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IN THE UNITED STATES DISTRICT COURT % - .:
FOR THE NORTHERN DISTRICT OF ILLINOIS

EASTERN DIVISION 724 W o ENEED
“ {‘ SR s
.8 iz '
Vesuvius USA Corporation, )
an Illinois Corporation )
)
Plaintiff, )
)
v. )
)
ISG Technologies, Inc., ) JURY TRIAL DEMAND
a Delaware Corporation; )
)
CCP], Inc., ) . e
a Delaware Corporation; ) JUDGE GEVTLEL S i
)
Foseco, Inc., )
a Delaware Corporation; and )
) DOCKETED
Foseco Intemat.ional Limitefi, ) AUG 18 2003 R
an English Corporation ) . - JUTGE Ry
) MAGISTRATS
Defendants. )
COMPLAINT

Plaintiflf Vesuvius USA Corporation alleges as its complaint against each of the

defendants as follows:

THE PARTIES AND JURISDICTION

1. Plaintiff. Vesuvius USA Corporation (“Vesuvius™) is an Illinois corporation
having its principal offices in Champaign, Illinois. Vesuvius maintains a manufacturing facility

in Chicago Heights, Illinois, which is within this judicial district. The manufacturing facility in

-\
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Chicago Heights produces certain impact pads (which are the type of products that are the
subject of this dispute).
2, Defendants.

a) ISG Technologies, Inc. (“ISG ™), is, on information and belief, a
corporation organized and existing under the Jaws of the State of Delaware, with its
principal place of business at Ridgefield, Ohio.

b) CCPI, Inc. (“CCPI”), is, on information and belief, a Delaware
corporation, having its principal place of business in Blanchester, Ohio.

c) Foseco International Limited is, on information and belief, an English
corporation with its principal place of business in Birmingham, England.

d) Foseco, Inc., is, on information and belief, a Delaware corporation having
its principal place of business in Cleveland, Ohio.

e) Defendants are, collectively, parties to a License Agreement dated March
18, 1998 (“License Agreement”), a copy of which is attached as Exhibit A.

3. Upon information and belief, a reasonable opportunity for discovery will show
that defendants conduct substantial business in this forum, and are subject to personal

jurisdiction in this forum.

JURISDICTION AND VENUE

4. This is a claim for declaratory judgment that U.S. Patent Nos. Re. 35,685 and
5,358,551 (“the Patents™) are not infringed by the Plaintiff and that the dispute between the
parties are not arbitral. (Copies of the patents are attached as Exhibits B and C). This Court has

subject matter jurisdiction under 28 U.S.C. § 1331, 1332, 1338(a) and 2201.
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5. Venue is proper in this district under 28 U.S.C. §§ 1391(c).

BACKGROUND
6. Plaintiff reasserts the allegations of paragraphs 1-5 of this complaint as if fully set
forth herein.
7. Defendants and American Premier, Inc. (“Premier”) entered into the License

Agreement. Under the License Agreement, the Defendants granted to Premier the nonexclusive
right and license to make, cause to be made, use, sell, have sold, offer for sale and sell impact
pads.

8. The License Agreement applied to any Premier product which falls within the
scope of the claims of the Patents.

9. Article V of the License Agreement requires Premier and the Defendants to
present infringement disputes to three independent, well-qualified patent attorneys for
arbitration.

10.  Under Section 5.2 of Article V Defendants are required to identify any products
they believe infringe within ten days of receiving notice of such products.

11. Article 6.1(b) of the License Agreement provides that Premier may assign the
Agreement to the Purchaser or transferee of all or substantially all of its business to which the
Agreement relates provided that mo such assignment shall be biﬁding and valid until and
unless the assignee or transferee shall have assumed in writing, delivered to the non-

assigning Parties, all of the duties and obligations of Premier.
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12.  Vesuvius acquired certain assets of Premicr after the License Agreement was
executed. There has been no wriiten assumption of the duiies and obligations of the License
Agreement by Vesuvius as required by the License Agreement.

13. On July 18, 2003, Defendants notified Vesuvius that they belicved that the
standard oval two ripple and Performer impact pads distributed by Vesuvius infringed U.S.
Patent Nos. Re. 35, 685 and 5,358,551 and demanded arbitration under Article 5.4 of the License
Agreement.

14.  On information and belief, Defendants had notice of Vesuvius's aileged
infringing pads greater than ten (10) days prior to notification of Vesuvius of the alleged
infringement.

15.  As a result of the actions above, an actual justiciable controversy exists between
Vesuvius and the Defendants as to Vesuvius’s alleged infringement of U.S. Patent Nos. Re.
35,685 and 5,358,551. Defendants assert and continue to assert that Vesuvius infringes the
claims of the Patents.

16.  On information and belief that Defendants had knowledge of the Article 5 of the
License Agreement to settle disputes by arbitration and by not notifying Vesuvius within the
required 10 day time frame of notice, have acted in a manner mconsistent with Article 5, and
Vesuvius has been prejudiced by this failure to notify it of the alleged violation within the

stipulated time frame.
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COUNTI:

DECLARATORY JUDGMENT OF NO PATENT INFRINGEMENT

17. Plaintiff reasserts the allegations of paragraphs 1-16 of this complaint as if fully
set forth herein.

18.  Plaintiff Vesuvius has not assumed in writing the duties and obligations of
Premier as required by the License Agreement, and Vesuvius is therefore not bound by the
arbitration provisions of that Agreement.

19. Since the Agreement is not binding, Vesuvius is entitled to have this Court
determine questions of infringement. Pursuant to 28 U.S.C. §§ 1338(a) and 2201, Vesuvius is
entitled to a judgment declaring that U.S. Patent Nos. Re. 35, 685 and 5,358,551 are not

infringed by plaintiff.

COUNT II:
WAIVER OF ARBITRABILITY

20. Plaintiff reasserts the allegations of paragraphs 1-19 of this complaint as if fully
set forth herein.

21.  In the event that the Court determines that Vesuvius is bound by the License
Agreement, then Defendants have waived their right to arbitrate.

22.  Defendants have waived their right to arbitrate by acting in a manner inconsistent
with arbitrating the dispute by waiting substantially in excess of the express time frame in Article

V of the License Agreement, thereby prejudicing Vesuvius.

JURY DEMAND

23.  Vesuvius demands a trial by jury on all issues so triable in this Complaint.
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WHEREFORE, plaintiff requests the following relief:

A. A preliminary and permanent injunction precluding Defendants from prosecuting
any arbitration proceedings;

B. Judgment declaring that U.S. Patent No. Re. 35,685 is not infringed, either
literally or under the doctrine of equivalents, by any product, including impact pads, made, used,
sold or offered for sale by plaintiff;

C. Judgment declaring that U.S. Patent No. 5,358,551 is not infringed, either literally
or under the doctrine of equivalents, by plaintiff;

D. Judgment that the Defendants have waived arbitrability of the dispute because of
acts inconsistent with arbitrating the dispute causing prejudice to Vesuvius ;

E. Judgment awarding Vesuvius its costs and expenses of this action, and reasonable
attorney fees, under 35 U.S.C. § 285 and other applicable statutes and laws; and

F. Such other relief as the court may deem just and proper.

Respectfully submitted,

Dated: August 15, 2003 M ) MCM//

Edward W. Remus

Richard McCaulley

McANDREWS, HELD & MALLOY, LTD.
500 West Madison Street

Chicago, Illinois 60661

(312) 775-8000

Attorneys for Plaintiff,
VESUVIUS CORPORATION
Of Counsel:

Donald M. Satina

Vesuvius USA Corporation

27 Noblestown Rd.

Carnegie, Pennsylvania 15106
(412) 429-1800
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LICENSE AGREEMENT

This License Agreement ("Agreement") is made and is
effective as of March 18, 1998 by and among Bethlehem Steel
Corporation ("Bethlehem%), a cbrporatibn of the State of Delaware,
having its corporate headquarters at 1170 Eighth Avenue, Bethlehem,
Pennsylvania 18016-7699; CCPI Ine., (YCCPI" or "Comat"), a
corporaticn of the State of Delaware, having its principal place of
business at 838 Cherry sStreet, Blanéhester, Chio 45107-1316;
Foseco International Limited, a corporation of England having an
office and place of business at 285 Long Acre, Nechells,
Birmingham, England B7 5JR ("Foseco International"); Foseco, Inc.,
a Delaware corporation, having its principal place of business at
20200 Sheldon Road, Cleveland Ohio 44142 ("Foseco"); and Premier
Refracteories Inc., a Delaware corporation, formerly known as
Adience; Inc. successor by statutory merger to American Premier,
Inc. ("Premier"), having its principal place of business at %01
East 8th Avenue, King of Prussia, Pennsylvania 19406; any or all
of which may alsoc hereinafter be referred to respectively as a
"Party" or "“Parties" to this Agreement.

WHEREAS, Bethlehem is the owner of all right, title, and
interest in U.S. Patent Ndﬂ Re. 35,685 ("the r685 patent") (which
is a reissue of U.S. Patent No. 5,16%,591);

WHEREAS, Comat is the owner of all right, title and

interest in U.S. Patent No. 5,358,551 ("the ‘551 patent");

LIT248542
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WHEREAS, Foseco International is the owner of all right,
title and interest in U.S. Patent No. 5,518,153 ("the ‘153
patent");

WHEREAS, Comat and Foseco are exclusive licensees under
Bethlehem’s <685 patent; and |

WEEREAS, Bethlehen, Comat, Foseco and Foseca
International and Premier each represent and warrant that it is
fully authorized to deal with and make an agreement respecting the
subject matter hereof.

NOW, THEREFORE, in consideration of the above premises
and mutual covenants hereinafter contained, and other good and
valuable consideration the receipt and adequacy of which |is
acknowledged, and intending to be bound, Bethlehem, Comat, Foseco,

and Foseco International and Premier agree as follows:

ARTICLE I - DEFINITIONS

For the purposes of this Agreement:

1.1 The "Licensed Territory" shall be the United States
of America, Canada, and Mexico.

1.2 "Licensed Patentsﬁ shall mean Bethlehem’s ‘685
patent (including, without limitation, reissues and reexamination
thereof), Foseco’s ‘153 patent (including, without limitation,
reissues and reexaminations thereof), and/or Comat’s ’551 patent
(including, without limitation, reissues and reexaminations
thereof), and any issued patents in the Licensed Territory claiming
priority to those patents, and/or the Canadian and Mexican

equivalents thereof, including, without limitation, Comat Canadian

LIT\4E542 -2 -
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patent application serial Ne. 2175583 when issued, Comat Mexican
patent application serial No. 9408223 when issuéd, and Bethlehem
Canadian patent No. 2,082,459, The Licensed Patents shall also
include any other issued patents owned or assigned to one or more
of Licensors in the Licensed Territory and any patent applications
in the Licensed Territory pending as of the effective date of this
agreement owned or assigned to Licensors that otherwise cover, or
in the case of a pending patent_application will otherwisg cover
when issued, Licensed Preduct (as defined below), and any
continuing, divisional, reissues or reexamihations thereof once
issued.

1.3 "aAffiliate" of, or any entity "Affiliated" with, a
Party shall mean an entity that directly or indirectly controls, is
controlled by, or is under common control with that Party.

1.4 "Selling Value" shall mean the price invoiced by
Premier or its Affiliates in U.S. dollars for the sale of Licensed
Product to independent-third parties less the following amocunts:
(i) discounts, including cash discounts, or rebates actually
allowed or granted, (ii) credits or allowances actually granted
upon claims or retﬁrns, regardless- of the party reguesting the
return, (iii) freight charges actually paid for delivery; and (iv)
taxes or other charges levied or measured by the invoiced amount
whether absorbed by the billing or the billed party.

1.5 ."Accused Pads" shall mean the accused impact pad
devices of a design marketed by Premier in the United States prior
to the effective date of this License Agreement sold under the name

BOWL SHAPED IMPACT PAD (also known as the SPITOON PAD), CUSHION

LIT\248542 -3 -
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PAD, or SUPER CUSHION PAD, all as shown moére fully in Exhibit 3
attached to the Settlement Agreement the manufacture, use, or sale
of which Licensors contend are covered by a claim of one or more of
the Licensed Patents.

