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HOW FLAT IS THAT?

Achieving coil shape correction and quantifying its flatness

By Michael Kelly

oy’ sophasticared  fabricare
metal parts require ever more
strnngent r1i:t1l]L'\w I|I|:.'I.||1|..'|.-~.
| 5T I..,'lHrIr"Il_:. !-|.|_‘_:_+.|"_‘-P\'|_'I.1
blanking, and progressive stamping require
\.'.ll'l'lE"k'I free, tl.lr P l..lllw.t is 1= 1L'L'dhh mlx
These highly automared fabrication tech-
nicues can per bogeed down by a0 factor
that scems elementary: poor feedstock
shape. However, achieving good feedstock
flatness is easter said than done

Bosllingr a1 coil of meral is a0 complicat-
ed process. Several variables must be con
trolled on a dynamic basis to roll a good

shape. Mills have spent larpe sums ol

Figure 1
Edpe wave oceurs when a strip's edges (dark

blue sections) are longer than its center

{gray scction ).

ey on systems dedicared o contral-
|i|\j_' their |"I-'ui||l.r~-1 *-ir:lpl_"-. However,
many of the rolling practices ocour

VY |'I!I!:j| Lensions, .Ifltl 10 L I'R' \l'l”li'. l.lh

o reCOgnize '-|1.I|"n' I ihlems ar these |'-I_~_:|'-
TCTISIONS

Typical shape problems include edge
wave, center buckle, guarter buckle,
camber, crosshow, oil can, and twist. A
coil develops ashape defect (or defects)
when one section is rolled longer than
an adjacenr section. For l.'N-I'.'.l|‘|L.'. I.'\.lj._'i.'
wave ocours when o simps edpes ar
shightly longer than the strip's center,
To illustrate this length difference,
imagine thar a cail is slit into narrow
strips. The strips near the edpes are
longer than the strips near the center of
the coil (see Fig_{url.' 1)

Oither shape defecrs can arse in down-
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Figure 2
Rolls cause outer fibers o stretch {in tension) and inner fibers 1o compress (in compres-
sion). Fibers on the neutral axis are in neither compression nor tension. A band of mate-
rial near the neutral axis is unchanged because the bending near the neutral axis is not suf-

ficient to plastically deform the metal.

ting, arcd cutting to lenpth. In each case a
shape problem can be rmaced back 1o
length differenrials in adjacent portions or
residual stresses remaining in the metal,
Betore fabrication Processes became
highly automated, shape correction often
was performed on a sheet-by-sheer basis,
-I-hl‘ !'Ell!!l'ri:llh Wi ]'-'I:IL'l‘lI in a h!l{.’l‘l
stretcher, clamps were closed ar both
ends, and the sheet was elongated linear-
Iy by the use of hydranlic eylinders thar
|]]1.]"|.'l.'1.| N ”I. 1'1[‘ L:i:!ll'l'l'“l]_l: I'I.L".H.Eh. Th{'
current ASTM A480M stretcher-leveled
specification for hot-rolled and cold-
rolled sheers refers o rhis standard,
Properly performed, sheet stretching pro-
duces as flar o product as possible. This

Process 15 &t I”. l'hl.’ |11'nrhr11:|rk Ihr ”:III'II.‘.'\\-.

!E!IL\: :l})l“l[lLIh .'|]3'5'|“| .‘\i'l.'.l[\L' COrmeciion
methods that “relieve” residual stresses,
This is not accurate manufacturing jar-
uiﬁn—#rr{'.‘h*rﬂlil'\'i“ﬁ CANM |"lk_' ACCOMM -
i‘liHIlL:".l h“| ||“..'['h.'|ni1':|| AT b""l“'hﬂ‘h i
metal coil are relieved by thermal
processes such as annealing. When a
|“l“l:|'|'.l|'|.jl.::|.] et hlk] 15 lth'd. ‘Il'l.tL Prisicss 15
called shape correcuom, not stress-reliev-
ing. Shape correction is a complex

process that regquires an understnding of

Lypes ol stresses that are applied 1o strip,
how they are applied, whether the stress-
es are equalized, and whether the shape
COTTECHION 15 'PL‘['I]'I: iment.

