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Synopsis :

The mechanism of buckling and snaking that sometimes occur in a strip traveling
through the heating and soaking zones of a continuous annealing furnace was made
clear by conducting stress analysis by the finite element method (FEM), a simulation
test using aluminum foil and experiments in a commercial-scale continuous annealing
line. Measures to prevent strip buckling and snaking were contrived based on the
results of these tests. Although the crown of the hearth roll has the function of
correcting the snaking of the strip, it gives nonuniform tension to the strip, thereby
generating compressive membrane stresses in the strip which comes to buckle. The
larger the strip width and the smaller the width of the parallel cylindrical part of the
hearth roll, the more the strip will be apt to buckle. to prevent buckling and snaking
simultaneously, it is effective to install auxiliary rolls, for example, to near the hearth

roll and thereby flatten the profile of the strip.
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The mechanism of buckling and snaking that sometimes occur in a strip traveling
through the heating and soaking zones of a continuous annealing furnace was made clear
by conducting stress analysis by the finite element method { FEM), a simulation test
using aluminum foil and experiments in a commercial-scale continuous annealing line.
Measures to prevent strip buckling and snaking were contrived based on the results of
these tests. Although the crown of the hearth roll has the function of correcting the snaking
of the strip, it gives nonuniform tension to the strip, thereby generating compressive
membrane stresses in the strip which comes to buckle. The larger the strip width and the
smaller the width of the parallel eylindrical part of the hearth roll, the more the strip will
be apt to buckle. To prevent buckling and snaking simultaneously, it is effective to install
auxiliary rolls, for example, to near the hearth roll and thereby flatten the profile of the

Strip.

1 Introduction

Crowns of various profiles are given to hearth rolls
in a continuous annealing furnace for the purpose of
preventing strip snaking. However, these crowns
generate nonuniform tension in the strip, which
generates compressive membrane stresses. When the
strip width is large and the annealing temperature is
high at the same time, these compressive membrane
stresses in the strip may exceed the critical buckling
stress thus resulting in buckling in the width direction
of the strip (hereinafter called heat buckling). Tt is
known that heat buckling is apt to occur in the heating
and soaking zones and that with the same type of
strip, the higher the tension during the travel of the
strip, the more this phenomenon will be apt to take
place". However, if this tension is lowered, the strip
snakes in the width direction?’. Therefore, it is neces-
sary to cause the strip to travel in the furnace under
such optimum tension range as will fit to strip size,
chemical composition of steel and annealing tempera-
ture so as to prevent snaking or heat buckling. It is
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known by experience that in uitralow carbon steel
strip of 0.002 %C and under, and 1 300 mm and over
in width, heat buckling tends to cccur because of their
very narrow optimum tension range.

The mechanism of heat buckling and snaking of the
strip was made clear by conducting a simulation test
using aluminum foil, stress analysis by the finite
element method and experiments in a commercial-
scale continuous annealing line. This report presents
an outline of the results obtained and touches upon
measures for preventing heat buckling and snaking.

2 Experimental Method

To simulate heat buckling, the experimental equip-
ment shown in Fig. 1 was fabricated in 1/5 of an actual
commercial-scale equipment size, and a simulation
test® was conducted by using aluminum foil. In this
figure, only roll B is driven and the maximum peripher-
al speed of this roll is 7.5 m/min, The tension of the
material was controiled by a counterweight placed on
roll E. Crowns of various profiles were given to roll
A only and all other rolls were flat cylindrical rolls.
In this arrangement, an investigation was made into
the effect of the profile of roll A on the buckling
behavior. The existence or nonexistence of buckling
was judged by rule of thumb.
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Fig. 1 Arrangement of experimental equipment

Furthermore, to investigate the relationship between
the shifting condition of the strip in the width direction
and the roll profile during the strip travel, a rubber
band was wound on rolls A and B of this experi-
mental equipment and the number of roll rotation and
the amount of shift of the material in the width direc-
tion were measured. The sizes of the rolls and material
are shown in the figure.