1.6 *"Licensed Product" shall mean a product sold in a
country where one or more Licensed Patents subsist in that country
which product falls within the claims of one or more of those
Licensed Patents SubSlStlng in that country (e.g., a product sold
in Mexico and falling 1Jlthln the clalms of an issued Mexican
Licensed Patent is a Licensed Product, while the same p;oduct sold
in the United States of America, but not falling within the claims
of an issued U.S. Licensed Patent, is not a Licensed Product). 1In
no event shall a Licensed Product include impact pads of Comat’s
Design and/or Foseco’s Désign. The Accused Pads, but not the BOWL
SHAPED IMPACT PAD, are Licensed Products and are not products that
include Comat’s Design and/or Foseco’s Design.

1.7 "Licensors" shall mean Bethlehem, Comat, Foseco and
Foseco International.

- 1.8 "Certain Premier Customers" shall méan third parties
and their successors to whom Premier actually sold Licensed Product
on or before November 5, 1997; for purposes of this Agreement, the
date on which Licensed Product is "sold" shall mean the earliest
date (i) shipped to a customer, (ii) invoiced to a customer; or
(iii) recorded by Premier as a sales transaction to a customer in
its books and records kept in the normal course of business.

1.9 "Collection Agent® shall be Bethlehem acting to

collect and receive on the other Licensors behalf and to distribute

LIT\248542 - 4 -
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among them according to their interest any payments made or to be
made ” to them by Premier under this License Agreement. The
Collection Agent can be changed, subject to Premier’s approval
which shall not be unreasonably withheld, if the existing
Collection Agent gives Premier written notice, including an
effective date upon which the Collection Agent will change, and
Premier does not object in writing within thirty (30) days of
receiving such notice. For purposes of this Settlement and License
Agreement, payment is considered made once Premier remits payment
to the Collection Agent.

1.10

REDACTED

" REDAGTED

LIM248542 - 5 =
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REDACTED

REDACTED

1.14 "Request for Quotation" is a written request
submitted by Premier to Comat or Foseco in accordance with
paragraph 2.5 hereof.

1.15 "“Settlement  Agreement" means the Settlement
Agreement between Premier Refractories Inc., Bethlehem Steel
Corporation, CCPI Inc., Foséco'International Limited, and Foseco,
Inc. signed on May 1, 1998 (Foseco International Limited may sign
no later than May 5, 1998) to which this License Agreement is an

attachment.

ARTICLE IY ~ GRANT

2.1 The Licensors hereby grant to Premier the

nonexclusive right and license, without the righﬁ to sublicense, to

LIT\248542 - &6 -
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make, cause to be made, use, sell, have sold, offer for sale and
otherwise dispose of Licensed Product to Certain Premier Customers
in the Licensed Territory. Except as provided for herein, the
grant of this license doés not permit Premier to sell Licensed
Products to any other customers, and Premier shall not sell
Licensed Product to any customers other than Certain Premier
Customers except as provided for in paragraph 2.5.

2.2 No license 1is granted by any of the Licensors,
either directly or indirectly or by implication, estoppel, or
otherwise, under any patent application, know-how, or invention
other than the Licensed Patents.

2.3 Premier hereby accepts the rights and licenses
granted herein.

2.4 The rights and licenses granted herein shall
continue in effect, unless socner terminated as elsewhere provided
in this Agreement, until the expiration of the last to expire of
the Licensed Patents. For purposes of this agreement, a patent
will also be deemed to have expired if it is held invalid and/or
unenforceable by a court of last resort.

2.5

REDACTED

LIT\248547 -7 -
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REDACTED

LIT\248542
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2.6 Premier, at its sole discretion and expense, may
nominate an independent accountant to inspect Comat or Foseco’s
sales records for the previous two years during reascnable business
hours at the appropriate offices of Comat or Foseco to determine
Comat or Foseceo’s compliance with paragraph 2.5 herecf. Premier
shall nominate such independent accountant to Comat or Foseco {the
"Quoting Licensor™) in writing. If the Quoting Licensor does not
object to such nominated independent accountant within 10 days of
notice, such independent accountant shall be deemed approved. IFf
the Quoting Licensor does object to such independant accountant,
Premier and the Quoting Licensor shall enter into good faith
negotiations to appeoint a mutually agreeable independent
accountant. The app;oved independent accountant shall disclose to
the Premier only information relating solely to the Quoting
Licensor’s compliance with paragraph 2.5 hereof. Such independent
accountant shall enter into the confidentiality agreement attached
to the Settlement Agreement as Exhibit 4 before inspecting such
books and records. The independent accountant may make changes to
the confidentiality . agreement that are reasonable and do not
matérially adversely affect thé Quoting Licensorfs interests.
Premier shall be responsible for paying the costs of the
independent accountant unless the independent accountant determines
that the Quoting Licensor has not complied with the provisions of
secfion 2.5 hereof in which case the Quoting Licensor shall pay the

costs of the independent accountant.

LIT\248542 -9 -
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ARTICLE ITI - PAYMENTS

3.1 2XInitial) Rovalty-free Period ~ No payment shall be
due from Premier for sales of Licensed Product as consideration for
the rights and licenses granted herein during the period beginning
March 18, 1998 (the effective date of the License Agreement) and
eﬁding on July 31, 1898.

3.2

REDACTED

REDACTED

3.4 Accrual - Royalties shall accrue whenever Licensed
Product is shipped or otherwise transferred by or for Premier to a
customer. Royalties paid on any Licensed Product which is not
finally accepted by a customer or for which Premier does not

receive payment, shall be credited to Premier.

LIT\248542 -~ 10 -
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3.5 Comat Product and Foseco Product - Nothing in this

Article III shall be construed as requiring Premier to pay any

royalty to Licensors or the Collecticn Agent in respect of any

Comat Product or Foseco Product.

ARTICLE IV -~ RECORD _KEEPING AND PAYMENT

4.1 Premier shall keep reaspnable and accurate records
of- the sales of Licensed Product and impact pads and, within ten
(10) days fellowing the end of each calendar guarter during the
pendency of this Agreement, Premier shall render to the Collection
Agent a written report, certified by the Chief Financial Officer of
Premier, setting forth the number of Licensed Product sold (even if
none is sold) by product name or number, customers by customer
number, the amount of the royalty due and payable on such Licensed
Product during such calendar quarter; and Premier shall, upon
rendering such report, remit to the Collection Agent the amount of
any royalty shown thereby to be due. The Collection Agent shall
periodically provide a written list to Premier of pad names or
numbers which are to pe reported as relating to Coﬁat and which pad
names or numbers are to be reported as reiaﬁing to Foseco. The
royalty report shall include information in a manner which
reasonably enables the Collection Agent to determine the total
royalties which relate to Comat and which relate to Foseco. Such
information shall be proviaed as cumulative information (e.g., a
total dollar amount of royalties relating to Comat and total dollar
amount of royalties relating to Foseco). Premier shall cooperate

reasonably with the Collection Agent in determining the allocation

LIT\243542 - 11 -
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of royalties that CCPI and Foseco will pay to Bethlehem. In the
event that no amount of royalty is payable, Preﬁier shall so
report. Such reports shall commence with the report due Octcber
10, 1998 reflecting the sales of Licensed Product from July 31,
1998 through Septembexr 30, 1998.

4.2 The remittance of royalties payable on sales covered
by the Licensed Patents outside the United States will be payable
to the Collection Agentlin United states Dollar equivalents at the
official rate of ekcﬁange of the currency of the country from which
the royalties are payable as quoted by The Wall Street Journal, New
York Edition, for the last day of the calendar quarter for which
the transfer of funds for the royalty payment is made. If the
transfer or the conversion into United States Dollar egquivalents in
any such instance is not lawful or possible, the payment of such
part of the royalties as is necessary shall be made by the deposit
thereof, in the currency of the country where the sales were made
on which the royalty was based, to the credit and account of the
Collection Agent or its nominee in any commercial bank or trust
company of its choice located”in that country, prompt notice of
which shall be given by Premier to the Collection Agent.

4.3 Recordé required for the computation and
verification of the royalties to be paid will be kXept by Premier.
Premier will segregate documents, if practicable, reflecting the
customers to whom Licensed Product has been sold and/or the sales
of Licensed Product in accordance with the reascnable reguest of
the Collection Agent for review by an independent accountant. The

Collection Agent shall have the right, at its sole discretion and

LIT\248542 - 12 -
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expense, to nominate an independent accountant to inspect such
records during reasonable business hours at the appropriate offices
of Premier to determine the correctness of any Royalty Report for
the two preceding years, but this right may not be exercised more
than once in any year. Collection Agent shall nominate such
independent accountant to Premier in writing. If Premier does not
object to such nominated independent accountant within 10 days of
notice, such independent accountant shall be deemed approved. If
Premier does object to such independent accountant, Premier and the
othef parties shall enter into good faith negotiations to appoint
a mutually agreeable independent accountant. The approved
independent accountant shall disclose to the Collection Agent only
information relating solely to the accuracy of the royalty report
and the royalty payments made according to this Agreement. Such
independent accountant shall enter inteo the confidentiality
agreement attached to the Settlement Agreement as Exhibit 4 before
inspecting such books and records. The independent accountant may
make changes to the confidentiality agreement that are reasonable
and do not materially adversely affect Premier’s interests.
Collection -Agent shall be responsible for paying the costs of the
independent accountant. Should the accountant determine that
additional royalties are due, then they shall be paid within ten
(10) days of such determination; and if the additional royalties
are in excess of one percent (1%) of the royalties to be paid,
Premier also shall pay the reasonable cost to the Collection Agent

of the accountant.

LIm248542 - 13 -
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4.4 Any tax required to be withheld on royalties payable
to the Collection Agent under the laws of any country shall be
deducted from the royalty péid to the Collection Agent by Premier
and shall be promptly paid by Premier for and on behalf of the
Collection Agent to the appropriate governmental authority, and
Premier shall furnish the Collection Agent with procf of payment of
such tax together with official or other appropriate evidence
issued by the appropriate governmental authority sufficient to
enable the Collection Agent to suppert a claim for incomg tax
credit in respect of any sum so withheld. Any such tax required to
be withheld shall be an expense of and borne solely by the
Collection Agent.

4.5 Inrorder to permit Bethlehem to determine whether
any new pads sold by Premier relate to Comat or Foseco, Premier
shall permit Bethlehem’s counsel to review certain drawings of
Premier in accordance with the provisions of this paragraph 4.5.
During January of each calendar year, Bethlehem may provide Premier
with a written request to review drawings of pads listed on
Premiexr’s quarterly reports (issued pursuant to paragraph 4.1
hereof) for the immediately preceding calendar year, on the
condition that such pads were not listed on any guarterly report
for any prior calendar year. Bethlehem shall identify such new
pads by product name or number. Premiasr shall permit counsel for
Bethlehem to review such drawings at the premises of Premier at a
mutually agreeable time and date. Bethlehem’s counsel shall keep

all information obtained as a result of such inspection in

LIT\248542 - 14 -
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confidence and shall use such information solely for the purpose of

determining whether the new pads relate to Comat or Foseco.

ARTICLE ¥V - DISFPUTES

5.1 Subject to Paragraph 13 of the Settlement Agreement,
in the event that Premier manufactures or sells or wishes to
manufacture or sell an impact pad as te which there is a dispute
about whether or npt such impact pad is a Licensed Product (and,
therefore, whether or not a royalty is due in accordance with
Paragraph 3.2 heréin), the Parties agree to present the dispute to
three (3) independent, well-qualified patent attorneys practicing
in the country of the Licensed Territory for which Premier
manufactures or sells or wishes to manufacture br sell an inmpact
pad ("IWQPAs"™), each of whom will provide a detailed written
opinion as to whether or not the pidd infringes issued Licensed
Patents in the country.

5.2 For purpeses of this section, a dispute can arise if
é) within ten (10) days after Premier gives at least one of the
Licensors written notice of its commercial sale, or intent to
commercially sell, a pad for which Premier believes may give rise
to a dispute, and at least one of the Licensors notifies Premier in
writing of each of the Licensed Patents that it believes the pad
infringes; or b) if within ten (10) days of one of the Licensors
having notice from Premier;or otherwise of 2 pad sold or used by
Premier in the marketplace, the Licensors notify Premier in writing

of each of the Licensed Patents that it believes the pad infringes.

