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We should notice that the above equations are based on the assumption of the fibres

entering into a parallel air stream with the speed of Vy, .

A method for simulating the dynamic behaviour of rigid and flexible fibres in a flow
field was proposed, regarding the fibre as made up of spheres that are lined up and
bonded to each neighbour[Ymamoto, Matsuoka 1993]. The fibre model can stretch,
bend, and twist, by changing bond distance, bond angle, and torsion angle between
spheres, respectively. The motion of the fibre model in a flow field is determined
by solving the translational and rotational equations for individual sf)heres under the
hydrodynamic forces and torques exerted on them. The proposed method was
applied for simulating a rigid and a flexible fibre in a shear flow under the
conditions of infinitely dilute system, no hydrodynamic interaction, and low
Reynolds number of a particle. It was shown that the results are similar to
experimental ones described by Forgacs and Mason[1959]. The advantage points of
this particle simulation method are i) treatability of an arbitrary shaped particle, ii)

alterability of the particle stiffness, and iii) simplicity of simulation procedure.

A simple apprc;ach to the alignment of short fibres using fluid dynamic forces was
explored [Bangert 1977]). This approach consists of conveying fibres in an
essentially irrotational air stream and then causing this stream to undergo a rather
rapid contraction, followed by a rather slow divergence. The resulting velocity
gradients in the irrotational flow produce moments on a fibre that in most cases tend
to align it parallel to the flow direction. The desired degree of air-stream
contraction and divergence can be easily controlled by using transversely-blowing
air jets. An approximate analysis was developed for the effects of aerodynamic

forces on fibre motion and was combined with a theory for the influence of
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transverse air jets on the main flow. In this analysis the fibre was represented by a
rigid cylinder and the motion of the fibre was assumed to be two-dimensional. The
equations of motion of the fibre are set based on Conservation of X and Y

momentum and Conservation of Z-angular momentum about the fibre centre of
gravity.

The theory was in qualitative agreement with the experimental results. These
results showed that fibre alignment parallel to the main stream can be achieved for a

wide range of initial fibre angles. Further, this alignment can be performed with

low-speed air flows, which may facilitate fibre handling in many applications.

Ulku et al [1993] studied fibre alignment and straightening in open-end spinning.
They used high speed photographic technique to observe the degree of fibre
alignment in the transfer channel. To indicate the degree of fibre straightness, they
counted the number of intersection points of the fibre images with three straight
lines drawn parallel to the nominal flow direction. It was concluded that at constant
air flow speed, as the speed of the opening roller is increased, fibre straightness and
degree of aligm"nent along the axis of flow deteriorate. At constant opening roller
speed, as the air flow speed increases, fibre straightness and degree of alignment

along the axis of flow improve.

A computational modelling was presented by Smith and Roberts [1994] for
straightening of crimped and hooked fibres in converging transport ducts. A two
dimensional dynamic model for the motion of fibres in an accelerating laminar air
flow is reported. There are several simplifying assumptions in this model such as
the laminar flow assumption for neglecting turbulence and wall effects, the

assumption of fibres to be composed of both spherical and cylindrical elements, and
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neglecting fibre to fibre interactions. While they made no direct comparison with
experiments, the results show the tendency for crimped and hooked fibres to be
straightened in convergent flow with sufficient acceleration. They hope that this

model may be useful in designing an apparatus to straighten fibres.

A two-dimensional computational fluid dynamics (CFD) model was developed by
Kong and Platfoot [1996] to simulate the flow patterns inside the transfer zone of a
rotor spinning machine. They used CFD analysis (FIDAP code) to view the likely
relationship between the machine set-up and design, and the quality of the yarn
produced. In particular the behaviour of the known recirculz}tion zone within the
channel was evaluated because of its high potential to bend individual fibres. They
have studied the dimensions of the inlet of the transfer channel and the changes in
the ratio of the opening roller velocity to the mean flow velocity. Three principal
conclusions have been made by their work: First, there is a trade-off in the degree of
fibre opening in the transfer channel with regard to the free cross section through
which fibres may travel by a strong forward-directed flow. If the channel becomes
narrow, then there is a physical obstruction to the flow and if it becomes too wide,
then a strengthening recirculation zone acts to block part of the cross section.
Second, the distribution of the flow stream does not vary dramatically with
increasing Reynolds number, provided the ratio of the opening roller circumferential
velocity to the air mean flow velocity is the same. Third, there is a substantial
variation in the location of the recirculation zone with increased opening roller
speed. It can be postulated that an optimum range of opening roller speed settings
exists, outside of which large recirculation zones occur on either side of the transfer

channel.
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Kong and Platfoot [1997] extended their studies to develop a two phase air/fibre
flow model to simulate fibre movement in the transfer channel of a rotor spinning
machine. The conveyance of fibres in the transport zone by carrier air is a two
phase flow problem because the fibre, as one of the phases, is a flexible material and
any part of the fibre may be moved, rotated, or bent relative to the other sections due
to the influence of a velocity gradient in the air conveying the whole strand. They
indicated that the initial fibre position and the underlying air flow pattern are critical
to the final fibre configuration at the exit of the channel. Fibre opening and fibre
detachment from the opening roller are identified as the two critical factors in

obtaining straight fibres at the channel inlet and their transport to the spinning zone.

2.8  Fibre landing on a perforated screen or conveyor belt

Krause et al [1989], established a theoretical model for fibre landing in friction

spinning . They derived an equation to describe the effect of various factors such as

fibre landing angle y , transition channel angle ¢ and the speed ratio n ( the ratio of
i : Vi .
fibre velocity Vr to surface speed of suction drum Vgq , n= W)' The obtained
s
equation is as follows :

3n’ +1  cosy.cosg+2

2n siny

They found the strong effect of speed ratio n, on the fibre landing angle y. (by
increasing n, the fibre landing angle (y) in a given channel angle (¢) decreases, see
figure (2.15). They also explained that during fibre landing the fibre leading end is

caught by the drum surface whilst the tail continues its travel in the original
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direction with the same velocity. Because of decelerating effect upon landing and

due to prevailing air flow condition, the fibre will perform a "somersault" and

finally deposited in reversed direction at an angle y.
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1100

© .90
170
360
40
130
S 20

-, 10 f

0 | >

S

A iy

Figure (2.15) Fibre landing angle , theoretical

A simplified model of the behaviour of fibre landing in the twisting zone of a
friction spinner has been made by Zhu et al [1993]. This theoretical analysis of the
fibre landing process showed that there are several different parameters affecting the
fibre landing which resulted in different fibre configuration in the final yarn. These
parameters include air force (magnitude and direction), fibre landing angle, fibre

bending rigidity and the initial fibre configuration.