{1)Tapered roll
w ”

] {1

{2)Round crown roll

3 Heat Buckling Simulation Using Aluminum Feil
3.1 Type of Heat Buckling

Photo 1 shows appearances of buckled aluminum
foil in the simulation test. These appearances are very
simiiar to those observed in a ¢commercial line, and
vary depending on the roll profile. In this photo, the
type (1) occurred when a roll with rectilinearly tapered
ends (hereinafter called a tapered roll) was used. It is
apparent that buckling took place at the shoulders of
the tapers. The type (2) occurred when a roll with
crowns of circular profile (hereinafter called a round
roll} was used. In this case, buckling is apt to take
place in the middle of the width. The type (3) is a
buckling phenomenon that occurs aslant due to the
shearing force generated when the material snakes.
This type of buckling occurs also in flat rolls without
crown. The types (1) and (2) are often observed in a
commercial line in wide strip of low strength, and the
type (3) in narrow strip such as those for tinplate.

An investigation was made as to whether the
material buckles or not when it is caused to travel
round by driving roll B in the experimental equipment
shown in Fig. 1. Figure 2 shows the relationship
between the amount of roll taper and tension and the
occurrence of buckling. The material thickness (¢) is
15, 20, 30 and 50 gm. Fully-annealed aluminum foil
with yield strength (Y.S.) of 2.5 to 2.9 kgf/mm? and
temper-rolled aluminum foil with Y.S. of 16 kgf/mm?
were used with ¢ of 20 um. Only fully-annealed
aluminum foil was used for other thicknesses. Tapered

(3)Flat roll

(3)

Photo 1 Appearance of buckled Al foil in experimental equipment
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Fig. 2 Critical tension of buckling in Al foil experiment

rolls with a radius difference (44) of 0 to 5.0 mm
between the middle and the end of rolls and round
rolls of the same 4% were used for this experiment.
The white circles in the figure indicate that buckling
did not occur, and the black onesindicate that buckling
occurred. The material tension at the boundary
between the two is called the critical buckling tension
(T.;). Results of the experiment are surnmarized as
follows:

(i) Buckling occurs when the material tension
increases.

(i) T.. decreases with increasing 4A. The smaller the
value of h, the greater the gradient of the 4h
versus T, curve.

(iii) The larger the material thickness, the larger the
value of T,.

(iv) The T,. of a fully-annealed material is smaller
than that of a temper-rolled material.

(v) In the case of the roll profile shown in Fig. 2, the
T.. of a tapered roll is larger than that of a round
roll if a comparison is made with the same 4A.

The above-mentioned experimental results are in
good agreement with a tendency observed in commer-
cial lines.
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3.2 Effect of Roll Profile

To find an optimum roll profile, the critical buckling
tension (7.,) was investigated by incorporating the
rolls R, to R, shown in Fig. 3, the crown (4#) of which
was varied as roll A of the experimental equipment in
Fig. 1. Aluminum foil 35 gm in thickness (¢} and
250 mm in width (B) was used for this investigition.
The rolls R, and R, are the above-mentioned round

‘and tapered rolls, respectively. R; is a double tapered

roll that has flat portions from about the middle of
the tapered portions to the ends. R, is made by round-
ing the shoulders of the tapers of the roll R,. R; is a
small-diameter flat idle roll installed immediately
before R, as an auxiliary roll, and the material is
wound on R, after it contacts R,. It is apparent from
Fig. 3 that the T, of R, is smaller than that of any
other roll when 44 is the same and that buckling is apt
to occur most in this roll profile. Second to R, the
T.. of R, is the smallest, and then T, increases in the
order: R, to R,. It is R, that has the largest T, and
is most effective in preventing buckling. The reason
why R, is more effective than R, and buckling is less
apt to occur is as follows. Because the material edges
contact the flat portions of the roll ends before the
material is completely fitted to the tapered portions,
the taper angle of the material in contact with the roll

KAWASAKI STEEL TECHNICAL REPORT
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Fig. 3 Effect of roll profile on buckling critical tension (7,)

is smaller than that of R,. The reason why the rounded
shoulder in R, control occurrence of buckling is that
it can relax compressive stresses generated in these
portions of the material. The roll crown develops
nonuniform tension distribution in the width direction
of the material, which induces compressive memktrare
stresses in the material. Heat buckling is considered
to be caused by these compressive stresses, ard
buckling wrinkles are further subjected to bending
and unbending by hearth rolis and show appearances
with folds as shown in Photo 1. The use of R, and R,
is a means of relaxing the above-mentioned compres-
sive stresses. R, is effective for increasing critical
buckling stresses. That is to say, the bending deflection
of the material is depressed by the flat surface of the
roll installed near the hearth roll. It is apparent from
Fig. 3 that T, is increased by more than double by
installing R near R,.

