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Small rolling mills can be defined either by their 

products or by their rolling capacity. Typical product» 

for «»all rolling ni lis are 

robare 

. wire rods 

snail sections 

«•diu» sections 

Leas frequent is the application of iaall rolling »ills 

for 

narrow strips 

plates 

heavy sections 

Mide atrip is (because of the equipment costa and the vary 

nigh capacity of a wide strip mill, not a typical product 

for amali rolline «illa. 

Combinations between different products on the same «ill 

ara frequent» i. e. between reinforcing bars and wire rods 

or reinforcing bars and small sections. 



Typical capacities for small rolling mills range between 

30.000 and 100.000 tons/year for older mills and between 

80.000 and 300.000 tons/year for newer mills. 

Automation of existing mills cam be aimed towards a number 

of different problems in the mill. It is usually intended 

to improve the operati or. of a mill without changing the 

basic features, 1. e. the mill arrangement. 

for new mills, considerations for automation are basically 

concerned with all the questions of lay-out. 

The automation in rolling mill operation can have a number 

of different aims (see Fig. 1). 

1. I inwrease of production by being able co pass 

more billets per hour through the mill 

2. 

3. 

4. 

5. 

increase of yield, coil weight,and production 

by being able to handle heavier billets 

avoiding manual work, whiohis potentially 

hazardous or dangerous 

reducing man-power 

X 
(reducing of non-production time) 

Pig.  1 - Objectives of automation in rolling-mill operation 



I will »tate in advance that:  I shall not discuss  the  item 5, 

namely reducing of non-production time, since it is more 

of a factor for high-production mills,which have to attempt 

to squeeze non-production time to a minimum level when all 

other means of raising production have been exhausted and, 

for instance, speed increases are not possible. 

This reduction of non-productive time normally requires 

considerable equipment and is connected with high capital 

investment.  It is therefore not typical for the small mill 

practice which we discuss here. 

If we first take up the automation of existing mills we 

will use as an example a simple bar mill as shown in 

rig. 2. 

This mill consists of one three-high roughing stand, being 

supplied with billets from a pusher-type furnace,  and an 

open finishing train with,  for instance, 6 passes. After the 

finishing stand the bars are guided to a cooling bed which 

could be a grid-type manually operated bed. 

Hie* billet weight is limi tod by the length of the run-outs, 

particularly before the last pass,  and by the maximum bar 

length that the cooling bed can accept.  If the smallest rod 

size is 14 mm 0 the billet weight is limited to 80 kg. 
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If the mill is  to be automated for higher weight« the 

following steps are necessary  (Pig. 3)  : 

a) Install a flying dividing shear after the last 

•tana and equip the cooling bed run-in tabic in 

such a way that it can »cctpt    a number of conse- 

cutive bars directly after sheering. 

b) lutali repeaters» betwuen the stand« of the finishinf 

train. 

tat MM effect can, of cours«» also be obtained by 

«toaual repeating which, however, la a Retardons 

Operation and requires considerable skill. 

0}        Split the drive of the finishing train to liait loop 

¿•ttfxas and five a higher exit speed. 

With those »assures the piece weight can be increased 

fro«,say,to kg    to ISO kg, and the corresponding 

lncreaee production is turn S tona/hour to 7. S tons/hour. 

bottle-neck for a further increase in billet weight 

production la the one-stand non-autoawted roughing train 
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A second roughing stand has to be installed, the 10 passes 

have to be shared between the two stands,and bars have to 

b« guided rrcm one stand to ti.e other by the ise of repeaters. 

With this a piece weight of 300 kg becomes possible and 

the production can be increased to approx. 12 tons/hour. 

Since the production now depends very much on the exact 

and accurate work of the roughing stand for different passes, 

it is highly desirable at this stage to automate the pass 

••yunce of the first stand. The normal means of automation 

of the first stand are (fif. 4) i 

tilting table on either the entry or the 

exit side, depending on the prit design 

slide walls on the opposite side to til* the 

rectangular oval bars up when running out 

between top and midle rolls and re-enter in 

the upright position between bottom and 

intermediate roll. 

