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ABSTRACT: Recent developments in pressure forming equipment
include a new range of short rotary formers capable of producing
high-quality products at speeds up to 400 mimin. One new pressure
former operates in conjunction with a short fabric run and a special
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efore the 1950s, paperboard

grades were produced mainly by
the use of the fourdrinier, the cylinder
mold, or a combination of these sys-
tems. Since then, detailed studies of
web forming have looked at mill op-
eration and pilot plant facilities. Now
there is a wide range of methods for
producing paperboard grades.
Examples of these methods can be
grouped into three categories:

1. Under felt formers

* Uniflow and contraflow cylinder
formers

* Dryvats

* Restricted flow vats

* Hydraulic formers

* Pressure (short) formers

2. Fourdrinier related formers

. FQurdriniers with secondary
headboxes

e Multifourdriniers

* Fourdriniers/multifourdriniers
with twin-wire formers

3. Miscellaneous

¢ Simultaneous
headboxes

(multichannel)

e Ultra formers

* High consistency forming (middle
plies)

* New generation pressure formers

Combination of some of the above.

Under felt forming

Rotary formers (cylinder)

For many years, rotary formers of the
uniflow and contraflow type were the
main workhorses for the production
of a wide range of paperboard grades.
The mechanism of forming in uniflow
and contraflow vats has been investi-
gated by numerous workers, but prob-

Attwood is a consultant with St. Anne's Paper & Paperboard Developments Ltd., Five
Haythorne Ct., Bristol, U.K. BS16 5QS. Loy is sales manager, board machines, with
Black Clawson International Ltd., Newport, Gwent, U.K.

160 October 1993 Tappi Journal

ably the most detailed was that car-
ried out by Muller Ridd and Hombsch
(1). Using pilot plant equipment, they
studied the flow pattern in uniflow and
contraflow vats. This work and the
work of others led to the development
of the dry vat and the restricted flow
vat.

Rotary pressure formers

A significant development has been
that of the “short” roll former or “pres-
sure” former. The short former is es-
sentially a combination of a
well-designed stock inlet with a mix-
ing/dispersing chamber (explosion
chamber) which feeds the dispersed
fibrous suspension directly into a form-
ing zone.

Pressure forming can be described
as a filtering process where drainage
and recyeling, together with stock dis-
persion, take place under controlled
conditions in an enclosed forming zone.

d. Parker (2) stated the following
advantages of roll formers over cylin-
der molds;

1. They can develop and tolerate high
levels of turbulence in the initial
forming zone because the drainage
zone is enclosed. On a cylinder vat
machine, the initial forming starts
at a free surface.

2. Both high pressure in the free sus-
pension and suction on the under-
side of the wire (if required) can be
applied in the roll former in order
to increase the rate of drainage.

3. With a shorter drainage zone,
greater advantage is taken of the



1. Bristol former

2. Bristol super former

Former
detail

increased dispersion in the approach
flow; and, further, this increased
drainage provides a greater capac-
ity for either sheet weight or dilu-
tion of the suspension.

4. A more uniform metering of the
flow on the forming wire is obtained
by the highly turbulent flow under
the precisely machined and posi-
tioned, closely spaced contoured
roof. Contrast this with conventional
cylinder molds, where the final mat
forming phase of the eylinder vat
process is comprised of the emer-
gence of the formed mat from a
relatively stagnant and large pool
of stock, which results in uncon-
trolled and irregular pickup of a
layer of poor formation.

The above reasons are why, with
the combination of a scientifically de-
signed inlet system, a fiber dispersion
zone (explosion chamber), and an as-
sociated lid, the short former can pro-
duce well-formed webs at relatively high
speeds from a wide range of furnishes.

Recent work relating to the design
of the lid and the short length of the
forming section has overcome many of
the problems encountered when oper-
ating in the higher speed range. A typi-
cal example of a pressure formeris the
BRDA St. Anne’s former (3, 4) which
was developed in the 1970s as the re-
sult of collaboration between St. Anne’s
Board Mill (United Kingdom) and
BRDA, using pilot facilities at St.
Anne’s and at Western Michigan Uni-
versity. Figure 1 shows a typical

BRDA/ St. Anne’s former, in this case
aunit produced by one of the licensees
(Black Clawson) and known as the
Bristol former.

