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Abstract

Contro mp ementat on og c def 1 ton has a ways
been an mportant funct on of contro eng neers The
methodo ogy of defnton has changed through
tech~0 ogy a~d market ~eeds These changes have
nc uded or ter a such as comp ex ty or s mp ¢ ty of
the nstrumentat on system ndustra standards and
spec a requ rements of the des gner

D str buted d g ta contro (DDC) and persona mcro
computers (PC) have ntroduced new terms n both
def nng and mpementng process contro
requ rements Persona computer programs can use
ndustr a nstrumentat on symbo s to descr be the
contro ogc Afterdefnton scomp eted, documen
tat on can be fu y automated Wh e these features
are not revo .t onary nterms of typ ca Computer A d
ed Draft ng (CAD) features trans at on of the ‘con
tro p cture toafunctona agorthm n the process
d str buted contro hardware can be done
automal ca y v a commun cat on nks to the process
contro ers

Th s paper d scusses the ava ab e CAD techno ogy
and tstypca mpementaton

Introduction

Three mportant funct ons that process eng neers per
form are des gn ng document ng and mp ement ng
process contro requ rements or ogc New genera
t ons of m croprocessor based contro systems are
extreme y powerfu and fex be However they are
dependent on the process eng neer to program or
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conf gure the equ pment w th the proper ogc to
contro the process n the des red manner

Programm ng or conf gur ng contro equ pment s a
t me consum ng process The eng neer must frst
wr te equat ons ordraw a og ca f ow chart The ogc
then s transformed nto anguage that the contro
equ pment understands Fnay egbe deta ed
documentat on has to be created so that the process
eng neer has a permanent record of the ngcthat s
programmed or conf g_red n the equ pment

After start up of a process there are usua y prob ems
or bugs nthecontro strategy that havetobesov
ed n order for the process to run smoothy Ths
requ res mark ng up the og c draw ngs and oad ng
the debugged ogc once agan nto the contro
equ pment Severa leratons of th s process may
y e d confus ng documentat on

Mn or mcro computer based Computer A ded
Draft ng (CAD) packages have so ved these prob ems
Contro strateg es can be mp emented. a tered and
de bugged qu ck y on the computer screen Log ¢ s
comp ed nio mach ne anguage and down oaded
d rect y ntothe contro equ pment Process eng neer
conf gurat on m stakes are f agged by the persona
computer Documentat on s created at the push of
a button ut z ng an attached pr nter

Th s paper ustrates the advantages of a CAD system
us ng typ ca examp es of combust on contro og ¢
requ rements for a pusher type s ab reheat ng furnace
n the stee ndustry

The bas s for the d scuss ons are a gor thm contro
des gn us ng work stat ons and process test ng for
accuracy and comp eteness of og ¢ Spec f ¢ areas
to be covered are

1) Contro eng neer ng CAD a gor thm des gn
2) Summar ze econom ¢ benef ts of CAD des gn
techn gques



These po nts, comb ned can ead to h gh y successfu
mp ementat on of smpe or compex contro
strateg es

Automated Algorithm Design.

Efforts to become more compet t ve and enhance
nstrument contro des gn has ed to automated
des gn of contro strateges W th CAD software
soph st cated og c deve opment and programm ng of
m croprocessor contro ers can be entered n
f owchart form ( nstrument Soc ety of Amer ca type
og ¢) more accurate y and qu ck y Data hand ng s
performed by the computer free ng the eng neer to
concentrate upon ‘ogic desgn”’

F GURE 1 (Typca B ockware Log ¢ Conf gurat on
Draw ng) shows an examp e of the og c a gor thm
funct on b ock format used n CAD contro des gn

CAD software enab es the eng neer and manager to

a) Des gn og ¢ ana program s mu taneous y
b) Ed t and mach ne check for accuracy
c) E ectron ca y transfer programs drect y to
nstruments
d) Documentat on s sourced auiomat ca y as
og ¢ s created or changed
e) Eva uate ogc wth ve data (spreadsheet/
graphca y/ogca y)
f) Check ex st ng contro ogc vs documented
and update automatca y

Eng neerng t me s enhanced by network ng nd

v duda work stat ons to centra zed vun puter 1 ‘urin a
t on systems ndvdua work statons (rn cro com
puters) enab e the eng neer to save t me That s no
onger does he need to wat to access ma nframe
computer t me Resuts of contro work can be
mmed atey seen for cont nued mp ementaton
Access to centra zed computers a so perm ts the
nd vdua engneer fexb ty for project retreva
w thout paperwork thus cutt ng non oroduct ve cost
FIGURE 2 (Eng neer ng Des gn Netwcrk) shows aren
dton of a man computer wth mcro computer
workstat ons Th s enab es the ment oned contro
~fo-~at o~ sha-~g W th goba access a~d the
speed of nd v dua work stat ons the eng neerga ns
the benef ts of both ma nframe and the PC wor d

Remote and mu t p e ocat ondes gn (F GURE 2) and
checkout of m croprocessor contro systems has
add t ona y cut comm ss onng t me and mproved
accuracy of des gn data Commun cal on nks enab e

des gners to mon tor and program contro systems
wh e under more favorab e des gn cond t ons

The CAD d agram og ¢ b ock approachrva s the ad
der programm ng method of system programm ng
Features of commerca y ava abe CAD systems
have been nc uded sLch as text stng magn fca
ton cut, paste and symbo brares However ths
on y represents a sma port on of features The t me
sav ng features that app y un que y to ntegrated con
tro systems are

On ne montorng( e rea t me power f ow

On ne tun ng conf gurat on

Cross reference

Macros (groups of ogc)

