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CHAPTER T
INTRODUCTION

The winding of yarn is aﬁ essential part of preparing the
Yarn for the weaving process, The object of winding a package such
as cheese, cone etc; is to produce a psckage which is suited to the
requirements of the next process such as Warping,'dyeing, pirn winding,
weaving'etc; A flangeless self-supportlng cross wound package is
better in many respects than a flanged package. For unw1nding the
yarn at a high speed for the next process the overend w1thdrawal of
yarn is essential. Also the flangeless core is cheaper and lighter,
These factcrs ﬁake a crosswound package an economical propos1tion as
compared to a flanged package and it is therefore éreferred.

For the package‘to be self supporting, it is essential that
the yarn be wound et an angle to a plane perpendicular to the aﬁis of
the package; this angle is called fﬁe wind angle., Because of the
wind angle the tension in the thread has an exialvcoﬁponent which
holds the package together. fhe greeter is the wind engle the greater
is this effect; but if the wind angle.is too large the yarn ﬁill slip
off away from fhe ends of the cheese during winding so that the wind
angle which can be used is limited by the frictlon of the yarn,
Because of the tendency of the yarn to slip off from the ends of the

package it is difficult to make a cross wound package from a smooth



- yarn with low friction. (The friction of the yarn also helps to

- prevent the sloughing off of the yarn from the package during-

unwinding.)

A package meant for package dyeing shouid have low and
unifdrm pressure iﬁside it to facilitate'tﬁe circulation of dye
1iquor'and to obtain uniformity of dyeing. (A package should be stable
enough to go through normal handling and storing."A’uniform residual
tension in the yarﬁ inside the ﬁackage'is desirable, particularly

with visco-elastic yarns where different 1evelé of residual tension

~in yérn can give rise to bars in the fabrics woven from‘it:) During

unwinding of the'ﬁackage at high speeds the shape of the package and
friction of the yarn are important as‘fhey affect the ease of
unwinding and sloughing off of the yarn.

A cross wound'cheese»may be produced by random winding or

precision winding., In a random wound package the travérse rate is

" related to the surface speed so that the number of winds, which is

equal to the number of wraps of yarn wound on the package for one
traverse of the yarn from one end of the package to the other,

decreases and the traverse per wind increases as the radius of the

. package increases but the wind angle remains the same, . There is no

'cbntrol on.the relative positions of the successive wraps of yarn

over the cheese,



In precision winding the traverse rate is related to the
angular speed so that each wrap of yarn'is positioned precisely
reiative to the previous one and the traverse per wind remains |
eonstant but the wind angle reduces as the radius of the eheese
increases, This is the basic differenoe between the precision
‘ winding and the random winding. In the precision wound packages
the number of threads in a given axial length remeins constant
regardless of the winding radius and the threads are therefore laid
w1th a slightly increasing gap as the wind angle reduces due to
increasing w1nd1ng radius. The present work is intended as a first
approach to assess the way the pressure and the tension in the yarn
are likely to change in a package and its scope is limited to a
precision wound cheese. This type of cheese was selected as it was
thought to be easiest to solve. An attempt is made to determine -
thebretically the residual tension in the-yarn, the pressure and the
compression within a precision wound cheese.

In actual winding for one stroke of the traverse guide
from left-to right only a few wraps of yarn equal to the number of‘
winds are laid on the cheese.v On the. return stroke from right to
left the same number of wraps are laid again but the wraps are in the
0pposite direction,” The two series of wraps cross each other at

several points, the number of such crossing points is equal to twice



' 'fhe number of winds., The second sfroke from left to right places the
next wrap of yarn adgacent to the first wrap of the first stroke
dlsplaced by an axial distance (here termed ‘*spacing' ) equal to
slightly more than one drameter of the yarn or more. The-spacing of
the adjacent wraps_is precisely»controlled; One series of wraps would
- be complete when the point at which the yarn crosses a giveh genérator
of the packagevsurface has progressed fhe hidth of one wind, . |
' Similarly asnother series wculd be compiete when the crcssingbpoint
of the return wrap has moved the width of the other wind from the
other end, Thus the two series of wraps are 1aid.simu1taneousl&‘and
each thread of'the first series crosses the thread of the other series
and the two series get interlaCed. The points of interiacing lie on:
planes perpendicular to the axis of the package. The two series of
wraps of yarn are deflned here as two layers of yarn though strictly
SPeaking the yarn is not in distinct layers because of the interlacing.
The cheese is made by adding layerw of yarn which is wound.
on under tension. The additlon of a layer at the outer radius of the
cheese imposes pressure on the cheese beneath it as a result of which
the cheese deforms radlally. The imposition of the pressure on the
cheese'causes an increase in the pressure inside the cheese as a
result of which, in general, any element of the cheese moves Ilnwards

a little towards the centre of the chees This results in a smaller -




-

circumference of that wrap permitting the yarn to contract and its

’tension to reduce., As more 1ayers’are added to increase the~puter
radius of the cheese the pressure, the compression and the change in
‘ténsion in the yarh inside the chéese continue to increase., It is
:possible that the yarn, due to sufficiént,compression, 16ses»its
tension completely at some radii inside the cheese,

In a cross wound package thg Changes in circumference méy
be accoﬁmodated either by'ya;p cqnfraction or by distortion of the
layers becausg reduction of circﬁmferegce ;siaccompanied by increase

iin'agial lengt%}'i.e. the wind angle may change slightly wifhin the
packagey Thus tﬁe reduction in the lengthrof,thgyyarn may nbt.change
Proportioﬁaily'tOMthe cltange in the circumference of the cross wound
1aY¢r due to the;ihward.movemeht of the layér as fhe axial lenéth of
the layer may change éﬂsé. Therefore the change in the tenéion of
the yarn may not b; as much‘as gxpegted in a parallel wound package
under similar forces, As all tﬂe 1ayers are not subjected to fhe‘same
inward movement the axial movements whiqh are necessary to equalise'
the tensions would‘bé differeﬁt at different radii, i.e. there is a
tendency for the layers of yarn to move axially;relative to each.”
other, This can only take placé if-siipping.or rolling occurs and
this will depend on the sﬁear force and the pressure bétween the

layers.



The brocess has similarities with but ié more complex than
that for parallel winding which has been studied in some detail.
Catlow and Walls1 have derived equations for determining the stress
&istfibution in thé pirns formed by parallel winding. In the solution
the pirn is assumed to be made up of léyers of yarn of infinitesimal
thickness and it is also assumed to be isotropic and homogenbus.

Free axial expansion is allowed - which is reasonable because of fhe

- way in #hich a pirn'is buiit., At first the effect of adding a layer
~at the outer radius of the pirn is considered.' This results in second
order'differentiéi equations involving the incremental radiél and
circumferential stresses. The boundary conditioné for the solution

of these equatibns are that the compression of the pirn.at the éoré
radius is zero and the pressuie imposed by the added layer gt the oufer
radius of the pirn is known from the tension in the yarn and the,_
thickness of that layer. (The yarn at the core cannot reduce its
length as the core is assumed not to deform, but it is possible for
this yérn to lose itg tension due to Poisson's effect by which
increasing pressure can reduce lengthwise tension). The equations

are integrated analytically to give the expressions 6f incremental
radial and circumferential stresses at any radius of the pirn for
each'léyer'added at the outside, The total changes at any radius for

the final outer radius of the pirn are'obtained by integrating the
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contributions‘of all the layers addéd.
They have calculated thé values of the ratio of the residual

circumferential stress to the winding stress at different radii of
‘tﬁe’pirn for différent types of pirns. Fig. 1.1 shows the ratio of
:the residual circumferential stress télthe winding stresé in a pirn
of core radius 0.74 cm and outer radius 1.27 cm along the radius of
the pifn for the different values of Poisson's ratio. This showé how
the teﬂsion reduction due to compression which is greatest at middle
values combines with_that due to Poisson's gffect, which being a
function of preésﬁre, is greatest near the core. &he miniﬁum is
most pronounced when Poissont's ratio is zero, thé residual tension
at the cofe then being equal to the winding ténsion. With thelinCrease
in the value of Poisson's rafio the minimum tension in the yarn '
occurs at points qldser £o the core and for the value of 0.5 the
minimum of the curve has disappeared and the lowest value is at the
cére. | |
, 4

h// By making the pirn sufficiently large it would be possible
for the yarn to lose.all its teﬁsion at some radius.of the pirn. The
other simjlarly wound packages like straight wound cheese, warp beam
etc. are likely to show this effect. yThe calculation based on the
formpla of Catlow and Wails shows that in the above pirn when the
value of Poisson's ratéo is zero the yarn at;the radius of 1.55 cm

has lost itS‘tension completely when the outer radius is about 6.3 cm,



giving the ratio of outer radius to the core radius of about 8.5.