LIT\248542 - 15 =
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5.3 Premier and Licensors shall then jointly select
three (3) IWQPAs, each at different firms ("independent" meaning
for purposes hereof that neither such attorney nor their firm has
theretofore represented or performed legal services for any of the
Parties or their Affiliates in any matter, formally or informally,
and neither such attorney nor their firm shall have had, prior to
such selection, any relationship, professional or personal with
Licensors or Premier or any of their attorneys or employees
thereof) ("well gualified” meaning for purposes hereof an attorney
regularly retained for the purpose of rendering written patent
infringement opinions and who has theretofore rendered at least ten
(10} such opinions and has been a practicing attorney in this field
for a minimum of seven (7) years). None of the parties to this
Agreement shall offer or suggest the possibility of future
employment or retainer of such selected IWQPA until after all
opinions regquested of such IWQPA under this Article V have been
rendered.

5.4 Within ten (10) days of the notice of paragraph 5.2
herein, Licensors ;nd Premier shall submit to one another a list of
five (5) proposed IWQPAs. Licensors and Premier and each IWQPA
shall certify that it is independent as defined in Paragraph 5.3
above. Within ten (10} days of receipt of such lists, Licensors
shall select one IWQPA from Premier’s list and Premier shall select
oné IWQPA from Licensors’ iist. Once Licensors and Premier jointly
agree on two such IWQPAs, the two IWQPAs shall promptly jointly
select a third IWQPA, subject to Licensors’ and Premier’s appreoval.

The parties will act in good faith to jointly appoint and agree on

LIT\243532 - 16 -
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the three IWQPAs within fifteen (15) days of the notice of
_ paragraph 5.2. If Premler or Licensors do not submit a list of
proposed IWQPAs within the ten (10) day time period, then the
submitting party will have the right to select all three IWQPAs
from its list.

5.5 Within twenty (20) days of jeintly agreeing to the
IWQPAs, two (2) separate submissions will be made to the IWQPAs.
One submission will be jointly made by Licensors, the other by
Premier. Licensors and Premier shall jointly submit a documentary
exhibit including file histories of the Licensed Patents, including
references cited therein. Each separate submission shall include .
nc more than the following materials: (1) drawings of the disputed
pad, (2} a brief of up to ten (10) double-spaced pages, not
including supporting exhibits, describing the operation of the
disputed pad, and any arguments which the submitting party believes
are relevant to infringement or noninfringement, (32) if available,
a video showing the results of any relevant water modeling test,
(4) a technical expert’s report describing the operation of the pad
and/or the ordinary meaning of a claim term to one of ordinary
skill in the art, of no more thlém five (5) .double—spaced pages,
which shall be accompanied by the expert’s curriculum vitae, and/for
(5) relevant prior art (for claim interpretation only). Within ten
(10) days of reviewing the above submissjons each party may submit
a no nore thaﬁ five (5) dduble—space paged rebuttal brief. Each
IWQPA shall vrender his or her respective opinion (without
contacting or discussing the issues with other IWQPAs) within

thirty (30) days of receiving all the above ‘submissions with
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respect to each of the Licensed Patents Licensors contend the
disputed pad infringes or will infringe. Each respective opinion
shall set forth in detail the reasons the IWQPA concluded there was
or was not infringement for each asserted Licensed Patent. If a
majority of such opinions conclude that the disputed pad infringes
one or more of the asserted Licensed Patents, such disputed pad
shall be considered a Licensed Product as defined in Article I,
paragraph 1.6 herein. If Premier desires to redesign the subject
pad, and a dispute still arises in accordance with paragraphs 5.1
and 5.2 herein, the subject pad shall be submitted to the same
three (3) IWQPAs in accordance with the procedures set forth in
this Article V. The cost of the IWQPAs shall be borne egually
among Premier, CCPI, Bethlehem, Foseco and Foseco International.

5.6 After the selection of the IWQPAs has been made,
there shall be no ex parte communications between the Parties br
their c¢ounsel and the IWQPAs until after such attorneys have
submitted their written opinions and all Parties have agreed that
ex parte communications with the IWQPAs may occur.

5.7 If after the submissions, any of the IWQPAs have any
guestions concerning the pad, or“iﬁé opéfation, or the asserted
Licensed Patent(s), the Partigs shall set up a meeting (by
telephone or in person), on no less thanlten (10) days notice,
jointly attended by duly authorized representatives of the parties
to answer such questions. Within ten (10) days of the meeting, the
parties can submit to the IWQPA, a maximum five (5) page memorandunm

addressing the issues raised in the meeting.

LIT\248542 - 18 -



Case: 1:03-cv-05748 Document #: 1 Filed: 08/15/03 Page 26 of 60 PagelD #:26

5.8 The IWQPAs, all counsel and parties, and any persons
attending the IWQPAs’ sessions, shall treat all written and oral
communications made pursuant to this Article V. secret and
confidential. All such written and oral communications shall not
be used by the Parties, their counsel and the IWQPAs for any reason
other than for the purposes of this Article V.

- 5.9 The procedures set forth in this Article V shall be
deemed by the Parties to be an arbitration, the results of which
shall be final, conclusive, binding and non-appealable, although if
any one of the Parties believes any of the written opinions to be
based on a material error of fact or law, the contending party can
ask the IWQPA who authored such opinion to reconsider such opinion
in writing within ten (10) days of receipt of the opinion. The
noncentending party can submit a responsive memorandum to the IWQPA
within ten (10) days of receiving the contending parties written
request for reconsideration. The IWQPA will then have twenty (20)

days to render his decision based on the new submissions.

ARTICLE VI ~ FURTHER PROVISIONS

6.1 a. This Agreement or any interest herein may be
assigned by any of the Licensors upon written notice to the other
Parties hereto,

b. This Agreement or any interest herein shall not
be éssigned or transferred other than by operation of law, in whole
or in part, by Premier without the prior written consent of the
other Parties hereteo, which consent may not be unreasonably

withheld. However, without securing such prior written consent,
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Premier may assign this Agreement to the purchaser or transferee of
all or substantially all of its business to which this Agreement
relates provided that no such assignment shall be binding and valid
until and unless the assignee or transferee shall have assumed in
a writing, delivered to the non-assigning Parties, all of the
duties and obligations of Premier.

6.2 The waiver by any Party, whether express or implied,
of any prévisions of this Agreement, or of any breach or default of
any other party, shall not be construed to be a continuing waiver
of such provision, or any such succeeding breach or default or of
a waiver of any other provisions of this Agreement.

6.3 BAll matters affecting the interpretation, validity,
and performance of this Agreement shall be governed by the internal
laws of the State of Delaware without regard to its conflict of law
principles, except as otherwise expressly provided herein.

6.4 Any provision hereof which is prohibited or
unenforceable in any jurisdiction shall, as to such jurisdiction,
be ineffective only to the extend of such prohibition or
unenforceability without ‘invalidating the remaining provisions
hereof or affecting the validit& of enforceability of such
provision in any other jﬁrisdiction.

6.5 Any delays in or failures of performance by any
Party under this Agreement shall not be considered a breach of this
Agreement if and to the éxtent caused by occurrences beyond the
reasonable control of the Party affected, including but not limifed
to: acts of God; acts, regulations or laws of any government;

strikes or other concerted acts of workers; fires; floods;
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explosions; riots; wars; rebellions; and sabotage; and any time for
performance hereunder shall be extended by the actual time of delay
caused by such occurrence.

6.6 It is the mutual desire and intent of the Parties to
provide certainty as to their future rights and remedies against
each other by defining the extent of their mutual undertakings as
provided herein. The Parties have, in this Agreement, incorporated
all representations, warranties, covenants, commitments and
understandings on which they have relied in entering into such
Agreement, and, except as provided for herein,’the Parties make no
covenant or other commitment to the other concerning its future
action. Accordingly, this Agreement: (i) constitutes the entire
agreement and understanding between the Parties and there are not
promises, representations, conditions, provisions or terms related
hereto other than those set forth in such Agreement and (ii)
supersedes all previous understandings, agreements and
representations between the parties, written or oral.

6.7 All communications; reports, payments and notices
required by this Agreement by one Party to the other shall be
addressed to the Parties at their respective addresses set forth
below or to such other address as requested by either Party by

notice in writing to the other.

If a report, communication or notice to Bethlehem:

Bethlehem Steel Corporation
1170 Eighth Avenue
Bethlehem, Pennsylvania 18016-7699

Attention: Patent Counsel

LIT\248542 - 21 -
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If a payment to_Bethlehem:

Bethlehem Steel Corporatiocn
P. O. Box 21102
Lehigh Valley, Pennsylvania 18002-1102

If to Comat:

CCPI Inc.
838 Cherry Street
Blanchester, Ohio 45107-1316

Attention: R. Bruce Mickey

If to Fosecd or Foséco International:

Foseco International Inc.
c/o Anthony Money

Foseco Inc.

20200 Sheldon Road
Cleveland, Ohio 44142

If to Premier:

Premier Refractories Inc.

901 E. 8th Avenue

King of Prussia, PA 19406

Attention: Stephen A. Becker

With a copy to:

Premier Refractories International Inc.

1790 Broadway '

New York, New York 10019-1412

Attention: Stephen M. Johnson
All such notices, reports, payments and communications shall be
made by Certified or Registered First class mail, postage prepaid,
or by facsimile transmission where appropriate, and shall be
considered made as of the date of receipt, or if such date is not
a business day, the first business day thereafter.

6.8 Premier agrees to mark every .Licensed Product

manufactured and/or sold by its or its Affiliates under this

[.IT\248542 - 22 -
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Agreenment with all of the applicable Licensed Patents in accordance
with the laws of the jurisdictions in which Licensed Product is
sold. Licensors shall inform Premier in writing within ten (10)
days of the effective date of the Settlement Agreement of their
respective marking practices for marking their own products covered
by the Licensed Patents. Without limitation, if Premier follows
those practices for the respective Licensed Patents, Premier will
be considered to have complied with the provisions of this
paragraph.

6.9 Licensors agree to enforce and protect the Licensed
Patents from infringement by third parties and to diligently
prosecute all such infringers after becoming aware of such
infringement, including such infringers that Premier may notify
Licensors thereof, except that Licensors shall net be obligated to
prosecute acts of infringement against a third party that are ds
minimis or temporary. Premier shall notify Licensors of third
party infringers of which it is actually aware, and shall provide
Licensors with information which it believes is reasonably
necessary for Licensors to evaluate such acts of infringement.

6.10 Licensors agree during the term of this Agreement to
defend and hold harmless Premier from any claim of infringement of
any United Stateé and Canadian patent(s) of third parties covering
the use, sale, offer for sale, or manufacture of impact pads, if
the use, offer for sale or manufacture of the Accused Pads would
also infringe such patents, so long as said patent(s) was or were

issued prior to the effective date of this agreement. This
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obligation of Licensors is, however, subject to the following
conditions:

(a} Premier must have given notice to Licensors, of the
claim of infringement within sixty (60) days gf its
receipt from said thirad party, and

(b) Premier shall render all reasonable assistance to
Licensors.

(¢) Premier represents and warrants that as of the
effective date of the Settlement Agreement, it has
no knowledge or reasconable belief that it is
infringing any U.S. or Canadian patent of a third
party covering Accused Pads or their manufacture.

6.11 This BAgreement may be executed in one or more

counterparts, eaph of which shall constitute a binding agreement.

6.12 Premier agrees to indemnify and hold harmless the

Licensors, and their representatives, agents, heirs, successors,
and assigns from and against any and all claims, damages, and
liabilities, asserted by any third parties (private and
governmental) for personal injury or death or for loss or damage to
property and arising from Premier’s and/or its Affiliates
negligence or wilful misconduct hereunder.

