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kN Importance of initial solidification
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* Initial solidification behavior affects the formation of oscillation
marks (OM) and subsurface hooks
* Initial solidification features related to surface quality problems
- Deep oscillation mark : Transverse crack formation
- Deep hook : Easy Entrapment of mold flux and inclusion-laden gas
bubbles

< Transverse Crack at valley of OM> < Bubble captured by hook >
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Hook problems
in ultra-low carbon steels
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* Ultra-low carbon steel for automobile demands high level of quality

* Hook problems increase with decrease in carbon contents
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< Relationship between hook and carbon contents of steel>

Ref.) H. Yamamura et al., ISIJ International, 1996
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Metallurgical analrsgsis (Plant Samples)

Objectives (Larger project)

Modelin% analysis

OM & hook | 1 1
characteristics
. (with Fluent 3D) || (with CON1D) (with CON2D)
l 1 Fluid flow Shell solidification Shell thermal
- - —nozzle, mold — shell temperature, stress & distortion

Changing changing 7 shell thickness — simulate hook

mold oscillation heat flux - (especially hooks formation,

‘ I | ‘ gvnthtFluefnt 3D) near meniscus) meniscus
Mold powder ] Molten 7;11‘;“5 o phenomena
consumption Level surface profile

rate fluctuation, & flow Temperature,

direction heat flux

Superheat - meniscus region

I |

v
| Interpret & Understand Initial solidification behavior |
L 2
Investigate effects of casting speed, meniscus heat transfer, superheat and oscillation
conditions

v

| Find solutions to achieve shallow hooks on slabs |
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Which measurable parameters are
related to hook formation?

Interfacial

Mold Flux Powder:
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- In molten steel pool
Casting speed
Superheat (Tyy,qgisn — Triquidus)
Flow pattern in liquid pool

Surface level fluctuation

- In interfacial layer
Mold oscillation (frequency)
Oscillation mark (OM)

Mold powder consumption rate
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Relationship with mean heat flux
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Phenomena
in
molten steel pool

Both of UMeasured & DHook
are affected by many other
operation parameters

Phenomena
in
interfacial layer
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Relationship with casting speed
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Casting speed T — Mean hook depth |
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Relationship with
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s superheat (Tt gnish = T1iquidus)
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.. Relationship with
flow pattern in liquid pool
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Hook depth varies around mold perimeter:
deeper at narrow face; deepest at corners
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o Relationship with

.0\

Ve surface level fluctuation
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Measuring surface profile & slag
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Ve depth using nail boards

Consortium

SEN

Direction
Al rod of surface Run-up Height
molten
steel flow & Skull angle:
increase with
surface velocity
Depth of slag pool of molten steel
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) Relationship between level fluctuation
N and surface velocity of molten steel
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Relationship between level
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N fluctuation and slab quality
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Sample No. B31075-04 | B31077-04 e - ..!-_ ﬁ ’
Level fluctuation 1.99 0.94 2
(mm)
Casting speed
(m/min) 1.69 1.68
Occurrence of
hooks (%) 86 98
Occurrence of
surface hooks (%) 37 17
Occurrence of
curved hooks (%) 49 81 y
Mean hook depth 0.77 1.48 ; H .
(mm) ) ) 5o r— Ve “lmm §
N T e iy T
Max. hook depth 1.48 1.92 e
(mm) <B31075-04 > <B31077-04 >

Proper amount of
surface turbulence
may improve
for slab quality

’ Deceasing hook depth
High level fluctuation }*[

Increasing other problems
(e.g. Mold powder entrapment)
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Relationship with mold oscillation
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S Relationship with oscillation mark depth
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Mean hook depth T — Oscillation mark depth 1
( Mold powder properties affect OM & hook depth)
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0\ Simple empirical equation with
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Conclusions

» Heat flux at meniscus is not directly related mean heat flux

* Higher casting speed and higher superheat temperature both
deliver more superheat to meniscus and decrease hook growth

* Hook depth variation along mold perimeter: increases at narrow
face and is maximum near mold corners

» Casting conditions with higher level fluctuations have more
occurrences of surface hooks but fewer curved hooks

» Hook influence can deceases with high level fluctuation combined
with higher local superheat

» Some amount of surface turbulence (and corresponding local
superheat) is needed to minimize hooks and their slab defects

* Increasing oscillation frequency shortens solidification time,
negative strip time, and positive strip time. This results in thinner,

shallower hooks and shallower oscillation marks, which should
improve surface quality

» Mold powder properties greatly affect hook formation
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