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formed of varioua process unifs,  such as  preheating of feedstock 
by direct heating,   hydrogénation utilizing Co-Mo catalyst, 

tubular steam reforming by external firing,   adiabatic second 

reforming, high and  low CO shift, C02 removal by absorption 

solution, methanation, ayntheaia gas compression, ammonia 
synthesis.     ¿ 

Therefore, the inatrumentation haa to be designed after due 
understanding of th«  funciton of these process units. 
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•nd trip systsm for critical parts of th« plant is designed from 
the view point of safety. 
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Then,   it  mem..or,.; .il-o ¡'   th:    fn,    -,/M-n.  1" r">üi  ihr   "t.indj vint   .-»£ 

the whole   plant.     Roa^ui} ,   two kinds of api-roric-h   CUI;   br  con- 

siderati on  tat    trip s\st.',n.      Orr  í «?  tn l.?ave  in», ~-s.iry  measures 
toJlowi.rq   UH    tii|    ?..   o^nU't-B1   juJ-jem nts whea   levai   trips 
arc  jirtw.t' .1. 

The oth«»r   is   to   take   t;v.'.  nc-cor,¿,ary  me.isurfs  by  automatic  trip 

acitjn,   i-uveriny  the predicted  trip conditions   successively 
occur,   in  C¿IPP  of WAJT  local   trips. 

Ir.  the latter   cast,   the  trip  conditions should  be  clascifi««! 
-into several  ..nades,   out  it   goes without sayin.j   that   the 

classification  has  K- bo done  based on the  policy   to keep the 
plant beir.q  in   oont.im,• ,.,.  Cp*ratlon  as much   as   possible. 

Dan.jer  of   nuil-at.-tuat.ion   .,1   the   trip  syaleir  always   follows  us 

whtn designing   tin   tup  Cysten,   and   therefore,   it   is   necessary 
to  improve  reliability  of  'he   trip system. 

This  article als^ rxpj nos bnoíly  dLout winturmeasur-.-s 
have   ta*ei.  on   LIIIL. pr'.o lo:r. 

wc 

Computer control   system ha-  been allied to  several   ammonia 
plants designed  by us  since   ten    ears aqo. 

This article explains  about   thoa.- computer  control   systems  frota 
the   viewpoint  of   th*   improveînt:  of  thç 3JSfety  flf   tne  plantf 

and  further  touch« on application o£ computer control expecteu 
in  future. 



Jnstruru itit ; on  .imi i.'/n^utci 

Applicai i<m   ' ot   .'.*fe_Arvmon i/t   PIJü*. 

1.   Introduci! n 

Sane  at other chemical  plants,   economy  and  safety are  the 

mjjor   subjt'-ts considered  w¡>. n drr. .jn i ;n¿  and  constructing  an 

ammonia plant.    Ir. order   to , ureue g.>od  cconor.y,  a euperior 

process plant  has  to  be  adopted,   enabi ing  low  investment cost, 

low materials and utilities consumption»,   long stable opera- 

tion with «mall number  of  operators. 

On the other hand,   full  consideration  also has to be made nn 

the design in order   to secure safety of  the plant.    The first 

Step of safety design  is  to recognize  the procos* function of 

each   section of  the  pinnt.     Secondly,   it   is  required  to con- 

sider  mechanism of   the whole pljnt  including   interrelation 

among  various  section«.     Recently,   in many  large Ammonia 

plants, most  of  |>owet   required   ia supplied by  steam and no, 

it  is  a big  problem how  to design sate   steam  aystera as well 

•a process system.     Furthermore,   it is necessary to pay 

attention to surrounding  condition c!   the plant,  like, 

"Can we get stable  supply of electric power?    How about 

instrument air,  or coding water" 

"Can   >e get steam from ou'side of  plant    n case of 
emergency condì Lion;" 

There are more items which have  to be considered for safety 

design of ammonia  plant,   but here,   l would like to give an 

outline about how  instrumentation is designed, based on the 
•foresaid recognition.    Further,   I would like to touch on 

computer application from safety viewpoint. 

2*   Process Description   (Fig.   1) 

Here  Is shown a typical  large scale plant employing steam 

reforming process and steam turbine driven centrifugal com« 

pressor.    Peed naphtha is pressurised and heated up, and 

•ulfur compounds  in naphtha are hydrogenated on Comox 

catalyst, then removed by absorption  in sine oxide bed. 
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Desulfuri/.!hi naphtha  mix   -i  with  ;,ff.ini   ir¿   th^n   steam  reformed 

to tí¿,   CO,   v.02 and  CH4   through    ubviljr   rye*-   l:-it   reformer. 
Heat   required  for.   refarmi >.7   is  supplied   by  heating   from outside 

Of  tube?.     In ?nd  reformer,   process riir   is   ìd«.1ed so  thut neces- 

sary   H2/N2  m tic  for  amnenia aynthurus   is  obtained,   and CH4   is 
further  stuam reformed cu   nickel cat.; Lyst.      1st  and  2nd shift 

converter are combination   of  htqh and   low  temperature shift, 

in which CO reacts WJ th  M2O and  th.y aro  converted  int-j \l¿  and 

CO2.      In C02  removal   sorti on,  most  of CO¿   is   removed by absorp- 

tion  solution,  and   finally  the rest of  C02  and CO react with 

H2 irt methanator converted   mio CH4.    Refined  synthesis gas, 

H2/N2  ratio beir.g  adjusted   to  1,   is then  compressed   ind sent 

to synthesis  loop.     Synthesis gas  is circulated  in synthesis 

loop,   since one paso  conversion is not   'iigh  enough.     Fresh 
synthesis gas  is mixed with circulating  gas,   and trace of 

water   in the gas  is  removed at the simo   tir.e  when produced 
ammonia  is separated   i.i  rr friget .a tier  section.     In order to 

