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THE PLANNING OF LD STEELWORKS

If we are to speak of the planning of LD steelworks, it is neoessary to
emphasize the importance of the subjeot, sinoe US$20-40 million has to be
invested in the construction of an LD steelworks according to its size, and
in the case of misplanning many millions of dollars would be spent uselessly.
Therefore, when the engineer sets about the task of planning a steelworks,
various data regarding inter alia the size of the converter vessel, the
ingot programme or the flow of materials within the steelworks eto., must be
known if the solution is to be successful, and here the first oritioal
considerations present themselves. Usually the cusiomer calls for the
erection of a steelworks with a specific guaranteed annual output. The
formula in Figure ! gives the theoretioal vessel size; however, one would
be well advised to oorreot this formula with a factor that takes into account
olimatio conditions, the experienoe of the operating and maintenance
personnel and the rate of utilisation of plants upstream and downstream. It
would be easy to determine this factor in suoh & manner that the annual output
would be achieved with a very high degree of certainty, but sinoe in the final
analysis it is the ohief duty of the planning engineer to work out the most
economic solution it is important to submit the above-mentioned aspeots to
as searching a sorutiny as possible. This factor is also time-dependent and
it can be said very generally that almost everywhere output has increased in
the oourse of operating & steelworks. It should also be considered that the
certainty of achieving & given annual output is related to the number of
vessels installed. As you will all oertainly remember, with a few exoeptions
two vessels, one of which was in production, were almost always installed in
the first LD steelworks. In the course of development, in whioh V8est played
a not inoonsiderable part, it came to be accepted that even with larger
vessels it is possible to keep two out of three installed vessels permanently
in operation. Latest developments show, however, that in any case it is
valuable to oonsider whether to install a single vessel of the largest
possible sigze. On the one hand, as is known, produotivity increases with the
sise of the vessel but, on the other hand, if only one vessel is installed,
the orew is inevitably idle for at least part of the lining time, so that
unproduotive costs are osused. The idea alsc seems tempting when all the steel
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produced is cast in ocontinuous ocasting installations, sinoe it is then no
longer necessary to maintain a nearly continuous supply of hot ingots to the
rolling mills downstream. However, the pre-ocondition for this is that the
discountinuous consumption of hot metal within the total flow of materials in
the iron and steel works oan be evened out either by other steel plants or hy
mizers. To revert onoe again to the above-mentioned safety factor, it seems
obvious that, with two vessels installed, a breakdown, say, in the waste gas
cooling and oleaning plant dommstream has not nearly the same effeot upon
monthly output as in the oase of a steelworks with one vessel, since here
the entire repair time must in fact be counted as a loss in produoction time.
Of oourse it oan be objected that as & result of years of development and
experienoce the parts of the installation auxiliary to the vessel can be
reckoned to have oonsiderably higher reliability in operation than was the
case, say, at the beginning of the LD age.

It is very stimulating but not easy for the planning engineer if he is
set the opposite task, namely, to achieve maximum production within a given
space. This can ocour if, for exmmple, a Siemens-Martins steelworks is to bde
closed dowmn and oonverted to LD production or if, as a result of orowding in
a metallurgical plant, very little space is availabls for the oonstruction of
an LD stsel plant. In suoh cases also solutions were found by VSest, using
interchangeable vessels, whioch finally so oonvinced the customer that we were
awarded the ocontract. As an example I should like to mention here inter alis
the LD-AC steelworks in Differdingen. The ground plan of this steelworks is
given in Pigure 1 a. 80, when the decision regarding the final sise of vessel
and the number of oonverters installed has been taken (doubtless the most
importent factors in defining an LD steelworks), naturally data regarding all
installations grouped around the vessel, such as steel delivery cars, slag cars,
lance installations as well as their capacity are already determined on ths
besis of various design formulas. In addition, various other constitutuent
faotors such as the type and sise of the cdust removing plants, the oapaoity
of the hoppers for vessel additions and ladle additions and at least the
number of ladles in circulation, the ladle lining stations, the number of any
ladle tipping devices and ladle heaters must be determined. However, before
" the designer osn begin to prepare drawings, it is essential to oonsider more
closely the flow of materials in the metallurgiocal plant. Usually the flow
of materials makes it possidble to follow a partioular basic principle in the
oconstruction of LD steelworks. |







As is generally known, an LD steelworks of normal construotion oan be
divided into the three following main groupe (Pigure 2):

(1) A part in whioh all operations related to charging of the vessel are
oarried out. The ecrap and hot metial depariments are therefore housed
there.

