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» Create a user-friendly interface for
CON1D
» Target audience

— Researchers
* Graduate students
* Industry

— Casting operators
« Write inputs
« Run CON1D
* Read outputs
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What is CON1D?

Heat Transfer Model of Steel Continuous Casting

Transient heat conduction model of shell

Heat flux (MW/n?)
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Heat Removed
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togap
(qint)

Copper Mold
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Model includes=» mold, interface, shell
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Model Prediction

CON1D Model Applications

Validation

e Heat flux variation

e Mold Temperature

e Cooling water temperature increase
e Shell thickness

e Slag layer thickness

e Shell temperature

e |deal taper

e Mold friction and lubrication state
e Slag microstructure

e Slag shear/fracture
eMetallurgical length

Thermocouples embedded in mold
wall

Water temperature rise / flow rate
Breakout shell or tracer element
Slag samples taken from mold wall
Optical pyrometers,
thermocouples in the strand
Friction signal; defects

Friction signal

Crystalline vs. glassy

Transient temperature variation
Whale formation!
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_ Previous Input Interface

» Text editor to change the input file

|_.5"- example.inp - Motepad

File Edit Format View Help

| CONLD-9.7 Slab casting Heat Transfer analysis
university of I11inois, Brian &. Thomas, 2009

Example Input Data (WNUG-148)

#1 Parameters to update every <all

FACASTING CONDITION:
3 number of time-cast speed data points

(1f=1, constant Cast‘mg speg

Hext 2 Tines comtain time(s) and vefmsnin) data points

0. 300. 3z20.
3.70 3.70 4.70
1553, 000 Pour temperature (C)
100. 0000 pistance of meniscus from top of mold (mm)
150.0000 Mozzle submergence depth Cmm
[¥] Mew simulation or Restart (O=new; l=restart)
15000, 00 Mmax. simulation Tength (must > z-distance)(mm)
Q calculate mold and interface (=0 flux casting, or =2 o1l casting )

or enter interface heat flux data starting at meniscus z=0 (=—1
or enter avg., mold flux (=-23, or enter cooling water temp. increase (=-3)
=] number of zmm and g data points (i above = —l%
Mext 2 Tines contain zmm{mm) and gCkw/m2) data
.00 40.00 100,00 200,00 300.00 410.00 5530.00 850,00 950,00
5360 00 4000.00 3410.00 2600.00 2350.00 2340.00 2310.00 2000.00 2000.00

2.4243 2.4243 2.3 0.07 0.4 Average mold heat flux (Mw/mA2) and tuning parameters g_fac, tc_fac, g_n(if above =-2)
-9, 8800 -9, 8800 mold cooling water temp. fncrease (oeg c)(if abowe =- ?
-1 running mode (O=stop right now; -l=continue to run; positive integer ts

= run the program for ts seconds.

//SPRAY ZONE VARTABELES:

&. 700000 minimum convection heat trans. coeff. (nhatural) Cw/mAZK)
right side (inside radius): .,
25.00000 water and ambient temperature after spray zone(De

<)
spray zone condition:(heat tran.cne‘FF.funct:h=A“ngﬂn(1—bT))
Cnozaki model:a*C=0.3925,n=0.55,h=0.0075)
1. 570000 AL0=0FF)
0. 5500000 n
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Previous Output Interface

» Gnuplot scripts to graph outputs
Exl gnuplot mEx

File Plob Expressions Functions General #xes Chart Styles 3D Help
Replull Open Save ChDir Print PriSc Prev Next |

GNUPLOT

Uersion 4.2 patchlevel 2
last modified 31 Aug 28087
System: MS-Windows 32 hit

Copyright <C> 1986 - 1993, 1998, 2884, 2087
Thomas Williams, Colin Kelley and many others

Type “help® to access the on-line reference manual
The gnuplot FAQ is available from http:/~uwuu. gnuplut infosfag”

Loy Send bug reports and suggestions to <htepis/sourcefo m—
iplot

Terminal type set to 'windows’
gnuplot?> cd ’C:sDocuments and Settings“HemanthMy Documents™
arch\Project gnuplot_tests’

gnuplot>

gnuplot?> call *g.shr’ ‘readout_test’ ’'filews_test’ _
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Platform — Excel 2003

o Excelis widely used

e Graphing tools are built in

« Easy to update interface for future
students
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Home page buttons color scheme