6.13 Premier has sold a small quantity of SUPER BRAKE

PADS to one particular customer, which sales are listed in Exhibit
3 of.the Settlement Agreemeﬁt, and without admitting that such pads
infringe any of the Licensed Patents, Premier agrees to pay a
royalty to Licensors for the past sale of the pads. For purposes

of the Settlement Agreement and License Agreemént, however, the
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SUPER BRAKE PAD is not one of the Accused Pads nor as the-effective
date of the Settlement Agreement, a Licensed Product. If at any
time in the future Premier decides to nmanufacture, use, sell or
offer for sale the SUPER BRAKE PAD without paying a royalty for
such sale, Premier shall notify Licensors of such decision, and the
provisions of Article V, herein, would then determine whether such

product shall be considered a Licensed Product.

ARTICLE VITI - WARRANTY

Subject to Licensors’ obligations under Paragraphs 6.9
and 6.10 herein which shall be paramount, nothing in this Agreement
shall be construed as:

a) a warranty or representation by the Licensors
as to the validity or scope of the Licensed Patents; or

b) a requirement that the Licensors shall file any
patent application, secure any patent, or maintain any patent in
force, but Licensors shall give Premier notice of any Licensed
Patents that are not to be maintained;

c) an obligation to furnish any wmanufacturing or
technical information; or

d) conferring a right without prior written
consent, which consent may be unreascnably withheld, to use in
advertising, publicly or otherwise, any trademark or trade name of

any'of the Licensors.
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ARTICLE VIIT - TERM OF LICENSE: TERMINATION

8.1 The term of this Agreement shall be from the date
first written above until the expiration of the last to expire of
the Licensed Patents which cover Licensed Product as defined in
Paragraph 2.4 herein.

8.2 If any party shall, at any time, default in any
material obligatien of this Agreement, and such default shall not
be cured within sixty (60) days after written notice from the
complaining party reascnably specifying the nature of the default,
then the complaining party shall have the right to terminate this
Agreement by giving written notice to the other parties and such
termination shall become effective on the thirtieth (30th) day
after giving such notice, provided such default has not been cured
prior to the thirtieth (30th) day.

8.3 Any termination pursuant hereto shall not relieve
any party of any obligation or liability accrued hereunder prior to
such termination, nor rescind or give rise to any right to rescind
anything done or any payments made, accrued or other consideration
given hereunder prior to the time of such termination and shall not
affect in any maﬁner any rights of any Party arising out of this

Agreement prior to such termination.

ARTICLE IX - MOST FAVORED LICENSEE

9.1 Except for the <currently existing license
agreements between Licensors, listed hereto in Exhibit B, Licensors
hereby warrant that there are no other existing licenses pursuant

to the Licensed Patents. If, during the term of this Agreement,
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Licensors grant to any other person or entity any right or license
under the Licensed Patents to manufacture, use, sell or offer for
sale impact pad devices on terms more favorable than those granted
to Premier in this Agreement, then, starting with the earliest date
of such grant to any other person or entity, the.more favorable
terms shall be substituted for those set forth in the present
Agreement.

9.2 Licensors hereby agree to inform Premier in
accordance with the notice provisions of ARTICLE VI hereof, and
submit to them, within thirty (30) days after execution, a ceopy of
any document granting any right or license to any other person or
entity under the Licensed Patents. Upon Licensors’ request, each
such non-public document will be received by Premier’s attorneys in
confidence and those attorneys can only provide Premier with their
opinicn as to whether and which new, more favorable terms, Premier
is entitled to. Notwithstanding the foregoing, Premier’s attorneys
may also inform Premier of other terms of the agreement if such a
disclosure is reascnably necessary to enable Premier to understand
the basis of any copinion provided by Premier’s attorneys, or

otherwise to enforce its rights under the Settlement Agreement.
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IN WITNESS WHEREOF, the parties hereto have duly executed
this Agreement through their duly authorized below-noted agents the

day and year last written below.

PREMIER REFRACTORIES INC.

By: /‘q""/\j ML) m-lf\.'lf'i'

Name: Stewart Wahtsager
Title: Vice President,

Assistant Secretaty
Date: May 1, 1998

BETHLEHEM STEEL CORPCRATION

By:
Name:
Title:
Date:

CCPI, INC.

By:
Name:
Title:
Date:

FOSECO INTERNATIONAL LIMITED

By:
Name:
Title:
Date:

FOSECO, INC.

By:
Name:
Title:
Date:
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IN WITNRESS WHEREOF, the parties hereto have duly executed

this Agreement through their duly authorized below-noted agents the

day and year last written below.

LIT243542

PREMIER REFRACTORIES INC.

BY:
Name: Stewart Wahrsager
Title: Vice President,

Assistant Secretary
Date: May 1, 1998

BETHLEHEM STEEL CORPORATION

lBy: \hﬁ /fgiriizkkhju““

Name: M. J. Roberts
Title:Vice President, Technology & Chief
Date: May L, 19GH Technology Offic

CCPI, INC.

By:
Name:
Title:
Date:

FOSECO INTERNATIONAL LIMITED

By:
Name:
Title:
Date:

FOSECO, INC.

By:
Name:
Title:
Date:

- 22 =



Case: 1:03-cv-05748 Document #: 1 Filed: 08/15/03 Page 37 of 60 PagelD #:37

IN WITNES8 WHEREOF, the parties hereto have duly executed
this Agreement through their duly authorized below~noted agents the

day and year last written below,

PREMIER REFRACTORIES INC.

By:
Name: Stewart Wahrsager
Title: Vice President,

Assistant Secretary
Date: May 1, 1993

BETHLEHEM STEEL CORPORATION

By:
Name:
Title:
Date:

CCPI, INC.

= vslwp(a«\

Name: R. Bruce Mickey
Title: President/CEO

Date: wmay 1, 193

1

FOSECQO INTERNATIONAL LIMITED

By:
Name:
Title:
Date:

FOSECO, INC.

By:
Name:
Title:
Date:
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IN WITNESS WHEREOF, the parties hereto have duly executed

this Agreement through their duly authorized below~-noted agents the

day and year last written below.

LIT248542

PREMIER REFRACTORIES IRC.

By:
Name: Stewart Wahrsager
Title: Vice President,

Assistant Secretary
Date: May 1, 1998

BETHLEHEM STEEL CORPORATION

By:
Name:
Title:
Date:

CCPI, INC.

By:
Nanme:
Title:
bate:

FOSECO INTERNATIONAL LIMITED

) et

Name: G¥off Smith

Title:President of Foseco International-Stee
Date: May { , 1998

wrr o | Bt 2

N?me: Roger Stanbridge
Title: Pregident
Date: May 1, 1968
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EXHIBIT B

1. PATENT AND TECHNICAL INFORMATION LICENSE AGREEMENT
entered into as of May 7, 1993 between Bethlehem Steel
Corporation and Fosecc International Limited.

2. LICENSE AGREEMENT effective March 2, 1995 between
Bethlehem Steel Corporation, CCPI Inc., and Foseco International
Limited. _
- 3. AGREEMENT entered into and made effective January
12, 1996 between Foseco International Limited and CCPI Inc., énd
acknowledged by Bethlehem Steel Corporation February 20, 1996.

4. LICENSE AGREEMENT made effective January 1, 19%7

between CCPI Inc. and Foseco Internaticnal Limited.

LIT248410



Case: 1:03-cv-05748 Document #: 1 Filed: 08/15/03 Page 41 of 60 PagelD #:41
N N

EXHIBIT B

1. PATENT AND TECHNICAL INFORMATION LICENSE AGREEMENT
entered into as of May 7, 1993 between Bethlehem Steel
Corporation and Foseco International Limited.

2. LICENSE AGREEMENT effective March 2, 1995 between
Bethlehem Steel Corporation, CCPI Inc., and Foseco International
Limited.

| 3. AGREEMENT entered into and made effective Janhuary
12, 1996 between Foseco International Limited and CCPI Inc., énd
acknowledged by Bethlehem Steel Corporation February 20, 1996,
4, LICENSE AGREEMENT made effective January 1, 1%97

between CCPI Inc. and Foseco International Limited.
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{57 ABSTRACT

An impact pad for eliminating surface wrbulence in a2
continuoys caster tundish, the fmpact pad having a base for
fteceiving an incoming ladle stream, and one or more side-
walls extending in an upward direction along the pesiphery
of the basz, Each upward extending sidewall includes an
inner surface having an undercut potion facing the incom-
ing Indle sream. And, each undercut portion extends along
the length of the inner surface, and comprises a shaped
surface for receiving and reversing the direction of a fluid
flow generated by the incoming ladle stream.

47 Claims, 3 Drawing Sheets
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Re. 35,685

1

' IMPACT PAD FOR A CONTINUOUS CASTER
TUNDISH

Matter enclosed in heavy brackets [ ] appears in the
oﬁgmalpatembut[ormsnopartotthisreismespedﬁ
cation; maiter printed in italics indicates the addiﬁons
made by relssue.

BACKGROUND OF THE INVENTION

This invention is directed to apparats for reducing sur-
face turbulence in a molten metal bath, and more
particularly, to impact pads for controlling the fluid fow
pattern of an ipcoming ladle stream for the purpose of
reducing surface tarbulence within a continuous caster
tundish.

Tundjshes, located between the ladle delivering liguid
stee] to the caster floor and the continuous caster mold, are
large containers for holding a reservoir of liquid steel, The
liquid steel is transferred from the ladle throngh a ladle
shroud em::dmg into the tundish, and the liquid steel is fed
at a continous or scmicontinious fow rate controlled by a
stopper rod, or by a slide gate assembly.

10

15

Extensive water flow-mode]l studics heve been made

tarosghout the steelmaking industry to simulate Hquid steel
fluid flow patterns within an actual tundish. These water
flow-models have been bencficial In determining critical
areas of medish design such as depth of bath, well block
locations, and placement of fluid flow control devices within
the wndish. As a result of these studies, it is well-known that
the fluid Aow gencrated by the incoming ladle styeam is
reflected from the flat tundish floor toward the surfacs of the
liquid stecl. This generated fluid flow, causcs a turbulent
boiling actior and extensive wave motion at the surface of
the steel bath. Additionally, where the fiuid flow forces are
obstructed by struchural barriers such as wndish side and end
walls, the ladle stream fluid Sow surges npward, along such
barriers, and causes excessive turbulence at the surface of
the liquid steel bath. The excessive turbulence produced by
the upward swrge breaks up the mndish flux cover, and
produces a downward surge around the ladle shroud. The

broken flux cover allows the liquid stee] to be exposed to the:

atmosphere which sets up conditions conducive 1o altering
the chemistry of the stcel bath. The chemical changes
typically involve loss of aluminum from the bath and/or
absarptiop of oxygen and nitrogep into the steel The
downward, shear flow.of the liquid steel swirling around the
ladle sheoud, entraps particies from the broken slag covear
within the lzdle stream.

Surface requirements, and cleanliness standards for mod-
ern high quality stecl products, dictate that impurities and
chemical changes can not be tolerated within the product.
Heretofore, there have been various attempts to reduce or
eliminate surface tarbulence within a continuous caster
tundish to improve the quatity of the finished steel prodoct.
These attempts have included a wide assortinent of dams
and weirs which redirect the ladle stream fiuid fiow away
from the surface of the tath. Ore such attempt, comprising
wall dams extending along the tendish sidewalls near the
surface of the liquid steel bath, is disclosed in Applicant’s
peior VLS. Pat. No. 4,715,586 gramted Dee, 29, 1987.
Although many past fluid flow control devices have becn
somewbat successful in controlling fluid fiow and reducing
surface turbulence, they tend lo cause operatiopal problems,
Caster operators have found that wall dams are difficult and
cxpensive to install and maintain. The operators have also
discovered, that becanse of their location within the tundish,
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and beczuse of their high profiles, the past flow control
devices interfere with tundish destulling apparatus, and are
damaged, or destroyed during the deskulling operations.

SUMMARY OF THE INVENTICN

It is therefore an object of this invention 1o provide a fluid
flow control device for reducing surface turbulence in the
vicinity of the ladle shroud in a continuous caster tundish.

It is & further object of this invention to provide a fluid
flow control device to prevent breakup of the tundish flux
cover, and reoxidation of the liquid steel bath,

It is a further object of this invention to provide a fuid
fiow control device to prevent slag entrainment within the
liquid steel bath.

