(12) PATENT
(19) AUSTRALIAN PATENT OFFICE

(11) Application No.. AU 199539520 B2

(10) Patent No. 705708

(54)

(51)8

(21)
(87)

(30)
(31)

(43)
(43)
(44)

(71)

(72)

(74)

(56)

Title

Apparatus for controlling molten metal

International Patent Classification(s)
B22D o11/10 B22D 043/00

Application No: 199539520

WIPO No: W096/21532

Priority Data

Number (32) Date
08/372535 1995 01 .13
Publication Date : 1996 07 .31
Publication Journal Date 1996 go 19
Accepted Journal Date : 1999 05 27

Applicant(s)
Bethlehem Steel Corporation

Inventor(s)
Manfred Schmidt

Agent/Attorney

BALDWIN SHELSTON WATERS,Level 21,60 Margaret

Related Art

US 5169591
US 5358551
US 5295667

tundish

Application Date: 1995 10 16

Country

Street, SYDNEY NSW 2000




Y

— r OPI DATE 31/07/96 APPLN. Ip 39520/95 ”"||]”"|“m IM"
AOJP DATE 19/09/96 PCT NUMBER PCT/US5,12970

AUPS39520

1 n

{51} International Patent Classification & : (11) International Publication Number: WO 96/21532
22D 4

B 11,10’ 3400 (43) International Publication Date: 18 July 1996 (18.07.96)

(21) International Application Number: PCT/US95/12970 | (81) Designated States: AU, BR, CN, JP, KR, MX, European patent
(AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC,
(22) International Filing Date: 16 October 1995 (16.10.95) NL, PT, SE}.
(30) Priority Data: Published
08/372,535 13 January 1995 (13,01.95) us With international search report.

{71) Applicant: BETHLEHEM STEEL CORPORATION [US/US):
1170 Eighth Avenue, Bethichem, PA 18016-7699 (US).

(72) Inventor: SCHMIDT, Manfred; 1647 Cross Lane, Bethlehem,
PA 18015 (US).

(54) Title: APPARATUS FOR CONTROLLING MOLTEN METAL FLOW IN A TUNDISH

(57) Abstract

Flow control apparatus for enhancing inclusion float out in a continuous caster tundish comprising a dam (3) positioned downstream
from an impact pad (5) and an energy source (4) positioned between the dam (3) and the exit nozzle (2) of the tundish. The dam (3)
receives an incoming flood of molten metal released from the impact pad (5) and redirects the flood of malten metal into multiple sub-flow
currents which carry entrained inclusions toward a slag cover on the surface of the molten metaf bath to enhance inclusion float out. The
energy source (4) provides means to restore kinetic energy to the sub-flow currents and increase the number of passes below the slag cover,
thereby further enhancing inclusion float out.
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The invention relates to a continuous caster tundish for recei-
ving a liquid steel bath comprising an impact pad locatad in

the impact area of an incoming stream of molten steel (e, g.
US 5,169,581, and more particuiarly, it

relates to providing a molien meral flow pattern to enhance inclusion float our and
5 improve the microcleanliness of & continuous cast steel product.

A tndish is a large twb like vessel located between 2 conunuous caster
mold and the ladle used to dchver hqu]d steel 10 the caster. The tundlsh is
designed to hold a reservoir of liquid siezl which flows from the twndish into the
caster mold to form a product. During the transfer of molten metal 10 the wndish,

10 via a shroud cxrending from the adie, the incoming molten metal sweam rebounds
‘upward from the tundish floor and creaes a turbulent boiling acuon which breaks
up the slag cover on the surface of the bath, entrains siag cover pamcles within
the stzel, and | cxposcs the steel to the atmoqphcrc

Apphcams United Statcs Patent 5, 169.591 overcomes such :urbufcncc and

15 slag cmmmmcm problcms lhrough the use of an impact pad shapcd 10 reverse the

direction of thc ﬂu:d flow gcncmcd by the i mcommg ladle sxrcam The impact

- pad mcludcs a basc and a sidewal! cxtcndmg in an upward dm:cnon along the

-'pcnphcry O%-lgc base. The ladlc stream impacts upon the base and gencmcs a

'radxanng fluid flow toward the sndcwall and the sidewall includes an undercut

20 " extending along i its inside surface, and shaped 1 receive and reverse the direction
of the radiating fluid flow back toward the incoming ladle sream. The reversed

fluid flow dissipates the cnergy of the fluid flow leaving che impact pad and

reduces surface wrbuience within the tundish. The reversed fluid flow also
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increases the likelihood of collisions berween inciusions, and promotes coalescence
and the formation of larger inclusion particles. The larger inclusion particles float
out more rapidly due to their higher buoyancy.

Research directed to fluid flow in a wndish has led 1o the discovery that
microcleanliness can be further improved in the steal product by using additional
flow control apparatus in combination with impact pads. The new flow control
apparatus creaies gentle upward currents 10 enhance inclusion float out toward the
slag cover floating on the surface of the liquid stez! bath. These gentle currents
are directed toward the bath surface at a reduced velocity to prevent surface boil
and slag cover breakup. The coalesced inclusions in the steel stream flowing from
the impact pad are carried toward the slag cover where they are absorbed and
improve the microcleanliness of the steel product.

Combining different pieces of wndish furniture such as an impact pad with

additional flow control dams reduces the wrbulent flows that create surface boil.