The angle that fibre makes with the air stream seems to be an important parameter,
and the best result (i. e. undesirable loop) are obtained when the fibre makes a large
positive angle with the air stream, see figure (2.16). The angle that the landing fibre
makes with the “embryo” yarn is also important, since small angle lead to

undesirable loops being formed in the fibre.
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Figure (2.16) The angle between Fibre Axis and Airflow Direction in Friction
Spinning

Fine fibres, with a low flexural rigidity, tend to buckle and crimp more than coarser
fibres on landing, and high air speeds lead to similar behavic;ur (i.e. by increasing
the air-force the fibres crimp and bend severely). This creates a difficult problem in
designing a reasonable airflow to help the fibre transit and landing. This is because
during fibre transit it will be necessary to use a high air flow velocity to maintain the
fibre movement, or even to improve the fibre configuration, but in the fibre landing
stage it is better to use a low airflow velocity. In respect to initial fibre
configuration it can be said that a highly crimped fibre might lead to undesirable

final configuration.

Lawrence and Jiang[1996] made an attempt to find out the effect of the angle and
velocity at which the fibres approach the collecting surface on the final alignment of
fibres in the yarn and its structure. Based on a theoretical work they found that the

following three parameters are fundamental to determining the final fibre deposition

in the yamn:
4 Fibre approach angle

4 Fibre velocity angle
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4 Fibre velocity

They pointed out that the closeness of the fibre approach angle with the velocity
angle is the principal reason for low fibre length utilisation (i.e. as these angles

become close the fibres do not lie in the yarn axis) .

29 Summary

The literature review shows that most of the studies in fibre dynamic behaviour in
the air flow medium are related to yarn spinning processes, which are basically
looking at straightening the orientation of the fibres that have escaped from the
opening roller. This allows a satisfactory configuration of fibres in the fina]

product. It was reported that the ratio of air speed to the peripheral speed of

. Vair .
opening roller ( ) has the dominant effect on fibre configuration during
OR

Vair

OR

transport from the opening roller to the rotor. The higher the ratio ( ) the

greater the chance of having straightened fibres along the airflow axis. The
dimension of the inlet of the transport channel has also been indicated as a crucial
factor. If the channel inlet narrows, then there is a physical obstruction to the flow

If it becomes wide, then a recirculation zone is created which blocks part of the

channel cross-section.

Currently, the Computational Fluid Dynamics (CFD) has been introduced to the
textile problems, particularly open-end yarn spinning. They have reached some

interesting results in simulating the fibre transport zone and identified the critical
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Vi \ soens .
factors which are: (—2-), initial fibre speed and position, geometry of the transport
OR

channel.

The theoretical and experimental studies of fibre landing revealed that number of
parameters namely, airflow, fibre landing angle, fibre rigidity and initial fibre

configuration are attributed to the fibre configuration in the final yarn.

The air laid web formation technology, however, is seeking for three dimensional fibre
arrangement (i.e. random fibre orientation) which is different from yarn processes that
are aimed to make the fibre orientation in the yarn axis. Thi§ technology as described
earlier (see fig.2.7) is a well growing in use in the nonwoven industry and still there are
further improvements which can be done to reach a better final product in terms of
quality and cost. In order to be able to make these improvements a fundamental
understanding of the system is essential. This work is the first attempt (or a simple
basic approach) to make this understanding and to model this complex process of
making web, theoretically. This work provides a sound foundation for developments in
creating a complete modelling algorithm for the air-laid web formation system. With
regard to this modelling it is now possible to numerically describe the movement of
fibres during transport. Such predictions can provide the fundamental support for

optimisation machine design and can also minimise the experimental effort in fibre

processability with a fixed machine design.
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Chapter Three

Theoretical Work

3.1 Introduction

Since most problems concerned with textile systems are extremely complex, when
analysing the situation it is useful to set up a theoretical model of the system concerned.
A model is a system which has some similarities with the real problem, but introduces
simplifications, i.e. it eliminates“ce.rtain properties of the real structure which make the
problem too complicated and which are not of immediate interest. As long as the
properties of the model are similar to those of the réal structure it is legitimate to
compare the behaviour of the two, and it is anticipated that the relationships between
variables in the model will be similar to the relationships existing in the real problem.
3.2  Description of the mathematical model

The current model is concerned with determining the way in which fibres move along a
tooth in a tooth-covered rotating cylinder in the stripping section of an air-laid
nonwoven system.

This system is based on using airflow and suction to dispérse and land the individual
fibres on a perforated conveyor belt (see Fig 4.1). The in put material is a pre-sheet web
which is passed through a pair of feed rollers (3) and then through a lickerin roller (4);
finally, the main drum (5) picks them up. The fibres are carried by the teeth of the
clothing elements of the drum and at the stripping zone (8), with the help of airflow and
suction, they are removed from the teeth. The theoretical model considers the stripping

section, which is the area in which the fibres come off the teeth.
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3.21 Assumptions

To be able to derive a mathematical model the following assumptions are made:

1) The fibre is assumed to be a rigid body.

2) The fibre is taken as a connected pair of rods hooked around the tooth, as shown in

figure (3.1)
3) The opening roller generates negligible air flow which can be neglected compared to

the high speed air coming from the blower.

3.2.1.1 Justifications of the Assumptions

The rigid body assumption of a fibre has been made by the other researchers (Bangert
77, Yamamoto 93, Smith 94). A real fibre is, of course, ﬂexil‘>le and although‘it would
be possible to analyse the motion of such a flexible fibre the mathematics would be
highly complex. Therefore it seems worthwhile as a starting point to develop a more
simplified model, in which fibres are assumed to be rigid. There is some photographic
evidence (Lunenschloss 80 and also fig.5.9) that fibres remain straight during their
motion in the vicinity of the opening roller, so that this assumption may produce results
that are in reasonable agreement with the experiment. The object of the study is to
model the trajectory of a fibre from the saw tooth roller and the rigid body assumption
should give acceptable resuits,

2) The hooked configuration of fibre around the tooth of the opening roller has been
reported by Ghosh and Bhaduri [1968). The photographic observations by Lawrence
[1988) showed that the hooked fibres escape from the pins by sliding to the tip of the

pin and then are ejected from the opening roller surface

3) The opening roller due to its rotation generates air flow which can be approximated

by the equation u= A (Acheson 96) wh is the di
Rir ere r is the distance from the roller surface,
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R is the radius of the roller and A is a constant. If the radius of the opening roller is
R=170 mm and it rotates at angular velocity ®=11.52 rad/sec, then the boundary
condition (i.e. no slip situation) at the opening roller surface may be applied to
obtain: A =0.33 m? / sec. Substituting the value of A into the airflow equation, the
velocity at any distance from the opening roller surface can be obtained, for example at
r = 10 mm, u=18 m/sec. This airflow can be neglected compare to the airflow due

to the blower which is about 40m/sec.

fibre

tooth |Y~ opening roller 2L¢

g o R S e P

. tooth cross section

Figure (3.1) Fibre configuration on the tooth of the cylinder

3.2.2 Geometrical considerations

Figure(3.2) shows the fibre position at two instants of time. The upper position is the
initial situation when the fibre is just coming to the stripping zone and starting its
movement down the tooth. In this initial position the radius of the drum to the base of
the tooth makes an angle 6o with the fixed horizontal axis (i.e. OX), the fibre is inclined

at an angle ¢y to the tooth and the trailing end(or loop centre) of the fibre is at a distance

