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ABSTRACT Certain design parameters and operating conditions of the
headbox lead to flow conditions at the slice and on the wive resulting in a
displacement of the main fiber orientation in the xy-plane away from the
machine direction. For some paper grades, this means potential problems in
subsequent converting operations and in product end use (diagonal curl).
The phenomenon is explained by a simple fluid model. Results from tests with
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commercially installed Siep Diffusor beadbaxes are reported. These tests
showed the effect of variations in distributor overflow and local slice bar
adjustment on local main fiber orientation across the machine. Results of
medsures in both beadbox design and in facilitating operation show distinct
improvementis in fiber orientation.

One essential task of the paper ma-
chine headbox is the controlied distri-
bution of the stock onto the wire to
ensure optimum uniformity of various
quality properties in both the machine
direction and the cross-machine direc-
tion. Basis weight distribution and
fiber orientation in the xy-plane of the
web are strongly influenced by the
headbox operating parameters.
Fiber orientation in the web influ-
ences the MD:CD tensile ratio, for
instance, which is usually measured in
the laboratory for production control.
However, increasing demands in con-
verting operations and in product use
for certain paper grades have shown
that in some cases this type of physical

test is not sufficient for accurately

determining and evaluating the exist-
ing problems (1, 2).

On analyzing curl problems in which
the curl axis is not exzetly in the
machine direction, we find that the
measurement of the main fiber orien-
tation supplies the key to explaining
and often solving this type of quality
problem. Here, we will deseribe poten-
tial origins of the displacement of the

—fiber-orientation-problem

L

main fiber orientation away from the
machine direction. We will also pre-
sent typical results from mill opera-
tions and show the strategy for CD
basis weight control with an aceept-
able degree of nonuniformity in the
main fiber orientation. The associated
headbox design strategy will also be
described.

All results from theoretical and ex-
perimental studies presented here
were obtained with a fourdrinier-type
wet end. However, these results can be
extrapolated to different types of form-
ers, such as hybrid or gap twin-wire
formers.

General approach to the main

tion of the main fiber orientation. In
practice, angles of main fiber orien-
tation are found that are large (up to
10°), although these large angles could
never be observed or measured in the
free jet when running the headbox at
normal operating conditions.

This contradiction can be explained
by a simple vector analysis. Figure 1
shows that a small jet angle can lead to
aconsiderable jet velocity in the cross-
machine direction. At a speed of 600
m/min (2000 ft/min), for example, an
angle of only 0.1° gives a CD com-
ponent of approximately 1 m/min (8
ft/min). ]

Once the jet has impinged on the
wire, the only remaining MD veloeity
vector in the wire-stock combination

Causes of main fiber orientation
defects

A requirement for good headhox opera-
tion is that the slice flow conditions be
uniform at all positions across the
machine width in terms of throughput
and jet velocity. The angle between the
stock jet and the machine direction in
the zy-plane is critical for the direc-

is the differential velocity between the
stock and the wire.

The CD velocity vector on the wire,
however, remains just as large as in
the free jet. In this example, a differ-
ential velocity setting of 6 m/min (20
ft/min) with a constant CD velocity of
1 m/min (8 ft/min) would lead to 2 flow

-angle on the wire of approximately

10°, The angle is thus increased by a
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1. Stock velacity vectors in the jet and on the wire

2. The main fiber orientation in the xy-
plane can be determined by counting
marked fibers and plotting fiber angles in
polar coordinates.
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3. Aplotof alaser-based measurement of
local main fiber orientation across the ma-
chine (writing and printing paper, 80 g/m?,
average MD:CD tensile ratio = 2.3, FS =
front side, DS =drive side.)

. MAIN FIBER ORIENTATION,®.

factor of 100! The relative motion be-
tween the stock and the wire and its
developing fiber mat causes the fibers
to align mainly in the direction of this
motion. Thus the angle of highest rela-
tive motion defines the angle of main
fiber orientation.

This analysis shows that the angle of
main fiber orientation depends both
on the CD component in the jet veloeity
and on the relative MD velocity be-
tween the jet and wire. During the
transition from rush to drag, the angle
of orientation must therefore turn
around, as shown in the far right

4. Example for determining the main fiber
orientation in the xy-plane by measuring
tensile strength

8. Comparison of AFvalues and calculated
angles of main fiber orientation for different
MD:CD ratios

F VALUE, %

.._.iNustration.in Fig..1

Slight differences in the jet:wire
ratio and/or small variations in the jet
angle may result in strong deviations
in main fiber orientation across the
machine width.