However, it also reduces the kinetic energy level of desired liquid steel flows
downstream of the tundish furniture. As a result directional control of the
downsteam steel is diminished, and the flow pattern in the downstream section
of the tundish is dominated by the exit flow. Regions of the wndish bath in the
vicinity of the end wails and particularty in the downstream comers are bypassed
by the fluid flow, resulting in undesirable stagnation. To direct the fluid flow into
these stagnant areas kinetic energy must be transferred to the fluid flow from an
ahxiliary éncrgy source such as incrt gas bubblers or electromagnetic stirrers,
Apertures extending through the flow control dam can also reduce stagnation by
allowing flvid with sufficient kinetic energy to pass through the dam.,

The auxiliary energy sources are positioned downstream from the flow
control dam between the dam and the tundish exir nozzle. They increase the

kinetic energy level and the retention time for the liquid steel in the tundish, and
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create gentle upward currents without generating a surface boil. The apertures extending

through the dam regulate the flow volume upstream and downstream of the dam.

SUMMARY OF THE INVENTION
In a first aspect, the present invention provides continuous caster tundish for
5 receiving a liquid steel bath comprising an impact pad located in the impact area of an
incoming stream of molten steel wherein a flow control dam is positioned downstream
from said impact pad having an upper portion shaped to receive and redirect a flood of
molten steel released from said impact pad into at least one sub-flow current flowing in a
downstream direction toward the slag cover and into at least on sub-flow current flowing
10 in an upstream direction toward said slag cover,

Ina second aspect, the present invention provides flow control apparatus for use
with an impact pad in a continuous caster tundish containing a liquid steel bath
comprising:

a dam positioned downstream from said impact pad including:

15 a) an upper portion shaped to receive and redirect 2 flood of molten metal

released from said impact pad into at least one sub-flow current in a

PR downstream direction, and into at least one sub-flow current flowing in an
':‘ “at upstream direction, toward a slag cover floating on said liquid steel bath,
20 o and
- -*: :.: 20 b) at least one aperture extending through said dam at a compound angle
E . : * including an upward angle o and outward angle 6,

In a third aspect, the present invention provides flow control apparatus for use
with an impact pad in a continuous caster tundish containing a liquid steel bath
~:::'. comprising:
.:::'.; 25 a dam positioned downstream from said impact pad including;
. v an upper portion and a lower portion opposite said upper portion, said upper
I portion having a leg projection outwardly from said dam toward said impact pad,
said leg shaped to receive and redirect a flood of molten metal released from said
.:' ": impact pad, into at least one sub-flow current flowing in a downstream direction
pnra s 30 away from said impact pad and upward toward a slag cover floating on said
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liquid steel bath and into at least one sub-flow current flowing in an upstream

direction toward said impact pad and upward toward said slag cover.

In a fourth aspect, the present invention provides a continuous caster tundish

having an improved flow control apparatus to enhance float out of inclusions entrained

5 within a molten metal bath, the improved flow control apparatus comprising;

20

25

30

a dam positioned downstream to receive a flood of molten metal released from an

upstream impact pad, said dam having:

a)

b)

an upper portion shaped to divide said flood of molten metal inta multiple
sub-flow currents, at least one of said sub-flow currents being in an
upstream direction and at least one of said sub-flow currents being in a
dowmnstream direction said upper portion redirecting at least one current in
an upward direction to flow below a slag cover to enhance inclusion float
out from said molten metal bath to said slag cover, and

at least one aperture extending through said dam at a compound angle

including an upward angle « and an outward angle 6.

In a fifth aspect, the present invention provides a continuous caster tundish

having sidewalls and a floor to receive molten metal and improved flow control

apparatus to enhance float out of inclusions entrained within the molten metal, the

improved flow contro} apparatus comprising:

a)

a dam positioned downstream from an impact pad to receive a flood of
molten metal released from said impact pad, said dam having an upper
portion and a lower portion adjacent the floor of the tundish and opposite
said upper portion, said upper portion having a leg projecting cutwardly
from said dam toward said impact pad, said leg shaped to divide

the flood of molten metal into multiple sub-flow currents including:

i} al least one sub-flow current directed downstream away from said
impact pad in an upward direction to flow below a slag cover to
enhance inclusion float out from the molten metal to the slag
cover, and

i) at least one sub-flow current directed upstream toward said Impact

pad and in an upward direction to flow below the slag cover to
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enhanee inclusion float out from the malten metal to the siag
cover,

In a sixth aspect, the present invention provides a continuous caster tundish
having an impact area upon which an incoming ladle stream impacts, improved flow

5 control apparatus to enhance inclusion float out from molten metal contained in the
tundish to a slag cover, the improved flow control apparatus comprising:

a dam positioned downstream from an impact area, said dam dividing the flood
of molten metal into at least one sub-flow current flowing in a downstream direction and
into at least cne sub-flow current flowing in an upstream direction said dam including:

10 a) at least onc aperture extending through said dam at a compound angle
including an upward angle « and an outward angle 9.

In a seventh aspeet, the present invention provides flow control apparatys for use
in a continuous caster tundish containing a liquid stec] bath comprising:

a dam for receiving a flood of molten metal from an impact area of a tundish,

15 said dam dividing the flood of molten metal into at least one sub-flow current flowing in

Taeest a downstream direction and into at Jeast one sub-flow current flowing in an upstream
i direction said dam including;
I . at least one aperture extending through said dam at a compound angle having an
-. : :.I upward angle o and an outward angle 6.
e o
Ty BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an elevation view in cross-section showing the preferred flow control

apparatus for a multiple strand caster tundish,

. ::.: Figure 2 is an elevation view in cross-section showing the dam portion of the
o -: flow control apparatus.
ORT 25 Figure 3 is a plan view in cross-section taken through the dam of the flow control
" apparatus.

