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Influence of Lubricant Factors on Coefficient of Friction and Clarification of Lubrication Mechanism in Hot Rolling

Akira AZUSHIMA, Wei Dong XUE and Yoshiaki Y OSHIDA

Synopsis

: In order to reduce the rolling force and the roll wear, the lubricants have been used in hot sheet rolling of steel, but the lubrication behavior at

the interface between roll and workpiece in hot steel rolling have never been well understood. On the other hand, hot rolling process with

high reduction in thickness have been developed to produce the ultra-fine grained steels. The high reduction in hot rolling causes some trou-

bles such as the increase of the rolling force, the occurrence of friction pick up and so on. To solve these problems, the lubrication behavior at

the interface between roll and workpiece in hot steel rolling must be quantitatively understood. In this paper, the coefficients of friction were

measured by using the newly developed simulation testing machine for hot rolling. The effects of lubricant factors such as the compositions

and the viscosity of the base oil and the additive agents on the coefficient of friction were investigated. From these experimental results, the

lubrication behavior at the interface between roll and workpiece was investigated and the lubrication mechanism was proposed.

Key words: hot rolling; coefficient of friction; lubrication; simulation testing.
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Fig. 1. Schematic representation of simulation testing ma-
chine for hot rolling.
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Table 1. Roll and workpiece used.

Roll Workpiece
Materials SKD61 SPHC
Dimensions | ¢ 100mm X 60 mm | 22mm X9 mm
Sub-Stand

Main-Stand

Workpiece
L

(a) Heating of specimen

Sub-Stand
Main-Stand

Workpiece (:F/_

000000000
5
000000000

Furnace

(b) Moving specimen for loading in main-stand

Sub-Stand

Workpiefi 'GW-
©

(¢) Slip rolling in main-stand

Main-Stand

O00000000[\

000000000
Furnace

Fig. 2. Simulation testing method. (a) Heating of speci-
men, (b) moving specimen for loading in main-
stand and (c) slip rolling in main-stand.
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Table 2. Standard simulation testing conditions.

Temperature of furnace Ty 800 °C
Velocity of main roll U 50 m/min
Ratio of velocity 7y 20

Rolling reduction of thickness Aty 0.3 mm

Table 3. Compositions of lubricant used.

Lubricant Composition

A Colza oil (35 mm®s at 40°C)

B Mineral oil with low viscosity (40 mm?%s at 40°C)

C Synthetic ester oil with low viscosity (50 mm?/s at 40°C)
D Mineral oil with high viscosity (170 mm?s at 40°C)
E Synthetic ester oil with high viscosity (200 mm?*/s at 40°C)
Al Colza oil A (95%) + Oleic acid (5%)

A2 Colza o0il A (95%) + Fatty oil sulfide (5%)

A3 Colza oil A (98%) + Graphite (2%)

A4 Colza oil A (98%) + MoS; (2%)

A5 Colza oil A (98%) + Mica (2%)

Bl Mineral oil B (95%) + Oleic acid (5%)

B2 Mineral oil B (95%) + Fatty oil sulfide (5%)

B3 Mineral oil B (98%) + Graphite (2%)

B4 Mineral oil B (98%) + MoS, (2%)

B5 Mineral oil B (98%) + Mica (2%)

Cl Synthetic ester oil C (95%) + Oleic acid (5%)

C2 Synthetic ester oil C (95%) + Fatty oil sulfide (5%)
C3 Synthetic ester oil C (98%) + Graphite (2%)

C4 Synthetic ester oil C (98%) + MoS, (2%)

(o] Synthetic ester oil C (98%) + Mica (2%)
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Fig. 3. Relationship between coefficient of friction and
emulsion concentration for three base oils (A, B
and C).
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Fig. 4. Effect of viscosity on coefficient of friction for

mineral oils (B and D).
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Fig. 5. Effect of viscosity on coeffiniciet of friction for
Syntheic ester oils, (Cand E).
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Fig. 6. Coefflicient of friction for colza base oils with addi-

tive agent. (a) Emulsion concentration ¢=0.1%, (b)
emulsion concentration c=3.0%.
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Fig. 7. Coefficient of friction for mineral base oils with ad-
ditive agent. (a) Emulsion concentration ¢=0.1%,
(b) emulsion concentration ¢=3.0%.
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Fig. 8. Coefficient of friction for synthetic ester base oils
with additive agent. (a) Emulsion concentration
¢=0.1%, (b) emulsion concentration ¢=3.0%.
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