Next, an investigation was made into the effect of
the position of R, relative to R, on T,,. Figure 4 shows
results of this investigation. In this figure, the standard
position satisfies y, = 145mm (y/D, =09, D, =
diameter of R,) and x, = O mm (the center of R, is
located on the vertical line through the point A). As
shown in this figure, the larger x, (R, is pushed
toward R,)and the smaller y, (the distance between R,
and R, decreases), the more T, will increase. Results
of the simulation test reveal that buckling is not apt to
occur if 3,/D, < 1.5 and x,/D, > —0.1.
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Fig. 4 Effect of position of attached R; on buckling
critical tension (7,;)

4 Mechanism of Heat Buckling

Stresses generated in the strip near the hearth rolis
in a continuous annealing furnace were calculated by
the finite element method (FEM)*. Figure 5 shows the
model used for the FEM analysis. The object of the
analysis is a rectangular plane ! 300 mm in length (L)
from a point of contact between the strip and the
hearth roll and 1 G35 to 1 610 mm in width (B). The
shape of elements is a triangle, the number of elements
is 124 to 191, and the number of nodes is 78 to 115.
The tapered roll with flat portion in the middle, shown
in Fig. 5, was used as the hearth roll and the width
(H) of the flat portion was varied between 230 and
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920 mm. The contact of the tapered portion of the roll
with the strip was not considered, and uniform dis-
placement (U) was given to the bottom end cof the
strip in Y-direction by constraining the nodal dis-
placement of the strip in contact with the flat portion
of the roll both in the lateral (X) and vertical (Y)
directions. Since the bending deflection of the strip
was neglected and the amount of deformation was
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small, the stress and strain were calculated as elastic
ones. The mechanical properties of pure iron at 850°C
were adopted for the strip; that is, the yield strength
(Y.S) is 0.75kgf/mm?*%, Young’s modulus (F)
10 500 kgff/mm? ®, and Poisson’s ratio (v) 0.25.

Only the compressive component of g, is extracted
from the principal stresses ¢, and &, generated in each
element and its direction and magnitude are illustrated
as the vector of ¢, in Fig. 5. This figure reveals that in
the portion of the strip near the hearth roll, strong
compressive stresses are generated aslant from left to
right upward in an area corresponding to the shoulder
of the roll where the taper begins. The type of heat
buckling observed in a thin and wide strip in a com-
mercial line can be explained well if in the portion of
the strip corresponding to the shoulder, these compres-
sive stresses cause buckling to occur at right angles
with the direction of the compressive stresses and
aslant with respect to the direction of strip travel and

H: Width of flat
porsion of roll

B: Width of strip

Region a

%

Region b

1460 mm

.01

3

1610
1495
1380
1265
1150
, 1035

L 1
a1 02 0.3
T{kg/mm?)

=

11266 mm U A=1265mm {1}

-Mean value of oz caleulated by FEM,{kgl/mm?®)

Unit tensicn (kgf/mm?)

Fig. 6 Relations between unit tension (T) and mean
compressive stress (64)
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the strip is wound on the hearth roll in this condition.
Compressive stresses at the shoulder of the taper
decrease gradually as the distance of elements from
the hearth roll increases. However, relatively large
widthwise compressive stresses are observed in the
middle of the strip, These compressive stresses in the
middle may cause heat buckling to take place parallel
to the direction of strip travel. Compressive stresses
become very small at points distant from the point of
contact with the hearth roll by the same degree as the
strip width, .

Figure 6 shows the calculated mean value of o,
(&,) generated in the strip when the width (H) of the
flat portion of the roll and the width (B) of the strip
are varied. &, was calculated by the following equation
for both the flat portion of the roll (region (a) in
Fig. 5) and the tapered portion of the roll (region (b)
in Fig. 5):

Gy = % .................... N

i: Element number
A: Area of each element

As shown in Fig. 6, compressive membrane stresses
increase with increasing material tension (7). In both
regions (a) and (b), the larger the strip width (B) and
the smaller the width (/) of the flat portion of the roll,
the larger the increase in &, relative to the increment
in tension (do,/dT). This suggests that heat buckling
tends to occur. The &, of region (a) is more sensitive
to change in /f and B than that of region (b). It is
found, however, that in the same strip, the value of 4,
in region (b) is larger than that of &, in region (a).