Figure 4 is an isometric view of a portion of a wndish showing various sub-flow
¢ :.' . currents generated by the present flow control invention,
cesses

Figure 5 is in enlarged portion of figure | showing velocity changes as the sub-

30 flow currents move through the tundish.
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Figure 6 is an elevation view in cross-section showing the preferred flow control
apparatus for a single strand caster tundish.
Figure 7 is an alternate embodiment of the present flow control invention for a

caster tundish,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The increased demand for cleaner steels has resulted in continuing research to advance

metheds and apparatus for improving the microcleanliness of certain
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steel grades. One such advancement in the an is the discovery of an impact pad
for receiving and reversing the fluid flow generated by an incoming ladle stream
as taught in applicants” prior U.S. patent 5,169,591, It has now been discovered
that the microcleanliness of liquid steel can be further improved through the use
of additional flow control apparatus in combination with the flow reversing impact
pads.

Referring to Figure 1 of the drawings, a multiple strand caster T is shown
having a first end 1a and a second end 1b. The first and second ends are opposite
hand, except, for the purpose of illustration, Figure 1 shows different energy
sources 4 imbedded within the tundish floor near the exit nozzles 2. In practice,
however, a multiple strand caster tundish would have the same energy source 4
positioned adjacent each exit nozzle.  Therefore, because the two ends are
opposite hand, it should be understood that the following disclosure applies to both
ends of the multiple strand caster tundish unless otherwise indicated.

As shown in Figure 1, the flow control apparatus of the preferred
embodiment comprises a dam 3 and an energy source 4, in combination with a
flow reversing windish impact pad 5 that is located in the tmpact area of a tundish
upon which an incoming ladle stream impacts. Impact pad 5§ includes two
openings 6 extending through sidewall 7 as shown in more detail in Figures 9-11
in U.S. Patent No. 5,169,591, Molten steel is poured into tundish 1 via a ladle
shroud 8 extending from a ladie (not shown), and the fluid flow generated by the
incoming ladle stream 9 is received by the undercut portion 10 extending along
the inside surface of sidewall 7 below the top surface 11 of the pad. The undercut
reverses the direction of the fluid flow back toward the incoming ladle stream 9
where its kinetic energy Is dissipated. This reduces surface turbulence, as more
clearly shown in Figures 6 and 7 of the drawings. The reversed fluid flow

increases a likelihood for collisions to occur between inclusions entrained within
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the steel flow, and the inclusions coalesce to form larger particles which float out
more rapidly toward the slag cover 13 floating on the surface of the steel bath.

Flow control dam 3 is positioned downstream from impact pad 5 and
extends at least part way along the width of twndish 1. The dam includes a
vertical member 14 having an upstream surface 16 and a downstream surface 20.
The vertical member 14 further includes an upper portion shaped different from
its lower portion adjacent the tundish floor, the shaped upper portion comprising
an upstream pointing leg 17 having an undercut 15. As more clearly shown in
Figures 2 and 3, undercut 15 extends along the top portion of the vertical member
14 below the upstream extending leg 17, and undercut 15 and leg 17 are shaped
to receive and redirect a flood of molten metal released from opening 6 extending
through sidewall 7 of the impact pad.

As more clearly shown in Figures 3 and 4, the flow control dam further
includes apertures 18 extending through wall 14. Apertures 18 extend through
wall 14 in an upward direction from surface 16 to surface 20 at an angle o of 0°
up to about 30°. The upward pointing apertures redirect a portion of the incoming
fluid flow from impact pad 5 in an upward direction toward slag cover 13 at the
bath surface,

The apertores may also extend through wall 14 at a compound angle 0.
The compound angle apertures 18° include the wpward pointing angle « of 0° up
to about 30° in combination with an ourward pointing angle of up to about 60°.
The cutward pointing angle is pitched wward either tundish sidewal]l 22. Angle
8 may vary from aperture to aperture, and any combination of apertures 18§ and
18" may be used to fine wne the flow patiern of a particular tundish. The
compound angle apertures 18” redirect a portion of the incoming fluid flow in an
upward direction toward slag cover 13 as well as in an outward direction toward

the downstream comers 19 of the tundish. The downstream corners are normally
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dead volume areas within the tundish and the currents generated by the apertures
provide an improved flow pattern at the tundish end wall 19,

The pitch of apertures 18 and 18" may vary to improve direction control
of the sub-flow currenis produced by the apertures.

Sub-flow currents refers 1o one or more lesser currents produced as a result
of intercepting and dividing flood F into smaller parts. If apertures 18 and 187 are
laid out properly for a specific tundish, the resulting sub-flow currents will flood
end wall 197 with a gentle wash of molten steel and reduce or eliminate the dead
volume zones at the downstream corners 19,

Referring once again 1 Figure 1, at least one energy source 4 is located
between the nozzle 2 dam 3. The energy source may include any presently known
means, or future known means, capable of increasing the kinetic energy level of
the sub-flow currents generated by the present flow control device. For example,
the first end la of tundish 1 includes a gas bubbler 21. Such a device is capable
of redirecting the sub-flow currents in the twndish by injecting a stream of inert
gas 217 into the steel bath 12, However, the second end 1b of twndish 1 is shown
having an electromagnetic stirrer 4, Such a device is capable of creating a gentle
upward swirl 23 within the steel bath 12 1o change the sub-flow current velocity,

