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CONTROL ANO INSTRUMENTATION FOR MODERN COKE OVENS 

By D Partington 

INTRO DUCTION 

Control and lnstrumentation Department 
British Steel Corporation, Teesside Laboratories 

The m easurement of the temperature distribution with in a coke oven battery 
h as lo ng been a problem for BSC and other coke producers and many possible 
so lut1ons have been proposed, most of which have never progressed beyond the 
prototype st age . lt is essential to know the temperature distr ibution 
t hrou g hout the battery in orde r to produce h igh quality coke consi stently, to 
p revent damage to the fabric of the battery and to ensure the most eff ic ient use 
o f t he f uel used for underfiring . 

Two method of measuring battery temperatures have been developed at British 
Steel Corporation 's Corporate Process Research Laborator ies. One is an 
en hancement to the traditional method of flue block temperature measurement 
an d t h e second is a techn ique wh ich automaticall y measures the temperature of 
t he coke as it is ejected from the oven . 

Bot h of these techniques are being rapidly adopted on BSC's cok ing plants wh ich 
a re also introducing new methods of underfiring gas contrai wh ich yield 
subst antial energy savings when linked with the temperature measurement 
sch emes mentioned above . 

1 n addit ion the development and use of other sim pie instrumentat1on 
techni ques have helped optim ise coke production . 

FLUE BLOCK TEMPERATURE MEA SUREMENT 

ln a rder to produce coke of the correct and consistent qual ity 1t is necessary to 
op ti mise the distribution of the underfiring gas throughout the battery . Th is 
means that it is necessary to determine how the gas is being burnt in each 
individual flue and this has been traditionally done by measuremen t of t he 
t emperatu re of each burner block . A hand-held disappearing filamen t 
pyro meter was sighted on the burner block, adjusted to make the f il ament 
d isappear. the reading noted and entered on a notepad . 

Cross-Wal l Temperatures and Battery Averages 

The two most common forms of logg ing are cross-wall temperatures and batt ery 
average temperatures. ln the former case all flues in a given wal l are mon1tored 
and in t he latter selected flues, usually two per wall, are logged for every wall in 
the battery . 

ln the case of cross-wall temperatures a cooling curve correct ion must be 
appl1ed . This correction is necessary because gas is only burnt in any g1ven flue 
for 30 m inutes in each hour, the flue being used as a waste gas duct for the 
alternate 30 minutes, ie . at any one time 50% of the flues will be " on -gas " and 
50 % "off-gas· . The changeover is known as reversai. The optimum t ime for 
ta ki ng a tem per ature read ing is 1 O minutes after reversai but it is obvious that 
ali temperatu res cannot be tak en simultaneously and therefore a cool ing curve is 
used to compensate for the t ime after reversai at which the pyromet er read ing 
was taken . Thus it is a lso necessary for the operator to accur..itely note the time 
at wh 1ch each individual temperature reading was taken . 
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As if th is were not complicated enough, temperature readings can on ly be taken 
when wa ll s are off-gas, as the flue cap has to be removed in order to sight the 
pyrome te r on the burner block . This wou ld be no rea l problem were a whole 
wall to be "on-gas" or "off-gas", butthe way in which the oven walls are heated 
varies from one coke oven manufacturer to another and t he usual patterns are 
e1ther for alternate flues to be on- or off-gas or for inner or o uter sets of flues to 
be on- or off-gas, the pattern of flues on- and off-gas usua lly al t ernating with 
alternate walls. 

Thus what at first sight should be a simple measurement to take is complicated 
by : 

a) a time consuming measurement technique 
b ) the need to compensate for the time at which the measu rement was tak en 
c) the need to kn ow which measurement to take next . 

Similar problems exist with the measurement of battery ave rages. 

