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The Effect of Soluble Lubricant on Surface Imprinting in Temper Rolling by 4Hi Rolling Mill

Naoki NAGASE, Seiichi SHIDO and Tkuo Y ARITA

Synopsis :

Key words :

The surface roughness of carbon steel sheets is controlled by dull roll surface imprinting in temper rolling. In most cases, a dry condition or a
lubricant is applied as a lubrication state in temper rolling. However, the oil film of the lubricant and its lubricating ability of lubricant have
not been clarified. In this study, the effect of lubricant on surface imprinting was investigated in temper rolling as three lubrication states.
Temper rolling experiments for as-annealed low carbon steel strips and as-annealed high carbon steel strips were conducted in the range of
1 to 3% in reduction, using the 4Hi rolling mill. Non lubricant (dry condition), water soluble lubricant and mineral oil were applied as
lubrication states. A shot dull roll and an electric-discharged dull roll were employed. Surface microstructures of temper rolled strips were
observed directly, as well as surface textures in terms of mean roughness (Ra), three dimensional textures, cross section profiles, material
ratio curves and probability densities applied to compare the lubrication states. As a result, for the high carbon steel, the water soluble lubri-
cant leads to better surface imprinting than the dry condition and the mineral oil. Mineral oil shows the lowest surface imprinting. For the low
carbon steel, the water soluble lubricant and dry conditions lead to better surface imprinting than the mineral oil.

temper rolling; dull roll; surface texture; rolling force; imprinting; lubrication; soluble lubricant; mineral oil; material ratio curve; probability

density.
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Table 1. Properties of test lubricants.

Dry Wzitjgris:al:?ie Mineral oil
Chemical without using any | 1+ of Carboxylic acid] 540 ¢ poagrinic
. with alkanol— amine
component lubricants 99% of Water hydrocarbon
Viscosity
- 0.690 4.208
@40°C (mm”/s)
Friction
coefficient of
Pendulum test - 0.163 0.274
(Soda method)
@35°C
Friction
coefficient of
Sliding test 0.479 0.162 0.217
@35°C

Table 2. Rolling mill specifications and temper rolling
conditions in laboratory mill.

Mill type 4-high
Work roll Roll material SuJ2
Diameter (mm) 131~133
Hardness Hs Electric—discharged roll: 83
Shot dull roll: 89
Roughness Ra (¢ m) |Electric—discharged roll:2.1~2.3
Shot dull roll: 1.2~1.4
Back up roll Roll material SuJ2
Diameter (mm) 200
Hardness Hs 85
Roughness Ra (¢ m) [0.25
Roll speed (D Normal (m/min) |50
@ Low (m/min) 75
Reduction %) 1~4
Tension @ Low (MPa) Entry9.8, Delivery9.8
@ Normal (MPa) Entry32.4, Delivery47.1
@ High (MPa) Entry47.1, Delivery58.8
Lubricant ©c) 35
itemperature
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Fig. 1. Comparison of rolling force/width between several

rolling conditions (ED roll, high carbon steel sheet).
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Fig. 2. Comparison of imprinting ratio between several
rolling conditions (ED roll, high carbon steel
sheet).
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Fig. 3. Microscope images of high carbon steel sheet surfaces after temper rolling with ED roll.
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Fig. 4. SEM images of high carbon steel sheet surfaces

after temper rolling with ED roll.

Fig. 5. Cross section profiles of high carbon steel sheet
surfaces after temper rolling with ED roll.
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Fig. 6. Material ratio curves of high carbon steel sheet surfaces with ED roll.
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Fig. 7. Probability densities of high carbon steel sheet surfaces with ED roll.
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Comparison of rolling force/width between several
rolling conditions (SD roll, high carbon steel sheet).
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Comparison of imprinting ratio between several
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Fig. 10. Material ratio curves of high carbon steel sheet surfaces with SD roll.
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Fig. 11. Probability densities of high carbon steel sheet surfaces with SD roll.
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Fig. 14. Material ratio curves of low carbon steel sheet surfaces with ED roll.
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Fig. 15. Probability densities of low carbon steel sheet surfaces with ED roll.
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Fig. 16. Effect of tension on rolling force/width (SD roll,
low carbon steel sheet).
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Fig. 17. Effect of tension on imprinting ratio (SD roll, low
carbon steel sheet).
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Fig. 18. Models of imprinting of dull roll surface on mild
steel sheet.
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