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This invention relates broadly to apparatus for leveling 
and ?attening rolled sheet and strip stock and for re 
moving the deformations that are induced therein as a 
result of the rolling operations to which the stock was 
exposed. 

Metal sheet or strip on issuing from a rolling mill usu 
ally presents distortion due to the more or less random 
residual stresses introduced into the metal by the elastic 
and plastic deformations induced therein during the 
rolling operations. Such distortion often takes the form 
of so-called stretcher strains or Liider lines, also some 
times known as orange peal, and manifests itself mainly 
as waviness of the strip or sheet in the longitudinal direc 
tion. Various means are used to eliminate this defect, an 
especially convenient method which is frequently used 
being that known as roller leveling, in which the rolled 
strip is passed through a succession of bending rolls of 
small diameter staggered longitudinally and arranged to 
impart alternate up and down ?exing to the strip as it is 
fed through the roller leveler. So-called stretcher leveling 
is also used. 

Roller leveling and equivalent treatments are effective 
to remove the longitudinal distortion or waviness from 
rolled sheet and strip. Very often however, it is found 
that such treatment has substituted this original defect by 
another. That is, the roller-leveled or similarly treated 
sheet frequently presents transverse distortion in the form 
of a continuous transverse camber, whereby the strip 
when in free relaxed condition assumes the appearance 
of an elongated trough. Admittedly this defect is less 
objectionable than the longitudinal waves or stretcher 
strains which it replaces, since after the sheet or strip 
has been cut longitudinally into narrower strips or bands, 
as is required in many applications, the resulting narrow 
strips are comparatively ?at. However, in various cases 
such transverse camber is objectionable, and it is a prin 
cipal object of the present invention to eliminate this par 
ticular defect. Broader objects of the invention include the 
provision of improved methods and means of producing 
rolled sheet and strip stock having superior ?atness, sur 
face condition and freedom from objectionable internal 
strains. 
The invention will now be described in greater detail 

with reference to the accompanying drawings, given for 
purposes of example and illustration but not limitation, 
and wherein: 
FIG. 1 is a somewhat simpli?ed view in vertical cross 

section longitudinally of the strip, of ?attening apparatus 
according to an embodiment of the invention; 
FIG. 2 is a schematic view on a smaller scale, illustrat 

ing how the apparatus of FIG. 1 is utilized according to 
an aspect of the invention in imparting controlled elonga 
tion to steel strip prior to coiling the strip; and 

FIG. 3 similarly illustrates another use of the inven 
tion in which the improved ?attening device is applied to 
strip issuing from a ?nal cold‘working or temper-rolling 
pass and prior to being taken up in a coil. 
The invention is based on the ?nding that the trans 

verse distortion occurring in sheet stock issuing from a 
roller-leveler or similar conventional device and tending 
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2 
to impart the shape of a longitudinal trough to the sheet, 
is due to the fact that the sheet or strip, in passing through 
the ultimate roll of the roller-leveler or equivalent device 
serving to impart alternate ?exing to the sheet, has a 
pattern of differential transverse stresses set up in it, the 
stresses varying over the depth dimension of the sheet. 
This in turn is due essentially to the fact that at the sur 
face of the strip engaging the surface of such ultimate 
leveler roll, friction forces prevent any substantial varia 
tions in the width of the strip. 
More speci?cally, if the longitudinal and transverse 

coordinates of the strip are designated by x and y re 
spectively, then the unit deformations or strains ex and 6,, 
along the respective coordinate directions x and y at any 
point of the thickness dimension of the strip are known 
to be related to the stresses sx and sy along said respec 
tive directions by linear equations of the forms 

__ 1 1 “saddest-gr) 
where E(>\) is an elasticity modulus. 
At the contact generatrix between the strip and the 

roll, the unit transverse strain ey=0 owing to friction, 
and hence at said generatrix we have from Equation (2) 
sy=1/2sX. At the corresponding position on the opposite 
face of the strip the transverse stress sy is substantially 
zero, whereby it will be evident that across the thickness 
dimension of the strip there exists an increasing gradient 
of transverse plastic stresses from the outer or free face 
of the strip to the face engaging the last leveler roll. On 
issuing from this roll, the sheet must therefore assume 
an equilibrium con?guration in the form of a trough 
whose concavity is directed towards said roll. 