1o from the tooth base.
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At time ‘t’ the radius of the drum to the tooth makes an angle ‘0¢ with the horizontal
axis, the trailing end of the fibre is at a distance ‘r’ from the tooth base and the fibre
makes an angle ‘¢¢ with the tooth , as shown. Let the total length of the fibre be 4L, .
We assume that there is a length 2Ls on each side of the tooth ( ie. the fibre is
symmetrical about the contact point, see Fig.3.1). Let ‘R’ be the radius of the drum and
take origin of axes at the centre of the drum with OX horizontal and OY vertical,

The co-ordinates of the centre of gravity of the fibre at time 't' can be expressed as

follows:

X, =0C"+C"C" +C'G’

= Reos@+rsin(y -9) + L, sin(p-y +6) (3.1)
and
Y, =OH+HH -H'H"
= Rsin@ + rcos(y - g) - Leos(g - y+0) : (3.2)
where:

0 is the angle between OX and the radius of the drum to the base of the tooth; if o
is the angular vélocity of the drum then 6 = w.t,

o is the angle between fibre and tooth at time 't',

r is the distance of the fibre from the base of the tooth,

Y is the working angle of the tooth,

Lf  isone-fourth of the fibre length,

R is the radius of the drum,
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fibre at time t=0

:ﬁbre at time t

i

Figure (3.2) Geometrical description of the model
3.2.3 Forces acting upon the fibre

The following forces act on the fibre:

1) Air Drag, which has two components, normal and tangential to the fibre line.

2) Fibre weight.

3) Normal reaction between the fibre and the tooth.

4) Friction between fibre and tooth.

Of these forces, the air drag component is dependent on the relative velocity of the fibre
and the ambient air, and consequently varies along the fibre. Let the normal and
tangential components of the air drag force, per unit length of fibre, be F, and F

respectively. Then the forces acting on the fibre are as shown in figure(3.3).
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" Figure (3.3) Forces acting on the fibre

3.2.4 Derivation of equations of motion of fibre on the teeth

Considering an element of length dS at a distance S from G. The equation of motion in

the horizontal direction is

d*x : bt M
m dtzG = Neos(y - 0) - Fsin(y - ) +2 [F,dS sin(g-y +0)-2 [F,dS cos(g-y +0)
L Ly
= Ncos(y - 0) - Fsin(y - 6) + A sin(g-y +0) - A ,cos(p-y +0) (33)
L, Le
Where A,=2 [F,ds , A, =2 |Fds
.L' -L(
In the vertical direction we similarly obtain
d*yY, .
m =m.g- Nsin(y - 0) -Fcos(y - 0) - A cos(¢-y +6)- A sin(¢-y + 0 (G4

dt?
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as turbulent.

Figure ( 3.5 ) shows the relationship between Cy and Reynolds number. From the graph
the C, value corresponding to Re = 122.8 is about 1.75; therefore the value of P, is
4.83x10”° kg.m?. The value of the tangential air drag parameter Py is more difficult to
obtain. However, it may be deduced from some data given by Popov et al.[Popov 1962]
namely that the tangential air drag parameter will generally be less than 1/10 the value
of the normal air drag parameter and usually near 1/20 of that value; therefore P, will be

taken as 0.484 x 107 kg.m>.

Y
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Figure(3.5) Drag coefficient as a function of Reynolds number for a smooth circular

cylinder and a smooth sphere

33 Theoretical considerations of the airflow pattern in the transport channel

The phenomenon of fibre movement in the transport channel mainly depends on the
airflow behaviour in the channel, which is a very complex problem. In this study an
extreme simplification was made to be able to model the air flow behaviour through the

channel. The approach, which is used to discover the velocity profile, is to apply the
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continuity equation and assume that the flow pattern across the channel will be either
parabolic or uniformly distributed across the channel.

Figure(3.6) shows a schematic view of the air-laid transfer channel

3.3.1 Assumptions for airflow pattern

Parabolic air velocity distribution

First, we assume that the air velocity distribution is a parabola. This assumption is
based on the fact that the flow along the transfer channel can be modelled as a flow
between parallel plates, which has a parabolic profile.[Munson 1998]

It was found that the calculation would be made easier if we rotate XY axes, about the
origin ‘O’, to create a new set of UV axes, which are parallel'and perpendicular to the
channel sides (figure3.6). Figure(3.6) shows a schematic view of the air-laid transfer

channel with a parabolic air velocity distribution.
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Figure (3. 6) Schematic view of the transfer channel of the air-laid machine
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Continuity equation : The application of the principle of conservation of mass (matter

can neither be created nor destroyed) to a steady flow results in the continuity equation
which expresses the fact that in steady flow the mass flow rate ApV ,where A is area of
cross section of channel, passing all sections of channel is constant. Applying the

continuity equation for the flow through the channel, gives

b
VD, = V.L= [vdU (3.24)

where Vi, Dj, V,V and L are inlet air velocity, inlet channel width, average air velocity,
air velocity at any point across the channel cross section and width of channel
respectively. The boundary conditions of this integral, a and l;, are -O'C and O'Bthat
can be substituted by -[H-U;] and [U;+L-H] relative to origin O’ as shown in
figure(3.6b).

The parabolic air velocity distribution can be expressed by the following equation
(taking UV axes with origin Q) :

V=V_-K@U-H) (3.25)
where V,, is the maximum value of V' and K is a constant . H is the length OO’

which can be found from the geometry of the system (see Fig 3.6a)

H = Rsin(8+6)

Considering the boundary condition

Referring to figure 3.6, at point C where the air is in direct contact with the drum

surface, it is assumed that it has the same velocity as the drum itself, i.e. there is no slip

at the boundary [Munson 1998]. At this point we assume that the air velocity is equal to
the component of the surface speed of the drum in the direction of V (the component of

the drum surface speed in the direction of U is negligible), therefore;
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Atpoint C  where U=U, then V=Rwsin(f+0) (3.26)
Point B where U=U,+L then V=0 3.27)

Solving the integral(3.24) results in an expression for V in the form
V=V, - S[3(U, ~Rsin(f + 0))* + XU, -Rsin(f + )L+ L] (3.28)

We have now three equations namely 3.26, 3.27, 3.28 in order to find three unknowns
(K,Vimo, 1, ). The results of solving the above equations are

(2L-1DRasin(f + 6)-2V,D,
L’(2L-3)

K=3

~1 3Rwsin’(B+6)(1-2L)+ 6V, D,Rasin(f + 6) + 2L*Ruwsin(4 + 6) - 3LV,D,
EY (L -1)Rasin(B+0)-2V,D.