Se f document ng

Ut zat on factors

Ver f cat on

Draw ng nformat on by ayers

Hardware cab ng and contro strategy nte

grat on

Log ¢ mp ementat on s performed on the screen by
p ac ng snapes onto tne screen tnat represent func
ton b ocks {m n a gor thms) such as P Ds summers
as we as advanced a gor thms L nes are then drawn
between the symbo s to represent the nterconnect on
of the var ous a gorthms The computer matches
these nes to determ ne where nputs to each b ock
come from or where outputs go fachange s made
the CAD program changes nterna connectons
accord ngy fthe CAC program has not found errors
n the contro er conf guat on then tcanbedrecty
oaded to the contro e-v a commun cat on networks

W th a PC eng neer ny wurk stat or cor nected to a
d str buted contro system commun cat on h ghway
og ¢ draw ngs can be used to mon tor the outputs of
a the b ocks on the screen That s a square root
extractor or P D b ock ref ects currenton nerea pro
cessvauesdrectyonthe ogcdrawng Sm ary
og ¢ gate status s represented by state (1 or 0)

Wh e construct ng the conf gurat on draw ng com
mon y used oops car be made as macros ( brary
group ng) for aterreca Anexampewoudbeafow
oop w th square root extract on and ntegrator to be
used 25 t —~es du” g a proect The ogc cou d be
saved as a macro and reca ed for use n the con
f gurat on of severa cops Th st me sav ng feature
becomes more benef ¢ a the arger and more redun
dant the ogc

Un quey ogc draw ngs can be made up of var ous
ayers each w th t sown nformat on app caton As
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an examp e conf gurat on can be on one ayer.fed
dev ces comp ete w th e ectr ca w r 1g on another
and descr pt on on another Thus t s poss b e forone
draw ng to contana the nformat on requ red from
prmary nput dev ce (transm tter) through f na out
put dev ce (contro actuator) nc ud ng deta ogc
conf gurat on When the draw ng s prnted ayers
requ red are def ned

Fna y verfcaton s necessary to assure the con
tro strategy dep cted nthe documentat on versus the
strategy act.a y ba ng used by the processor pro
cessor s the same Th s ver f cat cn process ooks at
the CAD contro er ogc¢ documentat on and the
actua contro er memory and tabu ates ony the d f
ferences The mundane task of manuaty check ng
actua vs eng neer ng og ¢ s performed by the com
puter the eng neer s eft respons b e for mak ng dec

s ons on content and desgn S mpe tunng
parameters can be accepted automat ca y

Reheat Furnace Application:

As an examp e app caton a furrace app caton s
summar zed then deta ed for CAD mp ementat on
The project can be def ned as fo ows

The project s to modern ze fue management contro s
of a s ab pusher reheat furnace by rep ac ngthe o d
pneumat ¢ system w th the m croprocessor based
system

A fve zone s ab reheat furnace s used to heat s abs
of stee to un form temperature The f ve zones con
s st of a soak ng zones north and south two preheat
zones top and bottom and two 1eat ng zones top
and bottom Stee s abs are pushed through the f ve
zones toward thero ngm  each zone has ndepen
dent fue contro s governed by a setpo nt generated
from the zone temperature The soak ng zone s fue

ed by natura gas aone wh e the four heat ng zones
from e ther coke oven gas or o

F GURE 3 (Reheat Superv sory Contro) shows an
overa p cture of the contro strategy and the com
bust on og c sect on s further deta ed n F GURE 4
(Furnace Combust on Strategy)

F GURE 5 (Deta mp ementet on) shows the
h gh ghted deta for the reheat furnace mp emen
tat on v a funct on a gor thms w th CAD techn ques

To ¢ ar fy the nterconnect on of CAD generated con
tro ogc and ts poston n contro ers F GURE 6

{(Functon Bock vs nputQutput) s presented t
shows the re at onsh p of fed wrng to contro er
draw ngs and nterna connectons Ths s the rea
wor d /O connect ng po nt for the m cro processor
contro

Economic Benefits Summary:

Computer added des gn has many hard to def ne
{f nanc a y) benef ts Neverthe ess nformat on and
contro des gn hand ng ncrease the product v ty of
the nd v dua contro des gn eng neer The fo ow ng
are some of the benef ts found through exper ence

Tang b e Benef ts

a) ncreased eng neer ng product v ty (up to 50%
ess t me for des gn)

b) Centra zed management of og ¢ des gn(dont
recreate the whee )

¢) Documentat on automat on and h gh accuracy

d) Tranng of new eng neers on tr cks of the
trade s ncreased

e) Decreased t me dur ng startup ( ess trave and
process down t me)

f) ncreased transportab ty of
80°0 reusab e)

ke ogc(upto

g) Extens ve factory test ng
h) mproved comp ex contro re ab ty

) System comm ssonng and asbu ts take ess
effort

|)Many what f s tuat ons can be tested safey

ntang b e Benef ts

a) ncreased ‘opportunty tme ({(do more
eng neer ng)

b) Owner acceptance and a gor thm understan
dng shgh

c) Cons stent documentat on mproves accep
tance and the amount of t me spent on comp ex con
tro des gn and de bugg ng



Conclusion

Computer a ded des gn s ava ab e and app cabeto
process contro today Much has teen done n con
tro des gn automat on and a gro thm test ng wth
regard to m croprocessor based systems Advantages
of computer a ded des gn are both quant fabe and
not quant f ab e Comp ex and s mp e a gor thms can
be des gned and de bugged much more qu ck y and
eff ¢ ent y us ng CAD systems

As a note future contro des gn w th CAD systems
are currenty ncorporatng rue based expert
systems to generate contro deta ogc Th s sthe
next hortizon wh ch w  be usefu to contro eng neers
Based wth a fexbe and econom ¢ CAD contro
des gn system the econom ¢ benef ts are seen to
mutpy
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