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What is HSMM?

HSMM is a Hot Strip Mill Model PC-based computer program that performs a variety of
calculations to simulate the physical process of rolling steel in a hot mill. The HSMM allows
you to simulate the processing of the steel strip or plate from your reheat furnace dropout to your
coiler or cooling bed. The model’s tracking module tracks the head, middle and tail points along
the length of the piece while calculating the temperature evolution, rolling forces, microstructure
changes and final mechanical properties. Calculated results are presented to you in the form of
tables, graphs, and exported files for loading into Microsoft Excel.

Getting Started with HSMM

This document is broken down into three sections and is intended to help you get quickly
oriented with the HSMM, understand how to utilize the HSMM to study and improve your mill
operations and to make you aware of some of the advanced features of the HSMM.

The three sections of this document are as follows:

e Part | —Quick Tour
e Part Il - Working with the HSMM

We hope that this document allows you to appreciate the HSMM. It is an advanced tool that is
easy to use. The HSMM has many wonderful tools and features that will give you that extra
capability in understanding your process so that you can increase your product quality, improve
your process performance and save you money.

Before we get started exploring the features of the HSMM and how to use it, let’s review some
basic installation requirements and instructions. You should have an installation CD and a
security device to install and utilize the HSMM. If not, please contact INTEG process group inc.

Should you have any questions or need any additional information, please feel free to contact us
at the following:

Phone 724-933-3950 (x10 or x16 or x26)
Fax 724-933-9333
E-mail hsmmsupport@integpg.com
HSMM v6.1 2
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System Requirements

e Operating System (any of the following):
= Microsoft Windows NT 4 (Workstation or Server) with Service Pack 6a
= Microsoft Windows 2000 (Professional, Server, or Advanced Server)
= Microsoft Windows XP (Home or Professional)
= Microsoft Windows Server 2003 family
e 500 MHz Processor or faster
e 200 Mb of available hard disk space or more
e 256 Mb minimum of RAM or more

Installation

1) If you have been supplied a USB security device, complete the Hot Strip Mill Model
installation procedure before attaching the device to the USB port (this installation
procedure will install the appropriate drivers for the security device).

2) Place the HSMM disk in the CD-ROM drive.

3) The installation procedure will automatically start.

4) Follow the instructions given by the setup procedure. When prompted, select which type
of security device (either USB or LPT) will be used with this version of the model. The
version of the model that is compatible with the appropriate device will be installed.

5) Attach hardware security key to the appropriate port (if using a USB security device,
follow any instructions that may appear after attaching the device).

Follow instructions for the security device that has been supplied to you:

Parallel port security device:
e Plug the security device into the parallel port of your PC — you can go to Step 6
now.

HSMM v6.1 3
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USB port security device:

Plug the security key into the USB port of your PC

The Windows Hardware Wizard appears.

Click Next to start the automatic driver installation.
Windows locates the driver and installs it automatically.

Important note for Windows XP users:
In the Windows XP Hardware Wizard, Microsoft has added a new dialog box that
may be confusing (please see picture below). Please disregard this message.
Click “Continue Anyway” to proceed with the driver installation.

Hardware Installation

L ] E The software you are instaling for this hardware:
L
CBUSE vwer 1.3

has not passed Windows Logo testing to venlfy its compatibility
with \Windows #P. [Tell me why this testing iz important. |

Continuing your installation of thiz software may impai
or destabilize the comect operation of pour system
either inmediately or in the future. Microsoft strongly
recommends that pou stop thiz installation now and
contact the hardware vendor for software that has
passed Windows Logo testing.

|_Continue Aryway | | STOP Installation

HSMM v6.1 4
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e On Windows XP/2000/NT4 systems, you will not be required to restart the
computer after installation of the driver.

e Right-Click on “My Computer”. Select “Properties” — “Hardware” tab — “Device
Manager”. Expand the “Universal Serial Bus Controllers” item. Double-Click on
“USB Root Hub”, thus displaying the “USB Root Hub Properties” window. Click
on the “Power Management” tab. Make sure the selection for “Allow the
computer to turn off this device to save power” is unchecked.

LJSB Root Hub Properties E| EI

Gereral | Power || Driver | Power Management

E% o I15B Root Hub

] &llovs the: computer ta turn off this device to zave power.

Make sure this
option is
“Unchecked”.

[ Q. l [ Cancel

6) Start the Hot Strip Mill Model from the Windows Start Menu.

HSMM v6.1 5
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Note: If database errors occur after installing and attempting to run the model, complete the
following steps:

Step 1:
Verify that the properties of all project files (*.hcg, *.hsm, *.hcg) are not marked as read-
only.

Yiew  Fawvorites  Tools  Help rﬂ”

3 Bach 0 O search [ Folders | [+

: File Edit

Sample_Basic.hsm, ... Properties

.Go

: Address |E] projects

General | Security | Summany |

Marme =

File and Folder Task : i i

ile and Folder Tasks @hsmm_template.pr]tmplt ." 14 Filez. 0 Falders
[@ LearnHsMM, hog

ﬁLearnHSMM.hsm
E @ Master Calibration.bme Type: Multiple Types
€3 Publish the selected items |l sample_Basic.hcg
L to th'_?l' '\:'eb T %ﬁSample_Basic.hsm
() E-malthe selected items ] 5ample_CR_cF heg Size: 5.45 MB [5.769.277 bytes)
¥ Delete the selected items M sarmple_CR_CF.hsm
Sample_RR_CF.hog
ﬂSample_RR_CF.hsm

Other Places it Sarnple_RR_SM.hcg Attributes; [l Read-anly

() HEMM 6.1 HSample_RR_SM.hsm [ Hidden
@Sample_SMZ.hcg

HSample_SMZ. hsm

[ Move the selected items
[D Copy the selected items

Location: Allin C:\Program Files\HS kM vE 15\ projects

Size ondisk: 645 MB (6,771,712 bytes)

