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preaders are required on most S web processes to prevent or re- 
move wrinkles, to widen a web, or to 
separate slits during winding. They 
are used in the converting of a variety 
of materials including film, foil, 
nonwovens, paper, and textiles. How- 
ever, they are also found in manufac- 
turing as well. Forming wires and 
drying felts are just a few examples 
where spreaders are required on “end- 
less belts” to keep them flat. 

There are many types of spreading 
systems in use, including the bowed 
roller, dual bowed rollers, concave roll- 
ers, expander rollers, D-bars, and Pos- 
z‘” bars. Some have a single element, 
while others have two or more ele- 
ments. Some spreaders can be ad- 
justed for local effects, while others 
can be adjusted only for overall spread- 
ing or may be completely fned in 
shape. 

Despite their various appearance 
and their many diverse applications, 

all spreaders follow a universal set of 
web-handling principles that govern 
their operation. Understanding these 
principles allows us to make the most 
appropriate choice of spreader for a 
particular application, and then to op- 
erate that spreader most effectively. 
In doing so, we will see improved 
manufacturing and converting effi- 
ciency, while at the same time reduc- 
ing waste due to causes such as 
wrinkles, foldovers, and stuck rolls. 

Indeed, immediate gains can be 
made by removing so-called “spread- 
ers” such as wormed rollers and cigar 
shaped rollers, which actually contract 
the web as we shall see. Other com- 
mon pitfalls include undersized spread- 
ing systems that may not remove 
wrinkles or separate slits, and over- 
sized spreaders that cause instabili- 
ties in the web’s edge position. Finally, 
even well designed systems may not 
do the job, for example, if the bow is 
pointed in the wrong direction. 

Roisum is with Finishing Technologies, Inc., 721 Margeo Or., Neenah, WI 54956. 

Web-handling principles 

Perhaps the single most important 
web-handling principle which governs 
spreading systems is the Normal En- 
try Law (1,2). As seen in Fig. 1, a web 
will seek to enter a downstream roller 
at a right angle to the roller’s axis at 
the point of first contact. If for a vari- 
ety of reasons the web is not currently 
entering at right angles, it will move 
sideways at an ever decreasing rate, 
as seen in Fig. 2. This universal prin- 
ciple not only governs spreading, but 
also describes web behavior at mis- 
aligned rollers, guides, and winders. 
Similarly, the web will also tend to exit 
a roller in a normal direction. This 
normal entry/exit principle will be used 
later to help determine the path of a 
web through a machine. 

An important exception to the Nor- 
mal Entry Law, is that it applies only 
when there is no slippage between a 
web and its roller. Thus, while it would 
not describe behavior at a sliding 
spreader such as the D-Bar or Pos-2, 
the web will enter and exit at right 
angles to the nonslipping upstream 
and downstream rollers. In any case, 
traction is such an important param- 
eter that anything that improves trac- 
tion should also improve spreading. 
Traction is increased by the variables 
shown in Table I (3,4). 

To understand spreaders it is im- 
portant to know about the forces that 
can move a web sideways. There are 
three distinct spreading mechanisms, 
but they are often seen in combination 
on any spreader type. As seen in Fig. 
3, the lateral force is the most straightr 
forward, where an outward CD ten- 
sion at a spreader will consequently 
move the web outward. However, in- 
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1. Normal Entrv Law. The web will seek entrv at 90" to roller axis at the 2. Getting normal: if the web is not entering normal (90") to the roller, 
3int of contadt. it will attempt to do so at an exponentially decreasing rate. 

Direction Right angle 
of travel 

Upstream 
roller 

Downstream 
roller 

Unwind 
or roller 

Edge position error vs time 

Windup 13 
or roller 

plane bending (ZD moment) applied 
at a spreader will also move a web 
sideways in a similar fashion. Finally, 
there is the folding mechanism which 
displaces the web sideways through 
simultaneous folding (CD moment) and 
twisting (MD moment). Folding is the 
basis for most dual element spreaders. 
Folding/twisting is also the most pow- 
erful because the web is not as stiff 
with this mechanism as it is with lat- 
eral forces and in-plane bending. 