WitsIreut File | Purple Buttons — Suggests the next logical step

Final Data Checkj Green Buttons — Completed step

Casting Genditien | Yellow Buttons — Page did not pass data check

Cells color scheme

White Cells - Where User can enter data

_Green Cells - Parameter description or parameter title

Yellow Cells - Parameter title / description with missing data
Light Blue Cells - Qutput data from output files

Dark Blue Cells - Section or Worksheet Titles
Cyan Cells - Section block background
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S Input Features
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» Graphs for inputs
» Use of spray tables
* Preset grade tables
« Customizable units
« Parameters are further explained in
comments or with pictures on the page
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N Visualizing input data
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« Example: slag viscosity data:
Automatic graphing of viscosity curves before
running simulation

» Also plots measured values for comparison

i i Enter Experimental Data for
Tro and Viscosity Exponent n Thsal (optional)
Number of data points | 1 Ling Mame -> |Experimental
Z-Dist Tfsol n 100000 Temperature  |Viscosi ity
rmn [} I [} poise
0.0 1183.00 | 2700 10000 : ; ; ; ; 1500 0.07
: ; ; : : 1350 05
_ : : g 8 8 1300 09
& 1200 a0
@ 100 " 1180 1000
3 : : : H.‘ : ‘—0— eeeeeeeeeee |
g 8 B B g 8 —=—0
£ w© : i i : X :
1 \
01 h‘%
0.01 T T T T T
400 600 aoo 1000 1200 1400 1600
Temperature
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Spray Tables
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* Once spray tables are setup, can use
the table to update water flow rate
values in the spray zones.

e Can also view the spray table flow rates
In graphs

A B D E F G H | J K L %] N o} P | o | R | s T
1 # Patterns 8 C;}::; Pattern | Pattern? | Pattern3 | Patternd | Patterns | Patternb | Pattern? | PatternB | znames |rows/zone
2 [ #5peeds 10 0 0 0 0 0 0 i i 0] ZMSE Z
3 [ #7ones 10 157 ] 24 % 23 % %6 %6 24 ZMSB 2
4 315 2% 24 % 23 % % % 24 IMSB 2
5 72 26 24 % 23 % 7% 7% 24| IMSB 2
B |  Spesd Units 787 28 27 25 % 25 29 29 77| ZMSB 2
7 |# ivmin e 98.4 EE] Ell ] 30 30 EE] EE] EINEE 2
8 18.1 45 45 45 ES 5 39 39 35| IMSB 2
9|0 wrin © miin 378 50 50 50 41 41 45 45 50 ZMSB 2
10 575 55 50 55 16 45 51 51 50 ZMSB 2
1 SE.8 60 50 60 57 0 [E] [E] 50 ZMSB 2
42| Flowrate Units 0 0 0 0 0 0 i i o] 1A 10
A3|# galfrin ¢ Limin 157 20 iE] 2 [E 73 20 17 18] ZIAC 0
14 315 70 68 74 63 &1 70 ] BB Z1AC 0
5] 172 52 3 98 53 106 92 92 86| Z1AC 0
16 757 172 162 130 155 143 52 172 162] TIAC 0
q|  CHOK sy Y] 284 215 200 ] 219 P} 72 28 AT 0
] tekletEm boen 181 349 320 370 314 208 269 269 205 71AC i
EEl e 137.8 528 498 560 175 137 400 400 B[ Z1IAC 0 ° = e e 200 =0
20 1575 634 596 672 571 525 533 533 53| Z1AC 10 Casting Speed fin/min]
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» Users can preset the compositions of
commonly used grades.

* The interface will automatically enter the
compositions for a simulation by
choosing a preset grade

A =] C [v] =t 2 G H | J K L L} M o P Q R S T
14
2
3 Grade Hame A A M 4 S B Cr & Ni & Cu i Ti Ba Al BN | SaNb B W
4 0.0470 | 04800 | 00010 16.7100 | 02000 | 0.1000 0.0000 00100 | 0.0000
] Uit Freset 0.0470 | 0.4800 ( 00010 18.0000 ) 0.2000 | ©.1000 u.uuou U.UZuo | 00100 [ 0.0000
(5] Cracks 0.1000 | 0.4800 [ 00010 17.0000 ) 0.2000 | ©.1000 0.0000 | 0.0030 | 0.0260 0.0100 | 0.0000
7 —_— Steeld 00470 | 0.4000 | 00010 20,0000 ) 0.2000 | 0.1000 0.0000 | ©.0030 | 0.0260 00100 | 0.0000
3 Sl B
? repaties
[ SnladelaaratiEl
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* A unit set for the data in the inputs and
outputs can be chosen by users.