Ime purpose of the tilting table is to allow to run a number 

of BATS simultaniously towards the rolls and at the same 

time eliminate the manual lifting and guiding of the bars 

on this side. 
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The slide walls eliminate  the manual work of  turning. 

The obvious short-coming of the slide walls is that,i£ the 

bars are not perfectly straight,difficulties nay arise due 

to the bars sticking between the slide walls. 

Therefore the bar length to be used on the slide walls le 

Halted, especially if the bars become thinner. The practical 

liait is in the order of 12 ra. 

If for soee applications longer slide walls are required, 

it is receenendable to install a vertical pinch-roll set 

at the botto» of the walls to ensure that the bars are» 

if necessary,  forced up and guided into the next pass. 

A 10 pass roughing train, fully automated, consisting of 

tuo stands will be able to harile up to 20 tens/hour. 

•till higher tonnages require a reduction of the number of 

in the roughing train. 

If two passes are transferred to the finishing train by 

adding two additional continuous stands at the end,two 

objectives are achieved, namely the roughing-trein capacity 

la increased and the finishing-train capacity is also 
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increased du«  to a higher  finishing speed of  the bars 

by the Addition of the two continuous stands. 

Such a mill will be capable of piece weights  of  300 to 

350 kgs  (based on 100 mna square entry] and production rates 

of approx.  25 tons/hour. 

k «till further increase can be achieved by limiting the 

number of passes in the roughing train to C and increasing 

the number of finishing stands to 4 continuous-arranged 

finishing stands. This arrangement will be capable of predasti«* 

in the order of 35/40 tons/hour. 

to summary,  it can be said that for existing stills the 

following tools of automation are applicable and give the 

best results 

repeaters on finishing train 

dividing shear in  front of cooling bed 

cooling bed entry trough for close sequence of bars 

automation ©f roughing train with repeater, 

tilting tables« and slide walls 

addition of continous finishing stands for 

speed increase 
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In many cases the possible increases are limited by the 

entry piece available« particularly if this if an ingot. 

Snail ingot practice is usually li^it-v» to ingot weights 

of approx. 100 to 120 kg. For heavier ingots the cross- 

section is such that additional passes ars needed in the 

roughing train, which defeats the purpose of a production 

Increase. 

However, «Ha« continuously cast or bought billets ars 

available, ooe should utilise UM possibility of increase* 

lengths aad therefore increased weights. 

In generally it can be stated that the success of ths 

automation of existing »ills is dependent on a high degrme 

of operational «a* Miatcnanet   skill. This explains why the 

reported successes of such automation vary considerably, 

even thou^.i the same alesante «re used. 

Nay S steatlon that attempts have been «ade to sutomste 

the roughing trains «ven further by eliminating the tilting 

table sad replacing it by a number of Independent narrow 

tables. With this »»asure the time interdependence between 

tas individual passes can be completely     eliminated. On 

tas other hand, very complex controls ars necessary. Tais 

solution has only found a very limited application with 

spécial steel makers. 
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In      r«c«nt     year* It ban  been realized that an automated 

rolling proce»» is easier  to operate  if  the mill used is 

• continuous mill. Therefore,   for n»»w siili an investigation 

should be wade to which extent continuous operation 

Is feasible,  in »any cases  it has been decided to install 

continuous arrangements  in spite of the fact  that the full 

production capacity of continuous mills was not required in 

the particular case. 

If en« looks at a fully continuous »ili for round« (n*. 5), 

it becoaes apparent that,m addition to the hifh »echanical 

équipaient costs, the electrics play an important part. The 

costs of individual O.C.  drives can easily amount to 3 - 4 

Mio Dollars on such a »ill,  the costs not only stamina fro» 

tne fact that direct current is used but also fro» necessity 

to establish a very cl©** control of the speed ratios. It 

has therefore been normal  to ii»it the number of drives by 

grouping a nttaber of stands  (2 to 10 stands)  and connecting 

the» with fixed gear ratios. Of course* this requires a very 

food prodiction on the pass design and speed ratio« to be 

«sod «fid is less flexible if product changes are considered. 