LD My Documents
ﬂ My Computer
& My Metwark Places

Make sure all
files in the
“projects”

folder are not
Read-ony
[ QK. ] [ Cancel ] Apply

14 objects selected 6.45 MB j Iy Computer

Details

Step 2:

Install the following from the HSMM CD:

e If using Windows NT 4.0, open the folder labeled "sp8 98 NT_ME" and run the"
Jet40SP8_9xNT.exe" setup file.

e [f using Windows 2000, open the folder labeled " sp8 2000 " and run the
“Windows2000-KB829558-x86-ENU.exe" setup file.

e If using Windows 2003 Server, open the folder labeled "sp8 2003 server™ and run the
“WindowsServer2003-KB829558-x86-ENU.exe" setup file.

e If using Windows XP, open the folder labeled "sp8 XP" and run the “WindowsXP-
KB829558-x86-ENU.exe" setup file.

Step 3:
Call or email INTEG process group inc for support.

HSMM v6.1 6
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Part | — Quick Tour
1. Overview

INTEG process group, inc.

The purpose of the “Quick Tour” is to give the first time user of the HSMM a quick overview
of the features of the HSMM and the capabilities of the HSMM. The “Quick Tour” will walk
you through the various areas of the HSMM. Additional details about each area can be found
in your HSMM User’s Manual. The HSMM User’s Manual is installed as an Adobe Acrobat
PDF at the time you installed the HSMM. It can be found in the directory in which you
installed the HSMM and/or under your Windows Start menu.

After completing this “Quick Tour”, please take a few minutes to browse through the User’s
Manual for additional information about the operation of the HSMM and for an explanation
of the theory of the HSMM.

. To start the HSMM, click on Windows Start / Programs / HSMM v6.1 / HSMM v6.1

When the HSMM program is started, a splash screen with the HSMM v6.1 logo appears
momentarily, followed by a standard Windows screen with a title bar indicating no project is
loaded. An “Open Project” window is displayed as shown below listing the available Project
files that can be loaded.

Lanok i Ia projects j 4= Ifi( *

We are going
to be using
this one

LearnHSMM, b
Sample_Basic.hsm
Sarmple_CR_CF.hsm
Sample_RR_CF.hsm

Sample_RR_3M.hsm
Sample_SM2, hsm

by Metwork, P...

File rame: || j Open
I

Filez of wpe: I*_hsm Cancel

I

HSMM v6.1 7
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3. Select the “LearnHSMM?” project and click the Open button.
Within approximately 30 seconds the project will be loaded and the HSMM User’s Interface
screen is displayed as shown below. This screen is divided into the following four main
areas to display information and handle user control selections. (Please see the
corresponding numbers on the graphic below.)
1) Project Settings and Grade Builder Shortcuts (displayed along the top of the screen)
2) Project Management Panel (displayed along the left side of the screen)

3) Data Entry and Main Display window (displayed in the center and right of the screen)

4) Mill Configuration Picture (optionally displayed along the bottom of the screen)

? C:\Program Files\HSMM v6.1'projects'LearnHSMM.hsm - For Enhancement Group Use Only - [Rolling Schedule: D@SK~Sched: == x|
& File Wiew Exporting Tools Print Help =] x|

Grade: DOSK~readonly Roll Bite Model.  Resistance to Deformation Units Results Spe'l‘ﬂﬁ;ls |
integ Themal Grade:  BISRA 01: LCS-0.06%C readonly © us @ ENE%I: —
prom o e N’hde Fosults Roady Run Multiple Node @ &l CR M

' Run Current Schedule Only < @ ™ Runout Table Only

Mill Ennliguraliml IJuit:kHeIpl

(e | ShapeCiown | Temperature Data | Roling Parameters | Microstiucture | Funout Table | Charts | Summary Resuts |

Current Schedule  DESK™Sched] Rolling Schedue Calibration

Project Management |15 | Irital Data | Pass Data | Sped

Master Calibration [Company Hame Stesl Company
=) Current Project Calibration Maodule; DAsK
= DEsK
- Gchedl Grade: DASK readonly
- H5LARD Thermal Grade: BISRA 01: LCS-0.06%Creadonly

Calculation tode: Multiple Node
Rall Bite Methad; Resistance to Deformation

w

Date Modiied: 2/10/2004 4:23:10 PM
Coil ID [87654321
Slab Final
ensions | Dimensions
Le=liane [aeC Urits ‘M {cald)
Length = m 7409
Schedule Deseription S T T T
Thick | mm 216.00 06

Mill picture
is displayed
via VIEW

== o] [#2] n e
[*3] e
|
HSMM v6.1 8
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4. Let’s take a tour of the HSMM'’s three main Functional Areas (Rolling Schedule,
Calibration, and Mill Configuration) by clicking on each of the appropriate function
buttons in the Top Control Panel.

Rolling Schedue Calibration Mill Configuration

e Mill Configuration

o Click on the Mill Configuration button then Finishing Area to display the
following screen. You can also click on each of the mill areas tabs (Furnace
Area, Roughing Area, etc) and view the equipment and associated information in
each mill area. After selecting one of the mill areas, you can “right click” on the
mill equipment icon (move your mouse pointer over the piece of equipment and
press your right mouse button). This will display several options for adding,
deleting, modifying or configuring your mill equipment. Selecting the insert
option will show the available equipment for that specific mill area.

NOTE: The WHITE colored fields are for data that must be entered by the user, the
SALMON colored fields represent data calculated by the HSMM and the YELLOW
colored fields are for optional data (depends on the mode you use — we will discuss
this in the advanced section at the end of this guide).

