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mansy

vartables arises in many wdustrial

. a .
The. problem of appro xlmq't'mj A functions of _several  _ . .

arr\‘\c.a-{:lonS. Here . we . ¢ongider.  -the _,-Fro\o\em._ .
ot _con'l:roLklhﬁ a mill_w a gteel plant.

The reversing mill ghown here rolls a glas of het

steel o

reduce tts thickness. The slab en'te.r:'«.na

the mill s
thick. Tt rolls -throujh the mil in the Forward
and  then the reverse direction For a total of
five passes.

To control

8.6  thick. Tt (eaves +he mill at Lo¥

s wmill we must choose He gap betueen

the rolls o
called gquge ) after each PASS. We clont have +o
chanje_ the
Thus , we Aave a static Se-éqp froé/em. C'/:oosinj,,

the roll
described

To get -the ..

qQ

7iue us e desired Aickness (qlsa
_prol( gap once the lar is in the mill.

involves  the Function qf/orax}m ations

below, We also consider femlperqfure and  width.

maximum  allowable vertical force on the mill.

Thus, we su
variables
1) R =
2) hout =
3) . ah =
%) ug =
5) .wr o
6) T =

7) X

st model the force. The follaw}nj e

are ,inpu‘{:s to e model: SO

=

ol & radius . .

. gauge when bar (eaves mill .
Adratt Cchqnae n gauge when kar ig roaeaD
$rietion - coebficient For bar—proll dentact
motor speed . |
- bar '(:emfera’éure ( & 2000 °F)
bar  hardness (depends on steel Cﬁem:str/>

Applications .. .32 ... ..

roll gap , we must not exceed the . .. . .. . _ .
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‘_ We have a Fanction of geven variables: . . . _ . . .

| force = T(R, hue r» 6h, ug, w, T, %) e

] In practice t Avfficult o gather e.nouj)\ data
: to use a curve  fit  approximation to a funition
i of seven Variables.  TInstead, we rely . on F/z/sics ,
and  tunable coefFficients. Nevertheless, we

encounter . to
o:uc-(:'en "‘ qu eﬁuq-éims' n  the model 4 w/nic/p we
dan qf/o// 7eaem‘c. Fuanction me%o_o( .

2p: Hardness X in the Farce model (s rtself a .
Function of variables /‘equi/tj & steel emistry .
\) % Carbon
2) % dilicon

- .; 3) 7% Vanadium

: ) : 4) 7% Nitro gen

5y 7 FPhod f/)or'u s

The standard approach is +o use wultiple
rearess’wn to  model jx:

| ¥ m %BC + %S+ 3ZVa + LSNt+ P +..
) 5 10

This  Formula  (which is snot the actual one used

but is Ymitar to the actual one) gives a

: resistance fattor value in the range l=100 with

| X=25 being typical.

The problem with this X  frmala is that it
is (inear wheread X is actually a sonlirear

funetion of chemistry. Since te x Formula

ay is  derived empirically from data measurements,
<his is an  jdeal .qﬁo/ic«z{:ion Fer curve Fitting.
Ffunction 4/7>r'o/w' mation methods.
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N 2 When _we_ . get _the ._roLL.__.ng.._fm, the mill, we . __
] must  _also _ _consider mifl sStretch: the Force _ )
, of the bar pushing back on the rolls ...
, causes the _mll AZHS[/;; —massive féd‘fjﬁ It rs—.

: ‘o stretceh (ke a -S,préﬂj. The mull  Stretch .

is  almost strictly a fanction of Force /5 and .

is  described by a...spring  eguation, (Hoks law)i .
~Strekch (ineheg)

; 7 A X X t t > forée (ws)
o i Woop

Streteh = %ks({')

) o Nete +that +the stretch is  nonlinear nsear the
‘ origin.. Otherwise, /t is guite Llinear.  Thus,. .
a piecewise quraximqtion i3 Suitable as q
model  For mill  stretch. A piecewise  (inear
‘ ﬂFF/’OXfMﬂ'éion corresponds 4o fr:‘qnju/dr radial
; basis Ffunctlons /n one oimension.

To compensate for mill stretch we reduce +the
ol qap by Shg,

D ep The Fforce of ro(l'mj._ alse . bends +the mill rolls,
; especially  For . narrow bars.