As heretofore mentioned, reverse flow impact pads cause collisions
between the inclusions entrained within the liquid steel bath, and these collisions
produce larger, more buoyant particles which have better float out properties.
However, in order to enhance float out conditions for these undesirable inclusions
it is necessary to push the impurities toward the surface of the steel bath where
they can be absorbed within the slag cover floating on the bath surface. To
accomplish this the flow control dam 3 is located downstream from impact pad 5
at a position which will intercept most of the flood F released from open end 6 of

the impact pad. The upstream surface 16 of wall 14 intercepts and dampens the

-7-




10

20

25

W0 96/21532 PCT/US95/12970

incoming flood F, and apertures 18, undercut 15 and upstream extending leg 17
divide the dampened flood F into three sub-flow currents. A primary downstream
sub-flow current F1, a reversed upstream sub-flow current F2, and downstream
outward directed sub-flow current F3 directed toward comers 19. The primary
sub-flow current F1 has the greatest flow volume and sub-flow current F3 has the
lowest flow volume,

The combined cross-sectional area of all the apertures extending through
leg 14 of the dam, the distance of the apertures from the wndish floor, and the
pitch of the apertures determine the flow volumes for sub-flows Fl1, F2, and F3,
For example, large apertures, having small angles & and short distances from the
tundish floor, generate a large F3 sub-flow volume and reduce the F1 and F2 sub-
flow volumes. Conversely, smaller apertures, having higher distances from the
tundish floor, reduce the F3 sub-flow volume and generate larger F1 and F2 sub-
flow volumes. Therefore, it can be seen that by properly sizing the diameter d of
the apertures, the slope of angles o and 6, and the height of the aperture above the
tundish floor, a wide range of flow adjustments may be provided control fluid flow
patterns to meet a variety of casting conditions. Additionally, further fluid flow
control adjustments can be made by either increasing or decreasing the height H
of leg 14 as the distance D between dam 3 and the upstream impact pad is either
increased or decreased. And the length L andjor angle of the upstream point leg
17 of the dam 3 may also be adjusted to provide further means to control the fluid
patterns within the wndish.

Referring now 1o Figures 1, 4 and 5, the velocities of the incoming ladle
stream 9, flood F, and sub-flow currents F1-F3 are measured on a scale from VO-
V5, where V5 is the greatest flow volume and V0 is no measurable flow volume.
Ladle stream 9 pours into the tundish at a flow volume of about VS5, impacts upon

the base of impact pad 3, and is reversed and dampened by undercut 10. Flood

-8-
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F is released from open end 6 extending through sidewall 7 and streams toward
dam 3 at a flow volume within a range of about V4. Flood F Impacts upon the
upstream surface 16 of dam 3 and is further dampened and divided by apertures
18 and 18", undercut 15, and upstream leg 17 into the three sub-flow currents F1
F2, and F3.

>

Undercut 15 and leg 17 work together to redirect a portion of flood F
upward into a partially reversed flow having a flow volume of about V3, and the
partially reversed flow further divides into sub-flow currents F1 and F2. Sub-flow
current F2 flows in an upsweam direction at a flow volume range of about
between VI and V2. Sub-flow current F2 flows upstream just below slag cover
13. The sub-flow current F2 carries along some of the entrained inclusions and
improves their likelihood for float out as they pass below the slag cover.

Sub-flow current F2 is pulled downward by the force of the incoming ladle
stream 9, and any remaining inclusions within sub-flow current F2 are recycled
back into ladle stream 9. These remaining inclusions are then given an additional
opportunity to coalesce and form into larger particles to improve their float out
properties. In this way micro inclusions which fail to float out during a pass
below slag cover 13 are given repeated cycles through impact pad 5 via the F/F2
loop. This greatly improves their chance for float out into the slag cover at the
surface of the hath.

Primary sub-flow current F1 washes over leg 17 in a downstream direction
at a flow volume range of about V1 up to about V2, The slower flowin £ portions
of F1 pass over dam 3 and are pulled toward the exit nozzle as shown at reference
number 24, The faster flowing portions 25 of sub-flow current F1 are directed
upward toward slag cover 13 at a flow volume of less than V2 which will not
cause surface turbulence and/or slag cover break up. Sub-flow current F1 also

carries entrained inclusions below slag cover 13 at a flow volume of about
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between V1 and V2 thereby also enhancing inclusion float out into the slag cover
13. As its flow volume drops below V1 portion 25 is pulled downward roward
the exit nozzle and mixes with portion 24 as shown at 26. At this point sub-flow
current F1 is either discharged through exit nozzle 2 into the caster mold, or an
auxiliary energy source shown at 4 transfers kinetic energy to sub-flow F1 creating
an additional upward sub-flow F1’ toward the bath surface to carry remaining
entrained inclusions on yet another pass just below slag cover 13 and thereby
further enhancing inclusion float out into the slag cover,

Energy source 4 may include any suitable means known in the art. For the
purpose of illustration, we have shown a gas bubbler 21 at end la and an
electromagnetic stirrer 23 at end 1b. Energy source 4 is positioned between dam
3 and nozzle 2 and provides an upward current having a flow volume of about V2.
This upward flow is capable of redirecting portion 26 of sub-flow current F1 in
an upward direction toward slag cover 13. The refreshed upward flow of sub-flow
current F1” divides into an wpstream flowing current 27 and a downstream flowing
current 28. Both currents 27 and 28 flow gently below slag cover 13 at a flow
volume of about V1 and carry remaining entrained inclusions just below the slag
tover 1o enhance inclusion float out into slag cover 13 for yer another time. The
upstream flowing current 27 flows in a pattern similar 1o sub-flow current F2 in
that it carries entrained inclusions toward the bath surface at a flow volume of
about V1 and then falls toward the wndish floor forming a recycling loop 26/27.
Many of the inclusions which fail 1 float out as current 27 flows below the slag
cover are drawn downward into the circular loop to collide with incoming
remaining inclusions from the falling portion 26 of sub-flow current F1. In this
way most of the remaining inclusions are given repeated opportunities to coalesce

and form larger particles to further improve their float out properties.