(2) A oonverter shop, whioh is alec the heart of the LD eteelworks and is
etriking if only for its height, in whioh the veesel installatione,
lance, and duet removing inetallations and ueually all the additione
seotion are housed. It is expedient to socommodate a large number of
the eleotrical substations, valve rooms and pump rooms on the left and
the right of the converter shop, einoe there is naturally a strong
conoentration of various facilities here. This point will be dealt with
in greater detail later.

(3) The teeming bay, whioh is designed either for conventional oasting,
continuous oasting or a mixed programme, and where the entire ladle
section and sometimes a de-gassing plant is housed.

Plane providing tor the oonverter shop as the first unit cannot be
regarded as the moet ideal solution, if only from the point of view of the
flow of materials within the steelworks. Only when oiroumstances make thie
inevitable should suoh a solution be adopted.

Around the LD steelworks there are grouped, according to space oonditions,
& low level storage installation, perhape a sludge treatment inetallation and
Poesibly also a dolomite plant. All theee inetallations, although only
mxiliary, oan under oertain oiroumstances, however, influenoe the basic
planning of an LD steselworks.

I should like to eupplement this broad outline sketch of an LD steelworks
with a few details: .

(1) The hot metal department

From the very beginning an attempt should be made tc approach as nearly
a8 possible to ideal oonditione regarding flow of materials in an LD steel-
works; in other words, an LD steelworks must be integrated into the general
metallurgioal oomplex in suoh a way that sorap and hot metal can be supplied
a8 favourably as possible or - if this is not the oase - an attempt should be
made to influenoe handling routes in such a manner that the most favourable
poesible oconditione arise at the oharging and casting sides.







On the assumption that a steelworks has not more than three converter
vessels, the best solution is to bring in the sorap from one side of the
oharging bay and the hot metal from the other. Gocd slag removal conditions
oan also be achieved by this arrangement (Pigure 2). In oases where space is
not available for this ideal solution or where the friodon of the planner is
somewhat limited through lcoal regulations, for example, regarding the transport
of hot metal an attempt should be made to organise materials handling in two
planes. Whether the hot metal or the sorap is brought to the vessel ingtalla-
tions on the "second" plane (working platform) will be decided according to
loocal conditions; no general rule oan be stated to cover this.

The design of the charging bay will be influenced to & not inoonsiderablas
extent bty the decision whether hot metal mixers should be set up within the
steelworks and handling should be oarried ocut with the aid of normal hot metal
ladles or whether the hot metal is brought into the steelworks by means of
torpedo ladles. 4s is known there have been many papers and disoussions on
this subject. In many oases in whioh our firm was entrusted with planning
for LD steelworks some advance decision cn this point had already been taken,
that is to say that the metallurgioal plant in question was already accustomed
to working with torpedo ladles or it was taken for granted that mixers would
be used. If one briefly recalls the most important advantages of mixer
opsration, namely, more oonstant analysis, & certain degree of oonstanay in
temperature and the buffering offect, and the advantages of operating with
torpedo ladles, namely, higher temperature of the hot metal and possidbly alwo
lower oapital investment costs, it is really diffioult to give a definite
ruling immediately when one is ocompletely free to plan. In such cases, the
decision should be made on the basis of cost. Buch a comparison of costs
gives a true pioture only if, after precise planning, the nost of construotion
of sheds, oranes, relining equipment, foundations, etc., of both versions
are taken into acoount and operating and maintenance costs are added to the
total ocapital investment ocosts.

If a decision has been made to use a hot metal mixer, the poseibility
should aleo be provided for of setting up & second mizer at the steelworks at
& later time, the construction of a second mixer usually running parallel to
the oonstruotion of a third vessel in the ocourse of the expension of a steslworks.




If mixer capacities ars analysed, a olsar trend towards increasing
sise in mixer vesssls will be found, ths largest mixers whioh VSest has o
far oonstructed having a capacity of 2,200 t. From ths techniocal standpoint
it is quite possible to build even larger models. Howsvsr, acoording to
Japanese reporis, ths limit of economy seems to lis at a oapacity of
approximately 2,500 t, for acocording to thsse Japanese souroces ths ourve of
the eoonomio factor has a sharp break at this sise of mixer - ths osuse is
reported to be various diffioulties with ths lining - so that it has been
decided to introduos 2,000 t mixers in a large Japansss metallurgioal oombine
as & standard sise.

As & result of ths inoreasingly striot regulations regarding aerial
pollution, it will be essential in futurs planning to provide generously
designed installations for sxhausting ths gases that ariss on emptying and
charging the hot mstal mixer. Conditions for effeotivs sxhausting of gas
are mors favourabls in the oass of & transfer pit, that is to say if the hot
metal is brought in torpedo ladles. If the transfer station is acoommodated
in a subsidiary Lay outside the oharging bay proper, the nuisanoce osused in
the oharging bay is lowest. In most oases, ths hot metal department should
be supplemented with a slag removal station. Also installations for removing
sulphur from the hot metal must cocasionally bs planned within the steel-
works. It is olsar that then ideal conditions regarding sir pollution are not
alwags achieved.