According to the present invention this condition is 
overcome through the provision of an additional or cor 
rector roll of small diameter positioned beyond said ulti 
mate leveler roll and arranged to be engaged by the face 
of the strip remote from the face thereof that was en 
gaged by said ultimate leveler roll. Means are further 
provided for forcing the sheet into engagement with the 
corrector roll and for adjusting the position of the cor 
rector roll in a direction normal to the sheet whereby 
the adjustment can be so made that said corrector roll 
will set up in the sheet as it is fed therepast differential 
transverse stresses in a pattern generally reverse from 
that of the stresses set up ‘by the ultimate leveler roll, and 
such that the combined stresses generated by both said 
rolls will create a resultant extending substantially 
through the mid-point of the thickness dimension of the 
strip, thereby canceling out the transverse distortion and 
producing a strip that will be ?at and level both in the 
longitudinal and the transverse directions. 

Referring to FIG. 1 of the drawings, the ?attening ap 
paratus there shown comprises a frame including in the 
exemplary embodiment upper frame plates such as 8 
and lower frame plates such as 25 arranged in a common 
general vertical plane, and the vertical spacing between 
said plates is preferably made adjustable as shown through 
the provision of replaceable spacer shims such as 30 
and 31. 
A metal strip to be ?attened illustrated as the dot 

dash line 1 is assumed to be fed continuously in the left 
ward direction indicated by arrow F and is held under 
tension through suitable means not shown in FIG. 1 
and later described. Such means may assume the form 
e.g. of the tensioning blocks T1 and T2 shown in FIG. 2 
and the apparatus illustrated in FIG. 1 may be assumed 
to be positioned between the tensioning blocks T1 and T2 
of FIG. 2. 

(1) 

(2) 
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The apparatus includes a roller-leveler section which 
comprises the pair of small-diameter leveler rolls 2 and 
2' mounted respectively below and above the path of 
sheet 1 and in longitudinally offset relationship so as to 
?ex the sheet 1 downwardly and upwardly as shown. 
Each leveler roll 2,2’ is mounted in cradled relation in 
a pair of larger-diameter supporting rolls 4 and 4' for 
the lower leveler roll 2, and 3 and 3' for the upper leveler 
roll 2’. The uppersupporting rolls 3, 3’ are rotatable on 
shafts 5, 5' ?xedly secured by means of the bolted cradles 
shown in supporting blocks or hearing supports 6 secured 
with screws 9 to brackets 7 which in turn are secured to 
the upper mounting plates 8 by means of bolts and 
cotter-pinned nuts 11. A locating key or shim 10 is shown 
interposed in registering grooves of the bracket 7 and 
the block 6. 
The lower supporting rolls 4, 4' are mounted from 

the lower mounting frame plates 25 in a manner exactly 
comparable to the mounting means just described for 
the upper supporting rolls, including the supporting blocks 
13, and bracket 14 secured to the lower frame plates 25 
by means of'bolts and nuts 15. 
The strip 1 on issuing from the last roll 2' of the 

roller-leveling device just described is substantially ?at 
in the longitudinal direction but will generally show 
transverse distortion in the guise of a continuous through 
like camber, as‘ earlier explained. Accordingly, in the 
?attening apparatus of the invention the roller-leveling 
section including rolls 2 and 2’ is followed by a camber 
correcting section now to be described. This correcting 
section includes a director roll 16 of relatively large 
diameter, mounted above the sheet 1 and journaled in 
suitable‘ bearings not shown, carried in bearing supports 
or blocks such as 19 secured tothe upper brackets 7 by 
way of screws 20 with the interposal of a locating key 21. 
Beyond the roll 16 the sheet 1 is passed over a small 
diameter corrector roll 17 engaging its under face, i.e. the 
face thereof remote from the face which was engaged 
by the last roll 2' of the leveling section. 

