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The technological proprece i the field of podbarer 1 ecn omernt
over the papt tew years hag resulled from the 1eed to aat sty promact
quality requirements and also requireme tg ol optimum atoprof ciatilits,

For thig reason, in the non=tlat rolled producte tield, apparitus
for rapid changes ot programme have beebh devedoped, topetbes with it~

ghing equipment that requires a smaller operagtor force, whoch deads to
improvements in working conditions jproper. oritrolied oo b agilpe
ment, which produces superior metallirgical qualities an roande especinlly,
and more stringent control of rolled producte st the Tinanthine plage

have had a cons derable influence on the develornoot ol new € lipmel. .

S0 far as flat rolled products are cobcerned, the deveiopment of
automatic gauge control has led to sreatly inoreaced niplication of
hydraulic equipment. Conventionsl electro=mechariral screwd Wi devices
have been replaced by hydraulic serewdown, which jermiis precise control
of the roll gap and thereby accurate regulation ot the stirip paugse. At
the same time, hydraulic work-roll or backup-roll bending mares acourate
control of product flatness possible.

These hydraulic processes are ulustrated by descriting a heavy
plate mill of 4.300 m width which has been in operation with this egquip=
ment {or some months.

Hot and cold strip mills are characterized iy a significant increase
in rolling power and speed, which hae 1mportant eitects on the sige and
type of materials used in these mills.

The quality requirements for flat-rolled products in terms of flate
ness nave led to the development of a new type of mill, known as the
gtretch rolling mill, using which 1t is possible to level or to skihe
pass at elongation rates that exceed the elastic limit of the metal
without any danger of breaking the product.

Technological progress in the field of rolling mille has lea to
the appiication of automatic control, which calls in the assistance of
the highest scientific displines - electrical, electronic, hydraulic,
etc.

The operators needed to run plant of thie kind have also developed
in the same way 1o take account of this ftact,

The quality requirements have resulted in correcponding demands
for high quality in the operators of this type of equipment.

The traditional roller ig increasingly being replaced by teams of
specialist technicians. Paradoxically, personnel recruitmernt ie perhaps
somewhat easier, especially for countries without a traditional iron
and steel industry and which are undertaking the estabiishment of this
bagic industry.




I. INTRORUCT joM

An enamination of isprovensnts schioved during these last years
in the field of transformetion of ingots of continuous casting
products inio finiahed products shows that the objectives, which are

st the origin of these isprovements, may be classifiod {n two
nein classes

1.1 Neceasity to satisfly Laposed requirements on quality of fi-
nished products {regularity of sises, flatness, good sur-
face, hgh and constamt wechanical properties).

1.2 Necessity to ensure the best capacity of the instalistions
from an economic point of view.

T™e ;rov.sion of better working comditio.. to operating per-
sonnel must be added to these twe main conditions and wil! e
come more snd meve importemt in ali countries, during

The shove conditions ?iy to prejected nev plants end to moder-
stastion of enisting plants.

One must aloo sotice thet, tontrary to steel meiting snd comti-
huous costing equipments, it 1s d4fficult to spesk of profound chanyes
85 in processes, ie the metter of relling technology.

It would be & too great & tesk to sake a» exhoustive tnvento-
vy of all techmological iaprovesmnts in the different types of
rolling sille which would necessitate the work of many experts.
We shsll omly doscridbe what we thish. to owr m(utm;:
view, to b the most tant te of achisved technologi-

s col improvemests, ia ::‘;utt m ¥e shell not cover fi-
aiohing snd processing linee of fist preoducts.

R e




} Lo = e e

2.1 Wire rod mills

. o - .

Problems of size tolerances, good surtace and low scale
content, reyuired for hot rolled wire, have miaue the equip-
ments which produce this wire a particularly favourable
field to rescarches and developments of many manufacturers.

Most of them have been studying and manufacturing finishing
mills for more than 10 years, with the following characte-
ristics

. Multi-stands blocks, for one strand, with small roller
discs (@ 150 to 200 mm)

. Disposition at 90° of successive stands, avoiding twisting

. Overhanging roller discs allowing quick changing within
« fow minutes

. One common drive for several stands by cylindrical and
bevel gears giving fixed reduction without spindles
and couplings,

These equipments allow high speeds at the end of rolling
(60 m/sec) owing to the high percentage of reduction permit-
ted by small-diameter rollers. These finishing blocks are
completed by coiling equipment allowing a controlled cooling
, of the rod reducing percentage of calamine to extremely low
£ values,

Technological improvements on these mills are tending to
give the user a possibility of speed variation between stands
for mills producing alloyed steels, with the aim of reducing
operating costs; for instance carbide rollers may be replac-
ed by rings fitted in carbon steel hubs, this being particu-
larly interesting for those countries that do not

pospess economical recovery devices of this expensive mate-
rial, '