Whereas all steelworks in whioh V¥est has oarried out the planning or
at least played a prominent part in supplying important installations either
work with mixsrs or torpedc ladles, oases are also known to us in whioh the
hot metal department has a kind of hermaphrodite sxistence. In these steelworks
the hot metal to be charged into the oconvsrter oan be taken either from torpedo
ladles or mixers. The managements of suoh works havs sxpressed themselves
vary favourably regarding thsse two possibilities. Howevsr, from ths viewpoint
of ocapital investment costs, this is certainly not a very economioal solution.

As more and mors efforts ars being made towards ths exact quantitative
assessment of materials flow in steelworks, it is essential nowadays to weigh
sxactly the quantities of hot metal supplied as wsll as the quantities charged,
using platfom o orans weighers, and to feed the data into a central computer.




(2) The scrap department

The basss for the design of the sorap department are shown in Pigure 3.
Sorap handling is relatively simple if ths net sorap weight of the sorap
dslivered within the steelworks in boxes does not have to be established
subsequently. However, if the production programe includes a wide range of
qualities and there are some fluotuatione in the analysis of the hot metal and its
temperature, it is necessary toc make arrangements for finding the net weight of
the sorap within the steelworks, if it is impossible to compensate with ore. This
requires having some stook in hand, and tﬁl provision of weighing devioes and
suitably designed oranes. If therefore for various reasons some amounts of
Process sOrap Are neocessary, & special sorap bay should be provided as an
sxtension of the charging bay. If this is impossible for reasons of space,
plans should provide for a sorap bay parallel to the oharging bay. However,
this inevitably has an influence on slag handling.

If weighing the sorap in the Steelworks is neoessary only in the rarest
cases, an expedient is to provide a sorap ohute with easily opened compartments
so that dosage is possibls from time to time, though admittedly approximate.

In certain steelworks it is usual tc sort the sorap into light and heavy and
oharge them separately; most stselworks known to us, however, disregard this.
Charging of all the sorap by ohute goes a long way towards meeting the desire
for ths shortest possible charging times. Only suoh large ohutes may sometimes
require inoreased oapital expenditure, and higher orans runways, eto. Sometimes
the use of a sorap charging machine may become necessary in oonversions or
extensions of works. In order toc be a valid substituts for orane oharging
installations, suoh sorap charging machines must be fitted with appropriate
propulsion systems. The ideal solution is still to bs abls to pick up the

scrap charging boxes with a orans and empty ths ocontents direot into the vessel,
the sorap being brought into the steelworks YLy means of suitabls wagons, already
in charging boxes. In some cases, sorap handling has been solved without the
use of any railed vehicles whatsoever. Whether this is possible, however, in
ths case of very large vessels, demanding an hourly turnover of well above 100 t,
can only be showmn by future developments.

(3) Ihe converter vesse]l ingtallation

The oonverter vessel is the dominating element in an LD steelworks. I do
not wish to deal with design details hers, as this is outside the framework of
this papsr, but shall only remark that the entire planning of the steelworks
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must be eubordinated to this oentral element. Thigs applies to the dietance

between pillare, heights of platforms and space around the oonverter vessel |
\
plant, eto. i

In addition, oare will have tc be taken that the delivery and removal
of all materials oan proceed quiokly and smoothly. BShort charging times mean
high productivity and thus finanoial profit. In addition, every effort should
be made by the planning staff to ensure that re-lining aleo requires only a
minimum of time; for example, quick delivery of the lining material, favourable
storage possibilities for the trick pallete, etc.

Good acoeseibility in repaire through easily removable platforms, suitable
arrangement of the tilting drive, and bearing housings that are easily removed
and installed are further detaile that must definitely be borne in mind.

Also, well arranged, perhaps water-oooled slag protection installatione
around the veseel inorease operaticnal eafety.

&n_important deveil for the future vill be the effective esheusting of

the gases that are generated in charging the vessel and tapping. There has
been no oconvinoing progress so far in this ares. However, we are werking on
the problem. We hope that here also, as in meny arees of the oonstruction of
LD eteslworks, we can give the lead.