It should be made clear at this point that the large 
diameter director roll 16 serves to direct the sheet and 
form it into engagement with the corrector roll 17 but 
does not otherwise play an essential part in the camber 
correcting process of the invention. Said director roll 
16 may in fact in many cases be omitted. 
The camber-correcting roll 17 is mounted in rolling 

engagement with a pair of larger-diameter support rolls 
18’, which are journaled in bearing blocks such as 23. 
The bearing block 23 is supported from the lower frame 
plate 25 through adjustable supporting means whereby 
the position of the support rolls 18, 18' and hence the 
position of camber-correcting roll 17 in the direction 
normal to the sheet 1 can be accurately adjusted. For this 
purpose the supporting block 23 is secured, e.g. screwed, 
to a wall of a bracket 22 which has a lug extension pivoted 
on a sturdy pivot 24 extending across the frame. Ex 
center means are provided for adjusting the position of 
bracket 22 about pivot 24 and includes a cam disc 26 
secured in excentric relation on a shaft 27 and peripherally 
engaging an accurately machined plate or strip 29 secured 
with screws such as 29 to a wall of bracket 22. Control 
means not shown are provided externally of the apparatus 
for accurately adjusting the angular position of shaft 
27 and cam disc 26 and hence the positioning of bracket 
22 and of support rolls 18, 18' and corrector roll 17 
normally to sheet 1. 

It will be understood that by way of the adjustment 
just described the position of corrector roll 17 can be so 
adjusted with respect to that of the output leveler roll 
2' normally to the strip, that the corrector roll will gen 
erate transverse stresses in the strip in a pattern such that, 
when superimposed over the pattern of transverse stresses 
generated by said leveler roll, over-all the resultant of the 
stresses will extend through the mid-point of the thick 
ness dimension of the strip, thereby cancelling out the 
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4 
transverse distortion or camber in the strip as earlier ex 
plained. 

In FIG. 2, the ?attening apparatus of the invention is 
shown applied in conjunction with means serving to im 
part controlled elongation to a strip fed in the leftward 
direction F’ prior to being coiled up on reeling means 
not shown. The installation comprises a pair of sets of 
tensioning rolls T1 and T2, between which is interposed 
a ?attening apparatus according to the invention generally, 
designated C, and generally similar to the apparatus 
shown in FIG. 1, with similar references being used to 
designated corresponding parts. The output set of tension 
ing rolls T2 may be motor driven and is mechanically 
coupled to the input set of tensioning rolls T1 through 
kinematic means such that the linear velocities V1 and V2 
of the rolls in the respective sets T1 and T2 are related 
by the equation: 

v _ 

———~' 2V2V1=A percent 

where A percent is the constant elongation to be imparted 
to the strip 1. The aforementioned kinematic coupling 
between the sets of input and output tension rolls T1 and 
T2 may be any suitable adjustable device, such as a gear 
box, a differential gearing or other speed variator capable 
of providing a preferably continuous range of elongations. 
The ?attening apparatus C as described with reference 1 

to FIG. 1 includes a leveler section here designated R1 and 
including a pair of leveler rolls 2, 2' with their associated 
support rolls 3-3’ and 4-4’, serving to impart alternate 
?exion to the strip, and a camber-correcting section R2 
comprising a director roll 16 and a corrector roll 17 with 
its associated support rolls 18, 18’. The ‘corrector roll 17 
engages the opposite face of strip 1 from the face engaged 
by the ultimate roll 2' of the leveler section. 
The system illustrated in FIG. 2 effectively imparts to 