It is a further object of this invention to provide a fiuid
flow control device for receiving and reversing the direction
of the radiating fivid flow geperated by an incoming ladle
stream.

It is a further object of this invention to provide a flnid
flow control device which is easily installed in. the flat
bottom portion of a contipuous caster tundish, ’

It is still a further object of this invention to provide a fluid
flow control device which can be easily replaced during
refurbishing of the tundish.

We have discovered that the foregoing objects can be
aitsined with an impact pad baving a base for receiving an
incoming ladle stream, and one of more sidewalls extending
in an upward direction along the periphery of the base. Bach
upward extending sidewal! includes an inner surface having
an uadercut portion facing the incoming ladle stream, Each
underout portion cxtends along the length of the inner
surface, and each uadercut partion comprises a shaped
surface for receiving and reversing the direction of a flujd
flow generated by the incoming ladle stream.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal cross-section view of a water
flow-model study tundisk having an asymmetrical fluid flow
pattern.

FIG. 2 is & transverse cross-section view taken along the
lines 2—2 of FIG. 1.

FIG. 3a is 2 plan view showing the prefered embodiment
of the impact pad inveation for nse in a tundish having an
asymmetrical ladle stream fluid fiow pattern.

FIG. 3b is a front perspective view taken along the line
3b—3b of FIG. 3z

FIG. 4 is a longitudinal cross-section view (hrough a
siegle strand caster tundish showing the preferred embodi-
ment of the impact pad invention.

FIG. § 15 a longitudinal cross-section view through a
multiple strand “T~ shaped tundish showing the prefered
cmbodiment of the impact pad invention.

FIG. 61 is a plan view showing ap alternate embodiment
of the impact pad invention for use in a tundish having an
asymmetrical fluid fiow pattern.

FIG. 6b is & perspective view taken glong the line 6b—=6b
of FIG. 6a.

FIG. 7 is a longitudinal cross-section view through the
cod wall portion of  tundish showing the altamnate émbodi-
meant of the impact pad invention for use in a tundish having
an asymmetrical fluid flow pattern.

FIG. 8 is 2 longitudinal cross-section view through the
cnd wall portion of a tundish showing a second altczpate



Case: 1:03-cv-05748 Dpcument #: 1 Filed: 08/15/03 Page-4§ of 60 PagelD #:48

Re. 35,685

3
embodiment of the impact pad invention for use in a tundish
having an asymmetrical finid flow patiern.

FIG. 9 is a front perspective view showing the preferred
embodiment of the impact pad invention for use in & tundish
having a symmetrical ladle stream fluid fiow pattern.

FIG. 10 is a longitdigal eross-section view through a
multiple strand caster tundish showing the preferred impact
pad invention for use with & symmetrical fiuid flow pattern,

FIG. 11 is a transverse cross-section view taken along the
lines 11—11 of FIG. 16.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The overall peometry of a continuous caster tondish is
diaaxedbythclouﬁonandnumbu-ofmdsmminﬂ:e
casting machine. A rectangular, or a “Bathtub” shaped
tundish, is customarily used with a single strand caster, and
a trough shaped tundish is generally used for a iple
strand caster. Likewise, the location of the well blocks, and
thctundishimpactpad,isalsodetmminedbythcmsﬂng
Inachine design. o

Referring to FIG. 4 of the drawings, a tundish 112 for a
single strand caster, is shown having a well block 12 at one
cud of the tindish, and an impact pad 13 positioned adjacent
to the end wall 3 at the cnd opposite the well block. This
tundish arrangement produces an asymmetrical finid flow 9a
within the reservoir of liquid steal 5. .

FIGS. 19 and 11 illustrate a wndish 1lc for a muitiple
strand caster. The tundish well blocks 12 are spaced apart
along the length of the tundish fioor 4, and the modish
impact pad 16 is located between adjacent well blocks 12,
This tundish arrangement produces a symmetrical fivid fow
shown at 9b,

A variation of the multiple strand tundish comprises 3 "*T™
shaped reservoir shown as 1Ib in FIG. 5. Tundish I1b is
comprised of two trough shaped reservoirs arapged
dicular to each other. One cnd of the first trough shaped
Tescrvoir A, interects the second reservoir B. The opposite
end portion of reservoir A fncludes ap impact pad 13
adjacent end wall 3. In this tundish arrangement, the incom-
ing ladle siream generates an asymmetrical fluid fow 9a,
similar to the fluid flow shown ir FIG. 4.

Refemring to FIGS. 1 and 2, water flow-model studies
have shown that the fluid flow, generated by an incoming
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Iadle stream, is reficcted from the flat tundish floor 4 ip an -

upward diroction toward the surface of the liquid steel If
this fuid flow is restricted by the tundish walls, the restricted
fluid fiow is forced upward aloag the surface of such walls,
and the resulting upward surge causes & boiling wave motion
al the surface of the stee] bath.

FIG. 1 illustrates a single sirand tmndish 11a baving an
asymmetrical fluid flow 9a. The Iadle shroud 7 is shown
adjacent end wall 3 opposite the well block 12, End wall 3
obstructs the fuid flow 9a, and the restricted forees cause an
upward fluid flow surge along cud wall 3. This upward flow
follows a circular path 9c, and comprises an upward suge
along the face of wall 3, and a downward flow zround the
ladlc shroud 7, The upward surge of circular fiow 9c causes
excessive turbulence at the surface of the bath, breaks up a
protective flux or slag cover 6, and exposes the Liquid steel
to the outside atmosphere, thereby creating conditions for
possible uncontrolied chemical changes within the liquid
stecl bath. The downward flow around the ladlc shroud
generates shear and vortices and pulls broken particles 14,
from the flux cover 6, down into the Hiquid steel bath,
creating inclusions within the finithed steed product.

60
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As shown in FIG. 2, water flow-raodel studies bave also
shown that the sidewalls 2 of tundish 11a also restrict the
fluid flow pencrated by the ladle stream. The Testrictive
sidewalls 2 cause similar circolar fluid flows 8¢ which
further intensify surface turbulence and break up of the
protective flux cover 6.

Referring to FIGS. 3a through 5 of the drawings, an
impact pad 13, for use in a tundish having an asy;ometrical
fluid fiow 9a, is shown located adjacent the end wall 3 of 2
tundish end positioned below the ladle shroud 7. The impact
pad, which is a refractory shape, includes 2 base 17 baving
an erosion resistant top surface for receiving the incoming
ladle stream 8. Fropact pad 13 further includes a sidewall 18
extending in an upward direction along the periphery of base
17. Sidewall 18 partially encircles the incoming Iadle stream
8 providing an open side 23 along one edge of the impact
pad adjecent well blocks 12.

Sidewall 18 includes an inclined outer surface 19 con-
tignous' with the tundish walls, a top surface 20 having a
j-ci “C” shaped, sexpentine edge partially encir-

cling the ladic stream 8, and an inner purface 21 facing the-

Incoming Indle stream. Sidewall 18 further includes 2 cur-
vilinear undercut portion 22 having a shaped surface capable
of reversing the direction of the flnid flow 9. Undercut 22
extends along the Iength of the inner surface 21 below top
surface 24, and undercut 22 has one end tangent o top
swrface 1T of base 17. In order to achieve effective control
over the flnid flow generated by the incoming ladle stream,
the height “H™, of the curvilinear undercut, is = the inside
diameter of the shroud delivering the liquid stez! into the
tundish,

As shown in FIGS. 4 apd §, the incoming Iadic stream 8§
falls onto the base top surface 17, generates a radial asym-
metrical fluid flow 9a, and emanates toward the impact pad
sidewall 18. The curvilinear undercut 22, extending along
the inside surface 21 of sidewall 18, captures the fluid flow
within its shaped sirface, and farces the fluid flow ino z
reversed direction back toward the incoming ladle stream.
The reversed fluid flow forms an eddy current %4, which is
gradually disbursed along the open side 23, toward the well
blocks 12 at the opposite end of the mndish.

FIGS.&,Gbde,disclosca.naltamimpadpd
mbodimcntforuscinanmdishhaviuganasymmcu-iml
Buid flow 9a. The altcrnate impact pad 14 is shown adjacent
a tundish cnd wall 3; and positioned below the ladle shroud
7 to roosive the incoming Iadle stream 8. The nltsrnatc
Impact pad embodiment comprises arcfractory shape having
2 base 24, and a sidewall 25 cxtending in ap upward
dircction along the periphery of base 24. Sidewall 28 par-
tially encircles the incoming ladle stream 8 to provide an
open ﬁdczsalonglhcedgcofrhcimpmpadadjmtwdl
blocks 12.

The impact pad sidewall 28 includes an inclined outer
surface 27 contiguous with the tundish walls, a top surface
28 having a “C™ shaped, serpentine edge partially encircling
lhchdlcst:ums,a.ndaninn:rsmfweﬂfwi.ngﬂ:c
incoming ladle stream. The inner surface 29, of sidewall 25,
is sloped at an angle © in a downward direction from the
serpentine edge, of top surface 28, toward the inclined outer
smfaccﬂtopmﬁdcaplamundawtao.Angchis
between 45° and 75° and the planar undercut portion 39
extends along the length of the inner surface 29 below top
surface 28, In order to achicve effective control over the finid
flow generated by the incoming ladle stream, the height “H",
of the planar nudercut, is Z the inside diameter of the shroud
delivering the liquid steel into the tundish,
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As shown in FIG. 7, planar undercut 30, extending along
the inside surface 29 of sidewall 25, captures the fiuid flow
Wwithin its shaped surface, and forces the Buid flow into a
reversed direction back toward the incoming ladle stream.
The reversed fluid flow forms an eddy current 9d, which is
gradually disbarsed along the open side 26, toward the well
blocks 12 at the opposite end of the tundish.

A second alternate embodiment of the impact pad ioven-
tion for use in a tundish having an asymmetrical fluid flow
52, is shown as 15 in FIG. 8. Impact pad 15 is positioned
adjacent undish end wall 3 apd below ladle shroud 7 1o
receive the jncoming ladle stream 8. Impact pad 18 com-
prises a base having a top surface 31 sloped in a downward
direction from the turdish end wall 3 toward the tandish
floor 4. Impact pad 15 further includes & pad sidewall 32
extending in an upward direction along the periphery of the
base. Sidewall 32 partially encircles the incoming ladle

10

stream 8, end includes an inner surface haviog 2 plansr

undercut surface 33 similar to nndercut 30, sloped in a
downward direction at angle © between 45° and 75°,

FIGS. %-11 illusirate the preferred embodiment of the
impact pad invention for use in a continucus casting tndish
having a symmetrical ladle stream fiuid flow 9b. Trapact pad
16 comprises a base 34 having an erosjon resistant top
surface 34", sidewalls 35 and 36 extending along opposile
edges of base 34, and two open ends 41 Iocated between the
opposed pad sidewalls 35 end 36, Pad sidewalls 35 and 36
extend in an upward direction from their respective opposite
base edge portions, and each pad sidewall, 35 and 36,
includes an inclined outer strface 37 contigucus with a
tundish wai, a top surface 38, and an inner surface 39 facing
the incoming Jadle siesm. Each pad sidewall 35 and 36
further includes a curvilinear undercut portion 40 having &
shaped surface capable of reversing the direction of the fluid
flow 94 genersted by the incoming ladle stream 8. Each
undercut 40 extends along the length of inner surface 39
below top surface 38, and cach undercut 40 has one end
tapgent to top surface 34' of base M.

As shown in FIGS. 1 and 11 of the drawings, the inclined
outer surface 37 of sidewalls 35 and 36 are positioned
adjaccnt the iendish sidewalls 2, The incoming ladle stream
8§ falis onto the hasc top surface 3L, generates n radial
symmetrical fuid flow, and emanates toward the impact pad
sidewalls 35 and 36. The curvilincar undercut 49, extending
along cach inside surfacc 39 of sidewalls 35 and 36, ceptures
the fluid fiow within their shaped surface, and forces the
fluid flow into a reversed direction back toward the incom-
ingladic stream. The reversed fuid Sow forms eddy cuments
9d, which are gradually disbursed along the open ends 41,
toward the well blocks 12 spaced spart along the length of
the tundish floor

Althongh impact pad 16 has been shown to comprisc a
curvilincar undercut 44, it should be understood that the
ugdercit portion could just as well comprise & sloped planar
undercut as disclosed in FIGS, 62-8.