(4) Meste gee ocoling snd clesniag plamt

You oertainly all remember the large weste '—A ocoeling and clemming
installations that existed in early deys of LD steelworks oonstruction, the
dust removing plant being erected cutside the steslworks beocause of its great
volume, in the case of eleotrostatio precipitators. The reason for the great
sise of these installations was the enormous excess air factore that were usual
at that time. However, in spite of generous designing there were many undesirasble
breakdowns in these installations. A few, cne oan say, daring firms even decided
to install a single installation down-stresm of two vessels that were in operation
alternately. These designs did not etand the test of pratiocal experience as such
installations are oontinually in operation. If repairs beocome necessary then
this inevitably influences production, if it is impossidle to digscharge geses
direct into the atmosphers.

There are more examples of installations in whioh one waste g%8 ocooling
plant is installed per vessel and only the oleaning installation proper is commen
to all the vessels. As & firm plasning steelwerks, we have for yoars taken the
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view, partioulacly with wet sorubber installations, that a "building blook"”
system should be preferred in any oase, by whioh we mean an installation in
whioh one waste gas oooling and oleaning plant is installed per vessel. The
experience of many years supports us in this view.

If one considers the formula for the maximum qulntit'iu of gas produced,
which in the long run determines the design of the waste gas oooling and
oleaning plant, the present trend, namely, operating with as low an air factor
88 possible is very understandable (Figure 4). A low air factor gives small
quantities of gas und oonsequently correspondingly smaller installations. As
a further result of this approach, the steel struoture of the oonverter shop,
whioh acoounts for a oconsiderable portion of the costs of the stesl structure
of the entire steelworks is now being made lighter and therefore oheaper, |
owing to the lower weight of the gas ocooling plant. On the other hand, owing
to the high 00 oonoentration, only wet sorubbers or wet electrostatio precipitators
oan be used at the moment for oleaning these waste gases. However, it is knowm
thati experiments are being oarried out by various firms to use dry electrostatio
precipitators for this type of waste gas. The development of wet sorubbers has
now reached such a high level that they fully meet the legal provisions regarding
air pollution. Looked at from the oapital costs angle, wet sorubbers are more
favourable than eleotrostatio precipitators.

To deal with the various well tried dust-removing aystems would go
bayond the framework of this paper, but I should like to enphasise a few out-
standing features. As far as new plants are oonoerned, there is a constant
deoline in the number of waste ges cooling installations in whioh the physioal
and ochemiocal heat of the vessel waste geses is used for the produotion of steam
for use in the works. Also installations that exploit the 00 gas produced are
not very numerous. In short, it is nowadays desired to destroy or eliminate
the energy inherent in the waste gas at as small expense as possibdble.

The part directly above the vessel, known as the hood, is naturally
exposed to the greatest thermal and mechanioal stress. Therefore ocertain
repair work is absolutely essential at this point. Such repair work must be
made easy to oarry out as it oan usually be performed only when the vessel is
being lined. PFormerly, most hoods were fitted with interchangeable oooling
plates. Today, it can be sasid, however, that in the long run the tube-ocoled
hood oauses less trouble than the former plate designs. However, it is an error




in planning if arrangements are not made for the possitility of replacing the
hood rapidly by another one for the purpose of large-soale repairs. In
relation to this it should be borne in mind that large handling space for
repairs is expensive, particularly in the vessel bays. Therefcre it is more
favourable to take the hood into the orane area, perhaps by means of auxiliary

structures that can be ereoted rapidly.

It has again and again teen our experience that we have had to point out

oven to firms highly specialized in this field that it is neoessary to take

into oonsideration not only the theoretioal design data but also the fact that
ocoasionally there may be partioularly intensive oxidation loss of oarbon and
that these peak values, although short in duration, must be absorbed by the plant.
Also we advise our customers to provide for two additional chutes in the hood.
Furthermore, the possibility should also be provided of introducing not only

the blast lance proper but also another lance intc the vessel. I am thinking
mainly of the temperature measurement lances developed by VSest according to

the VP prooess.

Also it is necessary to provide at the lance inlet point suitable steam
or air seals that oan be relied upon to prevent penetration of the flames which
could badly damage the parts of the installation above. As is known, nitrogen
seals are used at this point in installations with a high concentration of 00.

As has been hinted at befors, the trend towards what is known as "minimum
gas dust-removing plant" is not to be cverlooked in new installations being
erected. We ourselves have followed another way in our LD Steelworks II, as
the logioal oonsequence of the experience we have gained. Since steam was
needed in our metallurgical complex, we develcped further a boiler versicn with
our No. 6 vessel that makes full use cf waste gases. As oan be seen from
Figure 5, we shut off the stream of gas from the vessel by means of a mobile
hood ring so that there can be no after-burning in the lower seotion of the
hoocd. As is known, these parts are always subjeot to particularly ltrong
thermal stress because of the inevitable ocombustion and thus partioularly often
require repairing. This does not apply to the sclution chosen by V8est, sinoe
the oombustion of the gases ocours then in the part that is designed and pre-
destined for the purpose, namely, in the boiler plant itself. There the combustion
is striotly regulated by the controlled admission of secondary air. A valuable
side-effect cf this design has been shown to be a considerable inorease in the
yield of the vessel (over 1 per oent), since owing to ocorrect ochoice of the hood
diameter, spittings to a large extent run back again into the vessel.
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The meohanism for raising the olosing rings has an important funotion -
and thie applies not only to the Vest plant but also to other inetallations
that work with olosing rings. After teething troubles oaused by the unfavour-
able oonditions to whioh the oclosing meohanism is exposed, we have now been able
to find suitable demigne to meet these conditions, so that this problem ocan also
be regarded as msolved.