Methods for measuring main fiber
orientation

(Good basic data on main fiber orienta-
tion in the zy-plane can be obtained by
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6. Variation of main fiber orientation with overflow settings too small and too large
{parameters as in Fig, 2)
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7. Main fiber orientation relative to the machine direction for differently arranged Step
Diffusors (coating base paper, 50 g/mz, constant mean MD:CD tensile ratio}

Step Diffusors staggered
over each other

~- - "
\\\ '/

== @

\ e

Step Diffusors directly

over each other

8. Step Diffusor block with Step DHfuSors
arranged directiy over each other

counting marked fibers and their an-
gles in the sheet (1). Figure 2 shows
the frequency distribution of fiber an-
gles as plotted on polar coordinates. In
this particular case, the main fiber
orientation shows an angle of approxi-
mately 10°. Although eounting marked
fibers and their angles is time-con-
suming, it is the only simple way of
measuring the main fiber orientation
in different layers of the sheet where
this orientation differs through the
sheet cross section.

Optieal (3-5) and acoustic (6-9)
methods of determining main fiber
orientation are now available for mea-
surements in the laboratory and in
commercial operations, These tech-
nigues measure a mean value of fiber
orientation. Figure 3 shows a plotofa
laser-based measurement of local main
fiber orientation across the machine
width. - _

When these studies were carried
out, the only method of determining
main fiber orientation that could be
considered at the same time was that
of measuring tensile strength. This
type of measurement also gives a mean
valueof main fiber orientation through
the sheet cross section.

In Fig. 4, tensile strength measure-
ments in different directions in the xy-
plane are plotted on polar coordinates.
This curve is a good approximation to
an ellipse, at least in the range of the
long main axis, which is defined as the
main fiber orientation.

There are various ways of deter-

. mining. main_fiber. orientation.from

tensile strength measurements. For
instance, from the pattern of tensile
strength shown in Fig. 4, the main
fiber orientation can be estimated by
visnally comparing areas, although
this method is time-consuming.
Another method is to caleulate the
main fiber orientation from the ellipse
equation, where tensile strength is
measured in three directions. Apart
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9. The change in main fiber orientation and in o.d. basis weight
profile by local slice adjustment in the center (parameters asin Fig.

2)

10. The change in main fiber orientation and in o.d. basis weight
profile by local slice adjustment at the edge {parameters as in Fig.

2)

from MD tensile strength, two tensile
strengths should be used at an angle
of, for example, 30° to the front side
(F'S) and to the drive side (DS) of the
machine, respectively.

Good correlation was obtained be-
tween the main fiber orientation angles
as determined both by visual obser-
vation and by calculation.

The amount of measurement work
can be reduced by one third if only the
two tensile strength measurements at
30° to the front and drive sides of the
machine are used for computing the
AF value, This value is defined as

AF =100 {(Ft - Fusl (Fa+ Fus)2{%)] (1)

Figure & shows that for a constant
tensile strength ratio, good correlation
is obtained between the AF value and
the main fiber orientation when the
orientation has an angie of not more
than 10°.

With produetion conditions constant

“in the jet:wire velocity ratio, the deter-
mination of the AF value is thus a good
way of quantifying deviations from

—-the.-main.fiber-orientation.-The-dia-

gram shows that, as expected, for the
same main fiber orientation angle the
AF value rises with increasing tensile
strength ratio.

Headbox design, operating
parameters, and main fiber
orientation

All parameters influencing jet velocity
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and jet angle at the slice can affect
main fiber orientation in the web, too.
Uniform CD distribution of the stock
by a carefully designed distributor and
adjusted recirculation flow is one of the
important preconditions for minimiz-
ing deviations in main fiber orientation.
A uniform stock supply to the nozzle
and a uniform flow through the nozzle
without side flows are also required.
Ideally, the jet exits the nozzle with a
uniform velocity and a direction exactly
parallel to the machine direction across
the full headbox width,

In practice, total uniformity of flow
conditions can never be obtained. But
knowing the prineiples of how to in-
fluencethe jet flow conditions can help
to improve paper quality in regard to
main fiber orientation.

Numerous tests on commercial pa-

per machines with Step Diffusor® head-
boxes have been performed to quantify
the effect of the important parameters
on the direction of main fiber orienta-
tion. Basically, the results also apply to
all fypes of headboxes.