And, although FIG. 10 shows only two well blocks, it
should be understood that a casting machine for casting
mare than two continuous strands would require more than
two well blocks spaced apart along the length of the tundish
floor.

While this invention has been flustrated and described in
accordancs with a preferred embodiment, it is recogrized
that variations and changes may be made therein without
departing from the invention as get forth in the claims,

We claim:

1. An impact pad for reversing the direction of a fluid flow
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comprising: a basc having a surface against which said
Yiquid stream impacts, a peripherat 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 snrface and including;

a) a first end, a second end remote from gaid first end, and

b} an inner swface including an undercut extending

continnously below said peripheral top surface,
2. The invention described in claim 1 wherein said
sidewall extends along three sides of said base periphery.
3. The invention described in claim 1 wherein said
peripheral top surface comprises a “C" shaped configura-
tion,
4. The invention described jp claim 1 wherein said
uadereat is a curvilinear surface.
5. The invention descaribed in claim 4 wherein said
curvilinear surface comprises a first arcuate surface below
said peripheral top surface, & second arcuate surface tangent
to said basc surface against which said liquid strum impacts,
and a transitional surface extending between said first arcu-
ate surface and seid second arcuate surface,
6. The invention described in claim 1 wherein seid
undercut is a planar surface below said peripheral top
swface, said planar surface being sloped at an angle 6 of
between 45° and 75°,
7. An impact pad for reversing the direction of a fiuid flow
generated by an incoming liquid stream, said impact pad
comprising; a base having a surface against which said
liquid siream impacts, a first sidewall extending in an
upwerd direction along a first edge of said base, and a second
sidewall extending in an upward direction along 2 second
edge of said base, said first sidewell and said second
sidewall bejng opposite hand, and said first and said second
sidewall cach including;
aj a first end, a second end remote from said first end, and
& top smface, and

b) an inper surface including an undercut extending
contiuously below said top surface, said undercut
inclnding a curvilinear surface having a first arcuate
surface below said top surface, & second arcuate surface
tangent to said base surface egainst which said liquid
stream impacts, and a transitional siface extending
between said first and saild second arcuate surfaces.
8. An impact pad for reversing the direction 6f a fiuid flow
generated by an incoming liquid stream, said impact pad
comprising: & basc having a surface against which sald
liqnid strcam impacts, a first sidewall extending in an
upward direction along a first edge of said base, and a second
sidewall extending in sn upward direction along 2 second
edge of said base, said first sidewall and said second
sidewall being opposite hand, and said first and said second
sidewall cach including;
a) a first end, a sccond end remote from said first end, and
8 top surface, and

b) an inner swiface including an undercut extending
contimiously below said top swface, said undercut
being a planar surface sloped at an angle 8 of between
45° and 75°,

9. In a continuous caster tundish for containing a reservoir
of molten metal having an asymmetrical fuid flow gencerated
by an incoming ladle stream, the tundish including first end
wall, 2 second end wall, sidewalls and a floor, said foor
having ope or mare well blocks located near said first end
wall, and said Hoor including & ladle stream impact area
positioned proximate said second end wall, wherein the

generated by an incoming liquid stream, said impact pad  improvement comprises an impact pad for reversing the
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direction of said fluid flow generated by said incoming ladle
streamn comprising: a base having a surface against which
said liquid stream impacts, & periphesal top sarface to expose
said base, and a sidewall extending in an upward direction
alopg the periphery of said base, said sidewall extending
between said base and said peripheral top surface and
inclnding;

a) a first end, a second end remote from said first end, and

b) an ioner surface including an uedercut extending

continuously below said peripheral top suface,
10. The inveption described In claim @ wherein said
sidewsll extends along three sides of sald base periphery.
11. The invention described in clajm 9 wherein said
petipheral top surface comprises a “C” shaped configura-
tion.
12. The invention described in claim 9 wherein said first
end and said second end remote from said first end provide
a fluid flow outlet, said outlet being located along said base
portion adjacent the well blocks of the tundish
13. The invention -deseribed in claim 9 whercin said
undercut is a curvilinear surface.
14. The invention described in claim 13 wherein sald
curvilinear surface comprises a first arcuate surface below
said peripheral top surface, a second arcuate surface remote
from said first arcuste surface and tangent to said base
surface against which said liquid stream impacts, and a
transitional sorface extending between said first arcuats
surface and said second arcuate surface.
15. The invention described ip claim 14 wherein a height
“H" of said curvilinesr surface is 2 the inside diameter of
said tubular ladle shroud.
16. The invepton described in claim 9 wherein said
undercut is a planar surface below said peripheral top
surface, seid planar surface being sloped at an angle 8 of
between 45° and 75°,
17, The invention described in claim 16 wherein & height
“H" of said plapar surface is 2 the inside diameter of said
tubular ladle shroud.
18. The invention described in claim 16 wherein said base
surface against which said liquid stream impacts is sloped in
a downward direction from said second tundish end wall
toward said tundish floor.
19, In a continuous caster tundish for containing a reser-
voir of molten metal having a symmetrical fuid flow gen-
erated by an incoming ladle stream, the tradish including a
first sidewall, a second sidewall, cud walls and 2 floor, said
floor having two or more well blocks spaced along the length
thereof, and said floor including a ladle stream impact area
positiored betwecn adjacent well blocks, whercin the
improvement compriscs an impact pad for reversing the
direction of said fluid flow gencrated by said incoming ladle
stream compeising: a base having a surface against which
said liquid stream impacts, a first sidewall extending in an
upward direction along a first edge of said base, and a second
sidewall extending in an upward direction along a second
edge of said base, said first sidewell gnd said second
sidewn] being opposite hand, and said first and said second
sidewall cach including;
a) a first end, a s¢cond end remote from said first end, and
a top surface, and

b} an inner surface incduding an undercut extending
continuously bdow said top swface, said umdercut
including a curvilinear surface having a first arcuate
suzface below sald top surface, a sccond arcuate surface
tangent to said base surface against which sald liguid
stream impacts, and a tansitional surface extending
between said first and said second arcuate surfaces.
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20, The invention described in claim 19 wherein a height
“H" of said curvilinear undercut ic = the inside diameter of
szid Iadle shroud,
2L In a continnous caster tundish for containing = reser-
voir of molten metal having a symmetrical fluid flow gen-
erated by an incoming Jadie stream, the tundish including &
first sidewall, a second sidewall, cnd walls and a floor, said
floar having two or more well blocks spaced along the Jength
thereof, and said floor including a ladle stream impact area
positioned between adjacent well blocks, wherein the
improvement comprises an impact pad for reversing the
direction of said fluid fiow gencrated by said incoming ladle
streamn comprising: a base having s surface against which
said liquid stream impacts, & first sidewall extending in 2n
upward direction along a first edge of said base, and a second
sidewsll extending in an upward direction along a second
edge of said base, said first sidewall and said scoond
sidewall being opposite hand, and said first and said second
sidewell each including;
a) a first end, a sceond ead remote from said first end, end
a top surface, and

b) an inner surface mclnd.mg an undercut extending
continnously below said top surface, said undercot
being p planar surface sloped at an angle 0 of between
45° and 75°.

22 The invention described in claim 20 wherein a height
“H" of said curvilinear undercut is = the inside diameter of
said ladle shroud.

23, An impact pad, comprising: a base having a surface
against which an incoming ladle stream impacts and upon
which the fluid thereof flows, a peripheral top surface to
expose said base, and a side wall exaending in an upwand
direction along the periphery of said base, said side wall
extending between said base and said peripheral top surfece
and including an inner surface having an undercut exiend-
ing continuousty below said periphercl top surface so that
thcﬁmdﬁawaftheladiemmufamcdmwamcrxd
direction back toward the incoming ladie stream.

24, The invention described in clogim 23 wherein said
undercut is a curvilinear surface.

25. The invention described in claim 24 wherein said
ckrvilinear surface comprises a first arcuate surface below
said peripheral top surface, a second arcuate surface remote
Jfrom said first arcuate surface and tangent to said base
surface against which said incoming lodle stream impacts,
and a transifional surface extending between said first
arcuate surface and said second arcuate surface.

26. The invention described in claim 23 wherein sald
undercur is a planar surface below said peripheral top
surface, said planar surface being sloped at an angle ¢ of
between 45° and 75°.

27, In a continuous caster tundish for contzining a
reservoir of molten metal having fuid flow generated by on
incopting ladle stream, the ndish including a first end wall,
a second end wall, sidewalls, and a floor, said floor includ-
ing at least one well block for discharging molten meaal from
the continuous caster tundish, and the floor including an
impact area to receive the incoming ladle stream, the impact
area positioned proximate a shroud introducing the incom-
ing ladle stream, wherein the improvement comprises an
impact pad locared in the impact area for reversing the
direction of the fluid flow gererated by the incoming ladic
stream comprising: a base having a surface against which
the incoming ladle stream impacts, a peripheral top sutface
50 expose said base, and a sidewall extending in an upward
direction along the periphery of sald base, said sidewall
extending between said base and said peripheral top surface



Case: 1:03-cv-05748 Document #: 1 Filed: 08/15/03 Page 54, of 60 PagelD #:51

Re, 35,685

9
and including an inner surface having an undercut extend-
ing continuously below said peripheral top surface so thay
Jid flow of the Iadle stream is Jorced into a reversed
direction back toward the incoming ladle stream,

28, The invention described in claim 27 wherein said
undercut is a curvilinear surface,

29. The invention described in claim 28 wherein said
curvilinear sarface comprises a Jirst arcugte surface below
Said peripheral top surfuce, a second arcuate surface remote
Jrom said fast arcugte surface and tangent to said base
surface against which said incoming ladle stream impaets,
and a transitional surface extending between said first
arcuate surface and said second arcugte surface,

30. The invention described in ciaim 29 wherein said
shroud is tubular and the height “H” of said curvilinear
surface is Z the inside diameter of said shroud.

31. The invention described in claim 27 wherein said
undercut is a planar surface below said peripheral 1op
surface, said planar surface being sloped at an angle ¢ of
between 45° and 75°,

32. The invention described In claim 31 wherein said
shroud is mbular and the height “H” of said planar surface
is £ the inside diameter of said shroud.

33. The inveraion described in claim 3] whereln said base
surface against which said incoming ladle siream impacts is
sloped in a downward direction Jrom a tundish end wall
toward said tundish floor.

34. An impact pad for reversing the direction of fluid flow
generated by an incoming ladle stream, said impact pad
comprising: a base having a surface against which an
Incoming ladle stream impacis, a peripheral top surface to
expose said base, and a sidewalf extending in an upwarnd
direction along the periphery of sald base, said sidewall
extending between said base and said peripheral top surface
and including an inner surface having an undercut Jor
receiving and reversing the direction of a fluid flow gener-
- ated by the incoming ladle stream.

35. The impact pad of claim 34, wherein:
a) said undercut is arcuate.

38. The impact pad of claim 34, wherein:
@) said undercut is planar.

10

37. The impact pad of claim 34, wherein:

a) said sidewall extends partially abowt said base,

38. The impact pad of claim 37, wherein:

a) said sidewall has first and second remole ends forming

" therebetween an opening through which the Juid flow
rmay fiow,

39. The impact pad of claims 35 or 36, wherein:

a) said undercut exzends along the length of said inner
surface.

#0. The impact pad of claim 34, whercin:

a) said peripheral top surface is C-shaped in plan,

41, The impact pad of claim 34, wherein:

a) said base is rectangular in plon, and

b) there are two sidewalls, each sidewall cxtending along
en edge of said base and said sidewalls extending in
parailel,

42. An impact pad for reversing the direction of a Judd

2 flow generated by an incoming ladle stream, sald impact pad

25

30

comprising: a base having a surface against which an
incoming ladle stream impacts, a peripheral I0p surface to
expose said base, and o sidewall extending from sald base
in an upward direction, said sidewail extending between
said base and said periphzral fop surface and including an
Inner surface having an wndercur extending below said
peripheral top surface for receiving and reversing the direc-
tion of a fiuid flow generared by the incoming ladle stream.