In the case when the valﬁe of Poisson's ratio is 0.5 fhe yarn at the
core loses all its tensioh when the‘outer radius is about 3.8 cm
'giving the ratio of outer radius to the core radius of about 5. Any
 further increase in'the outer radius ﬁéuld cause the yarn tension at
these radii to become negative, and might give.risé to fhe buckling
sometimes seen on rolls of tape etec.

This approach ié the one uséd préviously for analysing the
winding of wire to strengthén the barrei§ o£ guns - a very similar
process but in which Poisson's effect is not always included.

One restriction of thisfanélysié is ité essunption that the
material ié hoﬁogenous. Bédd_oe2 has used the same approach ini
establishing a theory‘of winding aniéotropic elﬁsfic yarn Qn‘a thick
flanged tube in opdér to‘predict preésures,on the tube and its .
flanges, He found that the modulus ratio, which he‘has definedvas
the ratio of Young's Modulus in‘the circumferential direction to that
for radial direction and axigl direction in the wound beam, could bé
as high as 20, Due to.thié anisotropy the péckage.cémpresses easily
in the radial direction as thé value_bf‘Young's Moduius in that
direction is low and tﬁér?féfe‘r;sulté in a higﬁer conpression of the
beam.fbr a’givén pressure imposed by the aaded 1ayér; This results
in a large change 6f circumferential sfrain dﬁe to wﬁich the change

in the tension of the yarn is also large. The loss in yarn tension



is further enhanced due to the higher value of Young's Modulus in the
circumferential direction. He has calculated the effect of the
.variation of the‘modulus ratio on'the pressure imposed by.the wound
‘yarn on the tube. The pressure imbosed by‘the wound yarn in the
;isotropic case is twice as much as when the modulus ratio is 20,
~ VAlso the ratio of the maximum presSure at the tube to the ninimum pressure
(zero) at the outside of the completed beam is also twice as much in
v/the isotropic case. Another important finding is the radial
distribution of the residual circumferential stress or the tenSion
in the yarn of the beam. In the isotropic case the ratio of the
residual circumferential stress to the Winding stress varies linearly
from a minimum value of about O. 48 at the tube radius of 1 to the
maximum value of 1 at the outer radius 2 of the beam. The calculation
of the value of the same ratio by Catlow and Walls inside a pirn does
not show this linearity With the radius of the pirn for the value of
Poisson's ratio of 0.%6 as shown in Fig. 1. 1.' This difference is e
probably due to the material of the pirn being able to expand freely
in the axial direction whereas on the beam the flanges constrain it
and axial pressures enter into‘the equationso In the case when the
modulus ratio is 20 the value of the ratio of the res1dual
‘circumferential stress to the_winding.stress‘varies from about 0;12

to 1. The curve of the ratio with respect to radius has a minimum of



0.12 and occufs at the radius of 1.3. The value of the ratio at the
. tube radius is about 0,75, The value of Poisson's ratio chosen for
these calculations is 0.3. The yarn at the tube radius 1o$es its
‘tenéion only due fo Poisson's effect as the tube‘cannot be radially
. deformed and due tb‘the higher pressuré at the tube radius in the
isotropic case the loss in the tension of the yarn is higher.

3

Wegner and Schubert” give expressions for determining the
pressure on the cores of precision wound and random wound cheeses,
Théir approach is as follows. They consider the preséure of an
element of a layér at some intermediate radius of the cheese and-
obtain an expression for this pressureol The tension in the yarn at
that radius isbassumed to be the same with which the yarn of the |
élement was wound, that is thé winding tensidn in the yarn. This
implies that the teﬁsidn in the yarn of the particular element of
thé layer considered did not change due to the subsequent addition
of the layers above it. However this would only be possible if there
was no compression (@eformation) of the cheese at that radius as the
cheese was completed, Now in order to obtain the pressure at the
core the expression so obtained is integrated betweeﬁ the limits of
the core radius and the final 6uter radius of the cheese,

This method precludes the changes in the pressure due té

thé'deformation of the cheese and the values of the pressure obtained

would be correct only if theAyarn was incompressible. But this is



not the case in practice. The deformation of the cheese has
_ considerable effect on the build up of»the.pressuré at any radius
even though that deformation may pot be large ﬁs the present work
" will show, This is particularly'true of the cheese made of anisotropic
}-yarn which has a higher value of Ioungis Modulus in the circumferential
diréction than in'fhe radial direction, Th;se expressions could give
a rough idea of the pressures in the case of isofropic cheeses which
are made out of hard material such as metal wire.

The object of the present work is to combine the approach
of Catlow and Walls with the geometry of thé cross wound package.
The model of the cheese solved theoretically differs frqm the actual
cheesé. in thé model the cheese is assumed to bg made up of léyers
of small thickness, which is‘éomposed of wraps of yarn in tension
laid side by side.with‘a‘shift equal to the spacing between the .
adjacent wraps., Each layer is‘supported,byla similarly made layer
beneath it with the wraps of yarn in the opposite direction.
Interlacing of the two layers is ignored and the contact between
the two layers is és&ablished htvseveral crossing points made by the
threads of the.tﬁo layers thus forming a cylindrical‘trellis. In the
actual cheese the direction of the thread reverses at the two ends
due té a change in the direction of the traverse and therefore the
two ends of the cheese are different from the central part of the

cheese. The present theoretical solution is aimed at the central



part of the cheese tq start with and'therefore fhe theoretical model
is treated as if it were of infinite axialklength to excludehthe
effect of the reversal of the yvarn at the two ends of the cheese and
Tsiipping which might occur there... ’

Also it is initially aésumed‘that the friction.between
adjacent layers and between yarn and éore is sufficient under all
conditiéns to prevent any slip taking place. This'assumption eliminates
the axial deformation of the cheese model and makes it different from
a real cheese which’is known to have axial déformation generally.
Nevertheless this.assumptibn'simjlifies theAanalysis>enougﬁ to,enablé
a restricted solution to 5e obtained and élso enéblesﬂuseful
information t§ be obtained about thé build up of the cheese prior to
the axial deformation of the Eheese. .In‘fact thié case nmust be
solved before the more.réalistic one can be attempted, Thén a
criterion might bé applied on‘the basis of the coefficient of friction '
between the adjacent layers and'the core and the cheese for which the
chéese would not undergo any axial deforﬁation.

The value 6f Poissoﬁ's ratio of the model cheese would
probably be small because_thesgpace,between thenadjaCent_wraps of
yarn allows the yarn to expand, fhe hore 80 as the radius of the cheese
%ncreases. Therefore the‘value of Poisson's ratio is assumed to be
negligible And this also simplifies the analysis. The core of the

cheese is assumed to be incapable of being deformed enough either



axially or radially by the éhear force or the pressure developed on it
due to the building of the cheese on it to have any effect on the
results. The Modulus of Compression of the cheese and the Blasticity
of yérn in Extensibn are assumed to be constant for the first solution
:developed in Chaptér 3 but in thevlatéf solution these are treated as
variable and their values depend on the pressure between the layers
and thé tension in the yarn respectively.‘ This solution is devel§ped
in Chap%er 4. * |
| .The problems of measuring the chapgesvwhich:take place
during winding of a real packege are considerable. rDeformatiQns are
in general fairly small and the material is fairly elastic. The
package séived‘theoretically‘_is acted on by no egternal forces-eicept
those imposed by the core and.any attempt to hold a real package in.
such a way as to measure it accurately might deform it more than the
actual winding process would. The insertion of any measuring device
during winding is liable to disturd the normal winding process. Thus
it is not surprising that indirect methods have sometimes had to beA
used, |

de Ruig4 in describing a new type of a tra#erse pattern
called 'Megaphone Traverse Patternt for winding drawtw;st packages
gives details of measuring the deformation of. the package, "The
degree of deformation is measured expefimentaily_by nmeasuring the diameter

of a cylindrical part of a package of polyamide fitre yarn - at



- 14 -

different package weights.; duriﬁg drawing and winding and by
meésuring these diameters again two days after the cbmpletioh §f
therwinding and after reeling the yarn off to the corresponding

~ package weights", His findings.show that the chénge in the diameter
of the package amount to a maximum of about 2.3% and this change
occurs nearer thé inside of the package. This method is useful for
measuring the permanent deformation of the'package made of visco-
e;astic yarn. It>ﬁould not shbw accurately the deformation of the
package at a giyen'radius as the package lis further built up from
that radius. Also it would fail to show the elastic deformation of
the cheese completely.