The influence of distributor flow
conditions

Thecritical influence of pressure condi-
tions in the distributor was confirmed
by a test in which pressuredistribution
in the distributor was altered by vary-
ing the recirculation flow. The small
throughput deviations across the ma-
chine width through the Step Diffusor
block were compensated for by a rela-

tively slight adjustment of the control
spindles, so that practically no devia-
tions in the CD profile of oven dry basis
weight pulps were detected.

Figure 6 shows the effects on the
direction of main fiber orientation(i.e.,
the direction of highest tensile
strength) of too large and too small a
distributor overflow as compared with
optimum operating conditions, All
other parameters were kept constant.
Too large anoverflow resultsin a clear
orientation in the overflow direction.
Toosmail an overflow has the opposite
effect. The tests were performed with
an efflux ratio on the rush side, result-
ing in a MD:CD tensile strength ratio
of approximately 2.3. ,

The effect can be explained as fol-
lows. Increasing the overflow over and
above the optimum operating condi-
tions results in a steadily decreasing
static pressure across the distributor.
A decreasing static pressure means
decreasing throughput across the
width of the distributor block. In the
nozzle ares, however, the flow tries to

reach anequilibrium of static pressure, . .

thus resulting in side flows in the
nozzle and in the jet.

Thefigureshows the actual resultant
change in the direction of highest ten-
sile strength.

The influence of distributor block
uniformity

Many of the distributor blocks avail-
able on the market so far have less



11. Reversal of main fiber orientation when changing jet velocity from rush to drag

(parameters as in Fig. 2)

12. Schematic drawing of a Step Diffusor
headbox

Box-shaped front wa
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open area at the extreme edges because
of a staggered arrangement of the
individual turbulence generation ele-
ments. Up to now, this has been the
usual design technology for blocks be-
eause measurements of paper charac-
teristics, especially basis weight,
showed no unacceptable deviations in
the edge zones. The only noticeable
alteration was in CD stretch resulting
from shrink variations during drying.

However, ongoing research work
has shown that the main fiber orienta-
tion can also be affected by this stag-
gered arrangement because it eauses
cross flows in the nozzle and in the free
jet towards the front and drive sides.
Figure 7 shows an example of main
fiber orientation produced with the
previous type of Step Diffusor block.
The main fiber orientation towards
each side is visible (in the angle di-
rected to the frontside at the front side
end and in the angle to the drive side at
the drive side end).

Today’s advanced design of stainless
steel Step Diffusor block avoids this

..._pbroblem. As shown in.the diagram, ...

almost all the deviations in main fiber
orientation at the sides have been elimi-
nated. All other conditions had been
kept the same as before.

Figure 8 shows the construction of
the new generation of Step Diffusor
block where the elements are now
arranged directly on top of each other
to minimize the disturbances at the
sides. T'he uniform veloeity and turbu-

lence profiles of the Step Diffusor and
a maximum open area at the flow exit
side result in a homogeneous flow at
the slice. This homogeneity serves te
avoid the problems of streak formation
in the paper, as confirmed in practice
for critical paper grades. With today’s
block design, the inlet diameter and
thetwostepped enlargements continue
to be defined by precision inserts of a
special synthetic material,

Influence of local slice gap
adjustment

Local variations in slice opening also
have an influence on the jet flow pat-
tern. Where the slice opening is locally
reduced, cross flows are found, leading
away from. the place of local slice
reduction. Increases in the local slice
gap result in a eross flow towards the
place of slice increase.

Figure 9 shows the effect of local
slice reduction on basis weight and on
main fiber orientation. The upper part
of the diagram shows the local varia-
tion in spindle setting. In the middle of

thediagram, the effect on the CD.basis...

weight profile is illustrated. In the
bottom part, the local change in direc-
tion of highest tensile strength of paper
relative to the machine direction is
plotted for a particular section of the
machine width.

If the slice gap has to be reduced at
the edges, to precompensate for edge
shrinkage during drying for instance,
the effect on main fiber orientation

may show up as indieated in Fig. 10.
The flow at the edge is oriented in this
case towards the machine center. The
influence on the basis weight profile
and on main fiber orientation is simi-
lar, but the range or width of influences
attheedge islarger than with symme-
trieal adjustments closer to the center.

The influence of drag and rush

Asmentioned, jet operation with drag
or rush influences the direction of
main fiber orientation, Without chang-
ing any of the other settings, two
different jet velocities wereset alterna-
tively on a paper machine, first with
rush and then with drag. Figure 11
shows that in both cases the main
direction of fiber orientation altered in
the expected manner.

All of the results, espeeially those in
this last example, prove that the model
presented here to deseribe the causes
of variations in main fiber orientation
is close fo reality.

