + 50 

The intermediate roll barrel length was designed to accommodate the minimum and maximum strip widths to be rolled. 

The optimization of the roll barrel lengths further optimized the desirable same strip and roll width feature of the 6HI cold 
rolling mill. 

The reduction in barrel lengths subsequently led to reduction of the bearing centres or the loading points which helped to 
improve the strip profile significantly. 

 

SIMULATION OF STRESS ANALYSIS ON 6HI MILL STAND 

A simulation study was made on the SOLIDWORKS Simulation Premium platform to analyse the effect of the roll profile and 
load centres on actual stress distribution on the strip and work rolls on a 6HI Cold Rolling Mill. 
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Table Ⅰ. Study Properties 

Analysis Type Static 

Mesh Type Solid Mesh 

Mesher Used Blended curvature-based mesh 

Jacobian Points 16 

Maximum Element Size 80 mm 

Minimum Element Size 16 mm 

Mesh Quality Plot High 

Solver Type Direct Sparse Solver 

Soft Spring On 

 
A total load of 250,000 Kgf x 4 = 1,000,000 Kgf was applied to a strip of 1250mm wide and 0.5 mm thick on two models, one 
based on the roll profile used in a popular 6HI Cold Mill and other on the optimised Yogi-Digi design 6 HI Cold Rolling Mill. 

The stress distribution on the strip was analysed and charted on a excel sheet across the width based on the tag elements 
generated by the simulation analysis. 

 

 
Figure 3. Simulation Model Configuration 
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Figure 4. Stress Distribution on the strip on YOGIJI-DIGI Design 6HI Cold Mill. 

 

 
Figure 5. Stress Distribution on the strip on a Popular Design 6HI Cold Mill. 

The stress distribution across the work roll was also charted and plotted as shown in Figure 6. This graphical representation of 
the stress distribution across the strip and work roll makes it clear that the stress distribution across the strip on the optimised 
mill is quite uniform. It is also notable to observe that there is sharp edge drop-off on the standard mill due to more bending 
movement of the rolls. 
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The strip stress analysis also suggests the optimisation of the roll profile resulted in 15% more stress on the strip and thus more 
pass reduction and a uniform stress distribution across the width, which would in turn ensure a better strip profile. 

 

 
Figure 6. Stress Distribution Analysis across the strip and work rolls 

 

 
Figure 7. Stress Distribution on work roll on YOGIJI-DIGI Cold Mill 
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Figure 8. Stress Distribution on work roll on a Standard 6 HI Cold Mill 

The roll stress distribution indicates that the stress on the work rolls in the optimised roll profile design is lower which means 
the rolls are subject to lower mechanical and thermal fatigue. 

 

MILL THERMAL ANALYSIS AND MECHANICS OF ROLLING 

A thermal analysis was conducted on three different reversing cold rolling mills supplied by YOGIJI-DIGI for different output 
thickness. 

It is interesting to see that the energy going in to the strip reduction is between 55 to 80 percent compared to 48 to 59 percent 
in other mills. This can be identified in Table II which compiles the distribution of the supplied mill power for three different 
mills. 

Also the energy going in to the friction and conduction is significantly lower if compared to other mills. 

The data clearly shows that with the optimized roll profile the coolant evaporation losses are negligible, which for a 
conventional mill is around 7% 

For a typical mill power of 3000kW, 

The water saved on account of coolant evaporation = 210 (kW) X 860/540 = 334 litres per hour 

The amount of water saved on account of elimination of the heat exchanger of 6000 lpm for this mill would be 200 litres per 
hour. 

So, the total water saved is 534 litres per hour or 3.2 million litres of water per year or 846,000 US gallons every year. 

Moreover, more the reduction energy going in to the strip means more the strip temperature. This increase in strip temperature 
will cause decrease in material yield stress which is the result of the increase in the strain rate. 

The more energy going in to the strip means more reduction on the strip and hence, less number of passes to reach the final 
thickness from similar input thickness. 
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Figure 9. Sample Data from 6HI CRM 1250 mm x 800 mpm 
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Figure 10. Sample Data from 6HI CRM 1250 mm x 1200 mpm 
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Figure 11. Sample Data from 6HI CRM 1300 mm x 550 mpm 
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Table II. Mill Energy Distribution 

 Energy Distribution (%) 

Mill Specifications Coolant Evaporation Strip Body mass and other losses 

6HI-CRM, 1250 mm @ 800 MPM 8% 0.1% 80% 12% 

6HI-CRM, 1250 mm @ 1200 MPM 3% 0.1% 55% 42% 

6HI-CRM, 1300 mm @ 550 MPM 4% 0.2% 63% 33% 

 
It is to be noted that more number of passes result in higher yield stresses in the strip and greater conduction occurs between 
the strip and the rolls. Hence, the energy going in to the strip is less than the reduction energy and half the friction energy3. 

As the strip thickness becomes smaller, the flattening of the rolls and the axial bending of the rolls become proportionally 
larger. At some stage, depending on the roll force, the strip width, roll crown and roll bending force, the top and bottom work 
rolls will come in contact outside the strip edges4. 

A higher roll force has a tendency to make the strip shape poorer but the edge contact force in the work rolls plays an important 
role in the thin strip rolling process. If the edge contact force between the two work rolls is controlled between 11 to 15 percent, 
it can improve the strip shape5. 

During roll flattening the force applied to the strip will approach a fixed ratio of the total roll separating force and can be 
controlled to improve the strip profile. 

 

CONCLUSION 

The unique roll profile in the YOGIJI-DIGI reversing cold rolling mills has led to: 

1. 12 - 15 % more reduction on the strip and hence lesser number of passes. 
2. Reduced number of passes means lesser yield stresses on the strip. 
3. Better strip shape profile on account of controlled work roll edge contact force. 
4. Reduced thermal and mechanical fatigue on the rolls. 
5. Elimination of cooling arrangement for emulsion system. 
6. 2 - 3 % reduction in the rolling power consumption. 
7. 356 tons of CO2 emissions saved every year. 
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