43. The impact pad of claim 42, wherein:

a) sald undercut is arcuate,

44. The Impact pad of claim 42, wherein:

a} said undercut is planar,

45. The impact pad of claims 43 or 44, wherein:

a) said undercut extends along the length of said inrer

surface.

46. The impact pad of claim 45, wherein:

a) sald sidewall extends partially abour said base.

47. The impact pad of claim 46, wherein;

a) said sidewall is peripherally disposed about said base,

* %k &k & x
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[571 ABSTRACT .

A tundish and, more specifically, an impact pad is
formed with a bottom impact surface and includes an
outer side wall extending npwardly therefrom which
fully encloses an interior space or cavity baving an
upper opening into which molten metal is directed from
a ladle shroud. The outer side wall of the pad includes
an inner surface extending from- the bottom impact
surface 10 the opening of the pad, The nner side wall
surface includes an annuiar portion which extends in-
wardly and upwardly toward the opening of the pad. In
the preferred embodiment, the inner side wall surface
curves continuously from the bottom impact snrface to
a vertical wall defining the opening of the pad, The pad
redirects the pouring stream back into itself cansing the
counter current flows to slow each other down thereby
minimizing furbulence and inhibiting high velocity flow

- within the tundish. The upward flow is further is advan-

tageously directed away from the incoming pouring
stream toward the surface of the bath.

21 Claims, 2 Drawing Sheets
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TURBULENCE INHIBITING TUNDISH: AND
IMPACT PAD AND METHOD OF USING

BACKGROUND OF THE INVENTION

The present invention generally relates to tundish
vessels and, more particularly, to tendish jmpact pads
designed to inhibit turbulent flow of molter metal
within the tundish.

Tundishes are used to hold 2 quantity or bath of mol-
ten metal, such as molten iron or steel, delivered from 2
Jadle through a ladle shroud. A tundish is disposed
between the ladle and the casting apparatus or mold
which receives the molten metal and forms various
shaped produocts therefrom. The ladle is positioned sev-
eral feet above the tundisk and 2 ladle shroud, in the
form of 2 long tube, leads from the ladle into the ton-
dish. The ladle shrond delivers the molten metal to the
tundish in a tight, compact stream. This incoming
stream of molten metal can, for example, have ld.nehc
energy ranging from 2 to 10 Watts/ton.

Pouring pads placed within tundishes have been
widely used to prevent damage to the working and
safety linings of a tundish by the force of the incoming
stream of molten metal. The kinetic energy of the in-
coming stream of molten metal also creates turbulence
which cap spread throughout the tundish if the flow of
molten metal is not properly controlled. Many times,
fhis turbulence has 2 detrimental effect on the quality of
cast products formed from metal taken from the tun-
dish. More specifically, turbulent flow and high veloe-
ity flow within the tundish can, for example, have the
following harmful effects:

1. Excessive turbulence can disturb the steel surface

and promote emulsification of the slag at ladle changes:

or during operation of the tundish with a refatively low
Ievel of molten metal.

2. High velocities produced by turbulent flow in the
pouring area can cause erosion of the working Lining of
the tundish which is typically comprised of a refractory
material having a much lower density than impact pads.

3. Highly turbulent flow within the tundish can im-
pede the separation of inclusions, especially inclusions
less than 50 microns in size, due to the fluctuating nature
of such turbulent flows.

4. High speed flows may also increase the possibility
of slag being directed into a mold through ipcreased
vortexing of the molten metal in the tendish which
draws slag downwardly toward the outlet.

* 5. Turbulent flow within the tundish may result in
disturbance of the slag/metal interface near the top of
the metal bath and thereby promote slag entrainment as
well as the possibility of opening up an “eye” or space
within the slag layer which can be a source of reoxida-
tion, of the molten metal

6. High levels of turbulence in the tundish can be
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carried down into the pouring stream between the tun- .

dish and the mold. This can cause “bugging” and “flar-
ing” of the pouring stream which thereby lead 1o cast-
ing difficulties.

7. High velocity flow ie the tundish has also been
aitributed to a condition known as “short chrcuiting”.
Short circuiting refers to the short path a stream of

molten metal may take from the ladle to the impact pad .

to the pearest outlet in the tundish. This is urdesirable
since it reduces the amount of time inclusions have to be
dissipated within the bath. Instead, the high velocity
flow sweeps relatively large inclusions down into the

65

2 .
mold where they reduce the quality of the cast prod-
ucts.

A typical flat impact pad canses an incoming ladle
stream to impact the top of the pad and travel quickly to
the side or end walls of the tundish. When, the stream
reaches the side and/or end walls, it rebounds upward
to the surface of the tundish where it changes direction
toward the center of the tundish or, in other words,
toward the incoming ladle stream. This creates undesir-

" able inwardly directed circular flows in the tundish,

The opposing flows on either side or end of the tundish
travel toward the center of the tundish and carry with
them slag or other impurities that have floated to the
surface of the bath within the tundish. As a resulf, these
impurities are drawn toward the incoming ladle stream
and are then forced downwardly into the bath and
toward the outlet or outlets of the tundish. This tends to
cause more of these impurities o exit the tundish into
the ‘molds thereby decreasing the quality of the prod-
ucts producad ‘within the molds. '

‘While numerous other types of tundish pads have
been proposed and used in the past, none of these fully
address all of the problems nofed above. Examples of
prior tundish pads are disclosed in U.S. Pat. Nos.
5,131,635 and 5,133,535 both issued to Sooff and U.S.
Pat. No. 5,169,591 to Schmidt et al. The tundish pads
disclosed in the above patents to Scofi and Schmidt et
al., however, are inadequaie solutions to the above-
mentioned problems at least because of the fact that
they each direct the incoming ladle stream too directly .
toward the drzin or drains of the tundish. Also, these
pads do not slow the incoming ladle stream encugh to
completely address the problems associated with high -
velocity flows as mentioned above, In this regard, since
each of these patents disclose impact pads which direct
the incoming stream in either one or two lateral direc-
tions toward the drain or drains of the tundish, the
speed of the ladle stream is not reduced enough to pre-
vént many of the problems mentioned above. More-
over, directing the ladle stream toward the drain or
drains of the tundish, as taught by these patents, leads to
the previously explained problems of “bugging”, “flar-
ing"™ and “short circuiting™,

SUMMARY OF THE INVENTION

The present invention provides a turbulence inhibit-
ing tundish impact pad formed with a bottom impact
surface and including an endless annular side wall ex-
tending upwardly therefrom and fully enclosing an
interior space or cavity having an wpper opening into
which the molten metal is directed from a ladle shroud.
The endless annular side wall of the pad includes an
annular inner surface having at least a portion extending
upwardly with respect to the bottom impact surface and
inwardly toward the opening of the pad. The endless
annolar side wall fully encloses the interior space of the
pad such that the incoming stream of metal is redirected
back into itself and a flow pattern is creafed which
directs the reversed flow of metal away from the ladle
shroud.

In the first embodiment the pad is circularly shaped as
viewed from the top as is the fnner serface of the annu-
lar side wall. The inner surface of the side wall is con-
cavely curved first outwardly and wpwardly from the
bottom impact surface and then inwardly and upwardly
to a vertically disposed surface which defines the open-
ing of the pad. The inner side wall surface preferably
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3
curves continuously from the bottom impact surface to
the vertical wall defining the opening of the pad,

In a second embodiment of this invention the impact
pad is formed with a rectangular shape while still retain-
ing the feature of having a fully enclosed interior space 5
defined by an endless annular side wall. In this regard,
the term “apnular” as used throughout the specification
and claims is not meant to denote any particular shape
but is meant to indicate a fully eaclosing, endless bound-
ary structure. In the second embodirent the inner side 10
wall surface includes at Ieast a portion which extends
upwardly and inwardly toward a central opening in the
top of the impact pad. The same desirable flow pattern
is created within a tundish using a pad constructed
according to ejther the first or second embodiments of 15
the invention.

The tundish pouring pads of the present invention not
only withstand the impact of the incoming ladle strain
bnt also dampens the associated turbulence usually cre-
ated by the stream, To this end, and in solving the previ- 20
ously mentioned problems in the prior art, a pad con. -
structed in accordance with the present invention redi-
rects the pouring stream back into itself causing the
counter current flows to slow each other down thereby
minimizing turbulence and inhibiting high velocity flow 25
within the tundish. The fully enclosed cavity of the pad
changes the path of the incoming stream from vertically
downwards to vertically upwards. The flow pattern
created by the pad forms a path of molten metal which
travels slowly upwards toward the surface of the metal 30
bath and then radially ouwtwardly in all directions
toward the walls of the tundish. This is not only a favor-
able flow condition for flotation of impurities but also
contributes to temperature homogeneity in the tundish.
Most importantly, it minimizes the harmful effects of 35
excessive turbulence and high flow velocities within the
tundish.

The turbulence inhibiting pads of the present inven-
tion provide a much more advantageous flow pattern
than the prior pads mentioned above which direct the 40
incoming ladle stream to one or more sides or ends of
the turdish immediately vpon impact. In this regard,
using a pad of the present invention, the incoming ladle
stream is reversed by the pad and travels vertically
upwardly and then radially outwardly near the top of 45
the bath. This pushes slag or other impurities away from
the incoming ladle stream. For this reason and for the
reason that the resulting flow is much slower than the
flow created with past impact pads, less slag or other
impurities and inclusions are entrained within the bath. 50
A tundish pad of the present inventjon is especially
advantageous during start-up, while changing grades of
steel within the tondish, or when casting at low tundish
levels,

1t will therefore be appreciated that numerous advan- 55
tages are presepted by the tundish impact pad of the
present invention. These advantages taclude the follow-
ing:

1. The incoming ladle stream is contained and damp-
ened to cause 2 slower flow of molten metal in the 60
tundish for effectively allowing inclusions to float to the
top surface of the molten metal bath.

2. The resulting fow patterns push slag and other
impurities away from the incoming ladle stream thus
preventing entrainment of these undesirable materials 65
within the bath.

3. Surface directed flow of the molten metal is pro-
moted and therefore inclusions or impurities must rise.

4

only a short distance before contacting the slag layer
and becoming absorbed therein,

4. Erosion of the working lining on tbe side and end
walls of the tundish is reduced as the incoming flow will
not directly impact on these walls,

3. The amount of time that the molten metal remains
in the tundish is increased since the path to the exit or
exits of the tundish will be longer and more tortuous
than with past impact pads.

6. As high velocity flows in the tundish will be mini-
mized, the possibility of vortexing, which causes slag
and inclusions to be drawn from the surface of the tun-
dish down into the mold, will be reduced.

7. A mnch quieter metal surface is produced with less
movement of the slag layer during steady state opera-
tion.

8. The unique flow pattern created by the pad pro-
motes temperature homogeneity within the bath by
creating full, slow circulation of molten metal through-
out the tundish.

9. Spiashing during stan-up is s1gmﬁcant]y reduced.

10. The residence time for the metal within the bath is
increased or, in other words, the time it takes for incom-
ing metal to exit the bath into the mold or molds is
increased. Impurities which, given sufficient time, wiil
naturally float slowly to the top of the bath, are less
likely to be included in the exiting stream as resideace
time is increased.

Further advantages of the present invention will be-
come more readily apparent to those of ordinary skifl
upon review of the following detailed description of the
preferred embodiment taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side cross-sectional view of a tundish
including the turbulence inhibifing impact pad of the
present invention. disposed on the botfomn surface
thereof;

FIG, 2 is an enlarged cross-sectionz] view of the
impact pad of FIG. 1;

FIG. 3 is an enlarged top view of the impact pad of
the present invention;

FIG. 4is a top view of the tundish of FIG. 1 showing
the radial outward flow pattern crezted proximate the
top of the molten metal bath in the tundish by the im-
pact pad of the present invention;

FIG. 5 is a top view of an alternative embodiment of
the tundish impact pad of the invention; and,.

FIG. 6 is a side cross sectional view of the tundish
impact pad of FIG. § taken zlong line 6—6.