«void  accumulation  of  CH4   ¿>nd aruon  in   ciiculating gas,  a 

portion of  the q.is   is  purged out   and used as   fuel.     Synthesis 

gas compressor, ait   compressor and .immonia refrigerator ara 

centrifugal  type and  driven by stea"  turbine.     Steam generated 

by process heat recovery   nystep»  i". u.«d   fir   tre^c  steam turbines 
being  supplemented  from auxiliary boiler. 

3.   Outline of Main Instrumentati on 

X would like to explain about typical philosophy of »ain instru- 
mentation,    especially alarm and trip system,  of sections 
important for safety of plant. 

Feed System 

Fig.   2 shows main instrumentation of this section.   Here, 

special attention should  be paid to abnormal   temperature rise 

on Comox catalyst,  prevention of explosion due to flame 
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failure  and protection of  roil  in   :,,, fIr,. ork  ir ;i:oatm .     Hydro- 

génation   reaction of   oru-ini.    sulfur  cor-poimrts   :s   usually oper- 

ated at   3S0T -   40O«r.     Tl.v   t.,mpcrut „r<-   r^o  of   this  system 

resulta   in hydrocracking if   feed  hydrocarbon,   and once   thi« 

reaction  starts,   the   temnor.it arc   runs avay,   sine« hydrocrack j r.n 

ia exothermic  reaction.    To  prevent  this,   hiah  alarm for outlet 

temperature of   feedstock  ¡:nhr,tCr   : s provide.:   and further, 

trip system is designed  to  cut off   feedstock by  extraordinary 
high  temperature  in   the- catalyst  layer.     This  high alarm 
•yeten  is also useful   for protection of  the coil.     Flame 

detector with  flame  failure  alarm   (FrA)   is provided for pre- 

vention of explosion   in  feedstock  preheater.     It depends on 

reliability of  FFA whether  FFA ehould be  connected to  trip 
system or not. 

let Reforming   (Fig.   3) 

As known well,   the most big problem  m this section xB carbon 

deposito on reforming catalys* due  to steam shortage.     Flow 

ratio of  feed naphtha  and reforming  steam are controlled by 

flow controller  respectively.    Decrease of  S/C ratio is warned 

by alarm,   and when goes down  further,  feed naphtha is cut off 
by automatic trip shut down. 

•acondly,   pressure in  furnace is kept slightly negative  for 

safety by controlling  revolution speed of  the turbine  for 

induced draft fan.    Abnormal  increase of  the furnace pressure 
actuates alarm system and further increase  leads to trip. 

Thia alarm is also installed at the platform of the furnace 

to warn operaters in the field.    Alarm and  trip circuit for 

abnormal decrease of  fuel pressure is provided to prevent 
explosion due to the  flame failure. 

2nd Reformer  (Fig.  4) 

What is important in this section is to prevent 2nd reformer 

from excessive air supply,  which will causa abnormal tempera- 

tura rise because of combustion reaction.     Gas temperature 
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ai.   outît-L of  2'ul  jicro:nu'r   Ih  mon i lot cd with alarm.    At!   flow 

is   tr.ir;>cr; off   by  ].<;;J;  of   Ceod  naphtha.     vjhen  proras dir   Í3 

cut  ot',   'ttcMin   la  au; rn i* !rul ly   f^-d   into  2n«1  reformer   ¡tir  a 

period of   ti w;   Cc;r protection  of  air combust ion nozzles,   and 

air   ía  v'enü-d al    .ho  -;uli«>v  oC  prcrcs-i  ait   hen tor automat icai ly 

for  i;bo 'protection <>f   tho hnatei   coil.     2wi  reformer ;»nd  its 

connue til..,  parts   are wat-.>v  jnc. pted   foi   «he pi Section of   the* 

netfll,   and water  flow condition  can  be checked by the  level 

ond witor  temnorat w». 

CO3/CO  Removal   {Fig.   5) 

The temperature rise  in methanator  is about 59"C and 72*C per 
It  of C0¿  and CO  in the <jan  respectively,   by mothanation 

reaction.    This mr<ans  that  increase of CO2»   loads to dungerouB 

tr'mperaturp riG«.    r'or  the monitoring of methanator tempera- 

ture,  thermometers with aUirrr. are  installed at several pointn 

of  catalyst lay?r,  md  further,   trip circuit at extraordinary 

high temperature will   close gar.  In let   valve  to ¡«ethanator. 