Another constraint with in-plane 
bending is that it must always be ac- 
companied by sufficient line tension t~ 
keep the web taut everywhere. As seen 
in Fig. 4, if pure bending is applied to a 
web, the slack side will simply sag or 
flop out of control. As the line tension 
is increased, however, more of the 
web's width is under tension and the 
amount of slack web is reduced. Fi- 
nally, there is a critical minimum line 
tension that ensures that the entire 
web is under tension, which can be 
calculated from simple beam formulas 
for long spanhyidth ratios. 

While it might be surprising to some, 
the web really does behave much like a 
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beam, albeit a very tall and skinny one 
($6). Thus beam, or better yet, mem- 
brane theory is used to analytically 
model many web-handling situations 
such as spreading. Rather than focus- 
ing on math, however, this paper is 
intended to help the reader visualize 
spreading based on simple principles. 
One of these principles, borrowed from 
beam theory, is that the path of a web 
through a machine will be a smooth 
and gentle curve. With this back- 
ground, we can now explain the opera- 
tion of several spreading devices. 

The concave spreader roller 

The simplest and least expensive 
spreader is the concave roller. As seen 
in Fig. 5, this spreader is a conven- 
tional roller whose diameter at the ends 
is slightly greater than at the center. 
In its ideal configuration, the diameter 
profile of the roller is cut as an arc of a 
circle. However, a simpler version can 
be made for unslit webs by cutting a 
roller with conical ends and a cylindri- 
cal center. Finally, the simplest of all 
arrangements is to add a couple of 

wraps of tape to the ends of a straight 
roller. Taping straight rollers is suc- 
cessful on only narrow unslit webs, but 
it can be highly effective in that limited 
application however. 

Sizing the diameter ratio is applica- 
tion-dependent. However, a rough 
starting point would be a reduction of 
diameter at the center of about 10% of 
the MD strain induced by web-line ten- 
sion or draw control. For example, this 
would be a 0.020-in. diameter reduc- 
tion on a narrow 2-in. diameter roller 
running a very stretchy film, non- 
woven, or tissue grade at a 10% strain. 
Clearly a spreader roller for this ex- 
ample would be quite easy to manufac- 
ture. However, a 10-in. diameter roller 
running a flat paper grade at 0.2% 
strain would require only a 0.002-in. 
diameter difference to cause moder- 
ate amounts of spreading. Manufac- 
turing a spreader roller for this 
flabpaper example to a controlled pro- 
file would be extremely difficult at best. 

From these two examples, we can 
immediately see that the concave roller 
is limited to stretchy materials because 
of diametrical tolerances of roller 



3. Spreading forces: there are three forces that 
can move a web outward from its centerline. 

Lateral force Bending moment 

n 

Folding ! 

I: Increase of traction and spreading with 
viables 

Direction Variable 

Increasing Friction coefficient 
Increasing Porosity 
Decreasing Roller diameter 
Decreasing Speed 
Increasing Tension 
Increasing Wrap angle 

manufacturing. However, the flat-pa- 
per example also illustrates that we 
can inadvertently induce spreading ef- 
fects on any roller by unintentional 
and tiny diameter variations. Unfortu- 
nately, those “spreading” effects will 
be unpredictable and nonuniform and 
will span both spreading and contrac- 
tion across the same roller. 

Understanding how a concave 
spreader roller operates begins with 
surface speed variations across the 
roller. Any solid roller will have a con- 
stant rotational speed (rpm) across its 
width. However, it will have a varying 
su~me  speed @/min) that is propor- 

tional to the local diameter at every 
position. Thus, as seen in Fig. 6, the 
surface speed of the concave roller is 
higher at the ends than at the center. 
This surface speed difference causes 
an ingoingweb tension distribution that 
is shaped similarly to the speed pro- 
file. More precisely, the ingoing ten- 
sion distribution is a superposition of 
the nonuniform surface speed induced 
tension profile onto the constant web- 
line tension. 