From the eoonomic point of view, the dust produced, whioh oan make up
approximately 1.2 per oent of the metal oharge - though one is well advised to
take 1.5 per cent as the basis for planning - ehould be made use of. It
suffioes to recall that in a steelworks with 1 million tonnes annual output,
approximately 12,000 t of dust will be produoed. Researoh has shown that LD
dust has very many uses; the soale ranges from selling to the ohemical industry,
re-oyoling in the individual plants of the metallurgioal oomplex, suoh as the
steelworks, the sintering installation, eto., to its use as an infill material
to obtain additional land, as has been observed in Japan.

In the vast majority of cases, the‘dult is conveyed to & eintering plant.
However, no one has yet measured how muoh of this dust enters the atmosphere
through the ohimney of the sintering plant.

I should not forget to mention here the experiments made on using LD dust
direotly in steelworks, as for example in our eister works at Donawite or, the
latest example, the re-oyoling planned in the new LD steelworke in Koverhar.
Vlest iteelf has already oarried out & series of experiments together with
the metallurgical works in Kosice (in Czeohoelavakia) on introducing LD duet
into the vessel through the lanoe.

(5) The additions seotion

The additions seotion oocupies considerable space in the converter bw,‘
like the waste gas msta.lla.tion.' Sinoe large quantities have tc be stored at
suitable heights, the additions section acoounts for muoh of the weight of the
steel etruoture. If the hopper walls are used as bearing members in the steel
struoture, this does simplify the matter to some extent but doee not bring any
considerable reduotion in weight. There are two schools of thought among
oustomers regarding the prinoiples of planning in this respeot. One group is
interested in storing as large as possible an amount in the oconverter shop;
typiocal representatives of this view are many Amerioan steelworks. It is




desired to store at least the requirements for three shifts in steelworks,
refilling to be oarried out in one shift minus two hours (operator's meal
break and warm-up period). The other group, partioularly as far as limestone
is oonoerned, wishes to store in the oconverter bay only a supply of a few
charges, as for example in many Japanese steelworks. We believe that the
golden mean between these two extreme views is ocorrect and therefore we adopt
the following prooedure. The lime requirement per oharge, whioh is oaloulated
acoording to the Marinoek formula with a desired degree of basioity of 3 is
converted to an hourly requirement (Pigure 6).

In our view a minimum of about six hours' supply should be provided;
the reason is that during this time small to medium soale repairs can quite
easily be oarried out on the oonveyor systems leading to the additions section.
Furthermore, an automatio feed device should be provided that ensures that
replenishment begins immediately when a ocertain minimum level is reached in
any hopper. As oan be seen from Figure 7, relatively small sises of lime
hoppers are suffioient, so that the weight of the steel structure oan be
reduced and in addition saving~ in personnel are possible through the automatioc
system provided, sinoe the wrker previously responsible for filling the hoppers
for the day is now no longer needed and the supply installation oan quite well
be supervised by the operator alone, who is also responsible for the low-level ,
storage and transfer stations outside the steelworks. No firm rule can be
given for the sise of the hoppers for fluxee, ore and ocoke if used; the
ospacities generally follow from the residual space available, a hopper bresdth
of 1.5 m being the minimum and the height depending approximately ’on the height
of the lime hoppers.

We have attempted to introduce some order into the multiplioity of
possible solutions for the arrangement of the hoppers and the weighing
oontainers beneath them, and in the following Pigures 8, 9 and 10 we have
shown three possible versions used as a basis for discussion with a oustomer.

It has more or less become standard practioe that the additions sevtion

proper, oongisting of the weighing hoppers and the delivery equipment, is
sutomated and ocontrolled from the oentral oontrol point.