-10-
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Downstream current 28 also flows below slag cover 13 at a flow volume
of about V1 to enhance float out of any remaining inclusions entrained within the
current. Current 28 is pulled toward the exit nozzle and falls to the wndish floor
where a large part of the liquid steel is discharged through exit nozzle 2 into the
caster mold.

Sub-flow current F3 radiates in a downstream direction from apertures 18
and 187 at a flow volume flow range of abour between V1 and V2. The
compound angle of apertures 18° direct the sub-flow current toward both the slag
cover 13 and the downstream corners 19 of the tundish.  Sub-flow current F3
carries some entrained inclusions on 1 downstream path just below slag cover 13
at a flow volume of about V1, however, the principal function of current F3 is 1o
create a gentle wash along end wall 197, and in particular the end wall corners 19,
to reduce stagnation in the dead volume areas.

As can be clearly seen in the drawings, each time a sub-flow current is
directed toward slag cover 13, inclusion fioat out is enhanced, and the
microcleanliness of the steel product is improved. However, it is well known that
¢ach tundish has inherent flow characteristics which vary from one twndish 1o
another. The location and size of the dam, as wel] as the placement of the energy
source is determined by these unique flow characteristics. In order to be more
effective, the present flow control apparatus must be adjusted to fit the unique
casting conditions of each tundish, In this way superior inclusion float out results
can be achieved. For example, the casting rate, the ladle shroud height above the
tndish floor, the shape and slope of wndish walls, and the impact pad design are
just a few of the factors which affect fluid flow patterns within the tundish.

Referring now to Figure 6, a second preferred embodiment of the tundish
flow control invention is shown in 4 single strand caster 1A. The second preferred

embodiment comprises a dam 3 extending at least part way along the width of the

A11-
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wndish and an energy source 4, in combination with 1 tundish impact pad 5A
having one opening 6 extending through sidewall 7. The impact 5A is shown in
more detail in U.S. Patent No. 5,169,591,

The fluid flow generated by the incoming ladle stream 9 is received by the
undercut portion 10 of impact pad 5A. Undercut 10 extends along the inside
surface of sidewall 7 below top surface 11, and the top surface 11 extends along
three sides of the impact pad. The undercut reverses and dampens the incoming
fluid flow to reduce surface turbulence us described above for the multiple strand
caster tundish 1,

Flow control dam 3 of the second embodiment is positioned downstream
from impact pad 5A, and dam 3 includes a vertical wall 14 having an upstream
surface 16 and a downstream surface 20, an undercut 15, and an upstream
extending leg 17. Undercut 15 and leg 17 are shaped 1o receive and redirect flood
F released from open end 6 of the impact pad S5A. It should be understood,
however, that although undercut 15 is shown as a sloped planer surface, any
suitable configuration such as a curved surfuce could be used to redirect flood F.

As disclosed for the multiple caster tundish 1 dam 3 intercepts the
incoming flood F and divides it into three sub-flow currents. A primary
downstream sub-flow current F1 having the greatest flow volume of the three sub-
flow currents, an upstream sub-flow current F2, and downstream outward directed
sub-flow current F3 having the smallest flow volume. The three sub-flow currents
flow in a pattern similar 1o that described for tundish L. and as before, the energy
source 4 is positioned berween dam 3 and wndish nozzle 2 1o provide a refreshed
sub-flow current F1°,

Referring to Figure 7 of the drawings, a still further embodinment of the

present tundish flow control invention is shown for use in a multiple strand casrer

-12-
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IB. This third embodiment comprises dams 3 and energy sources 4 (not shown),
in combination with a tundish impact pad 5B having a continuous sidewal] 7.

The fluid flow generated by the incoming ladle stream 9 is received by the
undereut portion 10 of impact pad 5B. Undercut 10 extends along the inside
surface of sidewall 7 below top surface 11, and surface 11 extends along the entire
periphery of the impact pad. The undercut reverses and dampens the incoming
fluid flow as before, but it does not direct flood F in a clearly defined path as in
the two earlier preferred embodiments.

Dam 3 of the third embodiment is positioned downstream from impact pad
5B, and dam 3 extends at least part way along the width of wndish 1B. The dam
includes a vertical wall 14 having an undercut portion 15 and an upstream
extending leg 17 for receiving some part of the dampened flood F released from
impact pad 5B. However, unlike the earlier two preferred embodiments which
have at least one opening extending through their sidewall 7, continuous sidewal
7 extending along the entire periphery of impact pad 5B does not give direction
to flood F. Surface 16 of the dam 3 intercepts a portion of flood F emitted from
the impact pad 5B. It appears from water model tests that at best flood F is
divided into two sub-flow currents. A primary downstream flowing current F1 and
the smaller downstream sub-flow current F3 directed to corners 19 of the tundish.
As can be seen by comparing this embodiment 1o the drawings of the two
preferred embodiments, when dam 3 is used in combination with impact pad 5B
sub-current F2 is eliminated, loop F/F2 is no longer present to recycle remaining
inclusions through the impact pad area, and opportunities for inclusion float out
are reduced. As a resulr, the continuously cast stec) product produced by the third
embodiment is less clean than the product produced using the embodiments shown