5

Wegner and Schﬁbert have devised methods for measuring
radial and axial deformations of a cross wound cheese. This work

was published when‘thé present study was almost cbmplete and uses
sﬁccassfull&.a method which had been considered hereAand rejected as
unlikely to be accurate. For measuring the radial deformation of a
cheese they insert,.one by one, pieces of metal foil with a lead
attached to one end of each foil piece at varioﬁs°radii’as the cheese
is builtvup to a given final Quter radius, Thelléads'protrude out of
the cheese at one end.. The position of each foil piece when inserted
‘is indicafed on a fixed scale by a prpbing needle'carried on a

vernier on the fixed scale, This gifes the first series'of measure-

ments of.the'position of the foils at the original radii. ‘During



these measurements the cheese is pléced on a fixed spindle under
the probing needle, The contact between the needle and the.foil is
indicated by a signal lamp. When the cheese is completed the

' poéition of each>foil is again measured by the probing needle; this
time the needle forces its way down ta the fbil through the yarn of
the'paekage, This gives the second series of measurements; The
third series of measurements is taken during unﬁinding when each
foil ié uncovered. The differénce between the first.and the second
séries of measurgments show the total_deformation of'the cheese, the
difference betwéeh the first and the third series of measurements
show the permanent deformation of the cheese and the difference
between fhe sécond and the third series of measurements show the.
elastic deformation of the éhéese ét various radii. The dangers of
this method wouldAséem to be that the inserted foil might disturbd
the transmission of shear betﬁéep layers and that the insertion of
the probe might produce local deformation at the very point where
vthe measurement is peing made.

“ador meaéuring the axial deformation of thé cheese they have
devigsed a semi-cylindrical cap which can be placed én the core of the
completed cheese, The'cgp haé pins parallel to the core arranged
,radiaily at the sides of the cap which -can slide towards the cheese
and contact’it. The'position of the heedles when in contact with

the cheese ‘at various radii indicate the axial length of the cheese
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at those rédii. The original axial length of the cheese at different
radii is estimated by a formula developed by them. The difference )
between the estimate of the original.-sxisl leﬁgth and the actusl
ﬁeasured axisl length after the completion of the cheesé glves the -
total deformation of the'cheése. Aiéo”the axial length at each radius
is measured at.each radius during unwinding as the cheese is reduced
to that radius. The difference between this ﬁeasurement and the
estimate of the'briginal axiél length gives the permanent axial .
‘defdrmation of,fhe.cheese and the différence betweén the two types.
of deformations gives the elastic deformation of the cheese,

. Figs. 1.2, 1.3 and 1.4 give the results for a cheese of
Wegner and Schhbert made out of a polyamide yarn of outer radiﬁs'of
15 cm and a core radius of 6 cm. Fig. 1.2 shows the radial
deformation of the cheese plotted against the radius of the cheese,
_'The max1mum total radial deformation of about 1. 4% occurs at a radius
of about 9 cm, The permanent deformation of about 0.7% at the radius
of 9 cm is more than half of the total deformation, The axial
deformation of the cheese is shown in Fig. 1.3.  The maximum axial
deformation of about 4.5 mm is at the radius of about 11 cm and is
of the order of 3.1% of the original length of about 14,7 cm. The -
Pefmanént deformation is about 60% of the total deformation. The
‘Curve has g minimﬁm near the core,

Fig. 1.4 shows the density of the cheese along the radius of



the completed cheese, fhis'shows a sharp reduction in the density
of the spool at the core and after the initial fall there is a very
gradual increase in the density of the cheese with the increasing
radius and finally the density falls again shérply near the final
outer radius of the cheese, The weigﬁt of yarn between two radii of
fheicheese muét correspond to'thé pressure inside the cheese and )
henge the curve is representative of the pressure inside the cheése.'”/'
They give no iﬁformation about the behaviour of the deformation,

either radial or axial, at a given radius of the éheese,as'the cheese
was built up from that radius to the outer radius.

In the present work the radial deformation of thé»cheese is
indicated by an electrical'resisténce strain gauge. The gaugé is
Prepared by fixing a wrap of strain gauge wire at some intermediate
radius of the cheese on a suitable paper base and then méasﬁring the
 change in the resistance of the wire as the cheese is built up by
continuing the winding. This method.néeded some development. However
as the gauge could not be calibrated the assessment of the radial
‘deformation of‘the cheese is qualitative, nevertheless, the behaviour
of the radial‘deformation can be reasonably assessed,

An attempt was méde to measure the axial deformation of the
chéese'at any intermediate radius by a similarly made electrical

Tesistance strain gauge. The axial deformation of the cheese is

fairly large and because of it the gauge wire snapped. ‘Therefore



this method had to -be abéhdoned; However a very simple alternative
mechanical method, made possiblé by the large axial deformat;on, was
_devised to measure the axial deformation,

| The e#perimental methods of measuring the deformation of
the cheese are deScribed in Chapter II élong with the details of
construction of‘the gauges and their development. The gauges for
measﬁring the radial deformation and the axial» deformation are treated
in separate secfibns.‘ The results'of the_winding tests are
discussed, The observations, calculations and tabuiated,results are
given in Appeﬁdix B.”

The theoretical e@uations for determining the radial
deformation énd the forces-within é completed cheese which does}npt
expand axially assuming Modulus of Compression of cheese and
Elasticity of yarn in Extension as constant are derived in Chapter III;
The numeriéél:method of integ?ating the equation is outlined. It
also gives an estimation of the'errof in éalculating the value of
the compression of the cheese as the cheese is buiit up. The
computer ﬁrogram in KDF9 Algol with‘explanationS'and flow diagram
is given“in_Appendix A, The theoreticéltresults obtained by solving
the cheese model for differeﬁﬁ values of the variables are also
: discﬁsséd in this chapter and these results are cOmparéd with tﬁe
fesults obtained eiperimentally. The‘critérion for which the cheese

would not deform axially is examined and the need for the use of




varying values of Modulus of Compfession of cheese and Elasticity

of yarn in Extension with pressure in the cheese and the tension in
the yarn‘respectively is indicated. The tabulated results are given
| in Appendix C, . '

The behaviour of the.modgi depends véry much on fhe elastic
modulii. These are known’not,to beiéonstanf as assuﬁed in the theory
- in particular the values vary a lot at.low loads. As it‘appéars
that'low values of tenéion in the yarn occur in the package and low
values of pressure occur near the surfacg some attempt should be made
to allow for the variation in modulii. |
| Thé.measﬁrement of these, their expression as functions of

pressure and tension and the use of these functions in the.an31YSis

are dealt with in Chapter IV. The computer program in KDF9 Algol with

flow diagram is given‘in Appendix A. The tabulated results appear in
. Appendix D.
| One aspect not yet.referred to is the way the forces
imposed by winding at speed might affect the behaviour. The efféct
of centrifugal for&es has in fact been considered‘and shown not to
be important in the present context. This study appears in Appendix
E.

All the theofetical_work is based on the assumption that
axial deformation does not take plaée and this should be remembered

when considering the results., This restricted and artificial case



was a necessary first stép in obtaining more realistic solution;
the difficulties in obtaining a numerical solution of even this

. case prevented more complexAproblems being solved. The discussion
ié largely concerned with the inferpretation of these results in
conjunction with the practical work, iﬁ.considering to what extent
they are relevaﬁt and how this work might be continued to allow

more_usefulicalculations to be made.



CHAPTER II

EXPERIMENTAL

2.1 Introduction

An attempt is made to devise”a ﬁethod to measure radial
and axial deformation of the cheese at some radius as the cheese is
furfher built up. A preliminary test showed that the radial
defo¥mation of the cheése can be indicated-by a resistance strain
.gauge wire. -The wire placed on the circumference éf the cheese
shoftens along with the circumference of the cheese at that radius
as the cﬁeese'is further built up. The change in the‘length;of the
wiré, i.e. in the circumference of the cheese at that_radius,visA
estimated by the change in fhe resistance of the wire. A gauge was
prepared to measure the radial deformation of the cheese. This
.method needed some'developmeﬁt which has been described later in
some detail. | |

- An attegpt was madé to meésure-the axial deformation of
thé Cheese alsouby the‘rééistancé wife.‘ But the~axialvchangé'was
found to beglagge céusiﬁgvthe breakége df’the wir;. Therefore a »
muéh simpiér method, made pdssible by the'large axial deformatioh,'
= was'deveioped and is 3186 described,
The straiﬁ méasurements wéré made both during’winding and

unwinding by stopping the winding orvunwinding. The unwinding was
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done overend and the strain during unwinding was initially continuously
“recorded by a level recorder and from the chart of the recorder the
strain and the radius of the pheese were estimated. But stoppage of
"the unwindingAfor the measurgment of the strain had no effect on the
strain and therefore the method of.coﬁtinuous recording was
discontinued.