DETAILED DESCRIFTION OF THE
PREFERRED EMBODIMENTS

Referring first to FIG. 1, a conventional tundish 10 is
shown and includes an inner lining 12 and a pair of well
blocks or outlets 14 for allowing molten metal from a
bath 16 contained in the tundish 10 to continuously exit
the tundish 10 and enter molds (not shown) which form
metal castings. As is also conventional, a ladle shroud 18
is positioned above the tundish 10 and continuously
directs a stream of molten metal into the tundish 10. A
tundish impact pad 20 constructed sccording to the
present invention is placed centrally on the floor of the
tundish 10.

As best illustrated in FIGS. 2 and 3, the tundish im-
pact pad 20 is preferably circular in shape and includes
abase 22 having a planar impact surface 24. The pad 20
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further inclndes an endless, preferably circular outer
side wall 26 baving a correspondingly circular shaped
inner wall surface 28. The annular inner wall surface is
concavely shaped as shown in FIG. 2 and extends up-
wardly from the planar impact surface 24 to fully en-
close a curved interior space or cavity 29. One annular
portion 28q of the inner side wall surface 28 curves
concavely outwardly and upwardly from the impact
surface 24 and meets another annvlar portion 28b which
cnrves concavely inwardly and upwardly to a vertical
inner wall surface 30. The concave shape of the inner
side wall surface 28 helps to reduce erosion of the pad
20, However, rather than forming one continuous curve
as shown in FIG. 2, surface portions 284 and 285 may
alternatively be separated by a flat surface portion
Alse, one or both of the annular surface porijons 28a
and 285 may also be flat and angled outwardly and
inwardly, respectively, instead of curved. Satisfactory
operation of the pad 20 may also be obtained even when
portion 282 is eliminated, i.e., such that portion 285
extends upwardly and inwardly from surface 24. Each
of these elternative designs still includes an annular side
wall inner surface portion extending inwardly and up-
wardly toward the opening 30 to create the desired
flow pattern described herein. Vertical surface 30 de-
fines a circular opening in the impact pad 20 for receiv-
ing the stream of molten metal from the ladle shrond 18
and for allowing the metal to exit the cavity 29 in an
upward direction, The tundish impact pad 20 forther
includes a planar peripheral top surface 32 which sur-
rounds the opening created by the vertically oriented
circular surface 30.

The effect of using the tundish pad 20 of the present
invention is schematically shown in FIGS. 1 and 4. As
showa in FIG. 1, a downward vertical stream of molten
metal represented by arrows 34 is directed out of the
ladle shroud 18 and onto a central location of impact
surface 24 of the base 22. The stream of molten metal
disperses radially outwardly within cavity 29 from the
center of the impact surface 24 as shown by arrows 35
and follows the continuous inner side wall surface 28 in
an vpward direction. The stream exits the pad 20 and
travels generally vestically upwardly as shown by ar-
rows 36. The vertical upward movement of the stream
czused by the tundish pad 20 significanily slows down
the stream of molten roetal as the two opposed vertical
streams 34, 36 have a partially cancelling effect on one
another.

The slowed vpward stream 36 of molten metal con-
tinues toward the upper surface of the bath 16 contained
in the tundish 10 and disperses generally radially out-
wardly, as indicated by arrows 38 in FIGS. 1 and 4,
proximate the top surface of the bath 16. The radially
outwardly directed flow streams 38, best shown in FIG.
4, cause slag and other impurities at the top surface of
the bath 16 to be moved outwardly away from the ladle
shroud 18 and away from the incoming stream 34 such
that slag and other impurities are much less likely to be
directed downwardly into the bath 16 by the incoming
stream 34 where they may become entrained therein
and gventually directed out of the tundish 10 through
outlet well biocks 14 thus contaminating the final cast-
ings.
gZF-‘IGS. 5 and 6 illustrate a second embodiment of the
present invention and specifically show one alternative
shape for the endless, anoular side wall construction
which creates a fully reversed flow of metal from the
pad. More specifically, a tundish impact pad 40 is
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shown and includes a base 42 having a planar impact
surface 44. The pad 40 further includes an endless annu-
lar, and in this case rectangulaf, outer side wall 46 hav-
ing ap annular, rectangular inner wall surface 48 extend-
ing upwardly and inwardly from the planar impact
surface 44 and fully enclosing an interior space or cavity
49,

More particularly, a vertically oriented annular por-
tion 48g of the inner side wall surface 48 extends up-
wardly from the impact surface 44 and meets another
inwardly apgled annular portion 485 which extends
inwardly and upwardly to a vertical inner wall surface
50, The vertically oriented portion 48z is not absolutely
necessary to satisfactory operation of the pad to create
a flow pattern in accordance with the present invention.
That is, the angled portion 48 may instead extend up-
wardly and inwardly directly from surface 4. Vertical
surface 50 defines a rectangular opening in the impact
pad 40 for receiving the stream of molten metal from
the ladie shroud 18 and for allowing the metal to exit
the cavity 49 in an upward direction. The tundish im-
pact pad 40 forther includes-a planar peripheral top
surface 52 which surrounds the opening created by the
vertically oriented rectangular shaped wall surface 50.
Impact pad 40 creates the same general flow pattern
within a tundish as pad 20 of the first embodiment and
as specifically shown by arrows 35, 36 and 38 in FIGS.
1and 4.

It will thus be appreciated that the tundish impact
pads 20, 40 of the present invention cause the incoming
ladle stream to be completely reversed in an upward
direction thus significantly slowing the stream and pre-
venting undesirable high velocity flows and turbulence
within the tundish 10. Furthermore, opposed radially
outwardly directed currents are created on all sides of
the ladle shroud 18 or incoming stream 1o push slag and
other impurities away from the incoming stream
thereby significantly Jessening the likelihood of entrain-
ing impurities within the bath 16.

The resulting flow pattern further promotes surface
directed flow of molten metal which therefore necessi-
tates a shorter distance through which inclusions must
rise before contacting the slag layer and becoming ab-
sorbed therein. The resulting flow pattern also reduces
erosion of the working lining I2 op the side and end
walls of the tundish 10. This is because the incoming
flow.34 as well as the flow pattern which results from
the tundish impact pads 20, 40 will not directly impact
on either the side or end walls of the tundish 10.

It will also be appreciated that the flow pattern which
results from the tundish pads 20, 40 increases the resi-
dence time of the molten metal within the tundish 10 as
the path to the exit nozzle or well block 14 will be
fonger and more tortuous than with past impact pads. -
More specifically, instead of flowing directly along the
bottom of the tundish 10 to the exit nozzles 14, the flow
of molten metal within the tundish 10 is first directed
vertically upwardly toward the surface of the bath 16
and then is slowly circulated downwardly toward the
exit nozzles or well blocks 14. The slow velacities cre-
ated by the tundish pads 20, 40 of the present inveation
further minimize the possibitity of vortexing and surface
tarbulence in the bath 16. The opposed radially. out-
wardly directed curreuts created by the tundish impact
pads 20, 40 further promote temperature homogeneity
within the bath 16 by creating continuous flow within
substantially the entire bath 16. The impact pads 20, 40
also significantly reduce splashing during stari-up and
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promotes greatly increased plug flow volume in the .

tundish 10 in the absence of other flow control devices
such as dams, weirs and baffles.

The impact pads 20 and 40 are comstructed from
conventional refractory compositions which are resis-
tant to the high temperatures of molten metals such as
iron and steel. These temperatures may reach up to
about 3000" F. As known in"the art, suitable refractory
materials may include MgO, Cra03, AlOj, Zr0s, Cz0,
and Si0s, and mixtures of these materials, however,
other refractory compositions may also be nsed as long
as the chosen composition can withstand continuouns
contact with molten metals such as iron and steel. Two
preferred compositions break down as follows:

T5% Al203 Composition MeQO Compaosition

AlO3 75 3
MpO >1 89
Si0z 1) 1)
CaD i 1
Fe;03 - i >1
Other Trace 2 I
Amounts

It wili be appreciated that further modifications and
substitutions to the present invention will become
readily apparent to those of ordinary skill in the art
without departing from the inventive concepts dis-
closed herein. For example, while the impact pad of the
present invention is preferably circularly shaped and
while one alternative shape has also been shown and
described, it will be appreciated that many shapes for
the side walls of the impact pad are posgble and fall
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within the scope of the present invention. Any geomet- .

ric shape which fully encloses or defines and endiess
boundary for an interjor space of the pad and redirects
the incoming molten metal flow back into itself and
creates a flow pattern away from the ladle shroud will
perform similarly to the illustrated embodiments. Other
modifications will become apparent upon review of the
foregoing application and applicant therefore intends to
be bound only by the scope of the claims appended
hereto.

What is claimed is:

1. A tundish impact pad formed from a refractory
composition capable of withstanding continuous
contact with molten metal, said pad comprising a base
having an impact surface and an endless outer side wall
extending upwardly therefrom and fully enclosing an
interior space having an uppat opening for receiving a
stream of said molten metal, s2id outer wall including an
annular inner sarface having at least a first portion ex-
tending inwardly and wpwardly toward said opening,
whereby when a2 downwardly directed stream of mol-
ten metal frora a ladle ountlet disposed above said impact
pad strikes said impact surface, said stream is directed
outwardly toward said annuiar jnner surface and then
redirected upwardly and inwardly toward the incoming
ladle stream.

2. The pad of claim 1 wherein szid anpular inner
surface forther includes a second portion extending
outwardly and upwardly from said impact surface
toward said first portion.

3. The pad of claim 2 wherein at least one of said first
and second portions is a concave annular surface.

4, The pad of claim 3 wherein said first and second

40

45

60

63

portions form a continuously curving annular concave

surface.

8

5. The pad of claim 4 wherein said curved interior
space is circular in shape.

6. The pad of claim 5 further comprising a vertically
oriented annular surface extending upwardly from said
first portion and defining said opening..

7. The pad of claim 1 wherein said interior space is
circalar in shape.

8. The pad of claim 1 wherein said interior space is
rectangular in shape,

9. The pad of claim 1 further comprising a vertically
oriented annular surface extending upwardly from said
first portion and defining said opening.

10. The pad of claim 1 wherein said anaular inper
surface further inclndes a second portion extending
upwardly from said impact surface to said first portion.

*11. In a tundish vessel for holding a volume of molten
metal and having a floor and sidewalls enclosing a re-
gion of impact and a drain, the improvement compris-
ing an impact pad located in the region of impact and
including a base having an impact surface and ag end-
less outer side wall extending upwardly therefrom and
fully enclosing ar interior space having an upper open-
ing for receiving a stream of said molten metal, said
outer wall including an annular inner surface having at
least a first portion extending inwardly and upwardly
toward said opening, whereby when a downwardly
directed stream of molten metal from 2 ladle outlet
disposed above said impact pad strikes said impact sur-
face, said stream is directed outwardly toward sajd
annular inner surface and then redirected upwardly end
inwardly toward the incoming ladle stream.

12, The pad of claim 21 wherein said annular inner
surface further includes a second portiorn extending
outwardly and upwardly from said impact surface
toward said first portion.

13. The pad of claim 12 wherein at least one of said
first and second portions is a concave annular surface,

14. The pad of claizn 13 wherein said first and second
portions form a continuously curving annular concave
surface.

15. The pad of claim 14 wherein s2id curved interior
space is circular in shape.

16. The pad of claim 15 further comprising a verti-
cally oriented annular surface extending upwardly from
said first portion and defining said opening.

17. The pad of claim 11 wherein said interior space is
circelar in shape.

18, The pad of claim 11 wherein said interior space is
rectangular in shape.

19. The pad of claim 11 further comprising 2 verti-
cally oriented annular surface extending upwardly from
sajd first portion and defining said opening.

20. The pad of claim 11 wherein szid annular inner
surface further includes a second portion extending
upwardly from said impact surface to said first portion.

21. A method of preventing turbulence and high
velocity flow of molten metal in a tundish, the method
comprising the steps of:

providing an impact pad within said tundish, said

impact pad including an endless outer side wall
extending upwardly therefrom and fully enclosing
an interior spacing having an upper opening for
receiving a stréam of said molten metal, said outer
wazll including an annular inner surface having at
least a first portion extending inwardly and up-
wardly toward said opening,

directing an incoming stream of molten metal verti-

cally downwardly into said tundish and against
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