]

1,6V,D,(3-4L)Rasin(f+6) +(9+16L" - 24L)R*w’sin* (B +6) + 9V,2D 2
Vo =3 (2L-3)[2L - )Rasin(8+ 0)-2V,D, ] ]

In the above equations L is the channel width which from the geometry of the system

(fig3.6a) can be expressed as follows

L+SF=0E

L++VR?*-V? =R +1,

Therefore,

L=R+],-VR?-V?
where 1, is the shortest channel width which is expressed by

ly =X, sinf-R
X, and P are the length of OA and the inclination ot the channel which depend on the
machine design and R is the radius of the drum. In the machine used for this research

Xa, B, and R are 317.9mm, 65°and 170mm respectively; thus Iy is about 118.1mm
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Uniform air velocity distribution

The second assumption for the airflow pattern through the transfer channel was a
uniform airflow distribution across the channel. The same system of axes as the
previous one (i.e. VU) was used in this calculation.

Again applying the continuity equation we obtain

Here V is the air velocity at any point across the channel, which has a different constant

-l

value at each channel cross section.
In the air-laid machine, because the air viscosity is very small (15x10° mz,s"), it can be
neglected and flow is considered to be inviscid . In an inviscid flow the viscous forces

are negligible and hence the boundary layer will no longer exist.
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The available lenses with the camera were the Mamyia-Sekor C 80 mm 2.8 N and
Mamyia-Sekor Zoom C 55-110 mm f/4.5 and also an Auto Extension Ring No.3-S. In

most cases the 80 mm /2.8 Mamyia lens was used.
5.4.3 Focusing comments
In order to have a proper focus the following steps must carried out [Jantzen 96):

% Set the lens aperture setting at the lowest setting so that the lens is wide open. A lens

shade must be used to prevent lens flare.

#Place the focusing gate in the film gate position on the second prism and make sure

that the focusing gate is properly seated.

#* Rotate the sprocket until full aperture appears through the viewing prism.

#*Move the focusing tube in and out until the cross-hair reticule and ground glass are in

sharp focus.

¥ Place the camera at a proper distance from object. Do not rely on the lens footage

scale or aerial the image focus. Always use the focus gate or focus on the film to make

sure the picture is clear.

% Frame the camera properly and focus the objective in a normal manner on the ground

glass,
% Set the f-stop for proper exposure.

#*Remove the focusing gate and return it to its storage position, and install the film gate.

92



Chapter five High speed photography

5.5 Lighting for high speed photography

Photography has been described as “painting with light”, and the provision of a suitable
light source is a fundamental requirement for all photography. It assumes particular
importance in high speed photography due to the high framing rates and short exposure
times required. These in turn demand very high light intensities to achieve good
exposure. Another extremely important function for lighting in high speed photography
is to form a very useful alternative to mechanical or electrical shuttering of cameras.
Excellent results can be obtained by using an open shutter in darkened ambient

conditions and exposing the image by single or multiple short duration light flashes.
5.5.1 Type of light source

The light sources used for high speed photography are either continuous or intermittent,

depending upon the application. Table (5.4) shows different light sources in decreasing

order of exposure time.

Continuous
Tungsten filament lamps of various types Continuous
Arc sources Continuous

Flash bulbs 0.5-5x10°

Electronic flash 103-10°%

Argon bomb 10%-107

Electric spark 10%-10"°

X-ray flash 107-10"°

Pulsed laser 10%-107"

Super radiant light sources 10°°

Table(5.4)  Types of lighting used for high speed photography
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5.5.2 Lighting Techniques

The basic methods of lighting arrangement for high speed photography are shown in

figure(5.3), which covers most possibilities.

Front lighting, The front lighting technique is the normal way of lighting and allows the

photographer to record exactly what he ‘sees’.

Diffused rear illumination, This is a very simple lighting technique in which the subject

is silhouetted against a front-lit screen which could be a plain or a retroreflective screen.
In this technique the camera is usually positioned perpendicular to the direction of the

subject motion, in order to maximise the view of the shadow.

Shadowgraph technique, This is a very effective back-lighting technique and enables

illumination of larger areas. Images produced with this technique are very sharp as the
depth of field is unlimited, owing to the divergence of the light from a point source such

as the end of a small diameter optical fibre.

If using laser light source in this technique, care needs to be taken as the amount of laser
light passing through the camera lens system may be sufficient to harm the human eye.
This can be overcome by viewing the subject through the camera with film in

place.[Oxford Laser 1989]

Lighting with retroreflective material, Retroreflective screens reflect light within a few
degrees of its original source axis and use of such material allows back lit photography
over a large area. The subject is lit directly from the front and also in shadow graph
mode against a retroreflective screen, and the light source is placed as near as possible

to the camera viewing axis.
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5.5.3 General requirements for light sources

The following are the essential requirements for the light sources used in high speed
photography.

O Portability

Q Sources, or at least the output head, should be compact so that they can be easily

positioned close to the subject and/or camera if required.

Q It is very useful if light sources can be run from both AC mains supplies and DC

current.
0 Reliability and minimum maintenance needs are also important.

O Replacement of items such as filament lamps or tube, which may have a relatively

short working life, should be simple and not involve complex dismantling of the device.

Q Sources should be efficient in the way in which they convert energy into light output

so that their local environment does not become unreasonably hot
5.6 Lighting equipment used in the present work

The lighting system used in this work was a continuous light source from the Dedotec
company and is called Dedocool, which almost fulfils the above requirements. The
lamps are Tungsten Halogen filament lamps which allows Dedocool to provide a high
level of illumination at very low ambient temperature. Using Halogen gas in the lamp
envelope improves the life time of the lamp to about 200 hours, more than that of an

ordinary Tungsten filament lamp.
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Dedocool Transformer/Control unit, This unit is designed to power one or two light

heads, each with a maximum lamp rating of 250 Watts. Each output may be switched

independently for intensity and colour temperature in four different positions which are;

O Position 1 off

O Position 2 set-up position

O Position 3 Medium intensity(operating switch)
O Position 4 Maximum intensity(boost position)

The Dedocool Transformer is also equipped with a voltage selector to select the

following six voltages; 110, 120, 130, 220, 230, 240.

Dedocool Light heads, Dedocool light heads contain two cooling fans which are located
on the bottom and rear of each head. The optical system in the heads contains two
carefully matched heat reflecting filters and a heat transmitting mirror which in

combination with two fans, reduces the heat carried by the light beam.
5.6.1 Light intensity

The optical system of the Dedocool light system is designed to provide highly
concentrated light. The maximum light intensity is reached at approximately 20 cm
from the front lens. Table(5.5) illustrates the light levels which may be reached at

various distances with one light head in the Boost position( i.e. position 4 ).
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20cm 30cm 40 cm 50 cm
239 1.13 0.58 0.37

222,000 105,000 54,000 34,000

6.5 cm? 7.0 cm? 9.0 cm? 12 cm?
59° 42° 35° 31°

1) Between front lens of Dedocool and object.
2) Approximate temperature of object after prolonged exposure to light.

v

Table (5.5) Light intensity of the Dedocool head light

The above figures are based on ONE Dedocool light head in the boost position.
Overlapping beam patterns of two Dedocool light heads will double the lux and foot-

candle values [Dedocool manual 1991].
5.7  Film processing

When experimental work is being done it is necessary to check progress by developing
and viewing each experimental film in order to see what is being recorded and whether
alterations need to be made to the recording process or the event set-up. It is usually
better to have film processed in a professional processing laboratory to get the best
results, but if the equipment is readily available and the photographer is adequately

skilled processing can be carried out on site,

In the present work ,because the equipment was available, the film processing was

carried out in the Department.
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5.7.1 Description of the film processor

The BARY 16/35 Mini processor was used to develop the exposed films. This
equipment is a compact, uncomplicated table top film processor which is able to process
both acetate and polyester films up to 100 metres in length. It was designed as a
processor of simple robust construction, having low power consumption, requiring the
minimum of maintenance but retaining the flexibility offered by both variable speed and

thermostatically controlled solutions to assure high film production quality.