‘A Leesona Style 50 Precision Winder was used for preparing
thé cheeses, For meaéuring the change in the resistance of the wire
a Strain Gauge Apparatus Type 1516 by Brlel and Kjoer was used. A
Bruel and Kjber Level»Recorder was initially used to obtain a record

.of the chgnge in the resistance of the gauge during unwinding, A‘
Zivy ﬁand fensiometer-was_used to measure the winding tension; The
observations and calculations for all the winding tests are given in

Appendix B.

2,2 Preliminary Test
| .For this test the cheese was built on a wooden core of 0.5
in, radius on a Leesona Style 50 Precision winder. The machine has a
.spindle speed of‘895 f.p.m. and a traverse of 5 in., with three winds
per stroke; The yarn used was 2/22S cotton and the cheeée was Jjust
built up to-a radius of 0.75 in.

At this diameter the cheese wasvwrapﬁed with a rectangle

of thin paper covering about the middle 4 in. of the length of the
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cheese. The two ends of the paper overlapped and were gummed together -
to form a complete wrap. Care was taken that the paper was not unduly
slack oﬁer the cheese and that it did ﬁot compress the cheese., A
‘small spot was gummed to the pheese to prevent any rqtation Qf the .
Paper with respect to the cheese.' 

Two thin copper foil strips about 0.25 in. wide and 3 in.
long cleaned thoroughly'with'emery paper and élcohol were céhénted
with Durofix as shown in Fig. 2.1.. Then a nickel chrome wire of
' 0.001 in, diameter was wound over the cheese in avclose'helix of three
_turns in between the strips;b The two ends of‘thé wire were soidered
to the copper strifs. 'The wire %asrcemented to the péper with4Dur§fix.
The gaﬁge was left overnight for the cemeﬁt to harden. Anothef
similar gauge was pre?ared.under thé same‘conditions on a second
cheese, The winding tension was kept the Same for prepafafion of the
“two gauges by keeping the mﬁchine adjﬁstments the same.‘ The 1ehgths
_df wire in the two gauges were kept nearly the same to obtain
similar resistances.

The resistances of,fhe two gauges were ﬁeasured very
accurately_in the standards sectiqn of Electrical’Engineering
Department after conditionihg the cheeses in the conditioning room
for three days. Then the winding of the cheeses was continued'to
~different diameters under similar donditidns. The resistance of the

gauges were measured again as above. The results are given below.



Table 2.1
Gauge No.1 - Gauge No.2
Gauge radius . 0.75 in. 0.75 in.
Resistance at 20°C before winding  696.25 ohm 695,18 ohm
~ Radius of the finished cheese 125 in, 1.7 in,
'Resistance at 20°C after winding 694.31 ohn 689.77 ohm
' Fall in resistance 1.94 ohm 5.41 ohnm

The preliminary test showed that the fall in res1stances
were of the order of 0.28% and O. 78” for the flrst and second gauges
respectlvely, also the change in resistance in either case was large
enough to be convenieﬁtly'measured‘and increased as winding proceeded.
This test suggested that this method was capable of being developed

for measuring the compression of the inner layers of the cheese.

23 Ezperimentai Set-up
2+.3¢1 The Winder
A Leesona styie 50 frecision winder wasAused fo wiﬁd the.
cheeses du:ing tests. The machiné ;as different from the one'used for
the preliminary test. It hés a spindle of 5/81n¢ diameter and rotates
at 900 r.p.m. and gives approximately 2% winds per stroke. Thé‘
‘machine is fitted with a belt gainér mechanism, The amount of‘gain

or spacé between two adjacent wraps of yarn is adjusted by a hand



wheel at the rear end of the gaiﬁer mechanism, At the start of the
winding the gainer mechanism was set to give a shift of slightly more
than oﬁ; diameter of yarn between adjacent wraps of yarn, i.e. the
'adjacen?s wraps of yarn touch each other, The tension in the yarn
and the pressure on the cheese duﬁing*wiﬁding‘were applied by weights
thrqugh a system of levers, As the diameter of the cheese increases
these levers turn on their pivots résulting in reduced momenfs,
thefeby trying to maihtain the tension in the yarn and the pressure
on the cheese at a roughly constant 1evei;' Small weights were used

on the pressure lever and the pressure roller was kept in contact

with the cheese by the tension in the yarn,

2e302 Measurement of Windingo Tension

A Zivy hand tengiometer was used for measuring the winding
tension, This‘cénsists of a guide roller and a’ténsion rollér carried .
‘.'on ball bearings. The guide rqller‘ié connected to a handle at.the‘-
top end and when the handle is pressed down the guide roller moves
past the tension roller, The tension roller is spring loaded. For
ﬁeasuring the tension in the thread, the thregd'is placed in between
the rollers and the handle is pressed down. fhis causes>the fension
foller to be.supported by the thread. vThe tension roller moves against
) 'its Spfing and‘its movement is proportional to fhe tension in the

fhread. The movement of the roller causes a pointer to move on a
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graduated dial to give the tension on the thread in 2. The movement
‘of the pointer on the dial is checked by rea&ing the tension in a
thread caused by sﬁspending a known weight from the thread. Duriﬁg
 winding, the Qinding‘tension in the thread fluctuated and the mean

position of the pointer was taken,as'indicating the winding tension.

2.3.3 Measurement of Chance in.Resistance

For measuring the change in the resistance of the gauge

- due to further winding a’Brﬁel-and Kjoer'sfrain Gauge Apparatus Type

_1516 ﬁas uséd.b This instfument uses an A.C. Bridge Ciréuit energised
by a 3 KHz supplylfo’measure the change in gauge resistance énd can |
indicate directly strains of the order of 1 x 1076,

r The bridge suppiy can be set at three voltages, namely, 3
volt, 1‘volt and 0.3 volt. 'The instrument can be worked at five
~different sensitivity settings. There iS‘also a 'gauge factor!
setting which is a continuous sensitivity control permitting the
sensitivity to be set so that when the gauge factor (sensitivity) is
lknown the dial can ‘be madé.to indicate étrain directly. qu balancing
the acfive and the dummy gauges the adjustment gwitch is turned to
balance pdsition. This switches but the_phase—sensitive.rectifier
of the instrument to allow émall capacity as wgll as resistance out

. df balance to be sensed. The meter reading is brought to zero by

balancing capacity and by balancing resistance alternately. If the



resistances>of acfive and dummy‘gauges are.not much different then it
should be possible to brlng the needle to zero position. Finer
balance is obtained at a higher sensit1v1ty setting., The adJustment
_switch is then put in the operatlon position which brings the phase—
sensitive rectlfier' into play making it less sensitive to stray
capacity changes,

o Calibration of the bointer movement on dial of the strain
- gauge epperatus is done by a resistor of known resistance, This
resistance R,, which‘isrlarge as-compared‘to gauoe resistance Ro,'
when connected in parallel with the gauge changes its effectlve
cresistance by Ro x 100 / Rc per cent. This change in gauge
resistance causes the pointer to move by 'ni divisions on the dial,
Therefore one divisicn of the dial represents— Ro x 100 / (Rc x'n)
per cent change in gauge resistance, The linearity of the pointer
‘ movement‘is chécked by connecting the celibrating_resistance in
parallel with the dummy gauge.-'An ecual'movement of the pcinter in
fhe opposite direction indicates that the pointer movement is
probablj linear.’ This simple test was ferformed at the stert of

each working session.

204 Strain Gauge for Radial Compression

2.4.,1 The Base for the Gauge
For preparing a gauge, first a base was prepared by winding

a cheese up to the gauge radius on a core. Before the start of the



winding a few parallel wraps of jarn under tension were wound at each
-end to prevent the cross wound coils of yarn of regular cheese from
slipping towards the centre of the package, The machiné was adjusted
to lay the adjacent wraps of &arn touching each other at the core.
The winding tension, which waé recorded, during the fqrmation of the
base was normally the same as would be used for the subsequent
winding.