The last two schematics in Fig. 6 
describe the mechanism for concave 
roller spreading. For illustration pur- 
poses, we will look only at the left half 
of a center slit web, where the unshown 
right half mirrors the left. The same 
principles also apply to arbitrarily slit 
or unslit webs. The top edge of the 
schematic web is the contact line with 
the spreader, and the bottom edge is 
the upstream roller. 

The first step is to  replace the 
nonuniform tension distribution with an 
equivalent force acting at the centroid 
of the web half (quarter point of the 
machine) and a bending moment using 
the parallel axis theorem. The central 
force merely makes the web longer, and 
does not enter into the spreading pic- 
ture until we discuss Poisson contrac- 
tion in a later section. The bending 
moment definitely has an effect on the 
shape of the web, however. As seen in 
the figure, the clockwise moment causes 
the web to rotate clockwise toward the 
machine centerline. Something else 
must be going on here, because the in- 
ward movement is obviously in the 
wrong direction for spreading! More 
importantly, the web edge does not en- 
ter at right angles to the roller axis as 
required by the normal entry law. 

This something else is the outward 
lateral force that is missing. We know 
that this must exist for two reasons. 
First, it is the only remaining load type 
from OUT Fig. 3 discussion that can 
move a web sideways (remember the 
bending moment is already accounted 
for). Secondly, and more intuitively, it 
is quite reasonable to expect that an 
outward force must be present in or- 
der to move the web outward. Now 
when we superpose the outward lat- 

eral force onto the central MD force 
and clockwise moment, we end up with 
a shape which meets the normal entry 
and exit laws and does indeed cause 
spreading. While it might be tempting 
to conclude that only a lateral force is 
present, the absence of the bending 
moment and lateral force combination 
will not conform to the normal entry 
law, as the reader will again venfy 
from Fig. 3. 

This subjective description of the 
behavior of concave spreaders is sim- 
plified as much as possible while re- 
taining the essence of its mechanics. 
Now we can understand why a cigar- 
shaped roller would actually contract 
the web because its effects are oppo- 
site to those of a concave spreader. As 
the reader may suspect, however, many 
subtleties have been left out. An ana- 
lytical description which quantifies fric- 
tion forces, stresses, and displacements 
requires complex models. Research 
centers (7) have developed custom 
computer programs for spreading 
which yield design information such as 
spread magnitudes and web stresses, 
as shown in Fig. ‘7. 

The bowed sprder  roller 

If numbers are any judge, the ubiqui- 
tous bowed spreader roller is a very 
important spreader for wide webs. As 
seen in Fig. 8, the bowed spreader has 
a curved stationary axle upon which a 
rotating sleeve(s) is mounted in nu- 
merous bearing sets. The axle may 
have a fixed bow, or it can be made 
variable through clever design ar- 
rangements such as split axles. The 
sleeve is typically a one-piece flexible 
tube of a soft synthetic composite. For 
high wear resistance and longer cover 
life, however, the sleeve may consist of 
numerous narrow metal rings. The 
“rubber” sleeve is usually grooved to 
reduce air entrainment and thus im- 
prove traction, and metal sleeves may 
be tungsten carbide-coated for abra- 
sion resistance and traction. Finally, 
the bowed roller may be used in pow- 
erful dual-element spreaders which will 
be described in a later section. 
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4. Combined bending and tension: bending from spreaders or mis- 5. Concave spreader roller: this spreader is a simple roller whose 
igned rollers, tension from line tension. 

Bending, no tension 

Sideview Q view 

Bending, with low tension 

Bending, with high tension 

- 
Side view 

End 
view 

End 
view 

ameter at the ends is slightly greater than at the center. 