Three methods for shape correction
are roller leveling, tension leveling, and

L] n*h'hvr It'\."l‘il.llk_[.

Roller Leveling

[H TREITROWE 'i.Il‘I.I."'.'lh |1E‘I'II1:1[H..']1[|"|.' tlﬁ i
metal strip, the strip must be elongated
past its vield point, This means thar the
coil has 1o be stretched past s elasn
sl {l]u: stape al which the metal
retains its shape characreristics, includ-
ing defects) and reach s plastic stage (or
yicld pomt). During roller leveling, the
outside surface of the meral (that is, the
surface farthest from the bending roll) is
IN eENsun :I'I'id 1% &1 ﬂ_'[L'hl_'LI. Ei II'IL' amount
of bending is sufficient, a region near the
outside surface will elongare enough to
deform plastically (see Figure 2). The
ﬁllﬂ-'.ﬂ:l.‘ £ |1. [1 e sl np nearest o |h|..' |'-'L'I H.Iil (153
roll is in compression. The material
along the center of the strip is in neither
LETMSION NOF COMPression—Ir s neutral
:-1|'|1.| ll.‘l l.'l”l'.‘lE ||:l1.‘ FI.L'IHTHI -H..‘.II.\-. (}I'I l!lL' ?\I.II""
sequent reverse bend, the opposite sur-
faces are in compression and tension.
|'{': WASVET, A |'|'.||'H.I 11! llll‘_.."l{'lllt"’.t 1111 L"I"i:-il,
that along the neutral axis, has not been
compressed or stretched, Only the wop
;Il'h.‘i IH“H!I“ surfaces of ||'H.‘ T'IH.'“I[ |"I:|".-"1.‘
been plastically deformed, or strerched
past the meral’s vield pone. The center of
r]“‘ ﬁtri[‘l TI.'f'I'I:I"'I‘t t'l:l"\-lll' ur llI'IL]I'.II'II_!L'I.].
Mo permanent correction has occurred
(see Figure 3).

When a coil exhibits edpe wave (see
Fl;.r,url: 1); the CHETALOD of the leveler
engages backup wedges on the hending
rolls. The section of the strip with the
HI'I{'I'I'TI:'r I'i|1-.‘r.\ f_'.{'“!- e |H.'l'|.lillT'I.u 'l.\'l'll."l'l
the backup wedge is applied. The shorter
fibers are elongated 1o a greater extent
than the longer fibers. When the smip
exits the leveler, the material is flat. The
leveler has created a sandwich in which
the top and borrom sections have been
'['-'I}I."il il'q'l”'!. llt‘f.l !I'I"I'lt'l.].. :|n|.| ”'H.1 center |:"'-'II'ILI
15 still unchanged.

The metal is flat becavse the stressed
F\.kln i_'l"l]']'[:ﬂ.l'lﬁ '.'I.” r]'ll.‘ UNEYVET SITesses 1In
l]l'{.' ['l'l.l..'['.lj. “ !].I‘L' b ] | IL]'H-'I{]I 15 LII.‘STII] !ll'Li Al
the next process, shape problems can
arise. For cntical-thamess apphications

hlltll i iiihi.‘[ L'll”'il't![. lIl{‘ ‘-i'lil].’t' ||Iill Jii.l.\-



Figure 5
Tension causes the neutral axis 1w move toward the bending roll. On the next pass the axes
switch sides, and the neutral axis moves toward the top of the strip. This puts the entire
thickness under enough strain to facilitate a true shape correction.

Figure 6

Stretcher leveling stretches one section of a coil at a time, and it puts the entire thickness

into plastic deformarion.

correction begins only after the required
amount of bridle speed differential is
achieved, the amount of uncorrected coil
can be significantly more than the dis-
tance from uncoiler to recoiler. It is com-
mon that several of the beginning and
finishing wraps still have shape issues. In
addition, coil set, which is caused by the
bend over the last roll while under ten-

sion, can affect some portion of the coil.