The diameter of the éheese was measured.correct to the
- nearest mm with a pair of callipers and'é scale with mm divisions,
The Zivy hand fensiometer was used for measuring the winding tension

at intervals,

2.4.2 The Gauge

A rectangular piece of paper about 4 cm wide and slightly
longer than the éiréumference of the cheese was used for making the
'.'strain g;ﬁge, Two strips of copper foil 5 mm wide and about 10 cm
iong were cemented to the paper with Durofix as shown in Fig. 2.2,
The first strip was cemented over the paper for a length of 1 cm, The
secorid strip was fized to the paper from below for most of‘the width
of theipapef, buf at aboutvj cm from the other.edge of the paber this
strip was taken over the paper through a'slit cut in the paper and the
" end of.this.strip was also cemented to the'papef.

The paper was then wrapped over the cheese keeping it in the

centre of the cheese, The'paper was neither slack nor tight over the
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~ cheese. The two ends of the paper overlapped and were gummed
_together so that the paper enclosed the cheese underneath it. The
free ends of the copper foil strips were bent twiée at right angles
as sﬁown in Pig. 2.2, conforming to'thg shape of fhe cheese. The
strips were then fixed to the core with'bu&ofix and any extra iength
of the strips beydhd the core was cut off. This also prevénted any
movement of stribs with respect tq thé core and also prevents their
flying off during winding. Both striﬁs were kept to ope'end of the
cheése to facilitate overend withdrawal;ofxyarn from the other end
during unwinding of the cheese,

The strain gauge wire was cemented on either side of fhel
first copper foil strip with Durofix"as shown in Fig, 2.2. Then
the cheese.was turned through a small angle, a further portiqq of
wire was placed in poéition with some tensiqn and was égain»cemenfed
to the paper.( This process was‘continuediuntil about é% to 2% turns
of wire was fixed to the paper. The placing of the wire was such
tﬁat it gave a neat helix withvthe‘otheg eqd'of the wire falling on
the other copper foil strip. This end was also fixeﬁ at both sides
of the strip with Duréfix. Then the w;re at both ends was solderéd
to the strips. For a good Jjoint it was essenfia; fhat the strips
were cléan.‘ TheAresistance of the gauge was megsureﬁ by a resistance
meter of 5% accuracy.,.This incidentally also checked thevsoldering of

the wire. Then a thin layer of Durofix was applied to the edges of



the strips to cover them.up. _This was done to prevent the yarn findiﬁg
its way underneath any uncovered corner of the strip anq resuited in
plucking of the strips during unwinding. This could give wrong
"reéults and could also resulf in the breakage of the delicate wire,
The axial distance between the two ends of the’wirevwas about 1.5 cm,
The gauge was then left overﬁighf at room temperature, After the
drying period was over the resistance of the gauge was again'
measured. The gauge'was‘now feady for use.

Another gauge was also prepéréd under similar conditions .
. 1o be used aé a dummy gauge for temperéture compensatibnc_ Care was
taken to keep the reéistance of the dummy géuge close to the resistance

of the active gauge to facilitate balancing of the bridge.

2,403 Test Procedure

The'bése-of the gauge was prepared and the winding tension
during its preparation was recorded at intervals; Then the gsuge was
'prepared and its resistance measured, A similar dummy gauge was also
prepared. The two gauges were connected to the strain géuge apparatus
| in their respective ﬁositions by spring loaded crocodile jaws with
leads soldered fo the jaﬁs. This method may‘seem rather crude but
it was conﬁenient and as a large number.of repetitions of thg same
measuiemeht gave consistent results seemed juétified.

After the strain gauge apparatus was balanced and set the

reading 6n the dial was.reporded and the adjustment switch was put fo
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the zero bosition and fhe gauge was disconnected. Then some winding
was done over the gauge.> Initial winding was done carefully to avoid
any damage occurring to the gauge. The winding was stopped after
”recording the winding tension,‘thg cheese diameter was measured and
the gauge was.again connected to thé épparatus. The adjustmené switch
was put in the operation position. The reading on the dial was noted.
This process of recording and winding was refeafed several times until
the cheese waé built up to‘the required_fadius. The same process was
repeated at'iﬁtervals during unwinding. The gaugé factor of the

_ gauge was not known in the absence of the calibration of the gauge
whiéh.was difficult to arrange, the winding test shows the'radial

deformation of the cheese only qualitativel&;

2.4.4 The First Test

.- Figo 2.3 shows the per cent change in the gauge resistance
at the gauge radius sf 2 cmbplotted against the outer radius R of the
cheese, The compression U of the cheese at the éauge radius is given

by the expressidh
U = (-%Iixmo)xr/(ﬁ'xwo);
AR | '
where (_ﬁ- x 100) 1is the per cent change of the gauge resistance,

»‘f is the gauge radius of the cheese and F is the 'gauge factor'. F

is expected to be constant over a reasonable range of strain but is_



dependent‘on the construction ofvthe gauge, Therefore the compression,.
VU of the cheese is directly proportional to the per cent change in the
gauge résistance and can be represented qualitatively by the change
in the gauge fesistance. The figure shows a large initial compression
of the cheese at the gauge radius:éndflittle compreséion later on.
An increase in the outer radius after about 3.2 cm does not appear to
caﬁse any further compression at the gauge radius.

The behavioﬁr of the gauge resistance during unwinding is
also shown in the figure. The change in resistance as the cheese ié o
unwound is similar, The recovery of the resistance affer unwinding
is not complete; the resistance returns to §n1y 99,55% of the
origiﬁal resistance, -The‘loss of nearly half»of the total éhange in
resistance indicates an uhrecoveréble part or non—elastic compréssion

of the cheese.

2.5 Devélopment of the Gauge

| The result of the first test was surprising in that the
deformation stopped when only a few layers of yarn had been added.
It was‘therefore neceésary to find out whether.this was a correct
picture ofAthe behaviour of the package or whether there waélsome

fgult in the nethod of measurement.

. 2.5.1 Tests 2,A and 2,B

- These tests were devised to ascertain the feproducibility-
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of the results end'the effect.efvrepeated windinglon,the conpression
}of the cheese., To achieve this two eimilar gauges, 2.A and 2.B were
prepaned under similar conditions and*were used as active and dnmmy
gauges. The cheeses‘werennnnound~to a radius of 2.05 cm during the
second unwindlng. ‘ | |

Figs. 2.4 and 2.5 show the results of tests 2.A and 2,3
respectively. These figures show the resistance of the gauges during
winding and unwinding as the per cent of theeresistance before each
winding. The cempreseional Beheviour of.both the'cneeses at tne gauge
vradii, which is represented qualitatively by‘the resistance of the
gauges; is similar. The changes in gauge resistances for first winding :
are 0.66% and 0.65% for 2.A and 2,B respectively for winding tensions
of 21.1g and 21.7g. The non-r960verable part of the change in the
resistances are 0.4% and 0,41% respectively., As the results for theee
eteste are very close to eech other, both in.behaviour and magnitude
it nay be reasonably concluded that the resnlts are reproducible,
’ | Gauges 2,A and 2.B show higher changes in the gauge resistances
for first winding as compafed te second and third windings. The values
for these changes aTe 0.66% ‘0,42% and 0,45% for 2.4, and 0.65%,‘0.33%
and 0,34% for 2, B for the first, second and the third winding
respectlvely for nearly equal values of the winding tension, This
shows ‘that the radial deformation of the cheese reduces for second and

subsequent windings probably because after the first winding the cheese
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suffers a large amount of permanent deformation and as a result of
‘which it is more resistant to the léter windings.

| A comparison with Test 1 shows that the results of the tests
20,A and 2.,B are similar to the results of Teét 1. The curveé of the
tests 2.A and 2,B also show a quick iarge initial fall in the gauge
resistance and then_pfacticallyvno change.- The magnitude of the
_ resistance change in Test 1 is.higher, namely, 1,08% for Test 1 to.
0.66% for Tesf 2.4, and 0.65% for Test 2.3.. This difference is
possibly due‘to a‘higher wihdihg tensioﬁ uéed in Test 1, i.e. 28.8g

as compared to 21,1g for Test 2.A, and 21.7g for Test 2.B.