The moat  important  thing  in CO2  removal   is to secure the  flow» 

of  the solution.    For  this purpose,   autn-etart circuit« of 

spare pumps .it lew flow rate ar.- piovidei.     In addition,   trip 

circuit io isolato met.ha-.ator  in provideci  for abnormal low 

flow rato of semi-lean solution.    Another  important point   is 

blow-off of process nas *.o CO-,   »trippe*   through liquid  line 

due to lack of absorber  liquid lavel.     To cope with this 

problem,   1 w level alatm e»..ci t  ip ciicuit  for   mtomatlc ahut 

down of the level control   /dive ate   provided.    Incidentally, 

capacity of safety valve  (or disc)   on CO2 vapor line should 

be designed taking this blow-off into consideration. 

jynthesta Gan Comproaaor and Synthesis Loop 

Special attention should be paid to syn.  gas compressori 

because  it is of centrifugal  type and operated at very severe 
conditions. 
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lr 

Main insti urr» nt.it j uns ar\- nx  fallows. 

- Antisurqjmj kick-bark ¡nc from •! i.,,-|i.-,. •.;><  to auction si'lo 

With control dcvicr to :«-iv, r.miru,;. Í ! ov. 

| - Liquid Je-oi o.-.! or-i.-illy, i3» «ít.ujo  uctior, drum has to bo 

J watched car*•i'u.ly to avoid Ijquid sjcf.or..  (Usually a 

| econon.zrrr oí hmn |,rcv,ui 4,FW is pmvjd. J downstream oí 

] the methanator and the loaka.;<> oí the oxchanger,if it should 

| occur,lb dangerous. Therefor«.-, j trip circuit of syn. aas 

compressor is provided by the extr.ior Jinary high level ddd- 

i ing to thf? level control lor with alnrr-i.) 

- Auto-start devices ior each spar- of lute and seal oil pumps 

| and trip circuit to stop the compressor when oil pressure 

; (or level) gets clown.  In addition, important operating 

variables such as gas temperature, oil temperature, vibra- 

tion, shaft axial movement, rotation speed are monitored as 

vali.  Incidentally, almost same measures are taken for ai 

compresse;- and refrigerant compressor. 

Î« synthesis loop section, special case has to be taken to 

prevent explosion and to protect coil of start up heater. 

•ince the heate- is used only during start up and un.teady 

í       condition, the fuel is automatically cut off in ca.e of ex- 

traordinary low flow of synthesis g.1s , in addition to the s 

consideration as fet?dstock preheater. 
ame 

4. Steam Sy-toir. 

The successive use of generated steam from process and auxi- 

liary boiler is typically outlined on Fig-6. In almost cases, 

upset condition of a part of the plant results in fluctuation 

Of steam balance.  Since it is especially important to secure 

reforming steam, enough consideration has to be made on this 

point. When top turbin* is stopped by trip, let down v*iv« 

fro« hiqh pressure line to middle pressure line opens quickly 

to keep middle pressure steam, since the steam system is so 
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complicated, quick response of operator? ou well us good 

Instrumentation aie indispensable to ;nininize bnd effect when 

tripping.  Liquid level ¡n  st"arc drum is kept stable, usually 

by three element control. To secure boiler feed water, auto- 

start circ lit of npare boiler 'eed water pump ind further, 

installation of emergency boiler Leed water pu»<»j driven by 

diesel engine can be considered. 

5. Trip System 

In general, alarm gives warning before trip is actuated, and 

automatic trip should be considered as the last resort. Trip 

condition is decided fro» the view point of security of plant 

and personnel, but extent of the influence to the whole plant 

is different among such trip conditions. Two kinds of approach 

can be considered for trip system, one is to take necessary 

measures by automatic action for only limited part directly 

related to the cause of the trip, and to leave the rest to 

operators' judgement. This may be referred to as "local trip 

philosophy". The other is to secure safety of the plant by 

automatic action as much as possible covering the conditions 

predicted to occur successively. This may be called as "whole 

plant trip philosophy". Take process air failure, for example. 

In this case, actions such as air cut by emergency valve, steam 

Injection to protect air noazles, nir vent to nuard prehcater 

coil are the same in both philosophy.  But in case of local 

trip philosophy, the measure alter Lhia is left to operators. 

On the other hand, in case of whole plant trip philosophy, 

attention will be paid to the condition successively occur, 

that la, as the result of air cut off, it will be defficult 

to keep ayn. gas compressor running because of change of gas 

composition, and also, it may get impossible to secure steam 

to reformer due to shortage of heat recovery in procesa waste 

heat boiler. Therefore, syn. gas compressor and synthesis 
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loop are co desicjne.l  as   to r.n¿: down at   »he  s arc   tire .if   s:i 
CUttiny  off.     Fiy.   8   :jhtwü  an  tx.t¡nt.;<!  oi   t:**p  syst» :v t-   ttñ  or. 

whole  pUnt  trip  philosophy.     If jv;c.cr      •:    ;h-nd  It;   ir.  rr,i".d 

that  if  depends on  the  ranbern and  *v¡H-.oss o'  oyer,.» • •  ;, 
Which philosophy  should   be   iprljed.     Trv    í <i Jowjnrj  ciat     ii- 
cation of  trip system   i«:   JSIM ..ly -:v .  b:i-d  0~   ._•„,. ;x>licv   to 

keep trip area  to  the run irr um ext»-1.1.   so  »h*t.  i ostar»   up  ci 
plant car»  be nwde  quickly. 