However, a sophisticated wire-finishing mill such as those described
above will not be able to produce a wire having close
tolerances, if it does not receive an entering bar of a re-
gular section from the preceding mill. It is for this puir-
pose that stands of roughing mills and intermediate mills
have been subject to studies in order to improve their rigi-
Cdity ¢

. closed stands

. Prestressing hydraulic devices

(a stand of this type is shown on Fig. 1)
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2.2 Merchant mills

Contrary to specialized rod mills, whose line of products
is rather limited and includes often less than 10 products
(@ 5,5 to 18 mm), merchant mills are covering very large
rolling programmes, in type of products as well as sizes,
In order to meet this characteristic, everything must be
set to effect a change of the programme as quickly as pos-
sible ; so complete automatic devices for changing stands
have been developed. These devices allow to shift a com-
plete stand outside the line by hydraulically or mechanical-
ly driven equipment in order to bring it on a conveyor
paraliel to the longitudinal centerline of the mill. This
conveyor,which has been equipped with new stands corres-
ponding to the new rolling programme, is then shifted as a
whole to bring the new stands in the position to be in-
serted in the pass-line. Guides and rest bars are mounted
on mill housings and are pre-aligned with rolls,

A lay-out as represented on Fig. 2 involves particular
wmechanical equipments such as :

+ Spindles automatic couplings
- Roll stand positionning locking device.
(8ee Pig. 3 and 4).

Stands are of the conventional type, horizontal or ver-
tical, pre-atreasing being also used on this kind of mill
vith a research in order to simplify realizations already
known at the present.

Flying shears before cooling mey allow & perfect cut of

profiles and are, in this purpose, of the parallel cut

type. Shear of Fig. 5 snswers to this condition snd incorp-
orates a so-called "with miscut® device, which permits reduction
of the installed electrical power.

Cooling beds, of rack-type, are fitted with sutomatic de-
vices to align billet froant ends. They may be single or
double, or single with possibility of 2-bar entry, as
shown on Fig. 6.

Pinishing equipments for merchant mills have been subject
to meny improvements during the last 15 yoars and inatal-
lations for counting, piling up, and bundling of bars and
profiles become general after o rsther long period of im-
provement. This ia obvioualy in this field that savings

in manpower snd improvements of personnel working condi-
tions are the wost spectaculsr.

A otudy of vorking shift and profiles piling using & piling
sschine a8 shown of Pig. 7 s Sivea in the schedule of rig. 6.

e
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Pig. 4 -~ M)l gtend positioning looking devics
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Fig. 7 = Automatic stacking machine for struciurals
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MANUAL FINISHING SEMI -AUTOMATIC FINISHING
Personnel qualificetion umber Personnel qualificac Lon|Number
- Foreman i - Forewman 1
- Poreman sssistant | - Foreman assistant |
- Crsne operator (fer

straighteners entry) 1 « Crene operstor (for
delivery side) 1
- Crane operator (for = Secomdery cooling
straightener delivery) 1| bed supervisor i
= Bundle hooker 2 = Blundle hooker 1
= lot Straightener = Straightoner
operators ¢ operator 1
= 204 Straightener
operators 6
* Binders ¢ = Binders [
- Sov operators 1 ~ Saw operator 1
Tetal 23 Total 11
| ]
us.e

mmmwrmmmmxc
mmammwmmmmmnmm

8 Above figures sre valid for ome shife.
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Other finishing units have been subject to improvements in
order to keep pace with high producti ms of the lutent rep-
chant mills. In that manner, straighteners allowing straigh-
tening up to 10 m/sec. have been built and machines permit-
ting simultaneous straightening of 2 or more bars .are being
studied.

Billet mills

- - -

It seems interesting to give some details on mills allowing
production of semi-finished products to be rolied on mer-
chant mills described above, because :odern mills of this
type allowing high productions (of about 5 million ton/year)
show some important technological teatures.

In this field also, research of product quality imposes the
development of sophisticated rolling equipments as vertical
or horizontal stands with roll necks on roller Learings

mounted in rigid frames and hydraulic balances At the same
time, high productions impose roll cuick-charging devices.

Conventional ~type cooling beds or water cooling by immer-
sion of billets require large areas as well a: inspection
and control installations which have been, too, subject to
many improvements.

The mill whose lay-out is given in Fig. 9 allows & produc-

tion of 4.5 million tons for products ranging from 60 x 60 wm
to 130 x 130 wm.

Fig. 10 gives an example of lay-out of control squipments
including :

+ Cooling bed run-out tables

. Inspection and repairing line including :

- Fesding tables

- Visual inspection in-line

- Ultra-gonic control

- Marking of products before repairing
- Repairing stetion

» Run-out tables

The plant shown is capsble to handle 700.000t /year of Billets
in 6000 h.
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3.