Select

o I Furnace Areeﬂ»ughing Area I Heat Retertion &rea  Finishing Area | Runout Table Cooling Area I ill Exit Area I I equipment
: 2y 4 =
Mill W/J . ! \
Areas L Descale Box Auous Finishe  Delete Ling Header | Continuous Finisher /\ I
: Duplicake | /

Right click aupli Cwed DC Drive Continuous Finisher Coupling Allowed [
gntclic B Coupling Allowed ping [
here to Properties » Reversing Finisher

[=] General Conf Steckel Furnace
Equipment M Ch_ange Continuous Edger Ic2 [
Diizt ta Mext Stal equi pment Reversing Edger 50 400
| Dist Accumulated Descale Box h.5 Mra0
[=] Motaor Config Interstand Cooling Header
Fiated Power K Pyrometer 0.0
Motor Baze Speed RFH Flving Shear 5.0
Motor Top Speed FP Stationary Shear 7.0
Gear B atio - Reducer 1.000
Fated olts Yolks 7a0.0
R ated Amps Amps 0.0
Matar Inertia T-m™2 5.0
tech Eff # 95.0
Max Load Ratio & Basze Speed . 1.75
i ax Load Ratio (& Top Speed Data in 1.60
[=] Spray Config WHITE
Entry/Top Dsc Headers Exist is requi red C
Entry/Bat Dsc Headers Exist E
Exit/Top Dac Headers Exist C -

Data in
YELLOW
is optional

Data in
SALMON is
calculated by
the model

Spray
selection

HSMM v6.1 9
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e Calibration

0 The Calibration section is where you tell the HSMM about the characteristics of
the type of steel to be processed. Click on the Calibration button, then the
Grade Selection tab to display the following screen. On this screen, you tell
the current calibration module what grade most closely resembles the material
you will be modeling (as configured in the Grade Builder Module), as well as the
actual chemistry of that material. You also select whether to perform the
microstructure calculations or not.

| Force Model Selection | Calibration Coefficien

Select the grade
that is to be
associated with

Information N .
this chemistry. Enter the
il e IDQSK"readonIy e [V Enable Microstucture Cal actual piece
Cxz |Mnx [Pz [5% [si% [az [Nz A chemistry

Usger Chemistry

Grade Chemistry 0.4g8

0300 0.010

Thermal Froperties

ety 0060 0380 007

Grade Selection Overview:
Feciystallization and Grain Growth

Critical Strair: UBC

Peak Strain: LEC

Potential for MD Reciyst: Zener-Holloman
[modified]

Lim Potential for MO Reciyst: Zener-Holloman
[modified)

Time for 50% Recryst: Static: Avrami

Time far 50% Recrpst: MD: Avrani

Fraction Recryst: Static: Avrami

Fraction Recryst: Meta-Dyn: Avrami

Fieciyst Grain Size: STETe==E
Fecryst Grain Size: Meta-Dyn: UB
Grain Growth Factar: AN Pinning
Grain Growth after Recrst: UBC
Mo-Recryst Temp: Manual

0050 0280 03 0mz o002

Chemistry of the
grade selected in
“Grade
Selection”

Microstructure
Overview of the
grade selected in

“Grade
Selection”

louz [Niz oz [Mox [MbZ [WE [Tiz
s 2 005 oo oo ooot oooodfoss 00w

0005 0002 0002 0040 00052 0000

0000 0000 0o 0.007 00000 0033

Mechanical

Thermal
Properties
Chemistry of the
grade selected in
“Grade Selection”

Baze TS5: Choguet

Base ¥'S: Choquet

Elongation: INTEG

Total T5: UBC

Total rS: UBC

Tranzformation Strengthening: Mone
TS MIST

Y5 MIST

Flow Stress

Flow Stress: NIST

HSMM v6.1
User’s Manual — Release 2.0
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0 The Calibration section is also where you select to use either the Deformation
Model or Flow Stress for the roll bite calculations. It is also where you calibrate
the selected method to match actual mill data for your facility and grade. Click
on Force Model Selection to display the following screen. Curves displaying
the effects of the various calculations are provided to aide in model calibration.

Infarmation | Grade Selection  Force Madel Selection | Calibration Coefficients I
I Deformation Model  Flow Stress [from grade builder] I
Descriptinﬁ\ Units Valu&
Fiesistance to Dagormation \ Resistance to Deformation
Fat Momnalized H%No Dref MPa 12228\
Fat Homnalized Temp \ T 1
Region 1 - Geometric Coeff B .
Region 1 - Geometric Coeff C /‘ Select to F’SE either
Region 2 - Geometric Coeff & Deformation Model
Region 2 - Geometric Coeff B or Flow Stress for
Region 2 - Geometric Cosff C roll force
Crozzover Aszpect Fatio calculations
Temp Effect Coeff 1
Temp Effect Coeff 2 0.0 0
| LA BN B I B R B BN B |
Def?rm TQIerance 0.000% 0 1 2 3 1 5 6
Horiz Rolling Hard Mult 1.00 Aspect Ratio
Wert Flat Rolls Hand kult 1.15
Wert Groowed Rolls Hard Mult 1.35
Schedl
i |

HSMM v6.1 11
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o0 The Calibration section is also where you can adjust the tuning coefficients to
improve the performance of the HSMM for a specific grade of steel. Click on
Calibration Coefficients then Single Node to display the following screen.

Calibrate the
HSMM for both
Single Node and

Multiple Node

Infu:urm?t'aél Grade #election | Force podel Selectic}g Lalibration Coefficients |
| !