AA - plant âll  shutdown 

A - process ail  shutdown - auxiliary bo 1} or work i no 

h - procesa air cut-off - auxiliary  boiler and Ut 
reformer  woikirvj 

C - eethanator shutdown 

D -  synthesis  loop  shutdown -  auxiliary boiler and 
gasification section 
workinq 

local trip 

On« of the big probiens on trip system  is needless and m.iaa:..-o 

trip caused by mal-function of  trip  ayeten.     Production   loss 
due to this problem amounts to grr>dt  sum  in recent largt   scale 

plant.    Therefore,   selection and setting of  instruments  should 

be carefully checked.     To avoid mal-function,  there are  several 
Methods applicable.    Oie of thorn m to delay th«   actuati ;:. ot 

trip signal by using  timer.    This mcaauio   is effective or.,   ior 
ina tance, eliminating  the influence of wind pressure  in  firat 

reformer  'urnace, or preventirg high class tr if  due to momentary 

drop of S/C ratio caused by upset cordiUon ci strare system,   or 

preventing mal-f unction of thermometers due to vibration. 

Application of "and-circuit- is another measure to eliminate 
the i»al-function,  by which higher reliability than single 

Circuit can be obtained,   which for example  is applicable  to 

the trip circuit for flame failure.    Another example is the 

uee of external float instead of internal  float type level 

•witch to eliminate the effect of gaa   fliq.)   flow.    It goes 

without saying that proper work and through maintenance are 

inevitably required in order to get high reliability of tup 

•yeten, baaides the aforesaid design consideration. 
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6. Computer Application for Safe Ammonia Plant 

Nowadays,  computer application to chemical plants la not so 
fancy thing any more.     Our company csUblinhed TOPACS, who is 
specialized  in computer control,   together with Mitsui Toatau 
Chowicala,   Ire, and has posit: /cly been pU8hi g forward 
application of computar control to chemical and petrochemical 
fields.    As for ammonia plants, we have supplied computer 
system to the following   five plants since 10 years ago. 

plant capacity 

Anson la 500 MT/D 
(Ursa a00  KT/D) 

Ammonia 1,000 MT/D 
(Urea 1,800 MT/D) 

Ammonia  1,360 MT/D 

Ammonia 1,000 MT/D 

Ammonia  1,360 MT/D 

owner 

Mitsui Toatsu 

Mitsui ToetBU 

country 

Japan 

Japan 

Mi European country 

Romania 
(Consulting service) 

an European country 

Based on these experience, I would like to talk about the 
•writs of computer application to ammonia plants, especially 
from safety standpoint. 

Outline of Principles of Process^ Computer 

•lease refer to appendix A.    Computer system i& positioned 
between instrumentation system and management or operators« 
ma is shown on Flg-9.    It should be emphasised that a computer, 
with its apeedineis« huge memory and accurate processing» can 
five better judgements«  appropriate instructions and advices 
without mistake, and that it can cooperate with man, can 
supplement men's weak points and can converse with men at 
•11 time«  thus contribute not only to manpower saving« but 
also to safety operation of plant. 

- • - 



A Typ leg I Example of ,Çr.miJO>_e^Ar '%,U nçi^ Svieni 

Appendix D  shows   -'it: i.xümf lo  ci   (.amputer   »ppUed system,   which 

is the first one we h.-iná¿».•<!.     iTem^nt-jr it reives  ,mput signals 

from plant cich as f?.,w ruto,   analysis,   temperatura,  pressure 

and level,   then functionb at   ;o)lowa *nd sencU nut   the output 
signals. 

1) Monitoring 

1) basic data processing 

•canning 

averagino 

integration 

calibration 

unit conversion 

ii) indirect measurement 

such as F/c,  H^/facd, S/CO, H2/N2 

ill) logging and alarming 

i» estergency data logginq 

¥) plant aumagement information 

such as material balance (gasification, synthesis, 

«team system), f e< istock and utilities consumptions, 

plant performance 

1) process control 

Mt point control 

operating and adaptive control 

- t - 



Followlnqp arc  thí merits derived fro» this computer syston. 

1) Securina  the e £ fen i ve operation 

The effective operation equal   to oi   sur pas» i rig the operation 
by highly  trained operator;'   ¡s posniblc.     For  instance, 
production capacity is affected by water  temperature and 
ambient  temputnture,  but  it is vtry difficult for operator« 
to folien   auch ch.mgcs by manipulating various operating 
variables.    While, computer can do it easily, and production 
nay be increased by 2 % 31. 

2) Helping mananercent roople to make right decision by offering 
right information. 

3) Givinq helprul date! for design development  fo/the next plant 

4) Securing safety of the plant,   including safe/and fast start 
up/shut down. 

Without Piyinrj,  the aforesaid various computer outputs are 
useful js a guide for operators for safety operation.    When 
starting up  the plant,  various ¡toe-ess conditions have to 
be set so thet they balance each other.    Many process vari- 

ables can be checked simultaneously by using computer, staking 
it possi'.le to know the exac    1 ituation of the plant.    Com- 
puterà are especially competent to catch slight change of 
process variables, which is utilised for operation,  for 
instance,  it is very useful to kno* the trifle temperature 
rise in case of starting air feed to 2nd reformar which 
ordinary instrument cannot detect. 
emergency losging is another way of computer application« 
which is unique and effective.    Computer monitor* the re- 
quired data simultaneously by scsnning at regular intervals 
and memorises them for a period of tine.    Under trip condi- 
tion, the interval  is set shorter than under nomai condi- 
tion.    By enalyjtin« thi« emergency logging data«  causea and 
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effects of  troubles,   or whdt h.i{,pen«;d   lirst,  what toi .nwca 

next and  ao on,   can be   inalysed.     H^ro   is an  example  wo 

experienced.     Fi ¡AC   show:,   ninnar,   of   the-  etnerqency   U-    ^i.y 
data. 