The processor specifications are :

Transport speed Variable, 0 to 3 m/min.
Temperature Variable + 0.5°C, Ambient to 47°C
Length/Width/Height 85cm/31cm/58 cm
Weight 27Kg
Water consumption 5 Litres/min. Maximum
Electrical requirement 240V, 5 Amp.

The processor mainly consists of a control panel and solution compartments,

Control panel, Control panel is designed to switch functions in logical order (from 1 to
5) to prevent incorrect switch selection so that the correct control sequence take place

when film is to be processed. Figure(5.5) shows the control panel with all the switches.
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Cut out

Mhins

Solution FHeater

Figure(5.5)  The control panel of the BRAY Table -Top Mini processor
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Compartments, The compartments are ( from left to right ):

Tank 1 Developer 2.8 Litres
Tank 2 Fixer 2.8 Litres
Tank 3 Running rinse and spray wash 2.8 Litres
Tank 4 Running rinse/Spray wash/Sponge wipe and squeegee 1.5 Litres
Tank 5

Tank 6 Dry low heat high air volume

Figure(5.6) shows the tank arrangement in the BRAY Processor.

e R 0k WRARRN T RIS A L SRR KA v R a8

- Processed Fxlm E

§

: Film take-up bracket
Film loading magazin ;

Control panel

@ Temperature.
7 _open v
L) L \\) (——— ‘close -

Developer Fixer Wash Wash

Figure(5.6) The BRAY Table -Top Mini processor

5.7.2 Instruction for filling the tanks

Experience has shown that the following solutions are suitable for processing the

photographed films:
Developer Fixer
1 part Developer 1 part Fixer
6 parts water 2 parts water

The running speed of the film was set to 3 ft/min and the temperature of the solution

was kept between 28°c-30°c [Jones 1996].
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ILFORD 2000 RT Machine Paper Developer and ILFORD 2000 RT Machine Paper

Fixer were used.
5.8  Film analysis and data extraction

The analysis of high speed film recordings is an important part of the overall technology
of high seed photography. The need for quantitative rather than qualitative analysis has
led to the development of specific designs of film readers and associated software

packages that are designed to reduce the time taken to obtain results.

In order to obtain accurate results from the analysis, certain actions must be taken at the
image acquisition stage. An accurate time base needs to be made for calculating
parameters of the moving object such as velocity, acceleration, momentum, etc. With
film systems not only the camera requires time to run up to its operating speed, but also
the final run speed may not be exactly as programmed due to tolerances in the camera
transport and control system. Therefore, to provide accurate timing data, a timing mark
must be inserted on the edge of the film at the time of exposure. Typically this consists
of a light emitting diode (LED) fed from a crystal controlled time base at 100 or 1000
HZ depending ox; the camera speed setting, i.e. framing rate. This is used to calculate

the exact framing time rate at the time of exposure.

The camera system also needs to be calibrated. This can be as simple as knowing the

exact distance between two points on the object being photographed.
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5.8.1 Film analysis system

A film analysis system consists of several components, including a projection head to
transport the film, a screen onto which the image can be projected, a cursor for entering
the data points, and a computer and software for storing and manipulating the data. The
function of the pr;)jection head is to transport the film so that the various frames may be
viewed either as a sequence or one frame at a time. The transport mechanism should
therefore be capable of running in both continuous mode , in both the forward and

reverse directions, and frame by frame mode.

The viewing screen should be of an adequate size to ensure the easy identification of the
points of interest. For 16 mm film this will require a magnification of the order of 30

times the film negative size.

The data analysis software is the means by which the raw data from the film is

processed into usable data.
5.8.2 The film analysis system used in the present work

The film motion analyser used in this work is Film Motion Analyser Mode 160 F,
designed and manufactured by NAC, Inc.TOKYO, Japan. This high precision film
analyser is specially designed to project 16 mm motion picture film onto a built-in rear
screen in slow-motion or at variable speeds for qualitative/quantitative analysis of

events recorded on film.
5.8.2.1 Description of the analyser

The film motion analyser consists of a projection head and a measuring case that

contains the digitiser and an interface. Figure (5.7) shows a schematic view of the Film

Motion Analyser.
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Projection head, The projection head contains the film feed and take-up mechanism,

their controls and projection optics. The optical system uses a light source consisting of

a 120V, 250W Halogen lamp with a dichroic integral mirror and blower cooling. The

screen brightness can be adjusted to minimise operator fatigue.

S S

Figure (5.7) Schematic view of the film motion analyser.
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Measuring case, The measuring case comprises a large surface-coated mirror, a

digitiser tablet integral with rear screen, a control panel, the interface and the cursor.

The digitiser is electromagnetic and an electronic grid is built into the tablet. When the
cursor is placed over a point on the screen, the corresponding X and Y co-ordinates are
displayed, indicating the position of the cursor on the screen relative to the lower left
corner, which is taken as the fixed origin. Pressing a button on the cursor then transfers

the data in digital form to a computer.

Control panel, All the controls and indicators are placed in this panel and integrated in
three sections as follows:

O Pre-set Pre-set of frame count; this is used when a particular film frame is to be

assigned a desired number.

O Film control Controls for film feed direction, start/stop film advance, film feed
speed.
QO Digitiser Select cursor modes( point digitising, mode 1; digitising

continues as the cursor is held pressed, mode 2; digitising starts as the cursor is pressed

and continues until the cursor is pressed again)

Interface, The interface is housed in the measuring case and its connector panel is
located in the lower-left comer of the rear panel. An interface PCB(either RS-232C or
GP-IB) is installed in the interface so that the X and Y co-ordinates data can be sent to

an external device such as a computer.

Software, The data analysis software which is used in the present work is the “NAC
MOVIAS Film” version 3.0, which has been developed by NAC Incorporated.
MOVIAS Film is a motion analysis software capable of producing the results of an

analysis of a cine film recorded by a high speed camera such as the position, velocity,
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acceleration, centre of gravity, etc. in forms of graphs or tables. The software enables

the user to obtain the following parameters for each individual measuring point.