Use o f a Hand-Held Compute, 

On a typical coking plant if a flue block temperatu re reading co uld be taken 
every minute then it would take about 40 h ours to make a complete set of 
pro fil es . lt was there fo re of paramount importan ce to speed up the 
m easuremen t p rocess. Nothing can be d a ne ab0 ut the need to remove and 
re place the flue cap but measurement co uld be ,peeded up if an automatlC 
temperature sensing device were used . The Land /M 1no lt a Cyclops 52 co nt1nuous 
radiation p yromet er was chosen beca use i ts ant eced ents were alread y in 
common u se with in BSC and it has an RS 232 po rt and 1s the refo re capable of 
transmitting any measurem ent made d irectly t o com puter or microprocessor . 
The operator merely needs to sig ht the pyromete r on t h e b u rner b lock and p u ll 
the t rig g er for a m easurement to be made. The t empera ture, as measured , 1s 
displayed at the bottom of the opera tor's field of view as he sights t he d evice . 
Emissivity may be se t to 1.0 as b lack body cond it1ons esse ntially preva il fo r t h1 s 
measurement. 

As the out put can go direct to some form of data logg ing d ev1ce then this 
eliminates the need for a notepad . However, the logg ing d ev,ce needs to record 
the ti m e of measurement and therefore must have t ime-o f-day clock f acil 1ty . : f 
the logg ing system could also store fixed data , ie . the coo l1 n g curve , and cou ld 
perform sim p ie ar ithmetic, then this wou ld elimina te th e need fo r separate 
coo l ing curve correctio n . lf it were fully progra m m able the n cust om1sed 
software could be written for the measurement of Cross -Wall an d Batte ry 
Avera ge tempera t ures. For these reaso ns th e Husky Hand Hei d Compu , er was 
ch osen . 

The systern there fo re covers a l i the requisites for an 1mproved method of 
measurement mentioned in the previou s section and is po rtable and su1tabl e for 
use on battery top, as shown in Figure 1. 

One obvious advantage once a programmable dev ice has been chosen 1s tha t 
software can be produced which is configured to suita part icu lar coke oven 
battery . Thus the complexities of producing Cross-Wal l and Battery Average 
data, as mentioned above, can be taken care of. 

Figure 2 illustrates a typical screen disp lay during a cross-wal l logging sequence . 
The top display shows the options ava ilable to the operator - Re log (R), Jump (J ). 
Nolog (N) and Endlog (E) - wh ich may be used instead of tak ing a temperature 
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readi n g . Also sh own is the next flue to be logged . ln the second d isp lay a 
tem perature of 1245º( has bee n logged for flue 2, wall 2, battery 1 and the next 
temperature me asu rement is awaited. ln the centra l display "Nolog" has beer. 
selected causing a menu of rea sons for not tak ing a read ing t o b e d isp layed . 
"Flame" in the flue isselected and d isplayed aga ,nst flue 4, wall 2, battery 1 in 
t he fourth display . Thus logging continues unti l a cross -wal l, ser ies of cross-walls 
o r batte ry average run has been completed when " Endlog" is selected as in the 
bottom d ,sp lay . 

The customised displays are used to steer the operator around the oven so that 
he does not lese track of which flues temperature have been measured , 
particula rly where complex underfiring patterns are involved . 

Output Dev ices 

The Husky Computer has an associated printer. The hand held dev,ce is merely 
plugged into the printer and, again via screen requests, the cperator instructs 
the mach ine to transfer the data . Software has been written to g ive out put in 
tabular or graphical formas shown in Figure 3, and rout ines have also been 
wr itten to transfer flue block tempera t u re data to desktop and mainframe 
computers . 

The system has now been widely adopted across BSC's cokemaking plants . 