Requirements for optimum

“'headbox"design“ and

operation

Because of the strong interdependence
of the CD basis weight profile control
and the CD main fiber orientation
profile, a new set of requirements for
headbox design and operation is needed
wherever main fiber orientation is a
vital quality property. To meet these
high quality demands, the individual
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flow streams through the headbox
nozzle have to be close to exactly paral-
lel.

In practice, this ideal can be closely

approximated by the effect of the fol-
lowing design features, which design-
ers have tried to realize as far as
possible in the headbox shown in Fig.
12 (20}
» A distributor and a distributor block
that locally feeds as much stock from
the block as locally exits at the same
CD position from the slice

* A nozzle that reduces cross flow
before and directly at the slice open-
ing, when slice gap adjustments for
precompensation, for example, make
it impossible to completely avoid
cross flows,

Optimum operating conditions based
on an accurate understanding of the
headbox hydraulics also help to meet
the high quality requirements. These
requirements include the highest ac-
ceptable differential velocity between
the jet and the wire toreduce the angle
of main fiber orientation away from
the machine direction. Second, the
distributor recireulation flow setting
should be chosen to give optimum

pressure distribution in the nozzle,
and nozzle pressure difference between
the front and drive side should be mea-
sured. Finally, the slice gap profile
should be changed as little as possible.
Faults should be eliminated directly
at their souree, instead of with precom-
pensation by altering the slice gap.

By following these measures, all
quality demands eurrently known to
us can be fulfilled with respect to main
fiber orientation. Additional require-
ments can only be met when it is at
least possible to measure both the
main fiber orientation and the basis
weight on-line and when the individual
flow streams at the slice outlet can be
made even more parallel by suitable
adjusting elements, despite slice gap
profile corrections.

Conclusions
More and more paper grades require
higher paper qualities including uni-
form and eontrolled main fiber orienta-
tion (with the eurl axis parallel to the
machine direction) to avoid uncen-
trolled curl problems in converting
operations or in product use.

Main fiber orientation with an angle

Free Chlorine Monitor

No Buffers and No pH
Compensator

Free chlorine monitoring
is easy with our Model
5150. Our unigue sensor
measures free chlorine
regardless of pH. Chem-
ical and CO, buffers are
eliminated, as are pH
compensator electrodes.
Simply connect a sample
line to the sensor flow
cell, and turn on the
power. A bright LED
display of free chiorine

low alarms, and an iso-
fated 4-20 mA output are
all standard.
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to the machine direction of other than
zero is caused by cross flows at the
slice which are amplified on the wire.

Certain headbox design features and
operation parameters cause nonuni-
form and nonparaliel main fiber orien-
tation to the machine direction.

The CD basis weight control and the
local main fiber orientation are inter-
dependent, as demonstrated in exam-
ples from mill operation.

To minimize curl problems coming
from the headbox, no side flows in the
nozzle near or directly at the slice
should oceur. This control can be best
achieved (a) by accurate design of the
distributor and (b) by adequate local
distribution of the stock across the
machine to exactly meet the local stock
demand af the slice, when precom-
pensating for edge shrinkage and even-
tual edge friction effects, for instance.

Literature cited

1. Glynn, P., Jones, HW.H., and Gallay,
W. Pulp Paper Mag. Can. 60(10);
T316(1959).

. Glynn, P. and Gallay, W., Pulp Paper
Mag. Can. 63(8): T418(1962).

. Rudstreem, L. and Sjoelin, U., Svensk
Papperstid. 73(5): 117(1970).

. Sadowski, J. M., Paperi ja Puu 61(9):
583(1979).

. Kohl, A. and Hartig, W., Das Papier
39(10A): V172(1985). '

. Luukkala, M., Heikkila, P., Surakka,
J., Ultrasonics %(4): 201(1971)

. Papadakis, E. P., Tappi 56(2): 74(1973).

. Baum, G. A. and Habeger, C. C., Tappi
63(7): 63(1980).

. Senko, E. and Thorpe, J., Tappi 68(2):
95(1985).

. Heissenberger, 0., 1987 Engineering
Conference Proceedings, TAPPI
PRESS, Atlanta, p. 647.

Thanks toN. B. Rhodes for assistance in preparing
the paper.

Received for review May 27, 1987.
Accepted Oct. 13, 1987.

L0 o o kR W N

[
=

Presented at the 1987 Engineering Conference.

INSTRUMENTATION TECHNOLOGIES

251-E Welsh Pool Road, Exton, PA, 19341 ¢ {215) 363-5450

Circle No. 386 on Reader Service Card