In addition it is aleo worth while to reflect briefly on the degres of
acourasy necessary. The effect of tolerances on final temperature is showm
in Pigure 11, Inacouracies in the measurement of the quantity of hot metal
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and the C ocontent have the greatest influence on temperature, while inaocuracies
in weighing the quantity of lime have a very insignifioant influenoce, and the
diagram clearly shows that acocuracy in weighing to approximately 1 per oent

is quite tolerable; therefore it would be quite satisfactory to use belt
weighers. If it is also oonsidered that providing for approximately 0.2 per oent
soouracy in weighing results in a sharp rise in oapital investment costs for
this portion of the struoture, it will be clearly seen that exaggerated acouracy
is not always required.

Sinoe regulations regarding air pollution at the place of work are becoming
more and more strict and since dust always ooours in the additions section, only
those designs are suitable that are certain to prevent the escape of dust, for
example from the delivery organs. Also, much greater efforts are made nowadays
than a few years ago to keep the air pure around the drop point above the
hoppers. However, this requires a not inoconsiderable inorease in expenditure

and equipment.

In planning the oonverter bay, it is neoessary to oconsider not only the
vessel additions but also the ladle additions. Sometimes, partioularly with
smaller vessel plants, it will suffioe to have hoppers on the working platform.
However, if the capacity of the steelworks and the programme oalls for a
greater turnover, it is better to acoommodste the hoppers on the level above
the working platform. Many steelworks planners see an advantage in regarding
the ladle additions as an integral part of the vessel additicns. We do not
regard this as a very favourable solution, for there is little sense in
transporting sdditions to & height of 40-44 m when they are in the end to be
used a few metres above floor level. In addition, a separate oonveyor system
for the ladle additions is certainly more practioal, and the hoppers for the
l1sdle additions will be arranged at no more than the necessary height in
the oonverter bay. There is no need tc emphasise the fact that suitable
weighing devices should alsc be inoluded in the system.

(6) The lance installation

Fortunately, the days are past when the designer was compelled sc to speak
to design the lanoe equipment into a oramped given space. The lesson has indeed
been learned that the lanoe equipment must be given suitable space, since, ir
for example interchange of lances demands too much trouble or time, a loss in
produotion is inevitable. That was also one reason why the practioces was very
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soon adopted of fitting the lance equipment with two lanoes, so that ohange-
over from one lanoe to the other could be oarried out even Wy remote ocontrol,
The decieive factor with lanceequipment ie the maximum throughput of oxygen,
whioh follows from the formula in Figure 4. The largest lance equipment
oconetruoted by Viest was designed for a maximum flow of oxygen of 750 ¥m3/min,
In any oase, care should be taken to eneure that the lanoes oan be easily
removed from the oconverter bay. The moet favourable solution is to provide a
vast slot throughout the entire length of the converter shop. However, euch
& slot, whioh ie very useful for removing the lances, makes it neoceesary to
take oertain precautions with regard to the statios of the steel struoture.

At this point I should like to draw attention to the measurement lanoes
already mentioned, whioh have been developed by VBeet; we adviee making
provieions when planning new works for the possibility of introduoing a
meagurement lanoe into the veesel in addition to the oxygen lance. If it ig
furthermore also intended to pre-heat sorap in the veseels from time to time,
it ie practioal to supplement the lanoe equipment with a heating lance. The
result of ooneietent further development of these ideas has been that we are
supplying for the Hattingen eteelworks in the Ruhr lanoce equipment with five
lances, namely, two oxygen lanoee (one etand-ty) two messurement lances (also
one etand-by) and one sorap pre-heating lanoe.

(7) Central fecilities

8inoe the converter veseel bay, as was indicated at the outest, represente
& oonoentration of facilities - one could speak of a kind of energy key point -
an attempt should be made to bring the electrio eubstatione and varioue valve
and pump rooms as near as poesible to thie key point. Binoe the oonverter bay
proper ie not usually longer than two to three spans while the other bays in
the steelworks have a larger number of epane, the spaces to the left and the
right of the converter vesesl bay oan bs used to house the electrioal sub-
etations and the pumping and valve room that oannot be acoommodated directly
in the oonverter bays. The same applies to the works offioes, and perhape the
laboratories for on-the-epot testing and the computer installation, if this
cannot be set up in the imuediate vioinity of the central oontrol room. Here
I ehould like to remind you again of Pigure 2, which illustrated an ideal steelworks.

Whether and to what extent any oontinuous casting installation ie supplied
with energy from that oentre or whether the ocontinuous casting installation is
dependent in this respect will depend on looal oonditions.