The oyroton w<is as  follows; 

iyn.   gas rompi <•!.;.-,"n   tornire  L-Tt^d  fc vibrate  suddcnJ 

and  at  the name  time,   the compressor  got   into  »urging 

*.o. .lit-jor. und  úbiiotriai  i.oiue  came out,   then  the  compr: . 

•or was shut-aown by manual  trip. 

Altar the open inspection,   the turbine blades were found 

damaged.    Me analysed the emergency logging data and  tried 

to investigate the cause.     (Fmcrqency  logying  is possible 

•t M points in this plant,  and the interval of scanning 

was 10 seconds under normal condition and 4 seconds under 

trip condition.)    According to the  record,  the abnormal 

condition was found  to start  a little prior to manual  trip. 
The significant phenomena around tho trip time ûre the slew 

down of  the  rotation and  increase of high pressure steam 

flow rate   (phenomenon 1)   and the sudden rise of the final 
•taoe suction pressure   (phenomenon  2).     ihenomenon 2 was 

presumably due to the temporary qa? a' cumulation in the 
suction line of the final  stage.    Judging ircm these 2 phe- 

nomena,   following 2 outbreaking routes,  could be presumable. 
•outs 1 

n~   first,   the turbine nrades were dan »ged,  and the 

efficiency dropped,   tuen tne discharge How of the 

compressor dropped,  and the kick back valve opened, 
tout« 1 

The kick back valve opened by some reason,   then the 

discharge gas flow of the compressor dropped,  and the 

required power  for the compressor  increased suddenly, 

the turbine brades were damaged by the shock due to 

the sudden power increase. 

- 11 - 



Since phunr-.neiion   1   outbreakod ,i  liltl*    prior to 

phenomenon 2.     tt war. concluded that  route J  war the  fact. 

Incident i1 Ly,   the. oper-ttino fond'Hon of  th*; kick back 

valve and  instrument  ait vere found diì   »-ight an th* result 

of  iritspc-Uon.     ,r'hr   iLove mentioned conclusion was  further 

confirmo..! by the  to-  ¡ miction,   by  *Mr.t mir • -r.icttirlng 
defect wus  found on  the  turuinr. 

Furthermore,   the  foiiowiruj  i acta were confirmed through the 
study of Fig.   10. 

1) The block valves bet wein compressor and ayntheaiw  loop 
operated properly and »hut tightly.   (3,   1) 

2) Centi ollabi li ty of combuation control of bollar ay atan 
was satisfactory.   (5) 

3) Seal oil system war. working correctly»  the setting pres- 

sure,  volumes of head tanke,  etc.   (3,   4) 

Appli cat ion of ['rocosa Computer in Future 

Our company are Unvelopping new area for process computar 

application usoful  for improvement of plant eafety baaed on 

the expérience of computer application and operation of aaaaonla 

plants.    Oi.e of them is monitoring of operating condition,  and 

operation guid? for start  up/shut down.    One of the advantages 

of computers over analogue i net rumenta tion la that coatputors 

can monitor "rate".    This special feature  is utilised for 

monitoring of increaaing   (decreasing)   ratea of temperature* 

and pressures, which are,   in many cassa,   important for pree- 

•rvation of th* equipment.     CRT<Cathodo Ray Tube)  Display i» «••* 

together with computer for thia purpose.    The actual condición 

can easily be compared with the optimum condition by display- 
ing the optimum curve or: CRT In advance, and whan operating 

condition deviate from the optimum condition,  appropriate 

operation guides are given to operators. 

- 12 - 



MoKt application  is  to monitor operating  conditions whjch 

require considerable man pover  toi   th..   calculation,     lor   in- 

stane« computers CJTI calculât«   arv'     q^n  ¡oulin.j cf h*»at 

exchangers,  cataiynt  activities emú  tïiu   like *t  every muiwnt, 
which are importan'   fjr:vr«!   fer ;  .i^.r,:v*c o»   • hc pljnt. 

Especially,   fouling of  he.it  cxi han<jers,   nuch  dB  W.TUC  he.jt  boil- rs, 
should nut  L..  uvurlook. c1   :"i „j   :!.,    r-.,r..ty   vji-wnoint   as wc 1 i . 

Por other application it  is  also tossirle to dr3ign iw.ulator 
model,  which is useful  for operators'   training,   bastd <n tin? 

dynamic characteristics oí the actual plant which can be ob- 
tained  f rosi computer output. 

Recent Jevelopeatn of the technology for computer application 

system for industrial plants  is remarkable.    Nevertheless, 

panel boards   in r^ont pJ«»nts are  filled up with analogue 

instruments,  as if they are competing  for the number of  instru- 

ments.     A system like  this  impose*, a big burden on operateti, 

which makes them unable to make a right   judgement compo«odly, 

especially under emergency condition.    Therefore,   in order  to 

eoi ve this problem, centralised control  system is being dévelop- 

pée utilizing microprocessor which have been making progress 
recently,  in combination with the analoyue instrument. 