Bristol formers

These formers consist of three main
sections: the inlet header, the explosion
chamber, and the forming roof (lid).
The inlet header is designed to suit the
particular needs of a mill and provides
good eross machine profile. The fiber
suspension passes from the inlet header
to the explosion chamber through
evenly spaced shear pipes. When the
suspension passes through the shear
pipes, fiber dispersion takes place. The
design of the explosion chamber is the
result of numerous pilot plant studies
using Plexiglas models.
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3. Bristol high capacity former

4, Newport/Attwood former
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The forming reof can have various
configurations, according to the type
of product being produced, but it has
been found that a normal configura-
tion will operate over a wide range of
conditions such as speed, basis weight,
forming consistency, etc. Under the
forming roof, the web is pressure
formed in a relatively short distance,
for example, 10-30 cm.

The formers are supplied with a
fixed or variable throat which allows
control of the throat opening to be car-
ried out on the run, The throat open-
ing influences fiber orientation.

This arrangement has been used on
awide range of board machines, either
in the form of retrofits or as complete
new forming sections. The former has
also been used on ultra former ma-
chines, replacing the normal headbox
with a pressure former (5).

New developments

Further development has taken place
in recent years. The following infor-
mation indicates this work and the re-
sults to date.

The Bristol super former

Commercial experience backed by ex-
perimental studies has led to the de-
velopment of the Bristol super former,
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5. Possible applications of the basic Newport/Attwood former
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which is designed to produce high-
quality paperboard grades at speeds
up to approximately 850 m/min. It is
ghown in Fig. 2.

A problem of operating rotary form-
ers at speeds over 100 m/min is that of
“throw-out” water damaging the frag-
ile web on the underside of the making
felt. Studies originally carried out at
Western Michigan University showed
that if the couch roll was positioned at
an angle in excess of 45° over the top

dead center position, the throw-out
water was thrown downward and away
from the fragile web. Similar geom-
etry can be used with the super former.
The result of pilot plant studies has
led to the development of a cylinder
mold evacuation system incorporating
an air-assisted doctor which prevents
throw-out water hitting the fragile web
on the underside of the making felt.
This former also incorporates step
diffusers in the inlet pipes in order to




improve dispersion of the fibrous sus-
pension before it reaches the explo-
sion chamber. The result is a
well-dispersed fibrous suspension fed
to the forming area, allowing opera-
tion at higher consistencies.

Bristol HC former

Arecent development of the Bristol
former system is the Bristol HC (high
capacity) former, as illustrated in Fig.
3. It consists of a cylinder mold with a
relatively short wire run. The pres-
sure former previously described ap-
plies the fibrous suspension to a
forming wire draped around the cylin-
der. After forming, the web is brought
in contact with the underside of a mak-
ing felt and while on the forming fab-
ric continues in this state for a distance
of aleast 1 m.

While in this position the fragile
fibrous web:

¢ Is protected from any throw-out
water associated with the forming
rol

¢ Can be further dewatered with a
doctor(s) which at the same time
can subject the fibrous suspension
fo shear forces resulting in a de-
gree of reforming

s Can be further dewatered with
vacuum boxes

¢ Is subjected to pressing using ei-
ther a plain/grooved roll or an ex-
fractor roll.

The arrangement can be considered
a type of twin-wire forming, where
dewatering takes place through the
forming screen in a downward direc-
tion with the assistance of gravity, as
opposed to upward dewatering, as is
the case in conventional multi-ply twin-
wire forming. Another difference from
conventional twin-wire multi-ply form-
ing is that preforming takes place
against a forming fabrie and not on a
previously formed layer.

The equipment is designed to oper-
ate, when required, at medium consis-
tency (1.5-2.2%)—for example, when
producing middle plies with high individual

basis weights (150-180 g/m?). It can oper-
ate at high speed (4400 m/min).