AUTOMATIC CROSS-WALL TEMPERATURE MON ITOR 

Alth ough the above development has speeded up the data acquisitio n b y a 
factor of 2 to 3 and ensured that ali necessary data are collected and are 
co rrected as requ ired , it is still desirab le to know the tem per ature of the cok e 
being produced to ensure that carbon isation is correct . 

lt was deci ded , therefore, to attempt to measu re the temperature of coke as it is 
ejected from th e oven, the id ea be ing that if it were possible to look into the 
fissures formed during carbon isat ion then a good correl ati on shoul d exist 
between the positi on o f the coke on the oven and wal l (fl ue ) temperatures and 
any necessary correct ive action could be take n . 

lnitial t r iais in 1978 have led to the development and instal!ation of t he system 
on three of BSC's coking plan t s to date . 

lt soo n became apparen t that there wo uld be three essentia! re q u,s,tes for an 
au to mati c system : 

a) t hat the tem per atu re should be measu red accurately and be a true re f lecti on 
of th e temperature of the coke . 

b ) t hat the temperature d istribution should be rel ated to t he p os itions o f the 
flues w ith,n the heating wal ls. 

e) that the systern would need t o be kept coe i an d free from ingress of coke 
dust . 

These led to the development of the th ree elemen ts which form the systern : 

a) the py rometers and housings 
b) the electronics un it 
e) the instrument serv ices module . 

Pyrometers and Housings 

The pyrometers are a standard un i t from a commerc ial ma nufactu rer, g iv,ng an 
output of 0-5 V over the temperature range 700 to 1200º(, mod,f,ed so that th ey 
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view a very sma ll object when sited at t he opti mum d ,stan ce from the co ke . The 
optics gi ve a f iel d of 11iew of 3 mm for an object d istan ce oí 450 m rr. Th us the 
py rometer is viewing into th e fissures created duri ng carbonisat,on This has th e 
ad va ntage t hat not only is the true temperature of the cok e body re corded b ut 
prob lerns with emissivity are overcome dueto the black bod y nature o f t he 
cavity . The pyrometers are mounted in the coke gu ide ata sl ,ght ang le , so as to 
prevent dust and debris ingress, and are also air pu rged to kee p the lenses clean 
A standard wate r cooling jacket is provided and the who le mounted in easily 
accessible environmental housings. 

Generally , three pyrometers are used t o g ive the vert ica l as we ll as long itud i na l 
temperature d istribution but there is no reason why more th an th is number 
should not be used if required . 

Electronics Unit 

The orig inal electron ics un it was of the rack mounted type, incorpora t, ng cpu , 
memory, 1/0 and peak picker cards anda time-of-day clock . 

Th e function of the peak picker is to take the raw pyrometer outpu t and to 
process this to produce temperatures wh ich are representative of the variations 
in temperature across the oven . Various signal processing techniques wer e 
evaluated but that eventually choosen .operates as follows . The pea k p icker 
circuit samples the pyrometer data cont in uousl y, retarn ,ng the peak tempe ra ture 
experienced . The computer retrieves th is pea k va lue every 100 m illi second s and 
stores ali such readings over the duration of the pu sh, wh,ch ,s typ ical ly 30 
seconds . Thus, approximately 300 read ings are stored for each py rom eter . The 
data are then divided into flue zone anda pea k average temperature is 
evaluated, ie. say there were 300 readrngs and 30 flues, each blo ck o f 1 O 
temperature readings would be averaged and related to its corresp on drn g flue . 

This was found to be more representative of true oven temperatures th an a 
standard peak picking routine . An example o f raw dat a and cross-wa ll output 
from early tria is is given in Figure 4. 

The f unction of the rest of the electron ics is to time and d ate stamp th e da ta , 
re ad the ,iumber of the oven being pushed , interface to lamps and alarms both 
for internai diagnostics and for moni tori ng of the functioning of th e serv ices 
module and to output the data to a suitable disp!a y device. 

Dueto maintenance problems with th e or ig ina l elect ron ics u n ,t a vers ,o n using a 
singl e board m icrocomputer has now been devised . Th is un,t , shown ,n F,g ure 5, 
is fitted to a li later systems. The sbc is a st andard unit and su pports a separate 
four channel peak p icker boa rd w h ich sits " p iggy- back" on t he mothe r board . 

Services Module 

Th is is a simple device suppling a i r purg ing and water cool ing t o th e pyrometers 
and alarms via the main electronics unit. lt is rnounted on the cokes,de mob ile 
rnachine, as is the electronics unit. 