Also the roll costs are higher sine« the sets of rolls have 

to bo kept matched in di ano ter. 
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For small mill operation this arrangement is still a 

relative! ' expensive proposi' ton and is normlly used 

if production rates of, say, 200.COO tons or more are 

considered. 

Por nul 1er tonnages a combination in the form of a semi- 

continuous or hybrid mill is quite adequate (Fig, 6). 

This hybrid mill la characterized by the use of group drives, 

A.C. drives with loops inbetwean to take up the variations 

in roll diameter and the potential speed drops of the 

A.C. drive on load. 

This type of mill is capable of billet weights of 500 to 

600 kg, and la possible if one is prepared to sacrifice 

somewhat in flexibility. 

It can be used for mills preaucing rebars and rounds and 

for combination mills with rèbars, rounds,and wire rods. 

It normally does not lend itselx for section-mill applications. 

The hybrid mill can normally be laid out in such a manner 

that by exchange of motors and splitting of drives the mill 

can be converted into a fully continuous mill, accepting much 

higher entry weights C1.000 to 1.500 kg), and operating at 

production levels in the order 300.00 tons 'year. 
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In this case,  however,  capacity ard arrangement of furnace 

and arrangement  of the cooling bed have to take into account 

this later addition. 

The mechanical coats of such a »ill are relatively hion 

since one atand bus to be used fer every pass required. 

An interesting possibility to itvt on the aochanlcal aide 

as well is to arrançe the roughing train as s twice-through 

Kill (Fif. ?}.     Tbl« arrsn*«iMnt ui«s,  for «xaaeU, four staact fe* 

• passen. The bar li returned to the first stand after 

passing through No. 4 and only after all • passes have been 

completed the bar will be guided t© the intermediata train. 

«lis arrangement needs scat*   tdditJcnal spaca and mechan leal 

handling giar for the return of the bars but is still 

cheaper then an 6-stand roughing train. 

Furthermore, it can be extended at any time in future by 

adding another 4 stands, thus making it a completely 

continuous roughing train. 
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The billet weight i» sosiewhat restricted In this cas« and 

should, with a 100 ma square entry, not exceed 450 to 500 kg. 

Otherwise the space in Iront and behind the twice-through 

roughing train becoaes excessive. 

In the layout of »ilia producing Sectio» a fully continuous 

Bill la nonsally not compatible with the needs of a Mall 

rolling «ill. The reaaon is that a continuous section mill 

can normally not employ group drives and has to haw« a number 

of vertical stenda la orear to he*« tho neossssry •«**»§ 

JUao oontinuoua section «Ilia require cossplex mechanical and 

•lootrleal equipaent for quic* pass and stand changes to 

Maintain the required flexibility with frequent section 

for sjSMiil rolling »ills therefore the following solution 

for section rolling is preferable (rig. e ) i 

roughing train; 

oontinuoua, poeaibly as twice-through train or 

arranged ss s autos» ted three-high Bill 
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intermediate train:  open 

with repeaters for the lighter sections, such 

as angles 

finishing train 

consisting of one to three continuous individually 

driven stands behind the last stand of the open train 

This will limit the length of the free run-outs or the 

loops and pernit rolling of a precise product. Also the 

finishing speed can be higher then normal with open trains. 

The main task.« for automation of small-tonnage section mills 

lie in the finishing end [?ig.  9)* 

Instead of the conventional double-handling by cutting to 

finished length first, storing, untangling, straightening, 

and stacking,it is definitely preferable to do ail this in 

one production flow. 

This, however, requires an increased cooling-bed size, 

cooling the bars down to a temperature acceptable for 

straightening (for instance 100 °C), and straightening with 
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• high-speed »tralghtener directly ofir the coolinq bed 

la full cooling-bed bar length. 

Only after this, the bara ara collected to group» and 

cut and stacked. 