The gauge range is a function of the
material, the bending roll size, and the
system horsepower. Similar to roller lev-
eling, rension leveling has a finite thick-
ness range lor a given material, The
machine also is limired to one or wo
types of metal for a given design, in part
because of the different cleaning require-

ments and in part due to the different
mechanical properties of the metals. For
cold-rolled steel, this range may be 0.008
to 0.100 in. thick.

Tension leveling devices can operate
ar high speeds and can be very produc-
rive, especially when run continuously
on the materials for which it 15 best-
suited. However, the process has some
drawbacks. Highly polished or painted
products can exhibit friction digs. If the
process must be stopped in the middle
of a coil under tension, the section
under the bending rolls will exhibit a
significant leveler stop. Last, rthe
process is limited in the maximum
shape correction it can accomplish,
which depends on the size of the bend-
ing rolls, the horsepower, and the max-
imum bridle roll speed differential.

Stretcher Leveling

The linear stretching method has been
used for decades w strerch sheet and
plate. A modem approach to this tech-
nology allows it to be used in a coil-to-
coil formar. Using a stop-start process,
metal is uncoiled, gripped in a nonmark-
ing system, and stretched beyimd its yield
strength to correct waves, buckles, and
camber permanently. As the corrected
increment is recoiled, a new, unstretched
increment is  mtroduced  into  the
machine (see Figure 6).

The process uses no leveling rolls and
does not require cleaning. The short
fibers shown in Figure | are elongated o
match up with the longest fibers. The
shape correction is permanent, and the
stresses remaining in the strip are equal-
imed thmughuut the cross section.

Like tension leveling but unlike roller
leveling, stretcher leveling causes the
width to decrease.

Coil-to-coil stretching is a stop-start
operation, so it is inherently slower than
tension leveling and compares o the
speed of roller leveling. However, the
start-stop nature of the operation allows
flatness measurements to be made rou-



been trapped by the top and bottom skin
can spring back afrer the yielded skins
are disrupted because the internal stress-
s were not equalized.

The litmus test for shape correction
permanence 15 accomplished by measur-
ing the material's width change. The
width does not change in roller leveling
because the leveler does not permanent |‘,.'
yield the entire cross section of the strip
(see Figure 3).

The gauge range for roller leveling
depends on the thickness of the material
and on its yield strength. Because elonga-
tion is accomplished by bending the
material over a roll, the dinmeter of the
work roll determines the minimum
gauge. The maximum thickness is deter-
mined by the deflection in the machine
and the horsepower required. The device
also has to be designed for the type of
material because the stress-strain curves
are different for every type of meral.
-rht_'f['ﬁ\rt_", | gl\?i.'n |t'\'l:|t:r il'd."! i | Hiiu,.;ﬂ
mnge limitation for a given marerial,
Typically, a roller leveler is used w
process one or two types of metal. For a
work roll 1.75 inches in diameter, the
effective pauge range for cold-rolled steel
is 0.030 in. o 0.135 in,

Roller levelers operate at moderate
.-.'p[:mh-i and result in no 'gr"u:U, ||.‘l$$.. and
although the process is suirable for many
leveling applicarions, it does have some
limitations and restrictions, For instance,
moller leveling is limited in the amount of
shape correction it provides. If an edge
wave is too large, a roller leveler might
i Th§ l"l-ﬂ?\"illl“ a sufficient L]i:grf:r of roll
bending, or elongation, to eliminare the
defect completely. Roller levelers cannit
change camber in a strip. If the material
is stopped during the leveling process,
the rolls are likely to leave an impression
in the strip.

Because the rolls contact the materi-
al's entire surface, they have the poren-
tial ro damage it; all of the work rolls,
intermediates rolls, and backup rolls
must be free from debris to reduce the
likelihood of causing surface defects.

b—12.0"—
BEFORE

Figure 3
Although roller leveling causes fibers alony the top and bottom of the strip o deform plastical-
ly, the center section does not get 1o a plastic state—it remains in its elastic swte.

Figure 4
Like roller leveling, tension leveling uses bending rolls (center) to change the coil’s shape.
It also uses bridle rolls (left and right) w apply tension 1o the strip.