» The custom unit set can incorporate a mixture
of metric and British units.

A | B | € | D | E [ F ] G
1
|2 | Home | Unit set Names
13 | [Metric [ [British [Custom |
Uledate Ukits
4
]
G
Factor to Multiply Factor to Multiply Factor to Multiply
MName Metric by to Convert to Biritish by to Convert to | Custom | by to Convert to
7 CaonlD units Con1D units Conl1D units
8 |Ternperature C 1.00000, 0 F 0 55565, -32 Custom 1.00000, 0
9 |Distance mim 1 in 254 Custom 1
10 [Heat Flux Data Paints (KWWimad) 1 Btufhrted) 0.003154 Custom 1
11 |Average mold heat flux (MWW 1 Bitu/hr ) 0.000003154 Custom 1
Mold cooling water ternp.
12 lincrease C 1.00000 F 0.55555 Custom 1.00000
13 |Super Heat Flux (kW) 1 Bitu/{hr ) 0.003154 Custom 1
14
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Output Features
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« Easy to read in and graph outputs
 Ability to select which outputs to read
* Plot two runs on the same graph
* Personalize graph views
— Cannot delete a series of data
University of Illinois at Urbana-Champaign Metals Processing Simulation Lab Hemanth Jasti 14




Order of Tasks
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1. Open Excel file

Enter run information on home page
Edit inputs

Final data check

Write input file

Run CON1D

Read run time messages

Read outputs

© N Ok WD
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Directory Notes
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e Start with CON1D9.7.1.exe in the same folder as the
excel interface.

* The excel interface will write the input files into the
working directory (which is the directory the excel
interface file is located). The outputs will be written
into this directory by CON1D and then can be read
into the interface for viewing.

* The input and output files need to be in the same
folder as the excel interface file to read in and graph
the output data
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* You may need to "enable macros" upon
startup of the .xls file. Usually, this is
solved by answering "Enable Macros" to
prompting. If you have macros
disabled, you may have to change
security settings

 Starting the interface and enabling
macros is described with pictures in the
next three slides

"'-‘-::‘.\Prlsgrtlunl

Starting the Interface Office 2003

* Enable macros at start by choosing “Enable
Macros”

[ Security Warning

"C:\Documents and Settings\Hemanthi

iy
Documn entstHemanthl College ResearchiPrajecti Ulcon1d001 _00.s" contains
mmmmmmm

cros may conkain viruses, It is usually safe to disable macros, but if the
acros are legitimate, you might lose some Funckionality.

* |f security setting is too high:
file will not open and/or macros will not run

» change security settings by follow steps
* Tools -> Macro -> Security...
» Choose Either “Medium” or “Low”
* Reopen interface file and Enable Macros

University of Illinois at Urbana-Champaign . Metals Processing Simulation Lab . Hemanth Jasti
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Starting the Interface Office 2007

- = Ulcon1d001 00xls [Compatibility Mode] - Mi
< - Insert Page Layout  Formulas Data Review  View Developer
3 & Arial 10 <||A AT =@~ & General -
g
bEss ¥ B I U-[ii-|&-A- |8 - % o ||%8 5%
Clipbo... & Font {F1 Alignment [F] Number [
Q Security Warning Some active content has been disable Options...
\ HE ~ § 3 /
[ A | B | [ Ip] E |
L Microsoft Office Security Options [z]
2
@ Security Alert - Macros & ActiveX
Macros & ActiveX
1 Macros and one or more ActiveX controls have been disabled. This active content might
C I I Ck 0 n the contain viruses or other security hazards. Do not enable this content unless you trust
. the source of this file,
[ ”
Optlons bUtton to Warning: It is not possible to determine that this content came from a
trustworthy source. You should leave this content disabled unless the
e n abl e m acros content provides critical functionality and you trust its source.
More information
File Path:  C:i\,..My Documents\Hemanth'College\Research\Project\Ulcon 1d001_00.xls
© Help protect me from unknown content (recommended)
|3 {Enable this conten
1 _ i
Select “Enable
H ”
this content
Open the Trust Center
University of Illinois at Urbana-Champaign . Metals Processing Simulation Lab . Hemanth Jasti
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INg Security Settings In