ComMon | | Sindfe Node | Multipl¥Mode | RareMMadiied |

Dezcription Uitz W alue |

Single Mode Heat Transfer Adjust the
Radiation Effect 0.an amount of heat
Conduction to *Woaork Foll [Roughing Area) W /C E.00 lost in _the roll
Conduction to'Woark Rall [Finishing Area) W midC 1200 e— bite

Dezcale YWater Thermal Conductivity [Roughing Areal [ wdm/C 20,00
Dezcale “Water Thermal Conductivity [Finishing Area] WwimdC 2200

Adjust the
amount of heat

Description I hitg Yalue lost by the water
Single Mode ROTAISC Coefficients sprays
Interstand Cooling *#ater Thermal Conductivity Wim/C 5.00

Funout T able ‘water Thermal Conductivity Wi /T 13.00

Fiunout Table Top Header Calibration Factaor 1.00

Funout Table Bottorm Header Calibration Factor n.aa

Funout Table Top Header 'water Effect .90

Funout T able Top Fadiation 'w ater Effect 0.a0

Runout T able Leidenfrost Coefficient A 1.000

Runout Table Leidenfrozst Coeffizient B 0.000

Funout Table Leidenfrost Coefficient C 0.000

HSMM v6.1 12
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e Rolling Schedule
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o0 The Rolling Schedule is used to set-up the specific processing parameters
(temperature, speed and water use) for the rolling schedule to be modeled. The
Rolling Schedule also provides you with the ability to view, chart, and export the
results of the HSMM. Click on the Rolling Schedule button for the following

exercises.

o Click on the Initial Data tab to display the following screen. The Initial Data
tab allows you to set-up your starting parameters for slab dimensions, grain size
and temperatures.

Infa

Uitz Walue |;

[=] Initial 5lab nfarmation
Slab Thickness Cold mm 216.00
Slab “width Caold mm 1 500, D]
Slab Length Cold m 10.24
Scale Thickness mm 139
Aust Grain Size (@ 1st Horiz Stand] | pm 250.0
Slab Temp Head Top T 11&1.0
Slab Temp Head Core T 11720
Slab Temp Head Eottom T 1770
Slab Temp Mid Top T 1181.0
Slab Temp Mid Care T 11720
Slab Terp Mid Bottorn C 1770
Slab Temp Tail Top T 1810
Slab Temp Tail Care C / 11720
Slab Temp Tail Bottom C / 11770
Temp Distrib. Coeff for Top / 200
Temp Distrib. Coeff for Bottam / 20

[=] Model Setup Information / \
Dropout Furnace Mumber / 2
Mill E it &rea Destination / 1
Model Stop Termperature /C 400.0

[=] General Mill Information
Reversing Pass Thread Length / m 20
Firishing Mill Zoom Fate / mizec”2 0.057

I mm 0,

Input your
starting slab
tem pe rature

| Pazs Data Speed.-"TlmeI Shape.-"CrownI Temperature Datal Fialling Parametersl Mic

Top 1

Input your
starting slab
dimensions

| % Temperk\_/

b Legend

a

= Core -

@ E Head
Mid
Tail

Bot T T T -\ 1
1170 1175 1180 185
Temperature (T)
\

Results I

Chart Options .
¥ Head
[ Middle
v Tai

And create a
temperature
distribution

Watch the
temperature
distribution
change

HSMM v6.1
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0 The Initial Data tab also allows you to set-up your starting parameters for the
rolling mill, including number of reversing passes and zoom acceleration rates.

Info Initial Data I Fazz Data I Speed/Time I Shape/Crown I Temperatu
Init= " alue |;
= Initial Slab Information
Slab Thickness Cold yljy] 216.00
Slab ‘width Cold mm 1600.00
Slab Length Cold i 10.24
Scale Thickness yljy] 1.39
Auzt Grain Size [@ 1zt Hariz Stand] | pm 2h0.0
Slab Temp Head Top T 1181.0
Slab Temp Head Core T 1172.0
Slab Temp Head Bottom T 1177.0
Slab Temp Mid Top T 1181.0
Slab Temp Mid Care T 11720
Slab Temp kid Botham T 1177.0
Slab Temp Tail Top T 1181.0
Slab Temp T ail Care T 11720
Slab Temp Tail Bottam T 1177.0
Temp Distrib. Coeff for Top 200 Set-up a
Temp Distrib. Coeff for Bottam 2.00 zoom rate
[= Model Setup Information
Dropout Furnace Murmber 2
kill Exit &rea Destination 1
tadel Stap T emperature T 400.0
[= Gerneral Mill Information
Reverzing Pasz Thread Length i Set-up the
Finighirg Mill Zoom B ate mdsec”2 0.057 number of
Digtance Before ZoomAdcoel Beging | m 0.0 reversing rolling
Heat Cover Bypass passes
Bar Head Under Heat Cower
Steckel Mill Information
Mill Froduction Infarmation
[= Reversing Mill Fazzes ﬁ
RE-RR cIhd
HSMM v6.1 14
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o Click on the Pass Data tab to display the following screen. The Pass Data tab
allows you to set-up your pass reductions and water spray usage.

Info | Initial Data  Pass Data I Speed.-’TimeI Temperature Datal Rolling Parametersl Microstructurel FlunoutTabIel Ehartsl Summary Hesultsl
Fiotate
b Evit Exit TEi;f.tf ?ﬁgﬁ Bits B Entry Bl Pass Wh Eanfaot?e Hgllolr'nfe
Thick, “Width “Width width Angle Lenath | Tension | Tension | Spray On | Diam. Pasz Factor
mm mm T % Deg m Nemm™2 | Nemm™2 mm
RE:5 12260 12200 22m 197 1.7 1382 A1) A1) 10621 O
FR:5 10200 12331 20060 16.80 949 1612 A1) 0.0 Mone 1376.0 ] 1.00
FR:E g200 12418 20,00 19.61 98 2002 0o 0.0) Entry 'I 1376.0 [ 1.00
RE:E 8215 1232 333 0.2y 45 20,03 0.0 0.0
RE:7 8352 12050 3325 269 14.4 20,25 0o 0.0 g
RR:7 E4.00 12299 19.52 2337 9.7 2589 oo 0.0|Exit
RR:8 45.00 1800 2813 23] FE 0.0 noEn&E:
RE:& 46.00 0.00 0.00 0o 3595 0.0 0.0
RE:3 4645 ) 2 3610 0.0 0.0
FFR:3 3320 12286 49,95 0.0 0.0
[=1 Heat Retention Area Set;jup ){OUF
HC 3320 1Z228E6 reduction 9& 0.0 0.0
[=] Firizhing Area schedule SEt-Up the
DB2 320 £395 0.0 0.0 1 water sprays
CF1 19.72 . 8411 0o 20 Mone to be used
IC1 19.72 o 8411 30 30 0
CF2 1207 1 | 137.42 30 4.0 Mone
IC2 12.07 12236 137.42 4.0 4.0 0
CF3 a1a 12236 389 3223 58 20276 4.0 51 Mone
IC3 a818 12236 20276 51 51 0
CF4 h9a 12236 220 26.83 43 27736 A1 E.3 Mone