- 11 - 
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APPENDIX  A     OUTLINK  OF PRINCIPLES  OF   PROCF.SS COMIMJTRR 

1.   BUILDINt-   A  CUMPMTFR  ^^Ii|r;n  •'••.YRT'-'M 

J.. 1     Proj      '    T_ • * 

It will   be convenient  to orianiao  n project team  fcr 

implementation of a computer applied öyatem.    The  team 
member will  consist  of; 

- process engineer 

- instrument   (and/or mechanical)   engineer 

- computer  -,p<cia]lr=t 

1. 2    System Engineering and Do.', l^n 

Computer  specialists  and insti ument engineers should 

analyze  thu requirements  in  the available equipment. 

Decisions on each individual piece of equipment should 
be made considering price,   performance characteristics, 

accuracy and reliability. 

'•   CPHCEP'.   OF  HARDWARE AND  BK1 VTKD TERMS 

2.1    Hardware 

The hardwire components of the system include the main- 

frame computer, sensing dovi ces,  actuating devices anú 

the input/output devices needed to tie the system together 
and to communicate with the operator. 

(1)  Central processing unit   (C.P.U.) 

The central processing unit is the mainframe of the 
«mole hardware system. 



(2) Peripherals 

Periph« cal:ì  are  uui-h  uniti,  or devj.-.-s  as  bulk  memory 

un   t,   card   re.ider,   enr '  punch  mut,   1   -ie  printer, 
typewriter  U(JOJUIHI,'    ,u¡i¡.ul.. ct.. 

(3) Process   input/output   jevjees 

There arv  two input/output l<>ops for ".KU.: 

Among the measurement dovires, C.i'.U. and control 

devices (anr.loq controllers); and among the periforals 

•nd C.P.U.  Hero, we discus., a hi.'ut pr cess input/ 

Output devices conji8t:nq of tV» former loop. 

1) Signal cerni it ion 

Analog sensor siqPcHS cover a wide range of 

patterns, iitroneth and levels, which must be con- 

verted to a common signal level by this clement. 

2) Multiplexer 

A Multiplexor is a switching device which selects 

inputs to (or outputs from) the computer. 

3) Amplifier 

Low amplitude s'qnals must be amplified to allow 

accurate  Lrananisaioii over ieng distance*.. 

4) ADC or DAC 

Analog-to-diqital converter (or Diqital-to-analog 

converter) converts analog signals to digital 

values (or vice versa). 



5) Status  if'ji.jtcr 

Thr   p'lij orit   <>f   status  teqijlrr   1ü   to   facilitate 

thfr   p! 'iCi'dS mg   oí    ineunti.g   diqit.il   or   pui&C 

signa if.   itrfi  Rwi'-lns fr   m'"f *  >\' •';••*»)  by the 

C.f.U.     i-.uch  siijn.ila are  u;rd alarm conditions, 

'Jp'JLjl ¡V  '   muLji!»    Oi      -eli«.'.     H-UCtbB    btdlUì». 

6) Opcr.itor'r;  console 

The drsiqn of operators'  roniolo varies by the 

characteristics of  the procos«,   control and super- 

visory requirement  and pernonul  p»efc;rencpi of 

the user. 

Manual   input device:,,   .such rv; keyboards or dials, 

Ol   visual  display,   ai«?  usually   provided at  tho 

console  to permit   the operator   md production 

engineer to < all   up or  to qrt  special   information 

for  typewriter,  display 01  c.P.U. 

2.2    Software 

Software   íB  a binch  of  programs,   and  the whole computer 

function  is perforinoci through executing them. 

(1) Operating  system 

Wie operating system,  or executive,   is  responsible 

for scheduling  vaiuuii othei  portions o(   the software 

•yeten,  maintaining communications between the various 

programH  in use,  and handling r*al-time  input and 

output. 

(2) Process monitoring system 

Main purpose of  process monitoring system are to 

eupply  information for the operators to keep  the 

plant at good condition.    This function  It usually 

called as data acquisition. 



Varioua kinds ol plant data are scanned and processed 
to their sui tabIn forrs. 

So;« of its fui.ctinn;' . roj 

1) Basir data  proco*:-,Jnq 
(icann.nq,   smoo*himj,   dverauinq,   integration, 
conversion,   calibrati or.   etc-.) 

2) Limit   chtcki.n;   ^n«!  <i i ar nunq 

Î)   High  r.fx.-ed Ja» u  o IL)V rinq   it   an emergency 

4) Indirect   mea:uromont 

5) Reporting 

i)  Communication between  operators and  computer 

7)  Material   ahd/or heat balance of some parts of 
the proceas 

(J)  Procesa contro]  system 

The process control system accepts processed plant 

information  from the process monitoring system and 
analyses  the  plant  status  and  thon decides   the 
better operation condition. 

(4) Management information system 

The program is responsible  to supply plant-wide 
••cisión making information. 

This software  is used to generate operating  infor- 

mation  for management control,   and production or 

iniwntory control etc..  Such informations are coiwnuni- 

eateble directly to the administrative office of the 
slant complex. 