Office 2007

Recent Documents

@
=

New |[9re]
L 1D_Hibiggerxism g | I
: =
7 Qpen 2 1D_HTbiggerais
o =
3 1D_HT.inp L aig
4 1D_HTbigger.ipt =
Save
5 transtestasx 1
6 Test_thrmxlsx =
Save s b
7 Homework 3ulsx
8 Bucket Listxls
Erint 15 Ulcon1door_00.s
hwl test.xls
Prepare b Bucket Listxls
Ulcont 6001 00_test_read.xism
send > | dass_schedulesls
Uleon1d_Shin_testingaxs
L publsh » | Money_earlsummerxisx
VTPl
3 Buck
Close ucket Listds
78]

University of Illinois at Urbana-Champaign .

Excel Optiene

\‘3 Help krep your documents safe and your competer secure and heathy

v sy irfsematian 3800t Peves Msronaft OHice Excal hatps 45 preect gaor ey,

el e

e Bt eap pous computar

| Trust center

Trusted Publishers
Trusted Locations
Add-ins
ActiveX Settings
Macra Settings
Message Bar
External Content

Privacy Options

Metals Processing Simulation Lab .

Macro Settings.

For macros in documents not in a trusted location:

Disable all macros without notification

or

(@) Disable all macros with notification

Disable all macros except digitally signed macros

[ Enabie all macros (not recommended; potentially dangerous code can run)

Developer Macro Settings

[ Trust access to the YBA project object model

Hemanth Jasti
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* Run information
 Links to all input and output pages

 Buttons for writing input file, and running
CON1D

University of Illinois at Urbana-Champaign . Metals Processing Simulation Lab . Hemanth Jasti 21

M Homepage

onsortium

_ =1 I

Company Lninersity of lincis Tinks
Hamg name & Motrie
Hun Tite Speaylable lest = Exitish
lame of inpu o id_nxampin P
Working Divectory | G \Documaris and Sottings Hamanihiy 0
Sap
Enterlnput Run Examine Qutput T
Run Time .
_ _ M _ Cutpas. ‘ _Select tona |
WHelret File r =
Sl Sl T :
T v | suTapnato [ © guen |
. || oo
_ P hich I T (Ter) ] Speay Zorwss (Er) l
[ | | savmose | O samemme | ) SegeT |
[ T T .
Pk freon ] Mad Pl Goe (Get) I
N Bicputies Ditafr [ | Sheer ciress .nmp] ~ Flux Tarprrature
s = | P
Licqid Phase = LigidFha=e | Selid Pl e
| mems Conortren (L) | Corertraion 2(L4) )
SdidFhees o Sobid Prass J ~| PrapsFrations I
Corgertran 1(Sa) Corcertraion 2{Si) (el |}
COND Verseon Infiface Verman
COMIDET Ut Verson 08042010
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Inputs Organization

» Casting Condition
— Casting conditions
— Simulation parameters
» Steel Slab Properties
— Slab geometry
— Steel properties
e Spray Zones
e Mold Properties
Mold cooling water parameters
Mold water properties
— Mold geometry
— Mold coating/plating thickness
* Thermocouples
* Interface
— Mold flux properties
— Interface heat transfer properties

University of Illinois at Urbana-Champaign . Metals Processing Simulation Lab . Hemanth Jasti 23
N

"-.._"!‘.-" —

L olYous
hY gs ting
\....\_F_"lsgrtlutﬂ
D t t .

University of Illinois at Urbana-Champaign . Metals Processing Simulation Lab . Hemanth Jasti 24




Conclusions
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* A new user interface for the CC heat-flow modelCON1D has
been created. This graphical interface includes many user-
friendly features that are a great improvement over the previous
text-based interface used.

* Graphs in the input parameters helps users visualize data they
are entering.

» A preset grade table enables users to setup compositions of
common grades and to choose from the list for later runs.

* The new interface can automatically change water flow rates for
a simulation based on 1) data provided in spray tables, 2)
casting speed, and 3) spray pattern choices.

» The interface offers fully customizable units to let users choose
metric, British or a mix of both unit sets.

 Initial feedback from user evaluations was positive and resulted
in improvements.
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