FLAT PRODUCTS MILLS

It is in this field that quality requirements have become greater
and have involved modifications and technological improvements of
rolling-mill equipments,

The most significant feature in this ares is undoubtedly the de-
velopment of automatic 88uge control and back-up roll bending
systems inducing widely the spplication of hydraulic devices.

These hydraulic devices vhich were used for screv-down purposes
more than 30 years ag0 for the first time 8re now in use for al}
types of rolling mill for steel or aon-ferrous including :

. Plate mills

. Hot strip mills

. Tandem cold mill,

- Reversing cold and hot mills

We shall describe firge the sdvantages of hydraulic screw-downs
compared to conventional electro-mechenical screv-dowas and,
after description of g back-up roll bending system, wo shall
Sive the feastures of 4 4.300 am reversing plate nill

3.l ?!’.“.’ﬁﬁ""“ of A.G.C. on _mn_gg ullh:

L]
'.-“.-“.-..-“. - Lt g Y

The hydraulic screw-down consists of hydraulic foree eylin-
dors mounted at cthe top of the mill window betwses the top
setev-down and the top back-up chucks, oF on the bottom pare
of the mtll viadow, between the bottem sad the bottos beck-
¥p chucks. Also mounted between scrow-down ond the force cy.
linders or between bottom beck-up chucks ond cylinders are
load cells which measure the actual rolling losd on the aill,

Pestened to the foree cylinders are postion trensducers com-
waly called L.V.D.T.'s(Linear Variable Differentisl Transfor-
%ers) which are used to messure Sccurately say movement bet-
ween the cylinder piston snd the cylinder rolls, Since the
uili~stand mechanical PSTEs act as a spring when they ore
subjected to a roliing losd, the actual uill streteh at say
instent 1g Sccurately recorded by mesas of the load cella
teading as related to the mil] stiffuess. Ia operation, the

the hydraulic force cylinder an oqual and opposite wmouat

to matatain & fined roll 84p ond produces wov accu:ate strip
Ssuge. The wovement of force cylinder 1» actuated 'v sgrvo-
velves which transfors the electrie sigasls in oil flow,se
pernitting the accurate comtrol of the position of the hydrau-
lic force eylinders, Development of these servo-valves has
boen consideradly extended during the last yoars; the first
applicstions were develop od in the sircraft indus°ry, It

con be stated now thet the servo-valves have a very high steon-
dard of reliadbilicy and they will extead to Ry new areas

of application in the field of roliing-mill equipmeat
(See rig. 11).




Pig. 11 = three-siage electrohydraulic servoe-valve

tab s
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The hydraulic screw-down with A.G.C. offers the following
advantages :

1. Hydraulic screw-downs are up to 10 times faster than electro-
mechaniecal screw-downs,

2. Acceleration rates of hydraulic screw-downs are more than

150 times faster that those of electro-mechanical SCrew-
downs,

3. Response times of hydraulic screw-downs with servo-valves
are faster than those of electro-mechanical screw-downs,

4. hydraulic screw-downs give the possibility of two djf-
ferent modes of operation :

a) automatic gauge control operation
b) hydraulic constant roll-pressure operation

5. The hydraulic screw-down allows a Pre-setting of roll gap
to the desired thickness,

- 6. The mill modulus can be adjusted to compensate for back-
> up roll diameter and strip width to be rolled,

7. The variation of equivelent mill modulus can be set to
any value from infinity to zero,

8. The compensation for speed effects (scceleration or dece-
leration) or for oil-film thickness (vhen oil-film bearings
are used for back-up rolls) is sutomatically achieved,

9. Automatic seroing of roll 8ap and roll leveling is sutoms-
tically achieved, this sllowing a compensation for mill
thermal changes,

10. The hydraulic screw-down sives the possibility of quick
roll opening for emergeacy.

Rydraulic screv-down and A.G.C, schematic 1s given on Fig. 12,

The necesssry hydraulic power unit which is used for all the
stands, vhen used on tardem mills includes :

. 1 stainless-steel reservoir for sinersl ofl

+ 2 variable.volume pumps (one operating and one stand-by)

. all the necessary control equipments for pressure and
safety

. 1 heat exchanger with regulating valve

« 1 fileer untte

All the above equipments to be mounted and piped with stainless.
steel pipes and fittings on & comson steel base.

Rach mill stand s equipped with
+ 2 sccumulators nitrogen charged

« & servo-valves (2 operating and 2 stand-by)
. Pressure and safety control equipments,
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3.3

On 4-high mills used for medium-sij e Strip, in which 'he rar,.
between back-up roil diameter and width i the material to g
rolled {s rather high, it is relativelyv easy 1. compensate {or
deflexion of rolls in varying the balance pressure ot the work
rolls. This pressure variation will change the form ot the
working rolls, giving the OPerators a better control of flay.
ness. For the rolling mills which are used for wider products

such as hot plate mills, the efficacity of (he work-roll ben-
ding system becomes quickly verv poor. As a matter ot fact,
the back-up roll modulus of inertia will strongly timit the
deflection of the work-rolls and will leqd ¢ 4 bending on

the edges of these rolls. Hydraulic cylinders actiag directly

on the back-up rolls will compensate the deflection with ef-
ficiency.