Overall Systern 

An overall system schernatic is given in Figure 6 . As well as the three un its 
d escribed above it is necessary to have some method of identifying the oven for 
which the data are be ing gathered and some form of data outpu t. 
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As shown in the d iagram, one form of oven number input is via a thumbwheel 
interface . lnterlocks can be pravided to ensure that the operat or changes the 
numbe r before commencing a push . Another method of oven identification will 
be descr ibed !ater. 

Output can be in the form of a local pr inter, by means of an alphanumeric 
d,splay on th operator's contrai desk or may be transmitted by radio link to a 
'ground -station' computer in the main plant offices. AII of these systems have 
been used with in BSC. 

A t yp ica l set of crass-wal l prafiles is g iven in Figure 7. 

UNDERFIRING GAS CONTROL 

Having established that it is possible t o monitor the temperature variat ion 
throughout a battery, it is then necessary to contro l the batt ery underf iring to 
g ive ó ptimum carbonisation wh ilst m i n,mising energy usage . Gas flow to 
ind ivid ual burners and walls may be tr immed based on results obtained using the 
above techn iques, but it is of paramount important to centro ! the overa ll flow of 
energ y to the battery . 

Sid e Main Pressure Contrai 

The normal method of underfiring gas control on a cok e oven battery is by 
pressure regu lation of the main supp ly ing the gas, the pressure be ,ng controlled 
to a predetermined set po int. Th is mode of control g ives heat inpu t 
compen sation for ovens 'checked ba ck ' o r taken off g as but does h ave some 
d isadvantag es, pri marily tha t variat,ons in calo rif i c va lue of t h e gas are not taken 
into acco unt in the heat ing strategy . Th is mea ns that the therma l in p ut to th e 
battery is subject t o fl uctua ti ons induced by CV var iati ons , lead ,ng to Nastage at 
h igh CV values. Th is method of con t ro l is therefore not a n effect ive short or long 
term contro l strategy . 

Heat Inpu t Contrai 

ln an al te rnative control strategy, the heat input is determined from t h e praduct 
o f t he underfi ring gas flow and W o bbe lndex. Th is system w il l t here fore 
compensate for changes in calorific va lue of the fuel but does not compensate 
for changes in gas flow when ovens are checked back or taken off gas . l t is, 
t herefo re, p rimari ly o f use on mod em or n ew ly-comm issioned batteri es, wh ere 
st ead y operati on is the norm, but ,s of less value where the push rat e is less 
stead y and where oven repa irs are a regular feature . which is often t he case on 
o lder batteries. 

The rmal Flow Cen t ro! 

lt w as, therefore, considered necessary to develop a method o í co n t rol wh ich 
incorporated t he best features o f t h e two systems above and t h,s cou ld b e used 
under any oven operat ing cond it io ns. Th,s has been achie ved by u si ng th e 
product o f d ifferential pressure across t he whole battery and t he Wobbe lndex 
as a measure of the heat input to the battery . 

Fig ure 8 is a sc hematic wh ich shows al l three modes of co nt ro l and ali th ree 
medes w ere made ava ila b le on t he recentl y comm iss ioned Redca r Coke O vens. 
Three features were highlighted as a resulted of t riais carr ied ou t us ,ng the 
al t erna ti ve method of contro l. 

Firstly , subst ant ial energ y savings, of the order of 5%, co u ld be mad e by 
emp loy ing either heat input contra i or thermal flow cen t ro ! as opposed to side 
ma in pressure contrai. Secondly, that thermal flow con t ro l was the superior 
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system when ovens were being checked back or taken off-gas . Third ly, that 
although heat input contrai was marginal ly superior to th erma i flow contrai 
under steady operating cond it ions. the flow measurement had to be very 
accurate . ln arder to achieve the desired accuracy compensation had to be made 
for incoming gas temperature and partia! water pressure variations . 