® Position Co-ordinates (location) of a measuring point

® Displacement Displacement of a measuring point

® Velocity Travelling velocity of a measuring point

® Acceleration Acceleration of a measuring point

® Force Force acting on a measuring point

® Momentum Momentum of a measuring point

® Energy Kinetic energy of a measuring point

® Length Length of a line segment passing through two or more measuring
points

® Area Area enclosed by line segments passing through three or more
measuring points

® Angle Angle determined by three measuring points

® Original Data Raw measuring data

5.8.2.2 Comments for analysing recorded films by photec

As explained in section (5.4.1) the timing light generator in the Photec camera has two
possible operating frequencies, 100 HZ and 1000 HZ. If 100 HZ is selected the timing
light simply flashes at a rate of 100 HZ, but if 1000 is selected the timing light flashes at
1000 HZ, but also has 100 HZ overlaid (so every 10 marks a double mark will be seen).
This method is used so that the frequency used during the shooting of film can be
identified after film processing. It implies that when the camera speed is set-up to the

high rate (1000 HZ), the 100 HZ identifier must be omitted during collection of timing

mark data.

The timing lights on the Photec camera are 5 frames in advance of the image. This

means that when using MOVIAS software we should identify the frame from which we
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wish to start analysing, reverse the film by 6 frames and forward by 1 and reset the
frame counter on the analyser. The timing marks can then be entered over the range of
frames to be analysed. Before any measuring points are entered the film must again be
positioned at the frame from which analysing is to start (frame 5) and the frame counter
reset. When positioning the film for analysis it is important always to reverse beyond
the start point and then move the film forwards to the final position. This is so that the

correct side of the film perforation is contacting the registration pin [Brown 1996].
5.9  Testing the camera and analyser

In order to test the camera and image analyser a simple experiment was carried out. A
small DC motor holding a pulley with a disk stick on it was used ( a DC motor was
selected in order to maintain a constant speed during the experiment ). A straight line
was marked on the disk and then the disk speed was measured by a stroboscope.
Knowing the disk diameter and rotational speed the surface speed of the disk could be
calculated. A cine film was taken from the disk and the surface speed of the disk was
determined using the image analyser. This measurement was carried out from two
different section of the film, and the results are shown in table (5.6) and compared with
the actual speed of the disk, determined by the stroboscope, in figure(5.8). The
variation in the results might be due either to the small variation of the timing marks or
the thickness of the marked line which made it difficult to input exactly the same point
in each frame. It is unlikely to avoid these variation sources and because the SD is not .

too much we accept these variations.
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Table (5.6)

Velocity of the rotating disk obtained by photography
First section of Middle of the
the film film
Average velocity 2.53 248
(m/sec)
SD 0.242 0.139
SE 0.057 0.034
Number of 18 17

measured points

e e o i e e i N

Velocity (mm/msec)

3.0
2.8
2.6
2.4
2.2
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6 y
0.4
0.2
0.0

Average Velocity1=2.53 m/s
Average Velocity2=2.48 m/s

—u— Actual velocity=2.60 m/s)

E
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M | ' |
2 3 4
Time(msec)
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Figure(5.8) Comparison of the disk velocity obtained by filming and actual value by

stroboscope
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The results of these measurements are shown in figures (6.4 and 6.5). The axes shown
in these diagrams are OX horizontal and OY vertical with origin at the centre of the
opening roller, see Fig. 5. While these findings may be interesting they are too few
data to yield any satisfactory conclusions about possible fibre trajectories. The
experimental difficulties involved in obtaining such data are great; consequently an

alternative approach was devised.

Figure (6.4) Fibre trajectory obtained from photographed fibre (sample No.l)
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—=—trailing End - 80
e leading End

~ -70

¢

a) Fibre Trajectory ( sample no.2)

Figure(6.5) Fibre trajectory obtained from photographed fibre (sample No.2)
6.3.2 Analysis of the fibre trajectory

In order to do this the transport channel was divided into small regions by parallel
lines drawn perpendicular to the straight edge of the channel, as shown in figure 6.6.
The points at which fibres intersected these lines were noted and distances such as da,
db, dc in figure 6.6, line 1 were measured and then the average of these distances for
each line was taken as being representative of fibre motion in that particular region of
the channel. This measurement was carried out for 500 frames in each film. This
method of analysis enabled us to have an understanding about the average motion of

the fibres throughout the transport channel.
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Figure 6.6

Schematic explanation of the fibre analysis method of measuring

fibre motion through the transport channel

The distributions of these “intersection distances” (for the case of air-knife tangential

to the opening roller surface) for each line are shown in figures 6.7a to 6.7d. 1t is

apparent that at the early sections (1-7) the distributions are positively skewed, while

those at later sections ( 12-15) are negatively skewed with relatively symmetrical

distributions being exhibited at the central sections(8-11). This , of course, reflects

the fact that fibres tend initially to move close to the opening roller surface and as time

goes by they tend to move away from the opening roller.

127



Chapter six

Experimental and Theoretical Results

25

Fibre frequency

. .1 1. i .
0.002040608101.21416182022242628
Distance from the surface of the opening roller (mm)

]
Distance from the surface of the opening roller (mm)

‘ Section three I
l Mean =2.16 mm I

0
Distance from the surface of the opening roller (mm) | -

2 4 6 ] 10

Section four

[mean = 3.07 mm I

...

s 10 12

0
o
Distance from the surfuce of the opening roller (mm)

S e

Figure. 6.7a Distribution diagrams for the fibre “intersection distances” from the

opening roller (mm): sections 1, 2, 3 and 4
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opening roller (mm): sections 5, 6, 7 and 8
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Using these distributions an “average” trajectory can be deduced, and this is shown in

figure 6.8.
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Figure 6.8  Fibre trajectory in the transport channel based on experimental data:

a) Air flow hitting the opening roller surface b) Air flow tangential to the opening roller
surface
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When the air flow is tangential to the opening roller the mean trajectory is smooth,
with no discontinuities. However, when the air flow hits the opening roller surface at
an angle 15° to the tangential to the surface of the opening roller this is reflected in a
change in direction of the path, i.e. in a discontinuity when the angle 0 is about -7
degrees, i.e. at about line 11 in figure 5. The fact that the method of analysis can

distinguishes the two cases suggests that the approach is a reasonable one.

The distributions can also be used to calculate approximate 95% confidence limits for
the trajectories, i.e. limits within which the vast majority of the individual fibre
trajectories can be expected to lie. This was done for each distribution corresponding

to a given position, a typical example is shown in figure.6.9.

lllll-l-..

LCL=0.12 mm UCL = 9.5 mm

Figure 6.9  Typical distribution used to obtain 95% confidence limit

The 95% confidence limits are marked on this diagram, and are such that 2.5% of the
intersection distances are smaller than that the lower confidence limit (LCL), while

2.5% are greater than that the upper confidence limit (UCL). The limits calculated in
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this way are shown in figure 6.8, and define a band within which most fibre

trajectories are expected to lie.
6.4  Theoretical Results

As explained in Chapter Three, a theoretical model was developed to describe the
motion of fibres in the transport channel of the air-laid machine. This model enables
us to predict the behaviour of fibre motion for different machine designs, machine
parameters and fibre types. In order to solve the equations of fibre motion a series of
programs was written in FORTRAN 77 (see Appendix ). The programs consist of

three main sections which may be summarised as follows:
Q Data file reading

Q Subroutine FCN

Q Subroutine out-put

The data file contains:

® Machine design parameters ; opening roller radius (R), length of tooth (Lp),
working angle of the card clothing (y), angle of blower relative to the opening roller

surface (B), inlet diameter of the blower (DI), the width of the channel (Ly),

® Machine parameters ; velocity of blower (VI), angular velocity of the opening

roller (w),

® Fibre specifications ; fibre fineness (dtex) and fibre length (Ly), coefficient of

friction between the teeth and the fibres (),

® Initial values for 1, I, ¢, ¢, the position on the tooth where the fibre is placed

immediately after entering the transport channel, the initial translational speed of the
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fibre, the initial angle between the fibre and the tooth, and the initial rotational speed

of the fibre.