It must be pointed out that secondary eifects of the bending

of rolls consist of a change in the roll Bap on the width of

the plate. Any varfation in the back-up roli bending involves
& change in the roll 88p and & change on the thickness of the
plate. The A.G.C. Previously described must react and compen-
sate this secondary effect,

Back-up roll bending consists of two vertical-force cvlinders
acting on extensions of back-up roll trunnions. In order to
avoid that back-up roll bending forces load the screws of the
mill housings, reaction beams both at the top and bottom of
the housing windows are used. Fig. 13 shows this type of
conetruction,

As indicated above, the effects of back-up roll bending
mist be compensated by the hydraulic screw-downs to be com-
pensate the chenge on gauge. This compensation involves ac-
curate mathematic models and computers,

A complete system has been realized and is in operation on a
wide hot plate mill.

Automatic gauge control on a hot reversing b-high mill 4300 mm wide

.--------——a—-—n—----—---------—u—---q-—o--t-----

3.3.1 Plate mill ch:ucttqugca

> - - -

- Back-up roll diameter . ., ., . e o v 0w 215 mm
- Work roll diemeter . . , . . e e e 1 120 wm
= Roll barrel length . ., . . e v e e e o . 4300 mm
- Maxioum rolling pressure S e s s s v .. 9000t
-mmmuuum‘-qum... 1 365 ¢
each side
. -!Insituncn:rythtekun.......... 1 000 wm

- Minimum delivery thickness . . e e e 4,5 mm
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- Minimum plate width .

I 000 mm
- Maximum plate width ., 4 000 nmn
- Maximum speed . 6 m/sec.

(See Fig. 13)

3.3.2 Corrections realized

1 - COMPENSATION OF DEFLEXIONS WITH 2 POSSIBLE OPERAT ING
MODES .

. Desired thickness : the device compensates the total
deflexion according to the actual

rolling pressure in order to get
a determined thickness,

. Constant thickness : The device compensates the de-
flexion according to the actual

rolling pressure with regard to
the pressure which is preset.

The computer gives & position order to the force cylin-
ders equal to the calculated deflexion, taking into con-
sideration deflexion changes due to back-up roll bending
and oil film thickness. '

2 - VARIATION OF BACK-UP ROLL BENDING (BURB)

The load for necessary bending of rolls is determined
according to the rolling pressure and the mechanical
crown of the rolls, this bending load being calculated
according to 2 principles identical to A.G.C,

. Automatic : The device gives the correct crown allo-
wing the transversal thickness constant,

. Regular : The device gives the regulation of the
o regulation of the crown according to the
| shape of the plate at the entry side.

3 - SECURITY ON BEARINGS OVERLOAD

When operating with BURB, if the overload limit is ob-
tained, the computer decresses the banding load up to
zero before opening the servo-valves to disengage the
circuit (50 mm opening in 1/100 sec.).

3.3.3 Mathematic model

The qquations used for deflexion calculations are the classic
equations used in materisls strength studies. They include :

- One constant coefficient for deflexion of parts according
to Hooke's Law (mill stand).
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- Equations taking into consideration roll diameters,
strip widths for roll ddlexions.

5 The equations give the possibility to control and regulate
the thickness on the edges of the plate.

All the equations include 21 coefficients functions of
characteristics of the mill which have been determined

after commissioning.

This great number of coefficients is due to the size of
the rolling wmill.

3.3.4 Equipment
1 - POWER UNITS

Total capacity :
- gcraw-down 3 x 45 WW
- BURB 2 x 90 kW

Lach force cylinder is driven through a Triplex servo-
valve, with cut off frequency of 25 Hz.

- 2 for screw-down, which are used as position regulation

- 4 for the BURB, which are used in pressure regulation
2 - DATAS EQUIPMENT

- 1 Calculator "DIGITALLEQUIPMENT" with 4K memory words,

- 1 Convertor numeric-analogue at entry.

ACCURACY AND TIME OF CALCULATION :

. The accuracy of the calculation for position control
of force cylinder is 1/100 mm.

. Time for calculation is 5 mls,

., Serew-down signals can be sent with a frequency bet-
veen 1 and 20 Hz.

3 - INFORMATION SENSORS

- Rolling load given by pressure sensors or load cells.