0 Click on the Speed/Time tab to display the following screen. The
Speed/Time tab allows you to set-up your rolling speeds.

Info I Initial Data | Pass Data  Speed/Time | Temperature Data | Roling Parameters | Microstucture | Runout Table I Charts I Summary R esults
Slee Exit TSP;eeeadd SLEEEI Table Accel Decel | Fornward | Exit Stop | Delay Cycle ?i;dé
Thick. [Fioll) [Foll] Speed Rate Rate Slip Dist. Time | Roll Time Time Head Iid T ail
mm mps mps mps miz"2 miz"2 m 3 3 % 3 3 3

RR:E 8200 2927 5.270 0.oo 4.8 10.4 0s 05 03
RE:E 8215 3.000 5.402 1.30 1.50 0.0 8.00 0o 4.4 10.4 EE 127 175
RE:7 83562 2.346 3346 0.0 ES 131 1.2 08 1.0
RR:7 64.00 2.000 4273 1.50 1.50 oo 200 0o E.4 131 186 1.6 36
RR:8 46.00 2891 0.oo 4.6 129 [k 06 0.3
RE:8 46.00 3.000 1.70 200 0.oo 200 a5 129 a1 128 211
RE:5 46,46 2168 0.0 95 1l.5 .2 07 07
RR:9 3320 3.000 0.0 0.00 9.0 1l.8 41 41

[=] Heat Retention Area
HC 3320 £.000 £.000 g 336

[=] Finizhing Area
DE2 3320 0.775 0.975 Set-up the 57 BN
CF1 1972 1305 1642 rolling Set-up any 10 0.3
I 1972 speeds rolling delay 25 23
CF2 1207 times 06 ns
IC2 1207 .5 1.4
CF3 818 0.4 0.4
IC3 818 1.0 1.0
CF4 598 1.0 1.0
CF5 461 . 08 07
CF& 372 : . 521 556 [uk:] 0E 0.6
CF7 3113 g.284 10417 10.710 010 2.00 0o 0.00 0o 520 55.6 on oo 0.0

HSMM v6.1 15
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o Clicking on the Temperature Data, Rolling Parameters and Microstructure
Tabs will display results from the model calculations.

0 Click on the Runout Table tab to display the following screen. The Runout
Table tab allows you to set-up your runout table spray patterns and to view
results from the model.

o ———————
Infio | InitiaIDatal Pass Datal Speedx’Timel Temperature . uchure Runout Table | Ehartsl Summary Fesults
SelectPointAlong Stip————————— Set-up and view
ﬁm i | T | for the head,
- middle or tail
IGeneraI | Flows |
ank.s
g
Fraction
TempLoss | Temp Loss Cooling Tranzformnd Ferite Fraction of
H1|HZ2 |H3|H4 |HE |HE |H7 [H& | H3|H10 | H11 |H12 | Enty Temp | Exit Jassme Wiater Rate to Femite Grain Size Pearlite
= NG Th % pm %
ENE1 Turn on or off 528 1509 0.0 0.0 0.0
ENE2 the headers to 3.8 119.7 0o 0o 0o
BMK3 0.1 EF 5 0.0 0o 0o
BNK4 [ o o o o o be used 54 124 0o 0.0 00
BMKS Oggigooinia|o 00 3i 0.0 0.0 0.0
ENEKE Oo0Oooooodgao 0.0 2l 0o 0o 0o
LT . rjrarara . r . r . nn A N non non
o0 Click on the Charts tab to display the following screen. The Charts tab

allows you to

view the results in a graphical format.

Infa

Initial Data | Pass Data] Speed/Time ] Shape/Crown 1 Temperature Data ] Rolling Parameters ] Micrastructure ] Runout Table  Charts l Sumrmary Flasults]

Chart Display Oplions .
Start Here H Awis Measurement Locations ' Ais
Madle Seleilam i ™ Head ’_lat'Dn ¥ Temperature v Aust. Grain Size
W SingleNode | Staon || W Midde |~ E ¥ Measured Temps [~
¥ Multiple Node [~ Tai
12["]: I Thickness I Power
1100 - [ Reduction [ Farce
4 [ Torque r
1000 - Misc. I~ Current r
500 ] ¥ Legend ‘
800 \ 1 F 180
g ] = [P
g 700 160 3
£ 600+ i - 140 &
g 1 1 - W Multi TAmp - Entry Mict
E‘ 500 i - 120 'E Single Temp - Ertry Mid
2 b r = ®  Measurdd Temp - Entry hid
400 - 100 Multi S \Entry hid
r Single GEY- Mid
80
it - 60
Select to view w0
single and/or TNLL L
multiple node LSSLINL LA S I S A L S R L B L B B L A B N 20 Select the dat
elec e data
data e LSRR LLL L LONEEEET
FroTe QUTUTUTUC0 R S saaad O to be charted
Station : Pass and up to two
parameters
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o Click on the Summary Results tab to display the following screen. The
Results tab allows you to view select summary results in a tabular format.