in Figure 1 and Figure 6.
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While this invention has been described as having a preferred design, it is
understood that it is capable of further modifications, uses and/or adaptations of
the invention, following the general principle of the invention and including such
departures from the present disclosure as come within known or customary
practice in the art to which the invention pertains, and as may be applied 10 the

central features herein before set forth, and falls within the scope of the appended

claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. Continuous caster tundish for receiving a liquid steel bath comprising an impact
pad located in the impact area of an incoming stream of molten steel wherein a flow
control dam is positioned downstream from said impact pad having an upper portion
shaped to receive and redirect a flood of molten steel released from said impact pad into
at least one sub-flow current flowing in a downstream direction toward the slag cover
and into at least one sub-flow current flowing in an upstream direction toward said slag
cover,

2. Continuous caster tundish according to claim 1, wherein the upper portion includes
an upstream extending leg.

3. Continuous caster tundish according to claim 2, wherein the upper portion includes
an undercut below said upstream extending leg, said undercut shaped to redirect said
flood of molten steel into at least one sub-flow current towards said slag cover.

4. Continuous caster tundish according to any preceding claim, wherein the upper
portion of said dam redirects at least one sub-flow current in an upstream direction back
into said impact pad.

5. Continuous caster tundish according to any preceding claim, wherein said dam
includes at feast one aperture extending through said dam to redirect said flood of molten
metal into at least one sub-flow current toward said slag cover.

6. Continuaus caster tundish according to claim 5, wherein said at least one aperture
extends through said dam at an upward angle o.

7. Continuous caster tundish according to claim 6, wherein said upward angle a is
between 0° and 30°.

8. Continuous caster tundish according (o any one of claims 5 to 7, wherein at least
one aperture extends through said dam at a compound angle including an upward angle
a and an outward angle 0.

9. Continuous caster tundish according to claim 8, wherein said upward angle .
directs at least one sub-flow current toward said slag cover and said outward angle 6
directs at least one sub-flow current in an outward direction toward at least one end wall

corner of said tundish,
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10.  Continuous caster tundish according to claim 8 or 9, wherein said upward angle o

is between 0° and 30° and said outward angle 6 is between 0° and 60°,

1. Continuous caster tundish according 1o any preceding claim, wherein at least one

energy source is positioned between said dam and an exit nozzle in said tundish.

12, Continuous caster tundish according to claim 11, wherein said at least one energy

source includes a gas bubbler.

13.  Continuous caster tundish according to claim 11 or 12, wherein said at least one

energy source includes an electromagnetic stirrer,

14.  Continuous caster tundish according to any one of claims 11 to 13, wherein said at

least one energy source provides energy to redirect at least one sub-flow current in a

downstream direction toward said slag cover, and at least one sub-flow current in an

upstream direction towards said slag cover.

15, Continuous caster tundish according to any preceding claim, wherein said impact

pad releasing said flood of molten metal received by said dam includes a base having a

surface against which an incoming ladle stream impacts, a peripheral top surface to

expose said base, and a sidewall extending in an upward direction along the periphery of

said base, said sidewall extending between said base and said peripheral top surface and

including an inner surface having an undercut extending continuously below said

peripheral top surface, said undercut shaped to reverse the direction of a liquid steel flow

generated by said incoming ladle stream back into said ladle stream.

16.  Flow control apparatus for use with an impact pad in a continuous caster tundish

containing a liquid steel bath comprising;

a dam positioned downstream from said impact pad including:

a)

b)

an upper portion shaped to receive and redirect a flood of molten metal
released from said impact pad into at least one sub-flow current in a
downstream direction, and into at least one sub-flow current flowing in an
upstream direction, toward a slag cover floating on said ligquid steel bath, and
at least one aperture extending through said dam at a compound angle

including an upward angle & and outward angle 6.

17. The flow control apparatus of claim 16 wherein said upper partion includes an

upstream extending leg.
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i8.  The flow control apparatus of claim 17 wherein said upper portion includes an
undereut below said upstream extending leg, said undercut shaped to redirect said flood
of molten metal into at least one sub-flow current toward said slag cover,
19, The flow control apparatus of claim 16 wherein said upward angle o directs at
Jeast one sub-flow current toward said slag cover and said outward angle 0 directs at
least one sub-flow current in an outward direction toward a downstream corner of said
continuous caster tundish.
20.  The flow control apparatus of claim 19 wherein said upward angle o is between 0°
and 30° and said outward angle B is between 0° and 60°.
21. Flow control apparatus for use with an impact pad in a continuous caster tundish
containing a liquid steel bath comprising:
a dam positioned downstream from said impact pad including:
an upper portion and a lower portion opposite said upper portion, said upper
portion having a leg projection outwardly from said dam toward said impact
pad, said leg shaped to receive and redirect a flood of molten metal released
from said impact pad, into at least one sub-flow current flowing in a
downstream direction away from said impact pad and upward toward a slag
covet floating on said liquid steel bath and into at least one sub-flow current
flowing in an upstream direction toward said impact pad and upward toward
said slag cover.
22.  The flow control apparatus of claim 21 whetein said upper portion includes an
undercut below said leg, said undercut shaped to receive and redirect the flood of molten
metal released from said impact pad.
23, The flow control apparatus of claim 21 wherein said dam includes at least one
aperture extending through said dam to redirect said flood of molten metal into at least
one sub-flow current toward said slag cover.
24. The flow control apparatus of claim 23 wherein said at least one aperture extends
through said dam at an upward angle q.
25.  The flow control apparatus of claim 24 wherein said upward angle o is between 0°
and 30°,
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26.  The flow control apparatus of claim 23 having at least one aperture extending
through said dam at a compound angle including an upward angle « to dircet said at
least one sub-flow current toward said slag cover and an outward angle 0 toward a
sidewall of said continuous caster tundish to redirect at least one sub-llow current in an
outward direction toward a downstream corner of said continuous caster tundish,