Further Developments 

At the Appleby Frodingham Coke Ovens, at Scun thorpe Works, thermal flow 
con t rai has been taken a stage further . Rather than only using the ind,rect 
methods of temperature measurement ou tlin ed earlier, these have been 
augmented by special probes which have been inserted into the regenerators . 
Although there is still some lag between a change in underfiring gas flow anda 
tem per ature change in the regenerators, the response is rapid enough for use in 
a control loop . Also ali ovens in the battery are measured s,mu lta neou sly . 

The temperature data co llected are averaged by a small m icrocomputer to 
produce a temperature feedback signal . The errar between th e measured and 
setpoint (battery) temperature is then used as a thermal inpu t setpo,nt wh,ch 
may in turn be compareci with the actual thermal input to the ba tte ry . 

The installation of this system has already yielded savings of about 3% in energy 
consumption. The work, however, is not yet complete and ,tis intend ed to 
introduce a third contro l loop, incorporating d esi red product ion rate as a 
setpoint input, as shown in Figure 9 . 

OTHER INSTRUMENTATION 

Severa! other systems have been developed by t he Process Research Laboratories 
or have been acquired from commercial supplies for use on coke oven s. 

Coke Pushing Force Measurement 

The force required to push coke from an oven has been found to be a good 
indicator of the oven cond ition and of how well it is being operated . Faults in 
oven heating and charging quickly show up as higher than normal pushing 
forces, and measurements of this para meter can be used to comp lement 
temperature measurement. 

A system has been developed based on measurement of torque at t he pusher 
machine ram drive . 

The ram force required to push coke from an oven can vary over w,de l,m,ts and 
is dependent on the condition of the coke mass and the oven chamber itself . The 
force is made up of severa! components inlcuding that requ ired to sl,d e the coke 
along the oven sole and the reaction between the slipper support,ng the ram 
and the sole. A typical-pushing force trace is therefore as shown , n Figure 1 O. the 
ram force rising rapidly to a peak and then falling to a steadier lower leve i. The 
initial peak force is the figure used as a measure of oven " pushab ili ty ". As will be 
shown !ater, the data logged at each push can be recorded together w ith oven 
number and time of pushing . This enables the establishment of a standard for 
the pushing force to be expected with good operation , identification of ovens 
susceptible to higher than normal pushing forces and highlighting of abnormal 
results which may be attributed to a number of factors . 

The system described has been fitted to the majority of BSC's coke ovens and also 
supplied outside the Corporation . 
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Mobil e Mach ine Alignment 

A un it has been developed to aid the alignment of pusher and cokeside 
machines for doar remova!. Obviously, if the pusher machine is not correctly 
ali gned then damage to the oven fabric will result and if the cokeside machine is 
not correct ly al igned then the coke guide will not be in the right position to 
transfer the hot coke into the Coke Car. 

Th e COLAS (Coke Oven Laser Alignment System) provides a beam of laser l ight 
which can be seen as a bright red dot on the battery by the mach ine operator . 
He can, the refor e, centre the spot on smal\ targets provided for each oven . The 
unit 1s man ually activated and incorporates a t imer which automatically cuts off 
t he bea m after a set per iod . Such systems have been installed on most of the 
Corpo rat1on's ovens and severa! outside BSC. 

Automatic Oven lndenti f icat ion 

As m entioned in the sect ion on the Automatic Cross-Wall Temperature Mon ito r, 
one method of identi fyi ng the oven being pushed 1s by the use of a thumbwhee l 
encoder . An alte rn ative is to use a commercially available tag t ransponder 
system . Smal l robust el ectronic tags incorporat ing low frequency rad io 
transmitte rs/receivers and having a memory capable o f holding a un ique 
indentif icat ion cede are mounted in sui table positions adjacent to ea ch oven . 
Each mob i le machine is f itted w ith an interrogation un it and reading head which 
gene ra t es a local electro-magnetic field and so activates the nearest tag , wh,ch 
responds by transm1tting its stored code . The inte rrogation un it also checks tha t 
th e tag is function ing correct ly and that the signal rece ived by the read,ng head 
is valid . Valid data is transm itted serially to extern ai eq uipment . 