Optimum design 

Simpler design + 

U 

Straight roller conversion 

Since the bowed roller is more com- 
plex than other spreaders, there are 
more design considerations. For ex- 
ample, bearing design becomes very 
important on bowed rollers which may 
have dozens of bearing sets which are 
hard to replace, in contrast to conven- 
tional rollers which have only two bear- 
ings that are easy to get at. Also 
affecting bearing design is rpm limita- 
tions, lubrication, and the desire for 
minimal bearing drag. The applica- 
tion engineer must size the drives for 
motor driven spreader rollers, or size 
the tension upset on web-driven 
spreader rollers. The torque to drive 
the roll is composed of bearing drag 
and sleeve hysteresis during constant 
speed, with an additional acceleration 
component from bearing and sleeve 
inertia during speed changes. 
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The synthetic sleeves are highly en- 
gineered composites. They must pro- 
vide a reasonable tolerance to wear, 
bumps, cuts, and other damage which 
is endemic to the industrial environ- 
ment. The sleeve material must also 
have minimal hysteresis because the 
continual flexing as it rotates around 
the curved axis can cause increased 
roller drag, thermal degradation, and 
fatigue. The sleeve must hold its shape 
to avoid disturbing the spreading uni- 
formity due to diametrical variations. 
Also, loose sleeves are a common prob- 
lem resulting from improper fits, cen- 
trifugally induced creep or thermal 
expansion. A loose sleeve will shift ec- 
centrically and can cause severe 
spreader roller vibration. This ten- 
dency is exacerbated because spreader 

rollers are not dynamically balanced, 
and operate through resonance on 
high-speed winders. 

The axle serves two primary func- 
tions. First, it is the structural back- 
bone of the spreader. Most of the 
effective bending stiffness of the 
spreader comes from the axle rather 
than the cover. The axle largely deter- 
mines weight, deflection, and critical 
speed. The second function is to deter- 
mine the shape of the spreader. A criti- 
cal aspect in manufacturing spreader 
roll axles is to maintain a very uniform 
in-plane (no twisting) arc of a circle 
(constant radius of curvature). The two 
most common methods to form the 
straight axle stock into an arc is to 
bend (three-point, four-point, or 
against a template) in a brake press, 



6. Concave spreader mechanics. Surface speed variations across the 
roller induce spreading. R. Delahoussaye 

7. CD web stresslstrain entering a concave spreader roller-courtesy 

Diameter and surface speed profile of the concave roller 

High speed Low speed High speed 

Resulting ingoing web tension profile 

t t t ttttttttm 
High tension Low tension High tension 

Induced moment and shape 

View of left half of web 
The fension distribution is replaced 
by an equivalent tensile force at the 
centroid and a bending moment. 
However, the law of normal entry is 
vlolated by the angle of the web at 
the point of contact with the roller. 

bvmAANd 
Superposing the lateral force gives the final shape 

View of lefi ha# of web 
The only way to get the web back to 
normal entry Is by superposition of 
an outward lateral force. 

Spread 

Thus, the resulting shape from a 
combination of a nonuniform 
tension distribution and lateral 
force meets the normal entrylexit 
laws as well as observations of 
spreader behavior. 

Normal entry 

I I 

Inputs: 
1.20E-03 Thick 1.50E+00 Tension 
1.57Et05 MD modulus 7.50E-01 Radius 
1.17E+05 CD modulus 4.50€+01 Bow plane 
1.60E-01 MD Poisson 9.OOEtO1 Wrap 
6,00E+00 Width 1.68E+03 Profile 

1.20EtO1 Span 

or to roll in a roll bender. While bend- 
ing may result in less axle twisting, 
rolling may result in more uniform 
curvature. 

Sizing a spreader roller involves 
picking a length corresponding to ma- 
chine width; a diameter determined 
by deflection, critical speed, and bear- 
ing rpm, and finally, bow. By conven- 
tion the bow shape is an arc of a circle, 
as shown in Fig. 9. A bow is often 
specified as the distance between the 
chord and the arc of the roll at its 
center. This is sometimes expressed 
as a percent bow, which is the bow 
distance divided by the face length. 
However, percent bow may not trans- 
late well for large length changes. A 
better non-dimensionalization of bow 
and length is derived by calculating 
the radius of curvature as: 

r = (15: + 4b2)/8b (1) 

where 
r = radius of curvature 

Le = cordlength 

b = bowmagnitude. 