- Force cylinder position given by L.V.D.T.

s i




Mechanical screw- @
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safety cylinder
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Fig. 14 - Hot reversing heavy plate mill




3.3.5 Fig. 13 and picture on Fig. 14 give a good idea of the
important technological modifications i{nduced by the
hydraulic mechanisms compared to the conventional cons-
truction of plate mill stands. It must be noted that the
weight of each stand is above 450 t and for that reason
type of construction is snecial. As a matter of fact,
each stand consists of & parts assembled by pre-stressed
bolts. This type of construction was adopted due to the
difficulty to obtain so hesvy cast-iron pieces and, also,
to the difficulty in transportation of such heavy
parts.

The picture on Fig. 1. shows the control panel of the
plate mill operator.

3.3.6 Results
The guarantecd tolersnces on this plate mill is + 0.1 wm,
This result corresponds at approximately half of the to-
lerances obtained on convention wills,
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3.4 Hot strip mill

Same demands in quality on finished products concerning thickness
regularity, flatness, and desired thickness corresponding to the
lowest part of the tolerances gap combined with the need to

obtain high productions have lead to important technological chan-
ges in this field of hot strip mills.

The application of hydraulic screwdowns with A.G.C. and BURB ins-
talled at the last stand of the finisher allows a possilility to
obtain the same advantages as for plate mills with, in addition,
the following benefits :

The present techniques of rolling wide strip are limited in
speed in the finishing trains by the accurate control of tempera-
ture along the strip. As a matter of fact, the speed-up mode of
operation allows the possibility to roll longer strip by compen-
sation of the strip cooling before the entry into the first fi-
nishing stand but it allows also to maintain uniform temperature
throughout the length of the strip. Uniform temperature means
uniform pressure in the strip and, therefore, uniform gauge re-
sults.

Mill horse-powers are selected on finishing train for maxisum
width and average gauges. Therefore, the mill has plenty of horse-
power to roll narrower width at much higher speeds. However, these
- speeds are limited by the zoom rolling technique. This possibilicy
i of zoom rolling is the factor limiting, in fact,the production of
q the mill. The finishing mill equipped with hydraulic A.C.C. has
such better performances as compared to conventional screw-down
and this gives the possibility to make the correction for hot
or cold marks plus the correction for temperature variations front
to back of the strip resulting from & rolling without speed-up or
zoom technique.

3.4.1 The technological improvements have been spectacular in the
field of increase in powers and increase in rolling speed
of finishing mills, this being due to improvement in the
engineering and manufacture of gear drives, pinion stands
and spindles. The table here-under shows the importance of
diffwence between two hot strip mills installed in France
at 10 years interval,

% ; USINOR DUNKERQUE (1263) SoLMER  (1973)
| i B S )
r1 8000 0,95/2,45 12600 1,21/2,78
F2 8000 1,6 /4,12 12600 2,08/4,80
r3 8000 2,45/6,3 12600 3,4 /1,80
| 8000 3,7 /10 12600 5,1 /11,7
FS 8000 4,7 /12,2 12600 8/18,4
Fé 8000 6,4 /17 12600 |11,2/25,8
F7 5300 6,46 /17 1200 13,4/30,8

2 Year of installation
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3.4.2

3“03

The manufacture of large gears has appreciably progressed
thanks to welding techniques concerning alloy steel, nickel
chromium-molybdenum type at low carbon content having high
mechanical properties and with the possibility of gear cut-
ting in good conditions in using modern gear cutters,

The gear-type spindles are made
for the active part (gears cut),

The quick work-roil changing systems are now provided for
from the beginning of the construction of the modern strip
mill snd the adaptation of this equipment on existing trains
is developing. The hot strip mill built in 1963 of the
sbove table has been transformed in 1972 and equipped with
such equipment giving the possibility to decrease the neces-
sary time for roll changing of the complete 7 stands from
35 to 40 mn down to 15 mn in manual operation and to 7 ma
in automatic operation.

The equipment consists, for each stand, of ;

- one system for quick retracting of thrust roller bearings
located under the screws

- one sledge on which the complete set of work rolls and
work chucks is located

- one set of removable raile locsted in each stand
- ‘one system for pushing and pulling the set of rolls

One movable platform, which is made 6! several cars con-
nected altogether, located in frot of the finishing stands
parallel to the rolling pass line, on operator's side.
This platform will receive the worn set of rolls and the
new set and, by transfer, will dbring it in the suitable
position for changing. A section of such a device is shown
on Fig. 16.

It must be noted the constant increase in hot coiler caps-
city vith regard to the meximum thickneas (up to 15 mm)

and of nature of the strip to be coiled which have higher
and higher mechanical charscteristics (X63 grade for pipes).

The possibility of rolling thinner and thinner material

(1,2 mm, 1 wm or even 0,8 wm) has led to the provision of a set
of coilers cloae to the last stand of the finishing wmill

in order to avoid the possible difficulties during the
tranaport of the thin strip to the coilers which are nor-
mally located at approximately 185 m of the last stand for
coiling thicker material. This arrengement allows also to

use the zoom rolling technique sooner and, therefore, the
possibility to incresse the production of thinner materials,
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3.5 Cold amills

Two additional quality conditions are requested for cold-rolled
strip : cleanness and good surface conditions.