Next, the buckling rigidity of regions (2) and (b) is
diszussed. As shown in Fig. 7, the three sides (I), (II)
and (IV) of region (a) were regarded as single sup-
ports and the side (III) was regarded as a free sup-
port. In the case of region (b), the sides (I) and (III)
were supposed to be free supports, and the sides (II)
and (I1V) single supports. The critical buckling stress
of region () {G..,)) is given by the following equa-
tion when the buckling deflection of the strip shows
a single wave with half wave length:

kn*D
Ooria) = S (2)

D: Bending rigidity, D = Er3/12(1 — v?)

k: The magnitude of L/H (L is the length
of the sides (II) and (IV) and approxi-
mately given by the following equation.)

It is known that the larger L/H, the larger the
value of &k will be? %,
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The critical buckling stress of region (b) () is
given by the following equation:

H1l — v r:-D
a,,(b,=((_3j1’ﬁ);g7 ................ @)

From eqs. (2) and (4), the ratio of g L0 Oy 18
expressed as follows:

— Torn) — O.IOS{L(B — H)}z

’ acr(h) H4(1 - v2)

If the values used for the calculation shown in
Fig. 5, L of 1 300 mm, B of 1035 to 1 600 mm and H of
460 mm, are substituted in eq. (5), » becomes greater
than 1, i.e., ., is greater than o,,,. This shows that
buckling occurs in region (b) earlier than in region (a).

The fitting of the strip over the tapered portion of
the roll is taken into consideration as an index for
evaluating the tendency toward buckling in region (b).
If, as shown in Fig, 8, the area of 1/4 of the cylindrical
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part of the strip is denoted by .S, when the strip is not
fitted at all over the tapered portion of the roll and it
is denoted by S, when the strip under tension is com-
pletely fitted over the tapered portion, then S, is
greater than §,. The larger the remainder of (S, — S.),
the larger the surplus area of the strip that fits over
the tapered portion and heat buckling is apt to occur
in this condition. Therefore, the surplus area rate
(ps) given by the following equation is used as a new

parameter indicating the tendency toward heat
buckling:
__Sl_Sz__(B_H)T- ..........
§DS - S1 - 4'R (6)

T,: The roll taper given by T, = tan # if the taper
angle is denoted by @
R: the radius of the hearth roll

Three parameters d6,/dT, 6., and s were
proposed as effects on the critical buckling tension
(7..) in the above-mentioned considerations. That is to
say,
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{a) The larger the d&,/dT obtained by FEM analysis,
the smaller the value of T,.. The d#,/dT in the
tapered portion is larger than that of the parallel
portion.

(b) Since the o, of the tapered portion is smaller
than that of the flat portion, the former value is
adopted. The smaller o.,,, the smaller T,.

(c) The larger the surplus area rate (pg) of the sirip
in the tapered portion, the smaller T,.

Supposing that the product of the parameters

dT/de,, 0. and 1l/gs above mentioned in (a) to (c)

is proportional to T, and that the proportionality

constant is denoted by K, the authors obtain the
following equation for evaluating 7., under operating
conditions:

R-E.t? dT
T.=K- F—EFT. @ (D

In order to confirm the validity of eq. (7), experi-
ments were conducted in the KM-CAL?®’ at the Chiba
Works, An ultralow carbon (0.002%,C) steel stiip with
0.7 mm thickness (¢) and I 095 to 1 320 mm width (B8)
was treated in the continuous annealing line at a
soaking temperature of 810 + 20°C, and an investiga-
tion was made as to whether heat buckling occurs
under conditions of varied strip width (B8) and tension
(T). Figure 9 shows results of this investigation. The
black circles in the figure shows the conditions under
which heat buckling occurred, and the white ones
the conditions under which heat buckling did not
occur. This figure also contains the critical buckling
tension calculated by eq. (7) at K= 4.04 x 1073,
The region above this T, curve shows the range where
heat buckling occurs. The results calculated by eq. (7)
are in considerably good agreement with the experi-
mental results in the commercial line. Therefore, this

@:Buckling O:Not-buckling
Material:Ultra-low carbon steel

10 _k/nr calculated by eq.(7)
K=404%107%

\ ¢ =0.7mm

0.5

Unit tension, T (kg/mm?)
T
o}
o @
/o
o ®

{ | ! |
1100 1200 1300 1 400

Strip width, B(mm)

Fig. 9 Comparison between actual buckling critical
tension and calculated curve by eq. {(7)
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equation can be used for predicting whether heat
buckling will occur or not under operating conditions.