(S)  Background joba 

Th« backqround joba,  procenaod at lowest priority 
lev*l, aie of  Independen prog rum« of m-lin« aoft* 
«rar«.    Long ter* product scheduling program will 
typical example. 

^aa 



Mitsu:   Toaisu   J!..r..¿   .M;  h       •••,•«. '   • h d   ï,       *r,.}  WT/D 

>ni*  plant   <-.(   òakal,   unara,    l.jf ït    m   "H<,     Tin     in   »h» 

first   alimonia   pl-int   ir  j,i,  »t>   #n I oh   is o^-«.'t«i*>  J   'JI <HH   rr r. 

putei   cor.Mot.     ,'jcrciò.w. 1 ,,   Mit.».  To. t-»u . »u-    •-...* 

established  hi*   1,000 MT/r  rwc        anioni •  ¡Imi    it  í-.-o: 

In   1**9.     Also  tlii^   plant   has  bcei    under      >i\,  i».«r   ri.f> •,..'. 

These  control   systems  htiw  b««<n  -it v*i'.p» <.t ty  ,:i.i-(i|#ri' .or 

Of  TEC  «Id Mitsui  Toa* su,    '.now,   ¡«air  p'cnbfrs  er.giue i   h-¡"f 

•ceil  belonged   to TOPAC: .•?   md  »uve   KJ.-JWI.   sitisi .2 MOI I ly 

good result«. 

Tills control   system   is dubiqnvd  tr>  cuv«i   bo* f.   a»r\'jni.4   ¡>i«! 

•ltd  urea  plant  wjth  f.t\e; centro1   conr'-itcr . 

The  system ha J been  develop*...  *et*i inq oa»:s carefully with 

the plant cm «struct- ¡or   sch. d-il^s   JíJí>.]  «»   lu: ie  qen«ral 

purpose digital computer,   f.  wr i     .-»s   : ?JM   HOO  i;,vs. 

control  modi's  hciv;   be-Ti  J»ve' :->j •< *d  through   t*. • >»•  t.irts 

live data .jath* red t»y  »he  COM roi     r«m iter  it.-;i»lf.     Con- 

tinuous  plant  opera tier,   it   brina     atrui     n by   ;ran«  oí   the 

»lete c losad-loo|> contici. 



2.   PiOCEvSS  Ft .OH 

iSTr= CZZD 
tt«Kt(f 

100 /i   ommtnio  pie.tu fio« 

'•  OQWWOW COMPUTER AHQ  ITI PERIPHERAL 

1 •l     P£^g»»Q»- Controller   (TBH. 1100 Paca Wodal  li) 

cor« nwMoty jj kilo-««orda  (li blts/woré) 
cycl« tia« 
interrupt 

I va 
II levels 
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1.1    tntarnal Hanory   (I BW 2110 Di »h S tor «g«) 

aaaory capacity 
accost tin» 

Sia kilo-word» it 2 Mti 
300 •*  700 ms 

••'   Cm4 »tad/Funch  (1MB 1442 Card Head Punch) 

road apead 
punch apood 

100 cardo/min. 
00 carda/nln. 

14   twnowrlt.r dm UU and 1053 typewrit«r) 

»y panel tor with bay-board 
typowriUr 

».»   fratti Ooarâtor'a eoniole   <i»oq« 

14.0 ok./min. x 1 aot 
14.1 eh./»in. H 2 sota 

1 aot 

* Proco»» operator'o consolo  (WC)  ia an important 
OOOBun loot ion dovico notwoon proeoaa oporator and 
•oatrol eonputor, which ha» tha following ftmction». 

II) Priât function* 

inatantaiMOMO valuo of analog input 

avoragod valva of analog input 

lntogratod vaina of analog and ptiloo lap«« 

ladlroctly awMaurod valu« 

valot of na*4 inpwt 

•look print 

amiti-poi» ta peint 

aanatant for inatrvjaont 

fladoi-éata print 
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(2)  Trend-print function« 

• trend-print for one «peclf iod vari «kl« 

• trend-print for « * pecitied block-data 

• cancel of trend-print 

Oí  Print function« for upper and lower liait value« 

(4) Liait value chanee 

(5) stop or revival 

• oenparatlon 

• closed-loop control 

• trend test 

.  «tteraency data loo 

(€)  Alternating acme con a tanta 

(7)  Statua print 

. cooperation 

• closed-loop control 

• aawreency aiçnals 

• refittered bloca-data 

. digital input and output 

<•> Othera 

• reeearch data 

• •»lti-pointa trend-print 

• data dump of «aerfMicy «tap 
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4.1   AMlof input 

fio» roto 

UouU   iOVOl 
ooolysor 
olootri« 
oot-point tinti 

4.1   ft*«Jtoi input 

74 point« 
II 
11 
• 

1 

ilfNli for m—m _. 
MC (PMS« eutton) 
me (twite*) 

êccioont mi 

iototrwpt «o« 

4 
f 

•locirie 
toct 

"uency IS 

4.1   »ifitti output 

44 

1 
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oloctrie 
oonteet 

ft 
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•• rmCTIOHAL CHARACTERISTICS OF TUB SYITEM 

1.1 proceas Monitoring Program 

(1) Baule data processing 

• Scanning 

• Numerical filtering (averagi."j) 

Numerical filtering la frequently dealred in order 

to obtain a single representativo value of signal. 