(8) The handling of slag

Because of given conditions in an LD stselworks, slag oan be removed in
two directions, namely, sither towards the side from which steel is brought in
or in the opposite direction. Doubtless, ths best solution is the one that
makes possible the removal of slag from ths steslworks with ths smallset

possible amount of equipmsnt and expenditure. While it is bsst to operate
with a remote-controlled vehicle on which the slag bucket rssts, as far as

the area underneath the vessel is concerned, it will depend on looal conditions
whether slag is removed from the steslworks by railed or non-railed vehiolss.
A vsry cheap sclution is to empty the slag within the stsslworks directly into
a slag pit with the help of & orane and then to transport it away by means of
tractor shovel, but some degree of smoke nuisance and hsat gsneratiocn is
unavoidable. Extreme solutions suoh as slag handling direotly in the pit

undsrneath the vessel have not proved satisfactory and in our opinion will

finally bs disoontinued. 4 bagio rule to whioh little importance was formerly

attached ghould, however, be aghered to in _any oage if it is at a}l possible:
h d tepped on the side from whioh the sorap is oh i
the_vessel.

The skin of slag formed in tapping slag gives the lining not inconsiderable
protection from sorap dropped in during charging. Comparativs tests distinotly
show muoh better ssrvioe life of the linings. In addition to weighing ths main
materials involved in steel-making, such as hot metal, sorap and steel, it is ‘
felt desirable, preoisely with LD - AC steslworks, to weigh also the quantity
of slag tapped. This can quite well be fulfilled by the designer and osrtainly
oannot be rejected in individual cases in view of the ever-increasing accuracy

practised in data soquisition in steelworks.

(9) Cagting

In the developmsnt of the LD procsss the engineer had to tread new paths
in ths stesl-making units and the charging devices. As regards oasting, on
the other hand, it was possible to retain oonventional methods until oontinuous
oasting plants were developed; however, it has to be remembered that in view
of ths very high hourly output of LD vesssls partioular attention should be
devoted to the casting section. It is trus that the necsssary sise of the
individual units suoh as the longitudinal or transverse oasting pits, the
surfaces for depositing ingot moulds and the subsidiary installations, for
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example dry heaters for ladles, ladle-brioking pits, eto., oan easily be
osloulated. RExperience shows, however, that very often casting is the bottle-
neok in produotion and one is well advised not to be over-economioal, preoisely
with the oasting seotion, in order to be able to oope wiih any eventualities

in operation. In this oonnexion I should mention a new development by VSest
that aims at achieving a high output in as small a space as possible (Pigure 13,
revolving oasting station LD-II); through the establishment of this revolving
oasting station our LD-II steelworks has achieved reoord performance in steel
output per u2 of tesming bay area.

No genuine revolution of casting was brought about until the development
of oontinuous ossting. Since this subjeot will be speoially dealt with in
the next paper I should not like to antioipate here.

(10) Granes

Planners must also devote some attention to oranes. In no other part of
s metallurgioal plant are oranes so intimately oonnected with produotion as
in the steel-making plant. Therefore the following points should be given
partioular attention:

-~ Absolute reliability in operation, whioch for example in extreme cases
oulminates in the decision not to install a sorap oharging and a hot metal
orane in a oharging bay but rather two hot metal oranes, each of which oan
also charge sorap. This capital investment brings full effect only if
suitable servioing areas are available in case a orane should require repair.
This usually calls for at lesst one additional span in the oharging bay so
that the other orane oan supply the entire working area. It is preoisely
the endeavour to achieve 100 per cent reliability of operation that has
prevented the theoretioal notion of a steelworks without oranes from being
translated into reality.

= Suitable protective measures against the effeots of heat. In this respeot
also many bitter lessons have been learnt.

- Usually it is desired tc have greater rail dimensions than usual on the
oonverter vessel side and various heights of lift sc that under certain

oiroumstances special designs of orabs are necessary. BExperience shows
that this point raises problems in the conversion of Siemens-Martins works, -
but these have always been solved so far. ‘
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= In future more attention will have to be devoted to remote oontrol and
the transfer of measurement values, for example weighing data.

Air oconditioning of the main oranes in the steslworks is fortunately no
longer a problem.

(11) Szecial cenes

In our remarks so far we have included only those steelworks in whioch
the converter vessel installation was fixed in loocation. However, there is
no lack of examples in whioh it has been essential, mainly because of lack
of space, to des.gn the converier vessel installation in such a way that the
vessel is interchangeable, so that apart from the short interchange period
the plant can be operated continuously and lining times do not influence
production times. I would remind you of the ground plan of the Differdingen
steslworks. We think that we oan truly say in this respect that VSest has
done pioneering work in this field. When this development began, two paths
were followed. The first can be briafly desoribed as follows:

The constiruction of a horse-shoe shaped oarrying ring. After lifting off
one part of the working platform and loosening the trunnion connexion between
the vessel and the oarrying ring, the vessel is withdrawn with the help of a
suitable truck.

Transfer of the vessel to and from the lining position or the servioe
area with the aid of two oranes having a ocommon girder. For such transfer
the vessels must be fitted with lifting lugs (see Pigure 14).