the strip 1 a controlled elongation and alternate ?exing or 
leveling which removes'the stretcher strains from the strip 
and imparts the desired elongation thereto without affect 
ing the surface condition of the sheet or strip stock. With 
all of the rolls used being mounted in accurately parallel 
relation, there is produced a thorough equalization of the 
lengths of all the elementary longitudinal ?bres of the 
strip whereby a perfectly ?at and planed condition can be 
subsequently obtained in the sheet. The diameters of the 
leveler rolls 2 and 2’ should be selected in view of the 
gauge thickness requirements in the sheet and the range 
of elongation desired, so as to avoid in all cases imparting 
to the section of the strip between the input tensioning 
rolls T1 and the leveling section R1 a traction stress ex 
ceeding the elastic yield limit of the metal liable to induce 
the formation of Liider lines therein. A range of diame 
ters usually found suitable for the rolls 2 and 2' is from 
30 to 40 mm. 
The camber-correcting section R2 as earlier explained 

serves to remove the transverse camber which tends to be 
induced in the strip 1 on issuing from the leveling section 
R1, which camber has its concavity directed towards the 
last leveler roll 2', i.e. upwardly in the embodiment shown. 
The camber-corrector sectiongRZ which includes the rolls 
16, 17, 18, 18’ as above described removes said residual 
transverse camber and provides a ?nal sheet or strip stock 
which is ?at and level in all directions. As explained above 
it is necessary in order for this purpose to be achieved 
that the position of the corrector roll 17 normally to the 
strip 1 be accurately adjustable and for this purpose the 
support rolls 18 and 18' are adjustably mounted prefera 
bly by means of the excentric adjusting mounting device 
described with reference to FIG. 1, and omitted from the 
showing of FIG. 2 for clarity. 

In FIG. 3 the invention is shown applied to a system 
in which a strip 1 is passed through a ?nal cold-working 
or temper rolling pass in a rolling mill generally desig 
nated 33 prior to be taken up in a coil 32. 



3,826,026 
5 

Even though the reduction of the sheet in such mill is 
quite low, usually of the order of 1%, the rolling stresses 
are high and produce high residual stresses in the metal. 
Due to these stresses, the sheet assumes a shape of equi 
librium where it is substantially distorted, and moreover, 
if subsequently cut, the shape of the sheet will change be 
cause of the change in the stress distribution pattern pro 
duced by the cutting operation. Thus, when a broad strip 
is cut into narrower strips the latter may be distorted even 
if the initial strip was substantially ?at. To overcome this 
between the rolling mill 33 and the take-up coil 32 there 
is interposed a ?attening device according to the invention 
which again may be similar to the one described in detail 
with reference to FIG. 1, and Will not be described again. 
Parts of the ?attening apparatus have been designated 
with the same reference numbers as the corresponding 
parts in FIGS. 1 and 2. It will be noted that on issuing 
from the corrector roll 17 of the apparatus, the strip is 
passed under a de?ector roll 34 which serves to cancel 
the in?uence of variations in radius of the coil 32 on the 
vertical position of the strip and hence the pressure ex 
erted by corrector roll 17. 
The system just described with reference to FIG. 3 has 

a number of speci?c advantages. It is economically ad 
vantageous since no special means need be provided for 
feeding and coiling up the strip over and beyond the 
means already provided in connection with the rolling 
mill. It should further be noted that the strip issuing from 
the ?nal cold-working pass in mill 33 is inherently sub 
jected to high residual stresses. Hence it is at this time in 
an especially suitable condition for readily taking plastic 
deformation. With time, the stresses would be relieved 
somewhat. It is when the internal stresses in the meta-l are 
particularly high, as is the case directly at the output 
from the cold~working mill 33, that the plastic deforma 
tions involved in the ?attening process of the invention 
have their greatest effectiveness and are easiest to perform. 
The invention is useful in performing so-called skin 

pass cold-working treatments without impairing the sur 
face condition of the metal stock by the combined action 
of alternate ?exing of the sheet and controlled elongation 
whereby the degree of cold treatment and hence the dura 
tion of the longitudinal ?attening effect can be accurately 
controlled. Further, such skin pass operations or continu 
ous ?attening operations may be performed in cases where 
the desired feed velocity exceeds the maximum velocity 
permitted by the ?attening apparatus. This aspect of the 
invention was described in detail with reference to the 
embodiment of FIG. 2. 