Many different schemes exists for producing 

averaged data, includinq stralghi-toward one of 

taking the simple averaqo of readings. 

The exponential smoothing mo*hod is adopted to 

smooth time-varying data. 

ÍC1Í - o-HXji-l - Xji) + Xjl 

where 

Iji i new averaged value at point j 

Xjl t new instantaneous value 

Xji-li old averaged value 

•j  i fixed coefficient at point j 

0 ¿ aj Í 1 

• Integration 

Integration of flow signals is required for material 

balance calculation and several reports. 

Tot  example, ammonia production rate par hour, 

butane feed rate per hour, and utilities consump- 

tion» per day are those which Integration la 
necessary. 
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Calibration 

It ia not rara case» that require calibrating ope- 
ration for aome Instrumenta.    Tor example,  flow- 
••ter i» often used under somewhat different 
condition fron its designed condition,    in such 
casa,  the values from the aensor do not show real 
values other*is* calibration  is done referring the 
roal condition.    The calibration is performed with 
real temperature, pressure and«  in some case,  com- 
position. 

Mi it conversion programa 

In digital control computer«  process data are 
treated in basi» as digital value« corresponding 
voltage aignala.    Operator needs to know not voltage 
but ita equivalent value in induatrial unit. 
Mathematical models alao require auch converted 
data. 

(2) Indirect measurement 

The necea a i ty of indirect measurement is mentioned 
before, and soma examples of indirectly measured 
variables in this control system are shown below. 

• Steam-carbon ratio       (mol/mol) 
• Steam-hydrogen ratio    (mol/mol) 
• Hydrogen-butane ratio (mol/mol) 

Shift converter 

• Steam-carbon monoxide ratio (mol/mol) 
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Ct>2 absorber 

• y-as-absorbent ratio   (Hm3/ton) 

Compressor 

• hydrogen-nitrogen ratio  (mol/mol) 

Synthesis reactor 

. inlet gas hydrogen-nitrogen ratio (mol/mol) 
• purge gas rite  (ton/hr) 

Quantities of steam generated  in  the va s te-heat 
boilers and heat   duty   of several heat exchanger are 
also Measured indirectly. 
Those variable« arr determined  fron heat and mass 
balance calculation  using chemical equi liberiurn 
equations,   reaction rata equations, and physical 
equilibrium equations. 
•uch indirect Measuring is also excuted at constant 
period. 

())   Logging and alarming 

Operators can refer the plant behavior through the 
logging function of the control system.    The logging 
operations can be divided into two groups, the 
periodical logging and arbitrary responding.    The 
later operation is done by operator's request via 
WC. 

The process variables are scanned and cheeked against 
their validities.    If any variables violate their 
high or low limits,  the Interruption occurs and 
alarming functions are executed automatically. 
Another type of check  is required for some process 
variables« whether the rate of change is too fast or 
not. 
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M) Emergency data lodging 

All the modern plants  *r«> ries i <j?*ec' sifr and secure  in 

Instrumentation  as weil   as ^rouocs  it«»:l' «ven if   in 

an emergency,    in an emergency,   however,  nany process 

variables chance   in  a moment   automatically or by the 

result of the action» of operators.     It  iti not always 

clear  that what  in  the t»-uo cause process equipment, 
instrument or uporation etr. 

The computer systen «lathers and presents these data 

(values of  relevant  variabler;)   before   (for  five 

minutes; in «very  thirty  second)   and after   (for fifteen 
minutes; in every  two second)   emergency condition. 

*»•*• data a*f very useful  tor   improvement of the 

process   itself,   instrument.iti«,n  and cperution in next. 

(SÎ  Plant management   information 

This control system  ie also very helpful  for the 

managers of the plant.    The plant  productivity and 

•»arali  plant performance arc  reported periodically 
as th.c typed management-report. 

These reports are produced automatically by hour, by 

Shift, by day, by week and by month. The production 

Ojemmtitioa, the raw material consumption and utility 
consumptions are included in these reports. 

*• *    Wsthematlcal Models of  the    SO? MT/D Plant 

»me mathematical models developed for this 500 MT/D 

assestila plant cover whole process and these programs can 
ha) divided  into following  two main clsbses. 

1) Oas preparation section 

2) Ammonia synthesis section 



Throughput n^ximiz inj   is ouv major  rbject.     First,   the 

operating ccna>*:i<..n of  'he ammonia s/nthrsls section is 
searched  as   to succeed  maximum throughput   it   amnion i a 

production.     Then  the  opor. tinrj condition  jf   the  gas 

reforming  section  is   sp«cilieri as  to confirm the  synthe- 
sis operutiivj drnr.ions. 

The models  air pivjramr. d to act  for mei. jpwif i«sd 

environments condition. So,   the adaptâtional  operation 

of computer is requirod DOfort- optimization,  depending 
on the plant  condition. 

Th*       ^els   is slowly  arid continuously modified  to  produce 

tnet        tniy hc*tvi   optimization.    Equations ore provided 
that «utrmatifjuily  ad/'..;r>t   its {..-irimr • or H  if  thv model 

doe« not  exact j /  :opr*vent  the-   u tu<d   process performance. 

This modification  JS  dono by  the adaptation program. 
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