5 Mechanism of Correcting Snaking by Hearth
Roll

It is well known'? that when a strip material wound
on the roll at an angle of § with the direction of roll
rotation, as shown in Fig. 10, rotates together with the
roll, the material shifts toward the middle as indicated
by the broken lines and snaking is corrected. There-
fore, the material does not shift in the width direction
when § = 0. If the amount of shift of the material
toward the middle of the roll width per roll rotation is
denoted by Ax, Ax is geometrically approximated by
the following equation:

dx = 2rRtan f§ = 2zRfp

If a strip material wound on the tapered portion of
the roll at § of 0 is developed in a plane, its configu-
ration is as shown by the solid lines in Fig, 11. If the

Hearth roll

2R
[

!
|
1
1
I
{
1

I

|

I

_2

Fig. 10 Self-centering motion of the strip wound to
tapered portion of roll with angle

Moment

Vi<WV

Under ralling

Before rolling

Fig. 11 Moment on the strip wound to tapered portion
of roll
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roll taper angle is ¢, the peripheral velocity of the roll
is the unit angular velocity, and the material width is
the unit width, then the difference (v} between the
peripheral velocities », and v, of the two sides a and
b of the material is given by the following equation:

Adv=tan@ =@ - - . (9)

Due to this velocity difference, the material is given
the counter-clockwise moment shown in Fig. 11.
It is supposed that this moment causes the material to
rotate at an angle of f with the direction of roll
rotation, as shown in the figure. That is to say, dv is
determined depending on §, and 4v generates the a-
bove-mentioned moment in the materizal, This moment
produces the condition of f > 0 and the material
shifts as shown in Fig. 10, with the result that snaking
is correcied, Therefore, the relationship between 8 and
B was presumed by the following equation:

If the proportionality constant of eq. (10} is denoted
by «, the following equation is obtained by substituting
o into eq. (8):

Ax = QDR G o oo (11)

Equation (11) is rearranged as follows if it is
supposed that the material shifting is governed by
the degree of the mean gradient (f,) in roll portion
corresponding to the whole material width when the
material is in contact with both the flat portion and
the tapered portion of the roll or when 8 changes
gradually in the width direction as in a round roli:

dx = o-2xR.8, = o.-2nR-

1 X1
-E " 9 dx
B: Material width
Xy, X, X-coordinates of both edges of the
material when the middle of the roll
width is zero

To confirm the validity of eq. (12), a rubber band
with ¢ of 1 mm and B of 200 mm was wound between
rolls A and B of the experimental equipment shown
in Fig. 1 and the amount of shift of the material in the
width direction was measured by rotating the rolls.
Rolls of various profiles were used as roll A and a flat
roll was used as roll B. The sizes of material width
and roll diameter correspond to 1/5 of those of the
commercial-scale line. With the amount of crown
(k) set constant at 0.5 mm, changes in 4x per roll
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rotation were measured by varying the position where
the material is placed. Three types of roll were used
for this experiment. Figure 12 shows results of this
experiment. In this figure, the abscissa is the coordinate
of the middle of the material width (M) when the
middle of the roll width is taken as zero. The ordinate
is Ax; when this value is large, the ability to correct
snaking is great. As shown in this figure, 4x equals 0
when M is 0, that is, the material is placed in the middle
of the roll width. When the material shifts from
the middle of the roll width and | M. | becomes larger
than zero, Jx increases and the ability to correct snak-
ing increases. This figure contains calculated values of
Ax when a is 0.349 in eq. (12). The points where the
curves of calculated Ax are broken indicate that the
edges of the material are placed at the boundaries
between the tapered and flat portions of the roll. As
shown in this figure, there is a relatively good agree-
ment between the calculated and observed values.
This demonstrates that the evaluation of the ability
to correct snaking by eq. (12) is proper. When the
effect of the roll profile on Jx is examined, it is found
that, at the same M, the 4x of the tapered roll is larger
than that of any other rolls. Second to the tapered
roll, the round roll shows the larger value and the

double tapered roll has the worst ability to correct
snaking,

Equation (12) expresses the amount of shift of the
material per roll rotation depending on the position
where the material is placed; therefore, the total
amount of shift of the material {S,) at a certain number
of roll rotations (N) can be calculated by addition.