27. The flow control apparatus of claim 26 wherein said upward angle . is between 0°
and 30° and said outward angle 0 is between 0° and 60°,

28.  The flow control apparatus of claim 16 or 21 having at least one energy source
positioned between said dam and an exit nozzle in said continuous caster tundish.,

29.  The flow control apparatus of claim 28 where said at least one energy source is a
gas bubbler.

30. The flow control apparatus of claim 28 where said at least one energy source is an
electromagnetic stirrer.

31, The low control apparatus of claim 28 wherein said upper portion includes an
upstream extending leg.

32, The flow control apparatus of claim 31 wherein said upper portion includes an
undercut below said upstream cxtending leg, said undercut shaped io redirect said flood
ol molten metal into at least on sub-flow current toward said slag cover.

33. The flow control apparatus of claim 28 wherein said dam includes at least one
aperture extending through said dam to redirect said flood of molten metal into at least
one sub-flow current toward said slag cover.

34 The flow control apparatus of claim 33 wherein said aperture extends through said
dam at an upward angle,

35.  The flow control apparatus of claim 34 wherein said upward angle e is between 0°
and 30°.

36.  The flow control apparatus of claim 33 having al least one aperture extending
through said dam at a compound angle including an upward angle o to direct said at
least one sub-flow current toward said slag cover and an outward angle 0 toward a
sidewall of said continuous caster tundish to redirect at least one sub-(low current in an

outward direction toward a downstream corner of said continuous caster tundish.
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37.  The flow control apparatus of claim 35 wherein said upward angle o is between (°
and 30° and said ourward angle 0 is between 0° and 60°.

38. The flow control apparatus of claim 28 wherein said at least one energy source
provide energy to redirect at least one sub-flow current in a downstream direction toward
said slag cover, and at leasi one sub-flow current in an upstream direction toward said
slag cover.

39. A continuous caster tundish having an improved flow control apparatus to enhance
float out of inclusions entrained within a molten metal bath, the improved flow control
apparatus comprising:

a dam positioned downstream to receive a flood of moiten metal released from an

upstream impact pad, said dam having:

2)  anupper portion shaped to divide said flood of molten metal into multiple
sub-flow currents, at least one of said sub-flow currents being in an upstream
direction and at least one of said sub-flow currents being in a downstream
direction said upper portion redirecting at least one current in an upward
direction to flow below a slag cover to enhance inclusion float out from said
molten metal bath to said slag cover, and

b)  atleast one aperture extending through said dam at a compound angle
including an upward angle & and an outward angle 6.

40.  The continuous caster tundish of claim 39 wherein said upper portion includes an
upstream extending leg to redirect at least one of said muttiple sub-flow currents upward
to pass below said slag cover to enhance said inclusion float out,

41.  The continuous caster tundish of claim 40 wherein said upper portion inchudes an

undercut below said upstream extending leg, said undercut shaped to redirect at least one

of said multiple sub-flow currents upward to pass below said slag cover to enhance said
inclusion float out.

42. The continuous caster tundish of claim 39 wherein said upward angle o directs at
least ane sub-flow current toward said slag cover to enhance said inclusion float out, and
said outward angle @ directs at lzast one sub-flow current in an outward direction toward
at least one end wall corner of said continuous caster tundish to reduce dead volume

areas at said at least one end wall corner.
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43.  The continuous caster tundish of claim 39 wherein said upward angle o is between
0° and 30° and said outward angle 0 is between 0° and 60°.

44. A continuous caster tundish having sidewalls and a floor to receive molten metal
and improved flow control apparatus to enhance float out of inclusions entrained within
the molten metal, the improved flow control apparatus comprising:

a}  adam positioned downstream from an impact pad to receive a flood of
molten metal released from said impact pad, said dam having an upper
portion and a lower portion adjacent the floor of the tundish and opposite
said upper portion, said upper portion having a leg projecting outwardly
from said dam toward said impact pad, said leg shaped to divide the flood of
molten metal into rmultiple sub-flow currents including:

i) atleast one sub-flow current directed downstream away from said
impact pad in an upward direction to flow below a slag cover to enhance
inclusion float out from the molten metal to the slag cover, and

ii) at least one sub-flow cutrent directed upstream toward said impact pad
and in an upward direction to flow below the slag cover to enhance
inclusion float out from the molten metal to the slag cover.

45.  The continuous caster tundish of claim 44 wherein said upper portion includes an
undercut below said leg, said undercut shaped to redirect said multiple sub-flow currents.
46.  The continuous caster tundish of claim 44 wherein said dam includes at least one
aperture extending through said dam to redirect said flood of molten metal into at least
one sub-flow current toward said slag cover to enhance said inclusion fleat out.

47.  The continuous caster tundish of claim 46 wherein said at least one aperture
extends through said dam at an upward angle of a.