It la realited that thia require« heavy additional 

inveatnenta in the flnlahlng end becauae of 

tha larger aito of the cooling bote 

the highspeed straightening 

tha con» i de rabie mechanical equipment and apnea 

needad for col lac ting groupa of bara and allowta* 

cutting and »tacking 

However, thi» ia «ore than balanced by tha fact that far 

lene manpower ia needed, that tha cut length can be aaalar 

varied for cu«toner demand», and that no Intermediate »tockage 

is required.vhich otherwi«e would tin large amount» of 

operating capital. 

leturning to bar «ilia <rig. I0)f   it «ay ba interesting 

to knew tha meant development» in tha automation of cooling 

bods. Tha »oat aimple celling bad ia normally a trough 

followed by a grid-type cooling bed, operated manually. 



3! 

rjTT 

PIP 
•2» 

3*1 
11* « o * 

> 

i{!r 

H 
Li| - 

m 

__~. 

i 1 
"""    ! 

i 
! 

• 
 1 
- . „J 

i s » 

i í 

ó» 
t. 

S!!í*S 

t 

mm- 

!*!.»- 

>flSh 

?» 

Ï 

I 
•3 

"t* 

I ¡hm- 

D 

"fe 

M 

] 

« 

1 



- 2e, - 

Nest iMWvr «lilt have a cool.ng bed which CM accept a 

eequence of bar», transfer them to a raka «/ata«,fro« 

where the bars ars coll acted by shuffle-bars into groupa 

•Ad than cut on th« cold »haar,  it is characteristic for 

tale typo of cooling bod    that the bars anta ring th« 

cooling bad ara pro-cut into multiple* of salas lengths, 

1. a. to a Ion« to «iva 5 * 12 a on the cold shear. 

A aower seveioaeaat  is to cut directly to sales lengths at 

tfta »bear bahlnd the last stand,        coolin« the bars oa a 

•fcort   faet-cycle cooling bad. after cooling, the oars oaa 

ft» directly collected lato groupa and, without further, 

baadling, bundled and shipped. 

«4» typa of ooollng bad depends, of coarse, heavily on the 

•boar la front of tao cooling bad. From our own practice 

I oaa report that with such a shear, which is a start-stop 

•boar» wo ara achieving an accuracy of plus/minus 2 oa when 

cutting at 11 a/eec. 

Ibo savings oa manpower amount to at leaat a man per shift 

or oa ¿.shift operation IS workers. 

Also the apace requirement ia so much less that this la 

itaelf justifies the higher expenses for the rotary shear. 



< •'••••!   ñ *•••> »rir-f rut   * h»» rain peints again: 

The ^aiOíauv. oj." <:;;_ « tic.j Kills  îs a   'oiuplax ta3k relying 

heavily on Lha c? .rational &a3 aaintunance skill.  This is 

tra« in spite oí tha  Tact that th? individual elements of 

itch automatic T,  .iucn   as rwpcators, slido wills,   tilting 

LrLle,  continueus finishing Canoe, etc. ara wall known. 

In any case, suca nn  sutotuation requires * ¿stalled study 

&ot oaly on the elements  to lie automated but also of tha 

other parawtfltti involved, ruch «a furnace capacity, cooling 

bad ^2rfot»¿nc.*, ate.   Ar/ «uch automation should only ba 

Cono as  i Jts^-by-stap approach. 

ror a«.'./ **ilis, pt.uicaic.rJy kills rolling reb&rs and rounds, 

tha «utuaatk.i should tako into account iho experience that 

r?:;tlabv¿s Ldlïi 4ru .,i^ o «as. to operate th.- \ open trains. 

Kt*j auch automation eliouJd thtrefore use as »any «1 omenta 

of continue v H ni lis ma po*».i¿WAt. ^u compromises hava bean 

ob tai nod by uf» ig g,3up drives driven by A.c. motors and by 

twieo-tlironch roughing mills. 

7cr auction ai lid,  any ftutotMtioi should proferably start at 

tha  finishing   í.-Hí %.*c?ro r.i©¿ t saving cim be accomplished. 
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A notable   development in the  ^utorn&tion of -"ills  is the 

introduction of ¿.alau-length cooling bed« which have  led 

to * considerable décrassa   ir. nil1, wanpowar. 