Thickness tolerances are more and more severe on products whosge
thickness has a tendency to decrease, this tendency applying to
cold.rolled sheets and tin-plate stocks.

The technological consequence on tandem cold mills or reversing
cold mills are :

- generalisation of hydraulic screw-downs and A.G.C. which has
been previously described

- deavelopment of work-roll bending systems

- construction of two-stand tandem lkin-’pau wills for thin tim-
plate production,called D.C.R. (Double Cold Reduction)

~ the increase in production of cold mills induced an increase
in coil weight and and increase in capscity for entry and de-
livery equipment, an incresse in horse-power installed and
speeds vith, therefore, the corresponding development of
cooling and lubricstion of strips during rolling.

Finally the sutometic changing ring systems for work rolls ere
practically alveys installed st the beginaing in the new cold
sille.

Automstion of coil entry, coil preperation and coil deli-
very is developed in the new cold mills with a great care to

svoid any coil slipping which could provoke demage of the surface
of the strip.

Flatness conditions and the difficulty to measure it have led
to ressarch on flatness messuring devices which are not yst fully
developed and used.

Particular mention must be msde concerning flatness of the spec-
tacular development of the stretch rolling mill used either in
skin-pass or in stretching lines or galvanizing lines.




TECHNOLOGICAL DESCRIPTION

The basic equipment consists of two tension bridles arranged
on each side of a temper mill and/or of a tension leveller.
These bridles are mechanically connected by means of a kine-
matic circuitry capable of maintaining a given speed ratio
at 4 constant value in such a way that

52 - Sl

31 = constant = theoretical elongation

SI = Entry bridle speed
$2 = Exit bridle speed

It is worthwhile to note that the actual elongation of the
material processed is less than the theoretical elongation,
particularly due to the elastic properties of the material.

The prototype was equipped with a mechanical connection con-
sisting of a chain transmission, and the speed ratio between
the two .ension bridles was adjusted by changing the pinions.
Afterwards this arrangement was replaced by a gear connection
and the speed ratio was adjusted by varying the gear distri-
bution. However, in both these cases, preset elongations were
imposed and the machine should be stopped when changing the
elongation value.

The machines are now equipped with a kinematic circuitry
using the effect of the differential unit or of the planetary
gear train,.

The elongation value is adjusted by varying the speed of the
differential gear or the speed of the planetary sun gear. These
latters are driven from the main drive either through a mecha-
nical speed variator or through an hydrostatic system,

Owing to this arrangement, a constant speed ratio can be main-
tained between the two tension bridles, irrespective of the
speed of the machine ; a great stability is ensured to the
system during the transient periods of acceleration and dece-
leration.

Whenever permitted by the torque to be transmitted, the mecha-
nical speed variator is to be preferred to the hydrostatic sys-
tem as it provides a better stability of adjustment. The adjust-
ment accuracy is, however, very good in both the cases ag it is
of about 2 % of the value selected i @8 an example, a
preset elongation of 1.5 % will be maintained at a stable value
from 1.53 to 1.47 % and this result is far accurate than what
may be expected with conventional levellers.
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Thanks to the uevices mentioned, settings can he
made while the machine is running and any elongation value

can be selected from zero tou the design limit of the machine .
The tension levellers are generally designed to operate within
8 range of O to 3 % while, in the case of temper mills or com-
bination temper mills and levellers, th: elongation value can
reach 60 7%.

When the machine is operated as a leveller, the tension bridles
are driven and, in turn, they drive the strip through the le-
velling stands. As the rolls of this stand are ot driven,

they are submitted to less wear and the marks which are gene-
rally produced by conventional levellers on the strip surface
are eliminated. Likewise, the roll change is very fast (about

1 mn).

When the machine is operated as a temper mill or as a combina-
tion stand, the rolls are driven and it is possible to drive

a single roll or t“e two rolls, depending upon the torque to

be transmitted. The strip drives the entry tension bridle which,
in turn, drives the exit bridle through the kinematic circuitry.

It is to be noted that for some specific applications, the rolls
and the tension bridles are simultaneously driven from two dif-
ferent power sources. This arrangement is used when the entire
pover required cannot be transmitted through the rolls and through
the materials or when one desires to control the tension levels

at the entry and exit ends of the stand.

Due to the heterogempus physical nature of the wmaterial, variable
tension levels must be provided through the tension bridles when
csubmitting the atrip to a constant elongation ; of course, this
is not the case for the equipments operated under temsion control.

It is therefore essential to use a kinematic circuitry designed
80 &3 not to be influenced by the tension variations through the
bridlés.

