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Investigations on Cold Rolling of Strip in Attendance of
Hydrodynamic Lubrication

M. Salimi and S. Asghari
Department of Mechanical Engineering¢ Isfahan University of Technology

Abstract: 1n this paper an analytical model for cold rolling of strip has been described. This model is developed based on the
slab method of analysis and the hydrodynamic lubrication. The characteristics of rolling are obtained from the equations of
equilibrium and the plate was allowed to strain harden assuming that the lubricant behaves as a Newtonian fluid. The shear
stress to the plate is obtained by calculating the thickness of the lubricant film by employing a viscosity-pressure-temperature
relation. The governing equations are obtained by composing these relations and the final differential equations have been solved.
From the solution of the final equation, the rolling force. torque and shear stress to the plate are calculated. To verify the validity of
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the proposed model, these values are compared with experimental and analytical results of other investigators. It was also noted
that by employing the proposed analytical model, a large amount of computation time and costs are saved.

Keywords: Cold rolling of strip, Hydrodynamic lubrication, Slab method, Newtonian lubricant
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hydrodynamic lubrication
mixed lubrication
boundary lubrication
inlet zone

work zone

outlet zone

Nadai

9. Wilson
10. Lugt
11.Roberts
12.Bedi
13. Cheng

Nadai, A., “The Forces Required for Rolling Steel
Strip Under Tension,” J. Appl. Mech. 61, A54-A62,
1939.

Atkins, A. G.,“Hydrodynamic Lubrication in Cold
Rolling,” Journal of Mechanical. Science, Vol. 16,
pp- 1-19, 1974,

Wilson, W. R. D. and Walowit, J. A., “An
Isothermal Hydrodynamic Lubrication Theory for
Strip Rolling with Front and Back Tension,” in
Tribology Convention I Mech. E., C86/71,
pp. 164-172,1971.

Lugt, P.M., “ Lubrication in Cold Rolling: Elasto-
Plasto-Hydrodynamic  Lubrication of Smooth
Surfaces,” Wear, Vol. 166, pp. 203-214, 1993.
Roberts, W.L., U.S. Steel Corp¢ ARL Restricted
Report, 1967.

Bedi, D. S. R, and Hillier, M. J., “Forces Required
For Rolling Steel Strip Under Tension,” Journal of
Applied Proc. Inst. Mech. Engrs., 182(1), 153, 1967-8.
Cheng, H.S., “Friction and Lubrication in Metal
Processing,” ASME , New York, 1966.

Sa, Chung-Yeh., and Wilson, W. R. D., “Full Film
Lubrication of Strip Rolling,” Journal of Tribology,
Vol.116, pp. 569-575, July 1994,

Tsao,Y. H., and Sargent, L. B., “Mixed Lubrication
Model for Cold Rolling of Metals,” ASLE
Transactions, Vol. 20, pp: 55-62, 1975.

yav

8. A.G. Atkins

14. Chung-Yeh-Sa

10.

11.

12.

13.

14.

16.

17.

MUoj‘j

15. Ludwik

16. back tension

17. Polyphenyl ether
18. mineral oil

19. visco plastic

20. Bair and Winer

&
Szeri, A. Z., Fluid Film Lubrication Cambridge:
Cambridge University Press, 1998.
Wang, S. H., Szeri, A. Z., and Rajagopal, K. R.,
“Lubrication with emulsions in Cold Rolling,”
Journal of Tribology, Vol. 115, pp:523-31, 1993.
Al-Sharif, A., Chamniprasart, K., Rajagopal, K.R.,
and Szeri, A. Z., “Lubrication with Binary
Mixtures: Liquid-Liquid emulsion,” Journal of
Tribology Vol. 115, pp:46-55, 1993.
Szeri, A. Z., and Wang, S. H., “An Elasto-Plasto-
Hydrodynamic Model of Strip Rolling With
Oil/water emulsion lubricant,” Journal of Tribology,
Article in Press, 2003.
Saxena, S., Dixit, P. M., and Lal, G. K., “Analysis
of Cold Strip Rolling Under Hydroynamic
Lubrication,” Journal of Material Processing
Technology, 58, PP:256-266, 1996.
Hitchcock, J. H., “Elastic Defomation of Rolls
During Cold Rolling,” ASME Report of Special
Research Committee on Roll Neck Bearings,
PP. 33-41, 1935.
Roberts, W. L., Cold Rolling of Steel, Marcel
Dekker Inc., New York and Basel, 1978.
Bair, S., and Winner, W. O., “Shear Strength
Measurement of Lubricants at High Pressure”
ASME  Journal of Lubrication Technology,
Vol. 101, pp. 251-257, 1979.

\V/\\c )‘}J).é«:) cr}i J\-LP- c\ Z)Lq...;: cY\c dl.w cdm‘