Tension Leveling

Tension levelers also correct shape by
bending the meral over rolls. However,
in tension leveling, the shape cormection
process is performed under tension. The
process is usually performed while the
material is in coil form. Tension leveling
equipment typically has several bridle
rolls before and afrer the bending roll
unit (see Figure 4). Also, a cleaning sec-
tion often is incorporated so the material
does not slip on the bridle rolls.

The tension is accomplished by estab-
lishing a speed differential between the
entry and exit bridles. The exit bridle
speed is up to 1.5 percent faster than the
entry bridle. When the metal is bent
over a roll, the tension moves the neutral
axis of the strip closer to the bending roll.
More than half of the top ¢ross section of
the SURIp 1S itli 1n|__vun1f st the vield point
(see Figure 5). On the next bend the

remaining unyielded marerial on the bot-
tom is plastically deformed. Unlike roller
leveling, the entire cross section of a ten-
sion-leveled product s plastically
deformed, which causes width reduction.

Mast tension leveling is performed
coil-to-coil, and therefore it can be a
high-speed process. Although most of
the coil gets permanent shape correction,
tension leveling does not correct the
shape of the entire ¢oil, for two reasons.
First, the coil must be in the reels to
achieve the tensions required for the per-
manent correction. Second, because the
bridles add the incremental tension
required to move the neutral axis, the
machine has to achieve the correct speed
differential berween the entry and exit
bridles. This takes time.

The ameunt of coil that does not get
pernmanent h]\iil‘l‘ correction is, ar mini-
mum, the distance from the uncoiler o
the recoiler. Because permanent shape



The linear stretching method has been used
for decades to stretch sheet and plate.
A modern approach to this technology
allows it to be used in a coil-to-coil format.

tinely throughour the coil withour a
series of leveler stops that may damage
the material. Because the process uses no
bending rolls, it minimizes the opportu-
nity for scmtching or rolling defects. The
nonmarking grippers touch less than |
percent of the surface of the strip, which
limits their potential for damaging the
material’s surface.

A stretcher leveling system can
process thicknesses from 0.006 in. to
0.250 in. in sreel, aluminum, stainless,
nickel and cobalt alloys, and titanium
and with finishes thar include hot-rolled,
cold-rolled, bright annealed, polished,
buffed, painted, embossed, anodized, and
tempered.

The process is essentially unlimired in
the severity of shape defects it can correct.
It can handle edge wave in excessof 10in.
in height and it can eliminate camber.

Quantifying Flatness

Assipning benchmark criteria for defin-
ing flamess in coiled metal can be con-
fusing. ASTM and ANSI standards
describe tolerances relating to the maxi-
mum wave heighr in 8 fr. of coil, but
make no mention of the number of
waves. A Hl‘iil‘i'!t_‘ defect—ior E:r.nmph:. a k-
in. edpe wave—thar repears every 6 in. is
much more severe than the same defecr
repeating every 36 in.

The aluminum industry uses |-units
for measuring flatness. The method
assumes a sinusoidal edpe wave (the
wave has a given height over a given dis-
tance). Because it requires interval meas-
urements, the l-unit approach defines
flamess much more quantitanvely than
commercial standard specifications do.

The formula for caleulating an L-unit is:

[ = (Hxaf2L) = 105

Whl:“.::

H = edge wave height

L = distance between edge waves
{crest-to-crest or trough-to-trough)

The formula can be simplified o

[ = (H/LY x 246,740

Using the first coil in the example
(the coil has ¥ in. of edge wave that
occurs every 6in.),

| = (0.5/6) = 246,740

1= 1,713 units

Using the second cail in the example
(the coil has ¥ in. of edge wave that
occurs every 36 in.),

I ={0.5/36) x 246,740

[ =48 unirs

A fabricator must consider two factors
to achieve proper feedstock flamess. One
is to select the technique that is most
suttable tor the material, and the other is
to choose the methaod thar can most eco-
nomically achieve the required flamess
as measured in | unies.
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304-232-8536, mike@leveltek.com, www.lev-
eltek com.
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