The solutions using electric or hydraulic drives call for the uti-
lization of an electric or hydraulic speed-regulation system in
view of stability and such a regulation system is rather complex
and expenaive. Moreover, these solutions require a higher instal-
led power as the torque that must be available at each tension
bridle correspond to the force developed under steady state and
during the acceleration and decelration periods. Such is not the
case for the machines using a mechanical conmection as the mecha-
nical parts only must be sized sccordingly.

It is to be noted in this connection that savings attainable on
the installed power are of about 30 to 40 %, compared with a con-
ventional temper mill ; savings on the investments are still more
important due to the suppression of the electric regulation at
the tension bridles and at the tension reels and to the utiliza-
tion of a less expensive type of motor.




PROCESS

The Stretch Rolling Mills offer the possibility of operating,
without any risk of strip breakage, with an elongation rate
corresponding to stresses situated beyond the yield strength
of the metal.

In the case of equipments operated under tension control, it is
imperative not to reach the yield strength of the material to
avoid any risk of strip breakage, due to the heterogeneous phy-
sical nature of the wetal. This requirement is eliminated by
the Stretch Rolling Mills as, after having reached a maximum
value, the tension level decreases due to necking and creeping
of the metal ; however, the elongation value is unchanged as

it is imposed by the control of the speed ratio between the
tension bridles.

For a same tension level, far higher elongation rates can be
reached under elongation control than under tension control,
This 1is of particular advantage in the case of levellers
where the elongation obtained by flexion of the material is

not sufficiently efficient when achieved under a low tension,

The Stretch Rolling Mills are particularly well adapted to tem-
per rolling and levelling of brittle materials such as alumi-~
nium and light alloys for which the ultimate strength is very
close to the yield point.

All the Stretch Rolling Mills are practically operated accor-
ding to the same principle, vhich consists of localizing the
plastic strain of the metal in one or several well defined
points.

Under pure tension, i.e. at the
exit of the tension bridles, the stresses induced in the metal
are genarally inferior to the yield point ; this zone is only
exceeded between the temper mill rolls or over the levelling
rolls where the strip is submitted to alternate flexions.

The Stretch Temper Mills are generally of the hydraulic screw-
down type and they are designed to permit rolling force adjust-
ment and to perate at a constant value. The stands are either of
the two-high or of the four-high type. )

For a given elongation, it {s therefore possible to adjust at
will and very accurately the amount of piastic deformation re~
sulting on the one hand from the strip necking and, on the
other hand, from the reduction between the temper mill rolls
or from alternate flexions.

Comparative tests were run to show any metallurgical difference,
if any, between a material Processed in a conventional stand and
4 material processed in a Stretch Temper Mill. For comparable
settings, the results were rather similar, if not identical.
However, the materials processed in a Stretch Temper Mil! are
wmore homogeneous in nature : this is essentially due to the
greater stability of settings and to the fact that these settings
are less subject to variations than in the case of conventional
temper mills.
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As far as daep-drawing steels are concerned, these tests have
shown that the stresses induced in .he material must be equal
or inferior co 6 to 8 kg/mm2 and that the residual elongation
must be included within the range of 0.7 to 1.3 7. Above these
values, the hardness and the strength of the material increase
while the elongation and the yield point decrease. The
Erichgen index is then affected, the resistance to ageing de-
Creases as well as the deep drawability and formability.

These tests have also shown that, for a given elongation, the
penetration of the temper effect is more important if the de-
gree of reduction between the temper-mill rolls is decreased
while the deformation by tension is increased.

Levelliers

The tension levellers are also designed in such a way that it

is possible to adjust at will and very accurately the amount

of plastic strain resulting on the one hand from strip necking
and, on the other hand, from alternate flexions over the level-
ling and anti-cross bow rolls. Levelling is achieved in a single
pass by alternatc flexions of the strip over two rolls of small
diameter (@ 20 to 50 mm). The residual bow is corrected by the
anti-cross bow unit,

The experiments made in this field, particularly with rimming
steels, have shown the necessity of operating with elongation
rates as low as possible, generally less than 0.3 %, One may
note that deep drawability is rapidly affected by the fast hard-
ness increase. However, if one wishes to diminate the risk
of fluting after a prolonged ageing, it is necessary to operate
with elongation rates equal or superior to 2 % as, in these
conditions, the return of the yield point is very slow. The
products thua processed are not suitable for deep-drawing appli-
cations but they are perfectly adapted to the metallic furni-
ture industry, wvhere the flatness requirements are very severe,

The flatness obtained with tension levellers is far better than
the one attainable, in the best conditions, with conventional
levellers. A sag of 1 mm on a sample of 1m2 is an easily acces-
sible result. Likewise, the surface finish of tension levelled
materials is far better : the marks produced by the conventional
levellings rolls are eliminated,

The results obtained may easily be reproduced and, like the tem-
per mills, this is one of the outstanding advantages of the ten-
sion levellers.

ggggination Stands

e . '

Many materials must be simultanecusly temper-rolled and tension-
levelled. These two operations are achieved in 1 combination stand
including & two-high or four-high mill and a tension leveller,
with two tension bridles arranged on each side of the stand. The
two machines can be either simultaneously or separately operated,




MAIN APPLICATIONS

Temnar Mill

- Exit of a Processing or Coating Line
(Galvanizing, aluminizing, annealing, etc.)