20502 The Slotted Paper Base, Test 3.

Aﬁbexamination of the paper base for the'previous testé
showed it to be crimped after‘uhwinding; The crimping of the paper
" base was considered_to be‘undesirable because it shows that the paper
is not able to follow thevchange'in the circumférence of the cheese
surface as it shrinks under the pressure applied by the subsequent
winding and instead of shrinking the paper base crimps and the
reduction in the lengtﬁ of the wife may be less than,it should be, In
this test an attempt is made to eliminate the crimping-of the paper
base by adopting a slotted construction of the paper base for fixing
the wire, This type of paéer base did not show crimping after the
unwinding. This is shown in Fig. 2.6, The strips of paper alternated

with the blank spaces created by cutting alternate strips with a razor
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blade and removing them, The wire was fixed to the strips of paper
with Durofix and over the blank spaées the wire was free, Now as
the cheese contracted circumferentially.ét this radius due to further
Windipg the strips moved clqser to each other and any crimpiﬁg of
the strips was nqt }ikely. The striés in moving cioser to each
dther»would allow the4wire to shrink_in'thngaps. The paper was
- gummed fo the cheese at two spots near the.edgeﬁto prevent ény
movement of the pape: with respect to the cheese but each indifidual_
strip was not gummed fo the:cheese. _

Fig. 2.7 shows the result of Test 3. Again the graph is
of a éimilarvshape, The magnitude of the change in the resistanéé
of the gauge is 0;35% for the winding tension of 23.9g. The nonf'
recoverable part of the_chénge in the gauge resistance due to the permanent
deformation of the cheese is aboutl28.5%. These values are different
from the values qf thé pfevious'testg and this difference is probably
due fo the ghaﬁgedrvalue of_the gauge,factbr because of.the different
type»of paper base. »

‘ Duringﬂsecond winding th winding tégsion is reduced fo 19.5¢ .

from 23.9g and consequently'thg change in the gauge resistance is 0425%
as compared to Q;BS%.‘ The non-recoverable part of fhe change in the

gauge resistance is about 20%,




2.5+3 Pre-strained Gauge Wire, Test 4

In Test 3, as the cheese compresses the strips at the gauge.
radius move closer to each other and while these strips move fhe wire,
if not sufficiently prestrained While fixing, may become slack
between the gaps. If this happens'then.the.wire would cease to
éontract and after some initial change no further change in the
resistancé of the gauge would possibly be shown. This test is
devised to check such a possibility; This is tested by preparing
two gauges one with a high tension in tﬁe gauge‘wire and the other
with a_low‘tensidn/in the gauge wire, wa if any slackening of the
gauge wire due to the compression of the cheese should occur it |
should occur first in the gauge with the low tension in the wire.

This gauge should show a smaller f£all in the gauge'resistance and

~ should cease to show the change in the gauge resistance earlier as
compared to the other gauge with.the high tehsion in the wire. Iﬁ
order to ensure the comparabilitj of the fesults the gauges are made
on the same paper base.

In.this test two gaﬁgés, 4.,A and 4;B, were made by fixing
two gauge wires on the same slotted paper base, Befﬁre fixing the
wire of gauge 4;A was strained by a weight of 15g freely suspended
f;om ite The wire of the gauge 4.B was similarly strained by a weight
o£m56{ Only 1% turns of wire was ﬁsed in each case keeping the
length of the wire used approximétely equal to obtain nearly equal

resistances for the two gauges. - The two wires crossed each other at
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oné point éﬁd they were kept separate by a small piece of paper ,gﬁmmed
- over the wi}e'of'£he first gauge. The copper foil strips were marked
to indicate which leads were for whicﬂ'gauge.

The two'gauges, which had néarly equal resistancés,'were‘
Balaﬁced by a dumny gauge‘of4nearly saﬁé résisténce. The position

of the pointér on the dial of the strain gauge apparatus was noted

in each case at the start of the winding. The per‘qent'change in the
resistance of the gauge representéd by one division of the dial was-
found out_separétely’fbr each'gauge; The test wés carried out és
'before eicept that the chanées in this case were read off on the dial

for both the gauges by comnecting each of them turn by turn to the

strain gauge apparatus.

| The fesults of'this'teét for the gauges 4.A and 4.B afe
shown in Figs. 2.8 and.?.9 respegtively.‘ The.coﬁpressional behavioﬁr,
represeﬁted by the/changes in the gaﬁge resistances, pf thg two gauges
is similar. The magnitudes of‘thg changes in the‘gauge resistances
‘,argﬁalso‘close, nanely, 0.17% for A.A'and Q.18% for 4.Bt_'This, ‘
incidentally,;fu:ther §h9w$‘{hat the results are reproducible as the,;.
behaviour of the cdmpression in'this test.is similarvtolthat qf the’
previous tests, A _ "L‘ S . | , )

;-Gauge.4.BAwith the low_tenéion of 5g in the gauge wire when

fixed show a slightly higher fall of 0,18% in'the‘gauge resiétance as

compared to that of 0.17% for Gauge 4.A with the high tension of 15g
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in the wire when fixed, The values foi the second winding are 0.11%
for Gauge 4.B and 0.1% for Gauge 4.A, This shows that the tensioning
of the gauge wire differently while fixing has no appérent effect on
~the results with the winding tensions uéedvduring the’windings and a

- tension of 5g in gauge ﬁire when fixing it sféetches the wire
sufficienfl& to be able to measure the changes caused due to the
compression of fhé cheese, However, a tensioh of 10g in the gauge
wire is adopted és standard as this tension in the gauge wire will
stretch the wire sufficiently to measure the compression of the cheese
even wifh high winding tensions. A higher tension can result in

breaking the wire if not handled very carefully.

2.5.4 Rubber Base Gauge. Test 5

The compressional ﬁehaviour of the cheese wés furthei cheqked
by making two gauges, 5.A and 5.B, on the same cheese base. In the
.gauge‘S.B a rubber base was used f&r fixing the gauge wire. For
preparing this gauge a band of rubber was placgd on the cheese in a
stretched condition witﬁ the gauée wire fixed to the rpbber band firmly
at all points., The band would contract as soon as the cheese compresses
~ due to further winding and the wire which was fixed to the band‘would
be forced to contract‘as well along with the band. In this case the
possibiiity of the compression of the cheese not indicated by the change

in the gauge resistance due to the slackening of the wire was considerabiy ,
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reduced, For compering the results a #lotted paper base gauge 5.4
was also made on the same cheese alonngitﬁ the rubber basehgauge
5eB. having leads at the other end. |

The constructlon of the rubber base gauge was similar to the
'paper base gauge. A band of rubber of about 2 cm wide was cut from
a'balloonvaﬁd was placed on the cheese base of 2 cm radius. VThe
rubber sleeve was in a slightly stretched condition»and'caused soﬁe
compression of the cheese underneaﬁh_it, The rubber band was not
_ fixed’te the'eheese as it was tightly heldiover'the cheese by its own
tensioﬁ and was not likely to slip over the cheese, Bostik no. 1 ﬁes

used for fixing the wire and the copper foil strip leads %o the rubber

band. The resistances of the two . gauges were kept close to each other .

' and were balanced by the same dummy gauge. The conductlon of the test

was s1m11ar to the conductlon of the previous test.

| Flgs. 2,10 and 2.11 show the results of the test for the
gauges 5 A and 5 B respectlvely. The compressional behaviour
indicated by the rubber base gauge 5B, is nearly similar to that
shown by the paper base gauge 5. A but is greater in magnitude. For

~ the secondew1nding also the changes in the resistances of the gauges -

- are similar. .

265 5 Conclusion

The results of these tests indicate that the method ,




de&eloped seems to be capéble of showing the compression of the cheese
quaiitatively. Although it seems strange that éffer a few layeré

deformation stops a variety of differént gauges confirm this behaviour.

For a quémﬁtative measu;ement of the bompress@on it is necessary to
‘calibratelthe gauge. However, the great difficulty in calibrating

the gauge ié that_there is no guarantée that the sane calibration will

hold for subsequent windings. Each time the winding is done the gauge

factor is likely to alter as the paper on ﬁhich thé wire is fixed is
- not likely fo‘keep éxéctly the same relati#e §osition with respectvto
the cheese, Also even slight'crimping of the paper can alter the géuge
factor. The Calibration method is likely to involve‘imposition of -
pressure on the cheese and due td'this gauge factor is likely to be
incorrect even for the first‘winding. The imposition of the pressure

on the cheese can defdrm it permaﬁently which is undesirable, If tﬁe
‘paper'is firmly fixed on the cheese by some édhesive to avoid slip of

the paper then that adhesive may alter locally the compressional ‘ ' 1
property of the cheese, This makes it necessar& to calibrate the

gauge for each ﬁinding and the gauge once calibrated cénnot be used |
" repeatedly. Also.as the cheese suffers é permanent deformation.after
each_winding the results of two or more windings are not comparable. |
Moreover.for each different test a‘new gauge is ﬁecessary. This is ‘
because the cheese base on which the gauge is built must be prepared

with the same winding tension in the yarn as would be used for further
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uinding. This rules out the use of the same:gauge to measure the
.effects ofvdifferent winding tensions. Also it is not possible to
construct two gauges on exactly s1milar cheese bases and, therefore,
it cannot be presumed that one of the gauges would have the same
gauge factor as the other gauge which can be used for calibration
only. | | |

“ All these obJections make accurate calibration of the gauge
impossible and attentlon must be directed to the shape of the curve,
1,e. the way the deformation changes rather to absolute values.