48.  The continuous caster tundish of claim 47 wherein said upward angle & is between
0° and 30°.

49. The continyous caster tundish of claim 46 wherein at least one aperture extending
through said dam at a compound angle including an upward angle o to direct at least one
sub-flow current toward said slag cover to enhance said inclusion float out, and an
outward angle 6 toward a sidewall of said continuous caster tundish to redirect at least

one sub-flow current in an outward direction toward at least one end wall comer of said
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continuous caster tundish to reduce dead volume areas at said at least one end wall
corner.

50.  The continuous caster tundish of claim 49 wherein said upward angle ¢ is between
0° and 30° and said outward angle 0 is between 0° and 60°.

51.  The continuous caster tundish of claim 39 or 44 having at least one energy source
positioned between said dam and an exit nozzle in said continuous caster tundish.

52.  The continuous caster tundish of claim 51 whete said at least ane energy source is
a gas bubbler.

53.  The continuous caster tundish of claim 51 where said at least one energy source is
an electromagnetic stirrer.

54. The continuous caster tundish of ¢laim 51 wherein said upper portion includes an
undercut below said leg, said undercut shaped to redirect, said multiple sub-flow
currents.

55, The continuous caster tundish of claim 51 wherein said dam includes at least one
aperture extending through said dam to redirect said flood of molten metal into at least
one sub-flow current toward said slag cover to enhance said inclusion float out.

56.  The continuous caster tundish of claim 55 wherein said at least one aperture
extends through said dam at an upward angle .

57. The continuous caster tundish of claim 56 wherein said upward angle o is between
0° and 30°.

58.  The continuous caster tundish of claim 51 wherein at least one aperture extending
through said dam at a compound angle including an upward angle o to direct at least one
sub-flow current toward said slag cover to enhance said inclusion float cut, and an
outward angle 9 toward a sidewall of said continuous caster tundish to redirect at least
one sub-flow current in an outward direction toward at least one end wall corner of said
continuous caster tundish to reduce dead volume areas at said at least one end wall
corner.

59.  The continuous caster tundish of claim 58 wherein said upward angle o is between

0 and 30° and said outward angle is between 0° and 60°.
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60.  The flow control apparatus of claitm 16 wherein said dam redirects at least one sub-
{low current back into said upstream impact pad, said at least one sub-flow current
becoming part of said flood of molten metal released from said impact pad.
61.  The flow control apparatus of claim 21 wherein said dam redirects at least one sub-
flow current back Into said upstream impact pad, said at least one sub-flow current
becoming part of said flood of malten meta! refeased from said impact pad.
62. The continuous caster tundish of claim 39 wherein said dam redirects at least one
of said multiple sub-flow currents back into said upstream impact pad, said at least one
of said multiple sub-flow current becoming part of said flood of moiten metal released
from said impact.
63.  The continuous caster tundish of claim 44 wherein said dam redirects at Ieast one
sub-flow current back into said upstream impact pad, said flood of molten metal released
from said impact pad.
64.  Flow control apparatus for use in a continuous caster tundish containing a liquid
steel bath comprising:

a dam for receiving a flood of molten metal from an impact area of a tundish, said
dam dividing the flood of molten metal into at least one sub-flow current flowing in a
downstream direction and into at least one sub-flow cutrent flowing in an upstream
direction said dam including:

at least one aperture extending through said dam at a compound angle having
an upward angle @ and an outward angle .

65.  The flow control apparatus of claim 64 wherein said upward angle o is between 0°
and 30° and said outward angle 8 is between 0° and 60°.
66.  The flow control apparatus of claim 64 wherein said dam includes an upper portion
and a lower portion opposite said upper portion, said upper portion shaped different than
said lower portion to receive and redirect said flood of molten metal into at least one
sub-flow eurrent.
67. A continuous caster tundish having an impact area upon which an incoming ladle
stream impacts and an improved flow control apparatus to enhance inclusion float out
from molten metal contained in the tundish to a slag cover, the improved flow control

apparatus comprising;
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a dam positioned downstream from an impact area. said dam dividing the flood of
molten metal into at least one sub-flow current flowing in a downstream direction
and into at least one sub-flow current flowing in an upstream direction sald dam
including:
a)  at least one aperture extending through said dam at a compound angle
including an upward angle o and an outward angle 9.
68.  The continuous caster tundish of claim 67 wherein said upward angle & directs at
least one sub-flow current toward said slag cover to enhance said inclusion float out, and
said outward angle © directs at least one sub-flow current in an outward direction toward
at least one end wall corner of said continuous caster tundish to reduce dead volume
areas.
69.  The continuous caster tundish of ¢claim 67 wherein said upward angle o. is between
0° and 30° and said outward angle 6 is between 0° and 60°,
70.  The continuous caster tundish of claim 67 wherein said dam includes an upper
portion and a lower portion opposite said upper portion, said upper portion shaped
different than said lower portion to receive and redirect said flood of molten metal into
multiple sub-flow currents, at least one of said multiple sub-flow currents directed in an
upward direction to flow below a slag cover to enhance inclusion float out from said
molten metal to said slag cover, and at least cne sub-flow current directed upstream back
into said impact area.
71. A continuous caster tundish substantially as hereinbefore described with reference
to any one of the accompanying drawings.
72. A flow control apparatus substantially as hereinbefore described with reference to
any one of the accompanying drawings.
DATED this 11th day of March, 1999
BETHLEHEM STEEL CORPORATION

Attorney: PAUL G. HARRISON
Fellow Institute of Patent Attorneys of Australia
of SHELSTON WATERS
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