Seoond solutions

The vessel has a closed oarrying ring. After loosening the claw connexion
and turning the vessel, the vessel is lowered and oconveyed to the clearing or
servioing area with the aid of a vessel-lifting oar.

The last plant constructed by us, namely, Olabeoq in Belgium, is a
oombination of the two possibilities, namely horse-shoe shaped oarrying rings
and conveyanoe with the aid of a vessel lifting car (Pigure 15). A film is
now being shot on this plant and we hope that we shall moon be able to show it
to you.

The next theoretical step in development weuld be to move the vessel to
varicus places within the steelworks not only after each such transfer but
for the individual phases of the prooess, such as charging, blowing and tapping.
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I mention this solution here only for the sake of completeness. For the
moment it exists only on paper in patent literature since so far no customer
has had the courage to have suoh a pPlant set up, even as an experimental
installation.

(12) Central contrel

In older steslworks, the vessel and the lance were ocontrolled from a
oommand post near the vessel, the additions section and the dust removing plant

having their separate control desks or positions. In present planning,
strengthened by the positive experience we have already gained, we now as far
as possible provide for a central oontrol room whioh inoludes not only the
controls of the lance and additions for all vessels installed but also the
oonirol desks for the entire additions section and the waste €88 cooling and

cleaning plant. The only controls remaining near the vessel are those for

the tilting drive, the steel transfer oar and the slag oar. It is an attendant
oonsequence of the ever-inoreasing demands made regarding oontrol, regulation
and asutomation that the space requirements for the instruments in the central
oontrol room become greater and greater, and it is often a problem to provide
the necessary space in the proper place. We found a particularly elegant
solution of this problem in the Sidmar steelworks and I hope thai the following
piotures will illustrate this better than I oan desoribe it in words

(Pigures 16 and 17). Also an attempt will be made to set up the computer
within the steelworks as olose as possible to the oentral oontrol room, and
only if the striot regulations regarding air-oonditioning and freedom from 7
vibration oannot be met will the oomputer have to be set up outside the ;
steelworks building.

(13) Nagimum siges

The faot that the larger the vnit the more favourable the economio factor,
oonfronts the planning engineer with ‘ihe question where the limit of maximm
production units lies. The largest vessels supplied ty us and successfully
operated have a capacity of 300 t. Our investigations so far show that from
the point of view of the mechanical engineer it is quite possidble to
manufacture vessels between 400 and 500 t. The heavy oranes necessary for
these vessels can alsc be manufactured. The metallurgical question whether the
refining process should then be carried out with several lances still remaing
to be answered, however. MNut here we are already looking into the future and
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immediately the further question arises whether the dream of ocontrolled
ocontinuous steel produotion will soon oome true, so that continuous refining
oan be integrated with oontinuous oasting. If one oonsiders that developments
so far towards large units have led to hourly outputs of between 400 and 500 t
per vessel and that with two vessels of this sise working simultanecusly in

a steelworks it is quite possible to produce about 1,000 ¢t of stesl per hour,
one oan imagine that all other new proocesses will have very great diffioulty
in gaining a foothold in view of this advanoce of the LD prooess.

(14) Conoluding remarks
In what I have just said I have briefly outlined the prinoiples we adopt
in planning LD steelworks.

To sum up it oan be said that special plamning is necessary for each
LD steeslworks to be oonstructed - apart from a few basio rules and prinoiples.
Sinoe we have by now delivered eighty vessel installations to tweniy-one
oountries throughout the world and in addition have supplied many steelworks
on the turnkey principle, we believe that we are justified in saying: .

Apply to us if you have any problems regarding the planning md.oonotmtion
of LD steslworks; we shall oertainly be able to help you.
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B. Iljustretions shown after resding of the paper (cont'a)

Pigure
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An example of a completely tube-cooled waste gas hood with
natural ocirculation and a view of a suitably reinforoed

mouth of a oonverter vesssl

Cross seotion through the 8idmar LD steslworks (generous planning)
Converter vessel installation (8idmar)

Charging hot metal (8idmar)

Charging sorap (8idmar)

A view of the teeming bay and ingot stripping shed (Sidmar)

Floor plan of the Hainaut Bembre steelworks (compact construotion)
Cross-seotion of the Hainaut Sembre steelworks

Nixer installation, pouring back slag (Hainaut Bambre)

Brptying slag buokets (Hainsut Sambre)

A view of the teeming bay (Hainaut Sambre)

The oonveyor system for vessel additions

Brection of the stesl structure (Hainaut Sambee)

General view of the Hainasut Sambre steelworks
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Pigure 30
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Figure 34

Pigure 135
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