IMechanical Froperties | Praduction Results |

Infa I InitiaIDataI Pasz Datal Speed.-"TimeI Temperature Datal Raoling Parametersl Microstructurel HunoutTabIeI Charts ~ Summary Hesultsl

Time Surnmary
Time to Reach Final Temperature

| haurs | 7B

Single Hode Results Multiple Hode Results
Units Head Iid Tail Units Head Iid Tai

Final Mechanical Froperties Final Mechanical Properties
Austenite Grain Size e a0z 248 233 Austenite Grain Size [Average) pm 274 237 247
Ferite Grain Size L 24 25 26 Ferite Grain Size [Awerage] rn 24 26 25
Fraction Ferite & q7.2 97.9 938 Fraction Ferite [Awverage] & 97.5 3.0 938
Fraction Pearlite b4 oo o0 o0 Fraction Pearlite [&werage) b4 o0 on on
Total Yield Strength MPa BE1.9 E43.4 B49.6 Tatal Yield Strength MPa B53.8 E47.1 B55.3
Tatal Tensile Strength tPa 7161 701.3 TOE.3 Tatal Tensile Strength tMPa 709.7 704.3 71049
Total Elongation [2 inch] & 19.2 199 197 Total Elongation [2 inch] & 185 138 195
Precipitation Strength Contribution Precipitation Strength Contribution
'S Component MPa | 149.8 1539 156.2 'S Component MPa | 1551 156.9 1585
'S M aximum MPa -] 225.0 225.0 'S M aximum MPa -1 ] 225.0 225.0
UTS Component P 1539 156.2 UTS Companent j 1585
UTS M aximum / 225.0 225.0 UTS b aximum 225.0
Aging Characteristics Selected results Overaged Aging Characteristics Selected results Overaged
Temperature Summary ' for the Si ngle Temperature Summary for the Mu |t|p|e
Average Initial Temperaturel Node Model .9 1186.9 Average Initial Temperature Node Model 11869
Average Finizhing Temperal .7 SEEE Average Finishing Temperatul 9242
Average Coiling Temperature 2.8 h236 Average Coiling Temperature \ R27.3
Average Final Temperature \ 3932 3932 Average Final Temperature 3933

Time Summary
Time ta Reach Final Temperature

| haurs | 7.4

5. After setting up your mill configuration, selecting the grade of steel to be rolled and
entering your starting rolling parameters, the HSMM is now ready to be used to
simulate the rolling process. Let’s perform a calculation by clicking on one of the two
Run buttons in the Top Control Panel. To save time, let’s use the Run Single Node
Button. (Please note as stated below that the Multiple Node calculations require a much
longer time to run than the Single Node calculations.)

Results Ready

Run Single Hode

Run Current Schedule Only

e Run Single Node

Run Multiple Hode

0 When we click on the Run Single Node button, the HSMM will perform
calculations for the steel properties parameters such as temperature and grain size
as one average value through its thickness. This calculation takes approximately
2 to 5 seconds to run and should display the results as shown above on the

Summary Results tab.
e Run Multiple Node

o If we click on the Run Multiple Node button, the HSMM will perform
calculations for the steel properties as 101 individual values (nodes) through its
thickness. This calculation can take 2 to 5 minutes depending on the mill
configuration complexity and computer speed. If you have the time, click on the
Run Multiple Node button and it should display the results above.

6. Please refer to the HSMM User’s Manual for a detailed description of all of the

available functions and data fields.

HSMM v6.1
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Part 11 — Working with the HSMM

Now that we know how to set-up, configure and run the HSMM, let’s understand how we can
utilize the HSMM to help study various process parameters and their influence on the final
product. For this demonstration, we will continue to use the LearnHSMM project and will
demonstrate how the model results (temperatures and final mechanical properties) are affected
by changing processing parameters such as applied water in the mill, rolling speeds, and applied
Runout Table water. For quicker results, we will use only the Run Single Node calculation
button. The “Summary Results History” tool will be used to keep a record of the changes in the
calculated results.

Please perform the following steps:

1. Make sure you are running the Learn HSMM project as loaded in the Quick Tour. If
not, click on the top menu bar, click on File \ Open Project. Click on “LearnHSMM” in
the list and then on the Open button.

NOTE: If you made any changes to the LearnHSMM project during the Quick Tour, you may
want to exit the project, but DO NOT save the project. This way, you will eliminate any possible
problems of accidentally entering wrong set-up information.

2. Make sure your Current Schedule is “HSLA80~Sched1” as shown in the top Status and
Control Panel.

Current Schedule  HSLABO™Schedl Rolling Schedue

If not, select this schedule from the Project Management Panel by expanding the Current
Project and HSLAS8O until Sched1 is visible. Double-click on Schedl to load it.

Project M anapement

&- kM azter Calibration
- Current Project

Click on the ‘+’
or ‘-* to expand

or collapse - DOSK
i L. Gchedl
A - H5LASBO Double Click
L Sohedl «— here to load this
_____ 5 ched? schedule
----- Sched3

3. Click on the Run Single Node button to run the calculations.

HSMM v6.1 18
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4. From the Top Menu bar select View \ Summary Results History to bring up the
Summary Results History Window.

