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Development of a Quenching Roll to Control the Thermal Crown and
the Effect on Uniform Cooling of a Strip

Yoshiyuki KASEDA, Takeshi MasUI and Tetsuo ISONO

Synopsis :

Roll quenching is one of the cooling methods of a strip in a continuous annealing line. The strip is
cooled by contact with the roll which is cooled by a coolant (usually water) from the inside. Applying this
method, it is important to unify the temperature of the strip transversely and to prevent shape defects of
the strip when the strip is in contact with the roll.

This report describes numerical analysis of the thermal crown on the quenching roll, as well as, the new
structure of the quenching roll which restrains the thermal crown in order to prevent non-uniform contact
between the strip and the roll. The newly developed roll is structured that the outer sleeve with screw-
shaped waterways inside, is put on the inner sleeve using a shrink fit method. Thermal expansion of the
roll sleeve which is heated by the strip is canceled by the initial strain of the shrink fitting.

Applying this quenching roll and correcting the shape defects before cooling are very efficient to cool a
strip uniformly and obtain a flat strip.

Key words : cooling ; continuous annealing line; roll quenching; strip; roll; flatness; shrink fitting; thermal

crown.
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Table 1. Calculating conditions for ordinary type
quenching roll.

600, 1000, 1200 mm
6~50 mm
5L =28 mm, lp=12 mm

Strip width (W)
Thickness of roll sleeve (9)
Four screw-shaped waterways

Coolant (water) 18 t/h
Strip temperature ( Tg) 600°C
Coolant temperature ( Tw) 50°C
Young's modulus (E) 205 800 N/ mm?
Coefficient of linear thermal

expansion of roll sleeve (a) 1.1%1075K ™!
Thermal conductivity of roll

sleeve (A) 45.3 W/(m+K)

Heat transfer coefficient of
strip/sleeve interface (ag)

Heat transfer coefficient of
sleeve/coolant interface (ay)

Wrap angle (8)

1774 W/(m?K)

14 600 W/(m?-K)
7/2 rad
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Fig. 2. Quenching roll dimension for calculation.
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Fig. 3. Temperature and thermal crown distribu-
tion on the roll surface.
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Fig. 4. Effect of the sleeve thickness on surface
temperature and thermal crown.
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Fig. 5.

Newly developed quenching roll.
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Fig. 6. Newly developed roll dimension for cal-
culation.
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(a) No heat (b) Heat resistance (c) Heat resistance Fig. 7. Tempe’fat“re distribution on the
resistance on line-X on Tine-Y roll (cross-section).

Table 2. Calculating conditions for newly de-
veloped quenching roll.

Strip width (W) 1000 mm
Thickness of outer sleeve (9)) 18 mm
Thickness of inner sleeve (d,) 0~400 mm
Eight screw-shaped waterways h=22mm /=8 mm
5=12 mm

Coolant (water) 18t/h
Strip temperature ( Tp) 800°C
Coolant temperature ( Ty) 50°C
Young's modulus (E) 205 800 N/mm?
Coefficient of linear thermal

expansion of roll sleeve (@) 1.1x107 5K !
Thermal conductivity of roll

sleeve (A) 45.3W/(m*K)
Heat transfer coefficient of

strip/sleeve interface (ag) 1774 W/(m?*K)
Heat transfer coefficient of

sleeve/coolant interface (ay) 10 350 W/(m?-K)
Wrap angle (8) 7 rad
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Fig. 8. Relationship between 0, and A Cr.
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Table 3. Specifications of experimental apparatus.

Model ratio 1/5

Line speed 0~230 m/min
Line tension 500~5 500 N
Heating temperature max. 700°C

Strip thickness 0.1~0.4 mm
Strip width 200~400 mm

Thermocouple .
Quenching | Infrared thermal videos
; rolls Covem ng
Hearth Strip Tension roll
8
Pay off Edge position
4 controller

Experimental apparatus (1/5 scale).
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Photo. 2. Measuring device for thermal crown.
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Fig. 13. Comparison of thermal crown induced in
sleeve roll and developed roll.
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