OT for large radii as: 

r = L218 b (2) 

Once a selection is made for an ap- 
propriate radius of curvature for any 
particular application, such as unslit 
paper, then this value would be appli- 
cable for any width machine. How- 
ever, the rub is that design guidelines 
for bows are almost nonexistent. Thus, 
one may have to use previous experi- 
ence to guide bow selection. One ex- 
ample is a 0.125% bow for wide paper 
winders in the pre-slitter position and 

0.5% bow for the after-slitter position. 
Stretchy vades could probably use 
more. More often than not, however, 
bows have erred on the excessive side, 
especially for stiff materials (e.g., pa- 
per) and on narrow machines (<2 m). 

Perhaps the reasons bow guidelines 
are not widely available is because the 
spreading mechanism is complicated 
by material considerations such as 
anisotropic moduli, webholler traction, 
and multiple slit webs. Even sophisti- 
cated computer modeling, such as in 
Fig. 10, does not currently model 
anisotropy and slits. However, from 
modeling, experiment, and experience, 
we know that spreading is very trac- 
tion-dependent. Figure 11 shows how 
spreading increases from zero at no 
bow to a maximum at the onset of 
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8. The bowed spreader roller is a bearing-supported cover on a 
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10. CD web stress/strain entering a bowed spreader roller-courtesy 
R. Delahoussave 
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Upstream roller Y 
Inputs: 

1.20E-03 Thick 1.50Et00 Tension 
1.57Et05 MD modulus 7.50E-01 Radius 
1.17EtO5 CO modulus 4.50EtO1 Bow plane 
1.60E-01 MD Poisson 9.00Et01 Wrap 
6.00Et00 Width 1.68Et03 Profile 

1.2OEtO1 Span 

9. Bow shape: the axle of a bowed roller is usually bent into an arc of 
a circle. 

Typical radii: 20-200 m + Typical bows: 5-100 mm 

11. Effect of bow and traction on the amount of spread: the optimum 
bow for maximum spread depends on tension and traction. 

Peak spread: 
1. Maximum traction 
2. Bow sized near 

onset of slippage 

0 iz a 
Q rn + 

\ \ \ 
Bow 

T1 < T2 < T3 

TENS ION 

12. The entering/exiting span ratio is desirably about 2:l. 
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13. Spreader roll wrap angle: the bowed roller 
wrap angle is typically about 30". 

Spreader m 
slippage. After which, further bow in- 
creaseswiureduce spreading, andmay 
even contract the web (8). Thus, it 
may be better to err on the side of too 
little bow rather than too much. Un- 
fortunately, small bows are much more 
difficult to manufacture to an accurate 
profile. 

Setting up a bowed spreader roll 
can be even more controversial than 
selecting a bow. Conventional teach- 
ing is to place the spreader such that 
the enterindexking span length ratio 
is about 21, as shownin Fig. 12. Later 
we will see that the reason for placing 
a spreader closer to the downstream 
roller is to retain more of the hard 
fought spread. Another area of con- 
troversy is the desirable wrap angle, 
as seen in Fig. 13, which is normally 
taught to be 15" to 454 with at least 
one author claiming up to 180" is even 
better (9). 

The final area of setup controversy 
is the desirable bow orientation. Ex- 
perience teaches us that the bow 
should be pointed downstream in a 
direction perpendicular to the bisec- 
tor of the wrap. However, adjustments 
from this nominal orientation can be 
used to compensate for a baggy ten- 
ter or slack edges. As seen in Figs. 14 
and 15, a baggy center can be tight- 
ened by rotating the bow into the web. 
As the bow orientation is turned more 
into the sheet, the path that the center 

of the web must take is longer than 
the edges, and consequently tighter. 
Since the web tensioddraw control 
sets the average tension across the 
width, the edgeswill loosen at the same 
time the center tightens in order to 
maintain that average tension. Con- 
versely, slack edges can be tightened 
by rotating the bow out of the web, but 
care must be used in this direction to 
avoid edge wrinkling. 

It is important to note that the web 
sees a different bow magnitude and a 
different bow direction than the speci- 
fied bow and pointer direction that the 
spreader manufacturer provides. This 
is because web tension and gravity 
deflection both m o d e  the bow's di- 
rection and magnitude. For example, 
a spreader pointing upward will see a 
net bow which is the pre-bow minus 
gravity deflection, while the same 
spreader pointing down will see a net 
bow which is the pre-bow plus gravity 
deflection. To determine what pre-bow 
should be supplied to achieve a de- 
sired net bow, and to determine what 
direction to aim the pointer to result in 
a desired bow direction requires simple 
vector math. This is a little more com- 
plicated for split axle designs which 
are less stiff in the bow direction than 
perpendicular to the bow. 