\ This . roll  deflection, . -H\ouah 5(2_9/1-{:) is . noticeable.
| The deflection is a Function of force and bar widdh:. .. .

Aeflection = Shy (£, w)
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. The standard Formula Ffor deflection. is  Guear . _
_in the width:

Shy % ky Wmax-w F
w

max

wfere. Ry = constart (qives 3Ad # .01 for 1000 +ons Foree)
. and w=w,,, /2
B : Whax = 132 “ maximum  bar width
. , i . o + =  brce in 4tons  Sor /v///'ry bar L
w = actual bar widt

Thes Formula (s Aarel Co improve on  because
e dAdeflection i3 Smal anyway. Thus, a Simple
approximation (5 dost effective.

L J
o

. ens When we roll a jbar it 73'6:3 longer and wider.
The change in  width i3 particularly difficalt
to  model. The width dﬁanje_ /s a Sfunction of
the same vqriables hat affect force:

width dltmje = AW(K, Aou-t/ A/)//“S)w)TIX)

o , The most successFul Modc(inj of Aw 4o date
; relies on (cokup tables.  ThAug, width coatrol
g a prime Candidate For  fanction approximation ..
; methool 3 — egpecially gince ow IS a fanction of
o many variables.

ez Temperature is a Key <control varlable when
rolling  steel owing 4o s  affect on  both
Jordce ancl meta (lurjim ( /ara/er-éle s.
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The standard Formula for defleetion 1S Lear
in 4he width:

Shy # ki Wmax-w F

Winax

whore R4 = constart (gives 8hd # .ol J-‘owoo tons Force )

we W, /2.

Wahax = 1329 maximum bar width

-F = -*Force n tons JQI’ ,d//,:ﬂ bﬂl‘
w = actwal bar width

Thes Formula (S A Co Zmpmye on bedause

the deflection i3 Smal anyway. Thus, a simple
4f/rq)c2m4'£'2w) is dast effective.

when we roll a bar it 7&63 (,onjer zmq’ wider.

L
The c/tanjt in width is /mr‘bldnlq/‘ly d{-f;cut‘t
4o model. The width danye_ /s a Ffunctiom of
the same variables “hat  affect Force:

WI‘J‘H’ Mﬂﬂye = Aw (K) Aoq-t_; AAJ/”‘S) w, T)X)

The most successFul Mod:(inj of 4w to date
relies on (ookuf tables. Thus, width control
8 a prime candidate For  Fanction approximation
methool 8 -—es,:eciq//y gince  ow 4 a fanction of
o many variables.

Py Temperature is a key control variable when

ro{(ing steel owi.nj 4p s affect on  both
force anel meta Uurjl‘Ca { fro/e.r—fles.

Bar hea-(:'mj and Coo(?nj occurs in the foHow'mg ways :
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1) Water Sprays  ceol +the bar
2) The bar radiates heqat
3) Furnaces heat +he lars bedore rolling
4) Contact wrth mil] r*cLU.S cools the lar
E) Debo rming the bar duarny rolling heats the tar

Good  physical models  exist or Cc\lCu\a't'mg the
temperature of the bar when the rolLing procedure

i3 known. I+ we wish 4o control +he temperature,
however, we must invert the models. In many
cases the inverse can be found only by an  terative
calculation. If we perform Uhat [Herative alculation
ahead of time we can store the results in a table
and  interpo(ate between points. Function approximation
methods are Surtable Ffor this +task.

An example of a  function we M}j/H: wish o

Com pute (s the /w/o/i/r] time (between /:4.5,-*:.5‘) that
will  yield a  degired temperature. The barls change in
temperature  for a  m@ss is 4 function of the fo//ow}ny

varia bles .
V) Tin = temperature of bar at mil entry
2) w = mill speed
3) hin = entry gauge of bar
4) houg = exit """
5) w = amount of water sprayed on bar
change (n

femmqfe = AT C—r‘:r\, w} /“.h} hﬂ“'& 2 W)

Given +the 4T we could  usex heat radiation
model 4o  find  the koldlny 'éi;ue/ thotd . On
e  other fand , we could create an Jnverse
mode( Hhat gives /;o/d}ny time pfirec't{y From
the input  variables :

hold time = Eholdd & s, Ainy Aot w)
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