Figure 13 (a) and (b) show calculated and experi-
mental values of S, and N, respectively, for the round
and tapered rolls, when the material is set so that
its edge in width direction with the end of the roll
(M_ = —70) in the initial stage and then the roll is
rotated. The amount of taper A was set at three
different levels: 0.1, 0.25 and 0.5 mm. As is apparent
from the figure, the experimental values arc in good
agreement with the calculated values. When g4 is
large, the number of roll rotations (N) until the
material shifts to the middle of the roll width (S,
= 70) is small, that is, the strip can return rapidly to
the middle of the roll width. Furthermore, it is found
that when 44 is the same, the tapered roll has a greater
ability to correct snaking than the round roll.

An investigation was made into the effect of the
auxiliary roll R, shown in Fig. 3 on the snaking
behavior of the material. Results of this investigation

Ah=0.5 mm
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Fig. 13 Relations between number of roll rotation (V) and total amount of strip shifting (5x)

is described in the following. The roll R was installed
in the standard position shown in Fig. 4 and the angle

plan view shown in Fig. 14, was changed. The rela-
tionship between S, and N was obtained by setting

{7) between the axes of R, and R,, indicated in the the material in the initial stage in such a way that

Tapizrd roll (Ah=05)
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Fig. 14 Effect of attached roll on weaving controll ability of hearth roll
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hte material edge coincides with the right end of the
roll R, in Case 1 and to the left end in Case 2. Figure
14 shows the relationship between N and S, at various
y-values: y,(= 0), y, + 0.21° and y, + 0.42°. The §,-
N relationship in Cases 1 and 2 should be the same
if the condition for the lateral symmetry is comple-
tely satisfied at » = 0. This condition is virtually
satisfied when y = y,. When 7 is increased, the differ-
ence between S, of Case 1 and S; of Case 2 increases
and the material tends to shift to the wider side inan
angle formed by the axis of R, and the axis of R,.
However, when N is 400 or over, there is a good
balance between the snaking correcting ability of R,
and the snaking promoting ability of R, due to im-
proper setting (y == 0) and S, becomes constant. The
S,, when the middle of the material width corres-
ponds with that of the roli width, is 70 mm in this ex-
periment, and a deviation from S, of 70 mm (45,)
represents the amount of shift from the middle of the
roll width, When y is the same, the material position
at a maximum of S, is the same in Cases [ and 2
and the amount of shift from the middle is also ex-
pressed by 48,. From Fig. 14, 45, is approximately
10 mm/(®.21 deg when a roll R, with 4k of 0.5 mm is
used. This means that, when the roll R is installed, it
is necessary to rigidly control its parallelism with
the hearth roll. If this parallelism is sufficiently satis-
fied, the roll R, does not hinder the function of the
hearth roll for correcting snaking, as will be under-
stood from a comparison between the case of Ah
= 0.5 mm shown in Fig, 13 and the case of y, =0
in Fig, 14,

6 Conclusions

To p event the heat buckling and snaking of a strip
in the heating and soaking zones of a continuous
annealing furnace, a simulation test using aluminum
foil and a rubber band, theoretical analysis by the
FEM and experiments in a commercial line were
conducted and the following results were obtained:

{1) The crown of the hearth roll makes the strip
tension nonuniform and compressive membrane
stresses (g,) generated by this nonuniform tension
cause heat buckling.
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(2) Buckling occurs when the material tension exceeds
a certain critical value (T.,). T.. decreases with
increasing amount of roll crown, amount of taper
(T, and material width (B) and decreasing material
thickness (1), yield stress of the material and
width (H) of the flat portion of the tapered roll,

(3) The following equation was introduced as a
formula for determining T, from theory and
experiments:

E’R dT

Te=X@—myT, 47,

(4) The roll profile has a great effect on 7. A tapered
roll, or a roll with rounded shoulders at taper,
or a double-taper roll is less susceptible to heat
buckling than a round roil.

(5) A substantial improvement in T, is obtained by
installing auxiliary cylindrical rolls near the
hearth roll to flatten the strip.

(6) The following proposed equation expresses the
snaking characteristics that are determined by the
roll profile and the position where the strip is
placed:

woomrd ™
dx — o 21:R§Lu9dx

This equation permits a quantitative evaluation of
the snaking correcting capacity of the hearth roll
profile.
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