Of f-Car Communi ca tion 

Again as mentioned in the Automat ic Cross-Wall Temperature Monitor section, 
data can be transferred from the mob il e mach ines by radio link . Such systems 
are avail abl e commercially and have been used t o transmit not on ly cross-wall 
temperature data from the cokeside machine and ram bea m torques írom t he 
pu she r machine but also in formati on relating to g enera l oven p ractice as shown 
in Figure 11 . Here data on doer cleaning cycles, cross battery interl ocks, oven 
status and oven number are taken from lim it and pressure sw,tches, manua l and 
thumbwheel switches. 

Ali ou tstati ons, on the mob ile machines, store ali data unti l polled by the 
groundsta ti on . The data, which has previously been encoded in to a status word 
wi th an errar check character, is then transm itted . ln th is wa y the tech n ical 
complex ity o f the outstation is m in im ised, the groundstation computer rece ives 
and checks data in an orderly fashion and charge/push data are received onl y 
after ali requ ired actions have been completed . Such systems have been f itted 
to Redca r and Dawes Lane Coke Oven Batteries. 
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Measuring Flue Block Temperatures Using 
the Hand Held Computer 
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CROSS- WALL PRINTOUT 

Figure 4 Re l a t ionship between raw data and the cross-wall 
output (early trials) 
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Figure 7 Ty pical set of cross-wall profiles 



-----+WOBBE 
INDEX 

WOBBE 
x FLOW 

0-

MULTIPLYBY 
WOBBE INDEX 

4 3 9 

AUTO 
NEUTRAL ______-

PAUSE 

SIDE MAIN 
PRESSURE 
CONTROL 

111111111111111 
111111111111111 
111111111111111 
1 1 1 COKE OVEN 1 1 1 
Ili BATTER Y Ili 
111,,, 1 1 ,,,. I 11 
111111111111111 
111111111111111 
111111111111111 

MANUAL 

MANUAL 
SET POINT 

MEASUREDVALUE 

Figure 8 Alternative methods ofunderfiring gas control. 
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Figure 10 Typical ram force trace . 



"' SHIFT REPORT COKE OVENS AT 10:29 ON 18-SEP-84 PAGE 13 >-· 
':l PUSHING SUMMARY FOR BATTERY l FROM 21:00 ON 17-SEP-84 
'1 

"' .... PUSH OVEN PUSH TORQUE DOOR JAMB XBIO MODE PROBLEM COMMENT .... NO. NO. TIME MAX. MEAN R C R e R C STATUS 

~ 17 76 01 :10 16.25 7.27 y y y y N N N 7 A 

"' 18 81 01:23 24 . 73 7.07 y y y y N N N 7 A :, 
19 86 01:36 21.88 7 .19 y y y y N N N 3 A (/) 
20 91 02:31 16.64 6.56 y y y y N N N 3 A ,. ., 
21 96 02:41 18 . 50 7.17 y y y y N N N 7 A ,. 

" 22 101 02:51 15.67 6.95 y y y y N N N 7 A "' 
tr 23 106 03:01 18.99 6.41 y y y y N N N 7 A .;,,. '< 24 111 03 :18 12.41 6.64 y y y y N N N 7 A .;,,. ,, 

25 116 03:28 21. 55 6.64 y y y y N N N 7 A 
,.., ., 

g: 26 121 03 :42 15 . 18 6.88 y y y y N N N 7 A o 27 126 03: 59 12.84 6.76 y y y y N N N 3 A 
,-J 

28 131 04:13 22.47 6.97 y y y y N N N 3 A '1 
§ 29 68 04:44 20 . 73 7.46 y y y y N N N 3 A 
"' 30 73 04:55 22 . 66 7.87 y y y y N N N 7 A a 
>-· 

31 78 05:08 18.72 7.35 y y y y N N N 3 A "' "' 32 83 05:22 14 .18 6 . 80 y y y N N N N 3 * J . CLND MAN* A >-· 
o :, f' 