The mechanics of bowed roller 
spreading follow the same web-han- 
dling principles as do all other rollers, 
including the Normal Entry Law for 
the non-slipping case. As seen in Fig. 
16, the center of the web travels ex- 
actlyinthe MD,while the edges travel 
perpendicular to the axis of the roller 
at the edges. While the surface speeds 
are uniform across the web (for a uni- 
form diameter roller), the surface ve- 
locities are not. The velocity vector at 
any position has both an MD tension 
component and a lateral CD tension 
component. The MD velocity distribu- 
tion is maximum at the machine 
centerline and steadily decreases to- 
ward the edges, which causes an out- 
ward rotation of the web. The CD 
velocity is zero a t  the machine 
centerline and increases as one 
progresses outward, which causes an 
outward lateral displacement of the 

web. Thus, while rotation fights dis- 
placement in the case of the concave 
roller, rotation works with displace- 
ment in the case of the bowed roller. 

In addition to rotation and displace- 
ment, there is also a carry-out effect 
that increases bowed roller spreading 
with increased wrap angle. As seen in 
Fig. 17, the web exits a point further 
outward than where it entered. The 
carry-out effect increases from zero at 
no wrap to a maximum at 180" wrap, 
but is reduced very slightly with bow 
orientations away from the ideal. From 
simple trigonometry, the magnitude 
of this effect can be quite easily calcu- 
lated. For the somewhat extreme ex- 
ample of a 18O"wrap on a 25-em roller 
with a 50-m radius of curvature on a 5- 
m wide machine, the carry-out effect 
would be an increase of width of about 
0.5%. Thus, spreading can be improved 
by increasing the wrap angle, which 
increases both traction and camy out. 

Putting it all together, we can draw 
the path of the web through a machine 
as shown in Fig. 18. The web exits 
normally from the upstream roller at 
a width W, which is known, bends out- 
ward and enters the spreader at a 
right angle at all positions, and Snally 
rotates inward to become perpendicu- 
lar to the downstream roller. Intu- 
itively, one might conclude that the 
amount of spreading is determined by 
the width at the spreader (W,). How- 
ever, it is the width at the downstream 
roller (W,) that actually determines 
the amount of spread that will be car- 
ried downstream. 

Unfortunately, only a few conclu- 
sions can be made about width rela- 
tionships without analytical models or 
experimentalmeasurements. First, W,  
2 W, because of the combined effects 
of rotation, displacement and carry 
out at the spreader. Second, W, 2 W, 
because a portion of the spread will 
survive to the downstream roller, de- 
pending mostly on the proximity of 
the spreader to the downstream roller. 
For spreaders placed very close to the 
downstream roller, W, 2 W, 2 WO,. A 
note of caution is needed here. If the 
spreader is placed too close to the 
downstream roller, wrinkling can re- 

Vol. 76, No. 10 Tappi Journal 63 



14. Bowed spreader roll bow orientation: the bow is pointed down- 
stream on the perpendicular bisector of the wrap. 

15. Bow orientation changes span lengths: a bow turned into the sheet 
makes the center span length longerhighter. 

Rotate bow into 
web to tighten 
slack center 

Rotate bow out 
of web to tighten 

slack edges 
Ideal bow 
direction 

16. Stresses at a bowed roller: lateral and bendina forces both contrib- - 
Ute to move the web outward. 

Tension 

Lateral 

17. Wrap effects on bowed roller spreading: as the wrap increases, so 
does the carry out effect, reaching a maximum at 180” wrap. 

Carry out 

Web exits here - 

Web enters here 

sult from the severe stress gradients. 
For spreaders placed quite far from 
the downstream roller, W, = W,. In 
other words, all spreading effects can 
(and will) be lost given enough dis- 
tance downstream for reasons which 
will be discussed in Part 2. ill 
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