Select the
Summary

Results History
@SF“E Wiew Exporting Tools Print  Help

v Mill Configuration Picture

Errar Log
u ultiple Nade Results Chart o
Summary Resulks Hiskaory

An AISL Repart

DOSk™T
A 01: LCS-0.06%C readonly

Results Res
Run Current Schedule Only

Current Schedule  DRSE~Schedl _

5. On the Summary Results History window, click the Clear History button and make
only the following checkbox selections:

Summary Results History

Ferrite GS TatalvS Mid | Total TS Mid | Finish Temp | Colling Temp
Time Stamp tdid [pm) [MPa] [MPa] Mid ['C] id ["C]
[Single] [Single] [Single] [Single] [Single]

2/26/2004 3:40 PH . 5191 631.5 335.4

Click on the “x”
to close this
Window

Select the Click on the If you do not see
appropriate Clear History the selection
data to be button boxes, click on
tracked the Show/Hide

tion Display Options
Clear Higtory Print Higtary | Hide Details
¥ single e [ dulti Node ’7|_ Head N\ ¥ Middle [ Tail
— Final kechanical Profeertias Frecipitation StraMdgth Contribution Temperature Summary — | [ Time Summary
. : |_ Y5 Componant |_ Aeq Init Term,
I- PRI (617 Gt P ? e ’]- Time To Reach Final Temperature
|7 Ferite Grah Size I- 'S hdanimum |7 Lawg Finishing Temp
|_ FractiofFerrite |_ TS Component F Ayg Coiling Temp
|- Fracpin Pearlite I_ T& hdaximum I- A Final Temp

'7 Total Yield Strength
|7 Total Tensile Strength

|_ Total Elongation 2 inch)
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The boxes you should have checked for the purposes of this demonstration are:

Single Node

Middle

Ferrite Grain Size

Total Yield Strength

Total Tensile Strength

Avg Finishing Temperature
Avg Coiling Temperature

6. Exit the Summary Results History window by clicking on the “x in the upper right

corner.

7. We will now make several changes to the rolling mill schedule, run the Single Node model
and view the changes to the final results.

8. For our first change, we will turn on the entire Finishing Mill Interstand Cooling by
clicking on the Pass Data tab and scroll down to stations IC1, and IC2. In the “Pass
Spray On” column, enter “111” at these 2 stations. (The “111” is the coded way to set
the Interstand Cooling on for the Head, Middle, and Tail. “101” would turn on
Interstand Cooling for the Head and Tail, “100” just the Head, and so on.)

Info I Initial Data  Pass Data | Speeda’TimeI Shapea’ClownI Temperature Datal Foling Parametersl Micmstructurel HunoutTabIeI Chartsl Summary Fesul

Draf Fed Hpoltate Roll Luks
t t, b
Stand Name Evit Ext | Thiok./ | Thick s | Bite Exit Bty B Pass WR | Before | Comp
Thick. “width width Wwidth Angle Length | Tension | Tengion | Spray On | Diam. Pasz Factor
i e i 4 Deq m M 2 | Memm™2 i

RR:3 145.00 12435 24.95 14.68 109 11.29 Mone 1376.0 [ 1.00
FF:4 12100 12472 24.00 16.55 10.7 13.49 Wone  1376.0 (] 1.00
RE:4 121.32 12420 515 0.41 56 1351 10621 [
RE:5 12285 12200 220 1.77 1.7 1361 10621 []
RA:5 10200 12331 2059 16.80 349 1611 Mone 13760 [] 1.00
RR:E 82.00 1241.6 20.00 19.61 9.8 2000 Entry 1376.0 [ 1.00
RE:E 8215 12382 3.28 0.26 45 2002 10621 []
RE:7 8352 1205.0 3325 2E9 14.4 2023 10621 [
RFR:7 E4.00 12239 1852 2337 a7 25.87 Wone  1376.0 (] 1.00
RR:8 46.00 12321 18.00 2813 9.3 3592 Entry 13760 [ 1.00
RE:8 46.00 12320 n.an 0.00 0.0 3593 10621 []
RE:9 4648 12150 16.98 1.38 10.3 36.07 10621 []
RR:9 3320 12288 1326 2854 a0 49.91 Mare 1376.0 [ 1.00

[=] Heat Retention Area
HC 3320 12288 (]

[=] Finighing Area
DEZ 320 12288 Change these 1 O
CF 1972 12286 13 spray patterns More 7253 [
IC1 19.72 12286 1 (]
CFz 1207 12286 7D N Nome 7356 ] 1.00
IC2 1207 12286 Ik ]
CF3 a18 12286 389 - ’ . ! MHone 7505 1.00
CF4 598 12286 2.20 26.89 43 27z 51 B.3 Mone 767.9 1 1.00
CF5 451 12286 1.37 2291 34 3h5.48 E3 72 MHone T81.3 [ 1.00
CFE 372 12286 0.as 13.31 29 44543 7.2 81 Mone 7010 1.00
CF? 319 12286 053 14.33 21 51599 a1 a8 Mone 7739 1.00
P 2118 12286 51599 O
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9. Now let’s run the HSMM to see the effect of adding the water. Click on the Run Single
Node button to run the calculations. When the Results are Ready, open the View \
Summary Results History screen again.

| Summary Results History

Ferite G5 Total S Mid | Total TS Mid | Finish Temp | Coiling Temp
Time Stamp Comment rid [pm) [MPa] [MFa] tid [*C) Mid [*C]

[Single] [Single] [Single] [Single] [Single]
2/26/2004 340 PM 2.3 E19.1 6E81.5 5384
2/26/2004 3:42 PM Added Interstand Cooling 23 E2E.3 £B7.4 an8;

\ You can add a comment as to what was
changed after you run the model

Upon examination and comparison of the latest model run with the previous model run, when we
add Interstand water in the finishing mill, we can observe the following:

The finishing temperature has DECREASED, as expected, because of the
additional water.

The coiling temperature has also DECREASED, as expected, because we
entered the runout table at a lower temperature and maintained the same amount
of water on the runout table.

The Yield Strength and Tensile Strength have both INCREASED, as expected.

10. For our second change, we will lower the Finishing Mill top speed by clicking on the
Speed/Time tab and scrolling down to the CF7 stand. Lower the speed value in the
“Top Speed (Roll)” column from 10.417 down to 9.0.