The results of the vinding~tests'show qualitatively the
compression of the cheese; There is arquick, large, initial‘compression.
of the cheese at any radius for somehinitial winding at that radius
and as'the winding continues further there is little increase in the
value of the compression at.that radius, This behaviour is
consistently shown by all the'winding tests,

. The curve (a) of Fié. 2,12 shows the per cent change in the
resistance‘of the gauéevat the radius of 2 cm nlotted against the
winding ten31on in the yarn. This curve suggests the radial deformation
. of the cheese is probably related to the winding tension in the yarn. |
The curve (b)‘shows the permanent change in the‘gauge resistance after
the unvinding is completed plotted against the winding tension in the
, varn. This shows that the permanent radial deformation of the cheese

at any radius is nearly half of the_total radial deformation of the



cheese at that radius as the cheese was built up to a given outer

radius. This is shown by all the winding tests.

‘ 2.6 Measurement of Axial Strain

2,601 Introduction

‘An approach similar to the one used for measuring the radial
deformatioﬁ of the cheese was used to measufe-the axial deformation |
of the cheeée by fixing the géuge wire nearly parallel to‘the axis
of’thelcheese on a rectangular piece of paper wrépped over the cheese
l'and a large change in the resistancevof the wire was shown, However
when the gauge‘wire was fixed on a heligally wound sfrip of paper on
‘_the cheese to évoid the slip of the paper the wire sngpped after |
_showing a much larger change in thé resisténce. Hence this method
was abandoned, |

An alternative, simple, ﬁechanical.gauge is developed to
ﬁeasure the axial deformation gf the cheese and consists of two stiff
cardBoard tags at the two ends of.the cheese held in position by two
strips of paper gummed to the cheese. ‘The axial deformafion of the
cheese at the gauge radius is given by theychange in thevdistance
‘between the tags measured by a vernier calliper,

‘ Winding tests were conducted to measﬁre the effect of different
winding-tensionsvon the aXial deformation of the cheese, the axial

deformation oflthe cheese at different radii and the effect of repeated
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windings on the axial deformation of the cheese at the same radius,
Another set of tests was done with a different spacing between the

adjacént wraps of the yarn,

. 2.6.2 Blectrical Resistance Method

(a) Preliminary Test., Test 6

The cénstruction of this gauge was similar to the one uéed
for measuring the radial deformation of the cheese and is shown in
Fige 2.13. It consisted of a rectangular piece-of thin paper
-‘encircling the cheese., The two ends of the papef which overlapped"
each other were gumméd together., Two copper foil strifs 0,5 cm wide
were fixed to one end of the paper with Dﬁrofix and acted as leads
- for the gauge. The resistance wire was fixed to the paper with Durofix
kéeping it at a small anglé to the axis of the package as shown in -
the figure. Thlewo ends‘of the wire were sdl&ered to thé respective.
cdpper foil strips. The gauge was prepared ét a radius of 2 cm. A
gimilar dummy gauge with nearly same resistance was also made,
The measﬁrement of the change in the gauge résistance was
‘done by using a Bruel and Kjaur Sfrain Gauge Apparatus. The procedure
was the same as was used for measurihg the radial strain, . In this
. case also fhe fer cént change in the gauge resistance was proportional

to the axial strain of the cheese at the gauge radius,-
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Fig. 2.14 shows the pér cent change in the gauge resistance,

which is representative of the axial strain at the gauge radius of 2
Cm, plptted against the oﬁter radius of the cheese, The curve shows
. thatltheﬁresistance of‘the gauge and hence the axial leﬁgth of the
package falls iﬁitially with an increase in.thé outer radius of the
cheese and then starts-increasing as the winding continues., The
change in the gauge resistance is about,0.9% when the outer radius

is 4.2 cm, The returﬁ curve shows the axiél strain duriﬁg unwinding.
Initialiy the rate of fall of the axial strain is slow but‘increases
 later as'the unwindiﬁg‘proceeds towards the gauge radius. A permanent
strain is indi¢ated by the permanent change in the resistance of about
0.5%. | |

This test was used as a preliminary test to ascertain the

pdssibility of measuring the axial strain of the cheese., However for

this method to be useful it has to be developed further. The main

objecfion to this type of gauge is the 1ikelihood of the paper carrying

the resistance wire slipping over_thevcheese as the paper is not fixed
" %o the cheese and in such an eventuality the gauge would fail to show
the full axial'deformation; Also as the paper covers a lérge part of
-the cheese it could affect the transmission of shear force between the

‘layers and thus disturb the behaviour of the whole cheese.

(b) Development of the Gauge., Test, T

In this case the paper for mounting the resistance wire was

e S
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replaced by a long strip of paper 0.5 ém wide helically wound over

the width of the cheese of radiﬁs 2 cn witﬁ a gap of about 0.2 cm between '
‘the successive wraps of the strip. The two ends of the helically wound
strip were gummed to two other strips-af the end of the cheese, Each

‘of the end strips was_aﬁout 0.5 cm wide and ﬁ;s gunmed to the cheese

at about f ém from thé edge of the chéese keeping it parallel fo the

edges The resisténce wire was fixed to the sfrip as shown in Fig;

2.15 with its ends soldered o the two copper foil strips which acted

~as leads for the gauge, A similar dummy gauge was also prepared,

' This type of gauge is showm in Fig. 2.15.
In this'tyﬁe of construction it is unlikely that the paper .
strip slips over the cheese aé it does not resist axial expansion,
" also it permits contact between the two adjacent layers containing
the gauge. 1 o ’ | }
| Figs, 2.16 and 2,17 show the resisﬁance of the éauge as
per cent.of the original resisténce at the radius of 2 cm as the cheese.
was built up further in Test T and Test 8, As before these show a
slight initial fall in the gaﬁge resistance for the immediate winding
_and then an increase in the resistance for the subseqﬁent winding.
The magnitpde of thé change in the gauge'resisténce in Test 7 is
' neariy'3;7 times to that in the previous test when thé outer radius
is 4.35‘cm. But possibly due to high extension the gauge wire snapped

when the outer radius was 4,35 cnm and no further winding was done,
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The test was repeated agzain as Test 8 wifh_a new gauge but this time
also the gauge wire snafped presumably‘dug to high'extension and -
because of this, this method was abandoned., v. ,

This it seems establisheq thaf there is axial expansion of
.the'cheese greater than.either paper or wire.ﬁill follow, ‘Thg one
is strongvahd slips while the other isAweakAand breaks. In view of
the 2% change of fésistance before the wire bfoke an extension of at
least 1% of the length xﬁight be occﬁrring.' If so this should be l

measurable with reaéonéble‘accuraCy by simpler methods,

2,603 Mechanical Gauge for Measuring Axial Deformation

(a) Construction of the Gauge

Fig. 2.18 spows)the conStructioh of_this»ty?e of gauge., It
consisted of twqrstiff cardbéard tags each 0.5 cm wide and 2 cm long.
Each of the tags was gummed to a separate thin paper sirip about 1 em
wide, 'These strips along witb theif tags were gummed round at eac? |
end of the cheese encircling it. The paper étr?p was at about 0.5 cm
from the edge of the cheése and ﬁas‘parallel to it.‘ With this
arrangement the tags project out from thg cheese,

The distances between the far énds and the near ends of‘the
tégs were measured by a‘verniér calliper capable of measuiing 0.001 in
and were.marked as 'a' and 'b' respectively. The gauge length was

taken as 'b', The strain was measured by measuring the length ‘a' at



infervals by stopping the‘winding and the chahge in the distance 'a!
was’expressed as the per cent change of the gauge length 'b'. Tﬂis
was done on the assumption that the tégs themselves were not strained
and the movement of the'tags with respect tovgach other in the axial
'diréction represented the deformation of the axial leﬁgth 'p's In

fact it probébly corresponds to a length a little greater than 'b',

(b) Procedure

After preparing the cheese base of the required'radius two
. strips of thin paper; each 1 cm wide and long enough’to encircle the
cheese were cqt out and on these stiff cardboard tags of 2 cm x0-5. cm
size were gummed, Then each of these strips was gummed to.each end'of
. the cheese at about 0.5 cm from tﬁe edge of the cheese taking care thatA
the long edges of thevtags'were in the same line parallel to the axis
~of the package. (The tags'came in between the paper strip and the
cheese, The cheese was left for some time to allow the gum to dry.
The tags were firmly fixed to the cheese. Before the commencement of
the windiﬁg the distanées 'a' and 'b! ﬁere measured, The distance
'a' was measured at intervals by stopping the winding. Similar‘
.measurements were taken during the unwinding of the cheese, These
were‘tabuiated and the axial strain of the length was expressed as
the pef'cent change in the gauge length '3'. Thé observations and

calculations for winding fests are given in Appendix B,
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This type of gauge was simpler to make‘and use and‘took less time to
make it as compared to electrical resietance strain gauge. Alsouno
calibration was required, However its success was due to the large

| strain of the length an@ the effect of slight inaccuracy in measnring

'the strain was negligible.