An example of the data file which was used is given in table (6.1).

Table (6.2) An Example of the content of data file used to solve the fibre motion

equations
o o0 Data file content nagl.data

starting value of time (s) 0.0
final value of time (s) 3.0D-02
length of tooth (mm) 2.0
radius of the opening roller (mm) 170.0
omega (angular velocity of the opening roller rad/s) 11.52
gamma ( working angle degrees) 82.0
decitex (fibre fineness) 15
coeff of friction () 0.25

L¢ (fibre length mm) 15

PN (pure number - no dimensions) 2.646D-05
PT (pure number - no dimensions) 2.646D-06
theta 0 (degrees) -45.0
VI (m/s) velocity of blower 25.0
BETA (degrees) direction of blower 65.0

Lo (narrowest channel width in m) 118.138D-03
DI (inlet width of the blower in m) 0.002

In the FCN subroutine the Nag Library Routine DO2CJF was used to solve the
differential equations of fibre motion. This subroutine first computes the fibre
velocities V4, Vi, Vr ( normal and tangential to the fibre length respectively). Then
these velocities are used to calculate the air resistance terms A, and A,, in order to
compute these terms the effect of air flow needs to be accounted for. Therefore

another subroutine was written to predict the air flow pattern in the system.
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Subsequently, four simultaneous equations were solved for F, N, #, ¢ in the form of

a matrix, see section 3.5
In the out-put part of the programme the following information can be obtained:
T ; the travelling time of the fibres.

0 ; the angle between a radius drawn on the drum and the horizontal. 8 changes with

time as the drum rotates

r ; in the case of motion of the fibres on the tooth, the distance of the fibre contact

from the root of the tooth.

I ; in the case of motion of the fibres on the tooth, the translational speed of the

fibres.

¢ ; in the case of motion of the fibres on the tooth, the angle between the fibre and the

tooth.

@ ; in the case of motion of the fibres on the tooth, the rotational speed of the fibre.
Xa, Ya, X, Yg, Xg, vo; co-ordinates of the two ends and centre of gravity of the fibre.
F and N ; the frictional and normal forces acting upon the fibres.

Va, V, Vg ; the velocity of the two ends and centre of gravity of the fibre when it

touch the conveyor belt.

@ ; the landing angle of the fibres.
@ ; the rotational velocity of the fibres at time of landing on the conveyor belt.

As the boundary conditions for real individual fibres are not known and there is no

proper way neither theoretically nor experimentally to determine them, a number of
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different cases with different boundary conditions were measured (i.e. different initial
values for 1, t, ¢, ¢ ). These initial values are listed in table (6.3). In the next step

the equations were solved for each set of initial values and it was found that the first

six set of initial conditions produce results comparable with the experimental data.

Table(6.3) The Initial Values for r, f, ¢, ¢

“Case | p §{o : ‘;¢o"~ ffo‘ :é’o' :
R (mm) . (degree) (mm/sec) (rad/sec)
1 0.1 1.0 0.0 500.0 50.0
2 0.1 1.0 90.0 0.0 100.0
3 0.1 1.0 115.0 0.0 50.0
4 0.25 1.0 0.0 500.0 100.0
5 0.25 1.0 90.0 0.0 50.0
6 0.25 1.0 115.0 0.0 100.0
7 0.25 1.5 75.0 600.0 50.0
8 0.25 1.5 75.0 600.0 100.0
9 0.25 1.0 74.3 500.0 50.0
10 0.25 1.0 74.3 500.0 100.0
11 0.25 1.0 74.3 600.0 50.0
12 0.25 1.0 74.3 600.0 100.0
13 0.25 1.0 75.0 500.0 50.0
14 0.25 1.0 75.0 500.0 100.0
15 0.25 1.0 75.0 600.0 50.0
16 0.25 1.0 75.0 600.0 100.0
17. 0.25 0.0 75.0 0.0 500.0
18 0.25 0.0 75.0 0.0 1000.0
19 0.25 1.0 74.50 0.0 0.0
20 0.25 1.0 74.5.0 1000.0 0.0
21 0.25 1.0 75.0 1000.0 50.0
22 0.25 1.0 75.0 1000.0 70.0
23 0.25 1.0 75.0 1000.0 100.0
24 0.25 1.0 75.0 1500.0 50.0
25 0.25 1.0 75.0 1500.0 70.0
26 0.25 1.0 75.0 1500.0 100.0
27 0.25 1.0 80.0 1000.0 50.0
28 0.25 1.0 80.0 1000.0 70.0
29 0.25 1.0 80.0 1000.0 100.0
30 0.25 1.0 80.0 1500.0 50.0
31 0.25 1.0 80.0 1500.0 70.0
32 0.25 1.0 80.0 1500.0 100.0
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Fig(6.15a) Comparison between the theoretical and experimental results of fibre trajectory in the transport channel of the air-lay machine
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Chapter six Experimental and Theoretical Results

As can be seen these theoretical results fall within the 95% confidence limits,
suggesting that the theory is capable of giving reasonable results. An experimental
approach to determining the initial values would have been preferred to the numerical
one. Thus, further experimental investigation of the initial values is recommended,
which should involve photographic observation of the position of the fibres on the
tooth. However, this would have necessitated more a'dditional photographic
instrumentation, which was not available. Another area that may need further
consideration is the development of a mathematical relationship which describes the

precise nature of the air flow within the transfer channel.
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Chapter Seven Summary and Suggestions

to predict the fibre motion both on and off the tooth and also explains how the fibre
specification and machine settings alter its motion. The fibre velocity, acceleration and

trajectory can be found through this model.

The conveyance of fibres in the transport channel by the carrier air, in this particular
case, was assumed to be a single phase problem. This assumption is not far from reality
on account of the fact that fibre flux is much less than the air flux, in other words the
effect of fibres on the air flow pattern compared to the effect of air flow on the fibre

motion is negligible. Therefore it is reasonable to make the single phase assumption.

The fluid field in the transport channel was assumed to be an.inviscid flow (i.e. a flow
field in which shearing stresses are negligible) with a linear distribution across the
channel width. Although this approximation is a simple one, it has given good results in
this research. From the theoretical results, it was found that the initial values (i.e. initial

fibre velocity and position) have a substantial effect on the fibre motion.