Infa | Initial Data | Pass Data  SpeeddTime | Temperature Data | Roling Parameters | Mic
e Exit TSF;::dd s.T:ggd Table | Accel | Decel
Thick. [Rall) [Rall) Speed Rate Rate
T mps pE mps s 2 mis"2
RE:7 B0 3000 T 7 T80 Ta0
RR:8 4600 2891 4375
RE:8 46,00 3.000 4.540 1.70 2.00
RE:9 L 2168 4152
RF:9 33.20 3.000 h.800 5,800 2.00 2.00
[=| Heat Retention Area
HC 33.20 B.000 E.000 5,800
[=] Finishing Area
De2 3320 0.776 0.975
CF1 1972 1.306 1.642
IC1 19,72 1.2 1.636
CF2 1207 2126 2673
[ 1207 2137 2688 Change the Top
CF3 818 3154 3966 Speed t0 9.0
IC3 818 3228 4059
CF4 5.58 4415 5552
CF5 4 61 7T
CFE 372 7.097
CF7 318 8.284 0711
Py 319 ooooi 0,000
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11. Now let’s run the HSMM to see the effect of lowering the top speed. Click on the Run
Single Node button again to run the calculations. When the Results are Ready, open
the View \ Summary Results History screen again.

18l Sumimary Results History

Ferite GS Tatal 'S Mid | Total TS Mid | Finish Temp | Coiling Temp
Time Stanmp Camment tid (1) [MPa] [MFa] tid ["C) rid [*C)

[Single] [Single] [Single] [Single] [Single]
2/26/2004 3:40 PM 23 £13.1 £31.5 9384 579.9
2/26/2004 342 PM Added Interstand Cooling 23 G2E.3 BE7.4 9109 EBBE
2/26/2004 344 PM Lowered FM Speed 24 g3z.0 £92.0 9003 524 3

Upon examination and comparison of the latest model run with the previous model run, when
we lower the top speed in the finishing mill, we can observe the following:

e The finishing temperature has DECREASED, as expected, because of the lower
speed.

e The coiling temperature has also DECREASED, as expected, because we
entered the runout table at a lower temperature, ran at a lower speed and
maintained the same amount of water on the runout table.

e The Yield Strength and Tensile Strength have both INCREASED, as expected.

12. For our third change, we will turn off the Runout Table water at bank 4 for just the
middle by clicking on the Runout Table tab and also on the Mid button. Un-check all
the checkboxes in the top banks BNK4 and the bottom banks SP4 and SP5. Note: A
shortcut to turning all the headers in a bank on or off is to click in the bank name column to
select the entire bank and then press the spacebar or enter key.

HSMM v6.1 22
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Make sure you
are changing the

’7 Head | Mid Tail |
IGeneraI| Flaws |

A

water for the
Mid

13.

H1|H2|[H3 | H4 | HS|HE
BrHE1
BMEZ
BNK3 T”r:“‘l’(‘;ft(#“'

check) the

BNK.4 0o oo - headers in bank
BMESR O0oo0oo0odgnoO 4
RMEFR il rriirilr

H1|H2 | H3|H4 |H5 |HE
5P
5P T .
5P Eﬁ?cil) t(#en_
SP4 Odogon < sprays in banks
SP5 ooooogoo  — 4and 5
SPR i rairilr

Now let’s run the HSMM to see the effect of removing some water from the runout

table on the tail end of the strip. Click on the Run Single Node button again to run the
calculations. When the Results are Ready, open the View \ Summary Results History

screen again.

18 Summary Results History

Ferite G5
Iid [pm]
[Single]

Time Stamp

Tatal'vS Mid | Total TS Mid | Finizh Temp

[MPa]
[Single]

Caoiling Temp
id ['C)
[Single]

[MPa]
[Single]

tid [°C)
[Single]

2/26/2004 3:40 PM .
23

2/26/2004 342 PM Added Interstand Cooling
212672004 344 PM Lowered FM Speed 24
2/26/2004 345 PM Femaoved Mid ROT Cooling 24

9384
910.9
500.3

q00.3i

573.9
£26.3 566.6
£32.0

6228

674
£92.0
G34.6

Upon examination and comparison of the latest model run with the previous model run, when
we remove some water from the runout table, we can observe the following:

The finishing temperature has STAYED the SAME, as expected.
The coiling temperature has INCREASED, as expected, because we maintained

the same speed, but with less water on the runout table

HSMM v6.1
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e The Yield Strength and Tensile Strength have both DECREASED, as expected.

14. For ease of comparison, we can study the results of four calculation runs in one table of
data. As described previously, note how the HSMM results were affected by the
process changes.

Run Process Parameters Middle Temperature | Mechanical Props
Number Changes Changes

Original No IC, normal FM speed
and normal ROT water

1 ICon Finishing and Coiling: | YS and TS: Higher
Lower

2 IC on, FM speed lower Finishing and Coiling: | YS and TS: Higher
Lower

3 IC on, FM speed lower, less | Coiling: Higher YSand TS: Lower

ROT water on tail

15. As we have just done, continue to make other adjustments to the process inputs as you desire
and observe the changes to the results in the data tables, Summary Results History, and
charts.

Summary

Thank you for taking the time to complete this “Quick Tour” of the Hot Strip Mill Model
(HSMM). Hopefully this tour gave you an idea of how simple, yet complex the HSMM can be.
The HSMM has many wonderful tools and features that will give you that extra capability in
understanding your process so that you can increase your product quality, improve your process
performance and save you money.

Please do not hesitate to contact our HSMM team at INTEG process group. We can be reached
via phone, fax or e-mail as follows:

Phone 724-933-3950 (x10 or x16 or x26)
Fax 724-933-9333
E-mail hsmmsupport@integpg.com
HSMM v6.1 24
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