It will be understood that the invention may be em 
bodied in apparatus and applied to speci?c purposes other 
than those explicitly described and illustrated herein, and 
that its scope should consequently not be interpreted as 
limited otherwise than as required by the terms and spirit 
of the ensuing claims. 
What is claimed is: 
1. A metal strip and sheet stock ?attening apparatus 

having means for feeding the stock longitudinally under 
tension comprising a set of at least tWo leveler rolls dis 
posed transversely of the stock and engaging opposite 
faces thereof in longitudinally displaced positions to im 
part alternate transverse ?exing to the stock for removing 
longitudinal distortion therefrom, a corrector roll disposed 
transversely of the stock beyond the last leveler roll of 
said set engaging the face of the stock remote from the 
face engaged by said last leveler roll, means for adjusting 
the position of said corrector roll in a direction normal 
to the plane of the stock to set up differential transverse 
stresses over the thickness dimension of the stock in a 
pattern substantially reverse from the pattern of trans 
verse stresses set up by said last leveler roll to cancel the 
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6 
transverse camber that tends to be imparted by said last 
leveler roll to the stock. 

2. A ?attening apparatus as de?ned in claim 1 wherein 
a pair of support rolls of larger diameter than said correc 
tor roll support and engage said corrector roll. 

3. A ?attening apparatus as de?ned in claim 1 wherein 
a director roll of a greater diameter than said corrector 
roll engages the stock ahead of the corrector roll on the 
face thereof opposite that engaged by said corrector roll. 

4. A ?attening apparatus as defined in claim 2 wherein 
position-adjusting means are provided for adjusting the 
position of said support rolls towards and away from said 
stock. 

5. A ?attening apparatus as de?ned in claim 4, wherein 
said position-adjusting means comprises bracket means 
journalling said support rolls, means mounting said brack 
et means for pivotal movement about an axis parallel to 
that of said rolls, and eccentric means for adjusting the 
angular position of said bracket means about said axis. 

6. Strip and sheet stock ?attening apparatus compris 
ing in combination means for longitudinally feeding said 
stock; at least two leveler rolls disposed transversely of 
the stock engaging opposite faces thereof in longitudinally 
displaced positions to impart alternate transverse ?exing 
to the stock; support rolls of a greater diameter than said 
leveler balls engaging each of said leveler rolls on the 
sides thereof directed away from said stock; a transverse 
ly-disposed director roll of relatively large diameter en 
gaging the stock on the same face thereof as that engaged 
by the output one of said leveler rolls; a transversely-dis 
posed corrector roll of smaller diameter than said director 
roll engaging the stock on the opposite face vfrom that 
engaged by said director roll; a pair of support rolls cra 
dlingly engaging said corrector roll on the side thereof 
directed away from the stock; and means for adjusting 
the position of said last named support rolls and said cor— 
rector rolls towards and away from said stock. 

7. An apparatus as de?ned in claim 6, wherein said 
position-adjusting means comprises bracket means jour 
naling said second-mentioned support rolls, means mount 
ing said bracket means for pivotal movement about a 
transverse axis, and eccentric means connected with said 
bracket means for adjusting the angular position thereof 
about said axis. 

8. An apparatus as de?ned in claim 6, wherein a ?rst 
and a second set of tensioning rolls are disposed in the 
path of said stock ahead of and beyond said apparatus 
respectively frictionally engaged by said stock, and power 
means for rotating said ?rst and second sets of tensioning 
rolls at differential velocities with said second set rotated 
at a higher velocity than that of said ?rst set for imparting 
a prescribed elongation to said stock. 

9. An apparatus as de?ned in claim 6 wherein a cold 
working rolling mill is provided ahead of said apparatus 
engaged by said stock to impart a prescribed cold reduc 
tion thereto, and take-up coil means are provided beyond 
said apparatus for taking up the reduced and ?attened 
stock. 

10. An apparatus as de?ned in claim 6 wherein said 
leveler rolls have diameters in the range of about from 
30 to 40 millimeters. 
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