To investigate the effect of different factors on the fibre motion along the tooth of the
opening roller a dimensionless form of the equations was made. The effect of the
coefficient of ﬁiction between fibres and teeth (n) on the fibre motion and fibre
velocity was demonstrated. It was indicated that the higher the p the longer the fibres
travel along the tooth before leaving it, at both working angles of the card clothing

(le.y =75°, y =82°)

The translational velocity of the centre of gravity of the fibres decreases by increasing
K at high values of the tooth length (L), when the terminal velocity is virtually

independent of p. For the rotational velocity of the fibre increasing p tends to decrease
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Chapter Seven Summary and Suggestions

the final rotational velocity except at low values of L, , when again there is

independence of p.

In an attempt to validate the theoretical results high speed cine photography was
employed. Because of the complexity of the situation and the nced of better
equipment in terms of powerful light sources and lenses, which were unavailable
during the course of this work, satisfactory photographs could not be taken of the
motion of fibres along the teeth. Therefore it was decided to take photographs from
the transport channel sideways where the fibres are actually off the teeth of the

opening roller and travelling through the transport channel

As explained in Chapter 6 it is almost impossible to capture the whole fibre length and
follow a particular fibre in successive frames. This caused a difficulty in measuring
the velocity of the fibre ends in successive frames, because the measuring points in a
frame may move in such a way that they can not be recognised in the next frame (i.e.
they may not be identical in successive frames, so that the velocity of a fibre end can
not be measured in sequential frames). Alternatively, a method was developed to find

the fibre trajectbry through the transport channel.

The results show that during air-laying fibres first tend to travel close to the surface of
the opening roller and then they start moving away from the opening surface. This
trend happens in both machine settings (i.e. where the airflow is tangential to the
opening roller surface and also when airflow hits the opening roller surface). Fibres
follow a smooth curve where the airflow is tangential to the opening roller surface,

Wwhereas in the case of airflow hitting the opening roller surface a discontinuity in the

path occurs.
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Chapter Seven Summary and Suggestions

The experimental results obtained may be compared with the theoretical predictions
(see fig. 6.11). In this figure the theoretical predictions of the minimum, maximum
and average positions of the centre of gravity of the fibres are shown, together with the
average movement of the fibres in the experimental results. The theoretical
predictions are highly dependent upon the initial conditions and by changing these
initial values, the theoretical results could be made closer to the experimental ones.
Although it is difficult, with so many variables and assumptions, to isolate the reasons
for the differences that do occur, it has been established that there is reasonable
agreement between the trend of fibre motion in the transfer channel predicted by

theory and that observed experimentally.
7.2 Suggestions for the future work

The following suggestions are made for future work aimed at improving the
understanding of air-laid web formation technology leading to the production of a high

quality final product.

* The air-laid machine used should be further modified, particularly airflow mechanism.
1t is suggested that having a blower from the top of the transport channel results in more
uniform air flow across the transport zone. Also to be able to process finer fibres the

wire clothing of the rollers, especially the licker-in, should be replaced with a clothing

with more wire populations.

* In the theoretical model, the air flow pattern was assumed inviscid with a linear
distribution across the channel width. For further improvement of this theory a
computational fluid dynamic technique can be used to simulate the fluid field. This

technique relies on the numerical simulation of the flow field. The equations goveming
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AppendixAl Software programming

The following programe is a programe written in Fortran 77 in order to solve the
equations of motion of the fibres on the teeth of the opening roller of the air-laid

machine.

Program based on D02BDF Example Program Text
Mark 14 Revised. NAG Copyright 1989.

but now actually using DO2CJF.

Modified for fibre problem Nov 1995 - Jul 1996

* X X * ¥ ¥

Latest version taking account of signs of air resistance

IMPLICIT NONE

Parameter statements

INTEGER NEQS, IW
PARAMETER (NEQS =4)
PARAMETER (IW =28 + 21*NEQS)

Dimension statements depending on them
DOUBLE PRECISION Y(NEQS), W(NEQS,IW)

External functions and subroutines
EXTERNAL FCN, OUTPUT, ENDCON
DOUBLE PRECISION ENDCON

Constants in common blocks

DOUBLE PRECISION PI, LF, BIGR, THETAO, OMEGA, GAMMA
COMMON /BLOCK1/ PI, LF, THETA0, GAMMA
DOUBLE PRECISION M, G, PT, PN, THRESH, DTEX
COMMON /BLOCK2/ M, G, PT, PN, THRESH
DOUBLE PRECISION MU

COMMON /FRICTN/ MU

DOUBLE PRECISION LP

COMMON /PINLEN/ LP

DOUBLE PRECISION BETA, VI, L0, DI
COMMON /AIR/ VI, BETA, L0, DI

COMMON /NEWBLK/ BIGR, OMEGA

Local scalar constants and variables

DOUBLE PRECISION TOL, T0, TEND

DOUBLE PRECISION T, R, RDOT, PHI, PHIDOT, U, V, OMEGAF
INTEGER I, IFAIL

CHARACTER*1 RELABS, DUMMYC

CHARACTER*3 RUNNO

CHARACTER*20 NAME1, NAME2, NAME3

INTEGER LINENO, LINEN1, LNLEN
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AppendixAl Software programming

¥*

¥ W K ¥ K ¥ F ¥ ¥ K ¥ %X * * W

Set constants
PI=4D0*DATAN(1D0)

G=9.81D0
THRESH = 1D-4

Values of RDOT less than THRESH are treated as zero for the purpose
of deciding whether the fibre will slip along the pin in the next
time-step. THRESH is about 1/10**6 times typical values of RDOT.

WRITE (*,*) "Motion of fibre on pin'
WRITE (*,*)
PRINT *, Number of line to use in special.data file?'
READ *, LINENO
IF (LINENO .LE. 9) THEN
LNLEN = 1
ELSE IF (LINENO .LE. 99) THEN
LNLEN=2
ELSE
LNLEN =3
ENDIF
WRITE(RUNNO, 9) LINENO
FORMAT(13)
NAMEI1="dtex11.res.' // RUNNO((4-LNLEN):3)
NAME2 = "DTEXNTRP11.res.' // RUNNO((4-LNLEN):3)
NAME3 ="'VELFILE.' // RUNNO((4-LNLEN):3)
OPEN (4, FILEENAME1)
OPEN (8, FILEENAME2)
OPEN (9, FILEENAME3)
Open main data file
OPEN (3, FILE='nag1.data")
TOL =5D-5
RELABS ='M'
WRITE (*,99999) ' Calculation with TOL =', TOL

Data file must contain the following 15 numbers:

1) starting value of time (s)

2) final value of time (s)

3) length of pin (mm)

4) THE FOURTH VALUE IN THE MAIN DATA FILE IS IGNORED
5) THE FIFTH VALUE IN THE MAIN DATA FILE IS IGNORED
6) BIG R (mm)

7) omega (rad/s)

8) gamma (degrees)

9) decitex (mass of 10 Km lenght ,g)

10) coeff of friction mu

11) Lf (mm)

12) PN (pure number - no dimensions)

13) PT (pure number - no dimensions)

14) theta 0 (degrees)
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