The Newport/Attwood system for
formers and headboxes

During the early development of the
BRDA/St. Anne’s formers, prelimi-
nary studies took place at St. Anne’s
where the fibrous suspension was ap-
plied not to the curved surface of a
cylinder mold but to the flat surface of
a fourdrinier wire part. Under the lid
of the former was positioned a drain-
age box. The aim of this work was to
modify an Inverform machine by ap-
plying this arrangement to existing
Inverform top-wire units, converting
them, in effect, into “on top” pressure
formers. Preliminary studies indicated
considerable potential for the devel-
opment of such an arrangement, but
the closure of St. Anne’s put this work
“onice.”

In recent years, this concept has
been further studied and developed,
using pilot plant equipment at Black
Clawson Kennedy (Watertown). The
essential parts of the developed unit
(Newport/Attwood System) are a com-
puter-designed tapered inlet; an ex-
plosion chamber; a top lid which can
either be planar, a combination of pla-
nar and curved, or totally curved; and
a curved forming drainage box. This
unit is shown in Fig. 4.

The curved drainage box can be
compartmentalized, allowing various
degrees of vacuum to be applied where
and as necessary. Because the form-
ing wire is pulled under tension over
the curved surface, the forming fabric
is always level and free of undulations
in the critical forming zone.

A wide range of furnishes has been
used during experimental studies, and
satisfactory operation has been ob-
tained with furnishes ranging from
recovered paper to virgin pulps, cot-
ton linters, synthetic fibers, glass fi-
bers, ete. Freeness has ranged from
80-600 CSF. Operating consistencies
have ranged from 0.2% to 2.5%. Basis
weights have ranged from 20 g/m?
(backs and underliner plies) to 800 g/
m? (pulp lap). The pilot unit has been

operated over a speed range of 80 m/
min to 450 m/min, and current work
indicates the potential for higher
speeds.

The equipment is not complicated
and is easy to control and operate.
Startup and shutdown time can be ex-
tremely short.

The process allows the operator to
control a number of web characteris-
tics—for example, tensile ratios. This
particular control is carried out by ad-
Jjusting the throat opening at the point
at which the fibrous suspension flows
from the explosion chamber onto the
moving forming fabric. Studies have
shown that ratios ranging from 1.3:1
t03.0:1 are readily obtainable (samples
taken at the couch).

The system can be considered to be
a new type of headbox. Among its ad-
vantages are that it is relatively small
in size, operates over a wide range of
conditions, allows draining and form-
ing to be easily controlled, and is less
costly than other systems. With the
compartmentalized forming box and
associated circulating system, it is pos-
sible to have a closed system at the
point where preliminary forming and
high rates of drainage take place.

There can be numerous applications
of the development, as illustrated in
Fig. 5. For example:

* An underfelt former

* An “on-top” former

* A twin-wire forming system

* A method for producing multilayer
webs either from individual plies

couched together or by simulta-
neous forming

¢ A headbox on a conventional
fourdrinier wire pan.

Other work is underway in simulta-

neous multi-ply forming and high-con-

sistency operation. Previous studies

indicated the potential for operation

as a “foam” forming unit.

Ply bonding

An examination of the webs produced
by various forming methods, using
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6. Fines distribution

and others, shows the distribution of
fines through the webs to be approxi- Type of former f%i:;fmgg:t diss\{mgt;l%n
mately as illustrated in Fig. 6. The rioutt

distribution of fines using short form-
ers is one of the reasons why the use of
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to operate at higher speeds while main-
taining good quality webs. Other de-
velopments enable high basis weights
(individual plies) to be produced. A
new development of the pressure
former is the Newport/Attwood Sys-
tem, where a pressure former oper-
ates in conjunction with an endless
forming fabric and a curved forming
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box. This arrangement has been Top side
proved on pilot facilities to operate at

speeds in excess of 450 m/min, and Wire side
there are indications from current Half vat

work of the possibility of achieving far

higher speeds.

These pressure formers have L Wire side
proved to be versatile and can be used wire side
not only in the under felt position but Twin wi
also as on-top formers. They have the winwie
potential for use in the manufacture of Top side
nonwoven materials using synthetic
fibers and mineral fibers and have been ‘ﬁ Wire sid

ire siae

shown to have the capability of oper-
ating at medium to high consistencies.

Although there are now many ways
of producing multi-ply paperboard
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