- Entry of a Finishing Line (Profiling, shearing, paint coating etc.)
- Temper Mill in replacement of a conventional temper mill.

Tension Leveller

- Entry or exit of a Processing or Coating Line (galvanizing,
tinning, coating, etc.)

- Entry of a Pickling Line, as a scale breaker
~ Installed in Shearing, slitting, Inspection Lines

- Tension leveller only,

COMBINATION STAND

In addition to their indisputable advantages evidenced by the
tests that we have just quited, the Stretch Rolling Mills offer
the following advantages over all the other types of equipment :
possibility of continuous operation and possibility of instal-
lation in processing and finishing lines. The temper rolling
and levelling operations are therefore achieved simultaneously
with those of the line proper, thus eliminating any intermediate
storage and rehandling operation ; the yield {s also noticeably
improved.

The operation of the Stretch Rolling; Mills is very simple com-
pared with the conventional mills and in most cases, the machines
installed in finishing lines requirc no gerator,

The operation costs are therefore noticeably decreased inasmuch
as the roll consumption is very low compared with conventional
mills. The tonnage temper rolled on a two-high mill located at
the exit of a galvanizing line can reach 1000 tons ard even more
betweer two grinding operations. However, it is worthwhile to
note that this result may be expected only if the machine is
equipped with an efficient brushing sys.em in order to avoid any
sinc deposit on the rolls.

Generally, the investment return time to be considered for a
Stretch Rolling Mill is less than three years.
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NEW TECHNIQUE

Among the most recent applicatioms of this pProcess, it is worthwhile
to quote :

1.

Tin-plate double-reduction rolling on a combination stand.

More than 60 % of reduction can be obtained in a single

pass but, in general, such a reduction rate is not necessary
as double-reduction tin-plate is generally produced with re-
duction rates of about 30 to 40 %.

For a plant of this type, the investment cost is J to 4 times
less than in the case of a conventional solution (two~stand
tandem mill). The production is smaller but this is not an es -
sential point as the tonnages to be produced is one of the out-
standing advantages of this material, which competes with the
aluminium and plastic packings. The line is designed to be
operated as a temper mill or as a leveller when no double re-
duction is achieved.

. High-speed temper rolling (800 m/mn) on a combination !ine

equipped to achieve the following operations in a single pass :
cropping, weld, temper rolling, levelling, marking, side trim-
wing, inspection, cut, oiling and reconditioning of coils,

. From the technological standpoint, a significant improvement

has been brought to this type of equipment by CREUSOT -LOIRE-
ENTREPRISES. The C.L.E.'s machines are now equipped with tension
bridles fitted with a single active roll and with an air cus-
hion system used as a tension generator.

The air pressure in the chamber is of about 1 to 3 bars. The
clearance between the strip and the edges of the chamber is of
1/10 to 3/10 mm ; this clearance can be adjusted through an
hydraulic cylinder, Owing to this very small clearance, air
cuongumption is very low.

the noise produced by this air leakage is of some ten decibels
only at a distance of one meter from the pad.

This new technique eliminates the problems raised by the synchro-
nigation of the rolls in the case of & multiple-roll tension bridle
moreover, one side of the strip only is in contact with the active

roll and the strip surface is less subject to deterioration. The

overall sizes of the machine are reduced and its inertia is smaller,

due to the suppression of many gears and rotative parts. It can.
therefore be easily installed in & processing or finishing line.
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4. CONCLUSIONS

The technological improvements in rolling mills being the subject
of this report (which, again, makes no claim 1o be exhaus-

tive) show that automatic drives are more and more used, this fact
being due to necessity of production increase or necessity of rol-
led products quality. A more and more important part is therefore
taken in rolling.mill units operation by electronics, hydraulics,
electricity etc,

Consequently, there is a clear evolution in the qualification of
production personnel,which must now include more and more skilled
men in these techniques, this condition applying to production
people properly so-called, or maintenance people.

Without minimizing the importance of the traditional mill operators,
whose working conditions were particularly difficult and invelved

a great deal of practical experience (mainly in the long products
rolling), it must be emphasized that evolution in rolling techniques
and evolution in equipment technology require a deeper general train-
ing from the personnel.

One could say that requirements on products quality have been trans-
ferred to the men wio are in charge of operation of the rolling-mill
units .

This conclusion seems important to us mainly for the countries who
have no traditional steel industry and who undertake a creation of
this basic industry.

In our opinion, problems of engaging and training of the personnel
is, on that account, easier to solve, concerning at least the pos-
sible field of personnel recruitment.