20664 Preliminary Test, Test 9

Fig. 2019 shows the gauge 1ength at the radius of 2cn as
per cent of the original gauge length with the outer radius R during
..windingiand unwindiné° The cheese surfaee at the radius:of 2 cn -
contracts ax1ally for a slight initial increase in the outer radius.
But as the outer- radius R increases further from about 24 25 cm the
cheeee surface expands axialiy at a steady:rate. During unwinding
the cheese snrfacercontractsbslowly at first and rapidly later. The
,expansion is large and is about 4.35%vﬂwn the outer radius is 5 cme
It-also shows a fairly large permanent strain of about 2.8% when the
unwinding is complete. ; |
' The behaviour of the axial strain in this test is s1milar

to that of Test Te The mamnitude of a11al strain, when R is about
4 25 cm, is 3.15% as compared to that of 1% of Test Ts presumin# a
gauge factor of 2 for that‘gauge._ For this gauge to show equally

high strain the gauge factor should be low = about 0.6 instead of 2

nsual for made up gauges. Yet the similar behaviour of the two types



of gauges suggests that the former method is capable of measuring

the axial strain up to a certain level,

" 26665 Winding Tests

The winding tésts for measuring thé'éxial strain of the
cheese weie‘divided into two groups according to the space between
the adjacent wrapsAof yarn in the cheese, In.the first group of fests
there were 20 threadé pér cnm at the core. The effect of varying the
winding tension was mea sured on a base prepared at the same windihg |
' tension'ét which the subsequent winding was done, Also the effect
~ of repeated Windings.on the same base was observed., This concluded_by
measuring the axial deformatién of the same cheese at different radii.
" In the second group of tests the above tests were repeated with 10
threads per cm at‘the COfe instead'of 20,

| Anothef test was conducted to obseﬁve the effecf of varying
thé winding tension in the yarn on the shear force causing the axial
deformation at the gauge ‘radius, In this test the cheese bases fdr
differeﬁt windings were prepafed at the same winding tension in thé
.yarn. In such a'cése the shear force at the gauge radius should be
proportional to the axial strain of the cheese af‘that radius while

- the ﬁaterial resisting deformation is the same,
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2.6.6 The First Group of Tests

In this group of tests the spacing between the adjacent

wraps - of yarn at the core was 0,05 cm, i.e. nearly one diameter of

. the yarn.

(a) Effect of‘Varying.the Winding Tension in the Yarn, Test fO

in this test the effect of varying the winding tension in
the yarn oﬁ the axial deformafion of the cheese at the radius of 2
cm was'measur_ed° The range of winding tension varles from about 8g
~ to about 40g. A number of windlngs were done one for each w1nding
tension of the Tange. During these windings the cheese base for the
gauge was prebared‘at the same Winding tension in the yarn af which
the subsequent winding was done. .The resﬁlts of the present test are
shown in figures fromA2;2O't‘o 2426,

These figures show that the behaviour of the axial
deformation of the cheese at the gauge radius is similar to that of
the previous test, namely, there is a slight reduction in the gauge
length for some initial %inding and éubsequently the gauge length .
increases at a fairly steady rate as the winding continués. During -
.unwinding the change in gauge length is very slow to}start with but
becomes féster as the gauge fadius_is approached. The permanent
deformation of the cheese at the gauge radius after the unwinding is

complete is high,and is generally more than half of the total |
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déformation of the cheese at that radius.

Fig. 2.26 shows the per cent éxiél déformation of the cheese
at the radius of 2 cm plotted against the winding tension in the yarn
- for different outer radii of the cheese, -This figure shows that there is

' préctically no difference in the magnitude of.the axial deformation of

the cheese as the winding tension in the yarn is varied.

(») Reneated Winding Test, Test 10

The results of the repeated winding on the cheese are shown
in Fig,'2.22 which shows the gauge length at the radius of 2 cm as
@er cent of the original gauge length durihg repeatéd winding and
unwinding at the winding tensions of 27.2z, 26.8g and 28.7g. The |
values of the axial deformation fbr the outer radius of 5 cm and the
permanent deformation after the unwinding is over in the three cases
.-are'é% and 1.65%, 3.1% and 0.8% and 3.4% and 0.7% respectively, The
behaviour of the strains in the three cases are similar but the
magnitudes of the total strain and the permanent strain are higher

for the first winding‘as compared to those of the subsequent windings.

(¢) Axial Deformation of the Cheese et Different Radii. Test '11

Test 11 was devised to measure the deformatlon of the cheese

3

at different radii. Gauges'were inserted at radii of 2 cm, 2,5 cm,
3 cm and 3.5 cme Bach time winding was stopped the lengths of all

‘gauges were measured,
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During unwinding also the deformation was measured at
intervals at all the gauge points, each gauge being removed as it
was released.

The results Qf the test are given ;n Fig. 2027 which shows
thé'gauge length as per cent of the briginal gauge length at the radii
of 2 cm,.2;5 cmy, 3 cm and 3.5 cm as the cheese is built up to a‘radius
of 5.1 cms It shows that the behaviour of the deformation at all the
four radii is similar showing an initial'fall in fhe gauge length for
some initial.windihg"and then a steady inéreésé in the gauge length.
The magnitude of the deformatibns at different radii are different;
Fig. 2.28 shows the per cent axial deformation of the cheese with the
radius of the cheese for the outer radius of 5.1 cm of the cheese.
This shows that the maximum axial deformation is at the :adius of about

2,5 Clla

2.6.,7 Package with Increased Thread Spacing

In these tests the spacing between the adjacent wraps of yarn

at the core was 0,1 cm giving 10 threads per cm.

(a) Effect of Véfy;ng the Windi@g,Tension in Yarn, Test 12

. In this test the effect of varying the winding tension in
theﬁyarn on the axial deformation 6f the cheese at the radius of 2 cm
is measured, - The range of winding tension varies from about 6g to

‘about 42 g. This test is similar to:Test 10 described before. The
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results of this test are shown in figﬁres from 2,29 to 2.37.

| These figures show that the behéviour of the axial deformation
at the gauge radius is similar to that of the previ&us tests, The
. magnitude of the axial deformation at fhe'gauge radiﬁs for the outer
radius of 5 cn is highér, namely about 658% ;s compared to that of
about 4.T% of Test 10, During unwinding the change‘in length towards
original undeforﬁed length is slower initialiy and in some cases:a
‘slight increase‘in the.deformation is indicated on initial unvinding.
The permanent axialvdeformation at the gauge'radius after the unwinding
is comblete is also high and is generally about half of the total
axial deformation ét that radius.

Fige 2437 shows the per cent axial deformation of the cheese
and the radius of 2 cm plotted against the winding tension in the yarn
for the outer radii of'3 ém, 4 cm and 5 cm of the cheesé. In this
 case also the mégnitude of the axial deformation of the éheese appears

to be independent of the winding tension in the yarn.

(v) Effect of Repeated Winding

Figs.'2,32 and 2,35 show the effect of repeated windings on
the axial deformation of the cheese at'fhe radius of 2 em at two
different winding tensions in the yarn, namely about 23gvand about 35¢g
respectively. It shows that the axial deformation of the cheese at

the radius of 2 cm is greater due to the first winding as to those of

the subsequent w1ndings especially in the second case of hlgher w1nd1ng
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tension in the yarn. Also the permanent axial deformation of the
cheese after first unwinding is greater thathat of the subsequent
windings. The pattern of the axial.deformatien is similar in all

the windings of both the cases,

(¢) Axial Deformation of Cheese at Different Radii; Test 13

H The method of meesuring the axial deformation of the cheese
at the radii of 1.5 cm, 2 cm, 3 cm, 3.5 cm, 4 on and 4,5 on in this
test was similar to that of Test 11. The results of this test are
ehown_ in Figs. 2.38; 2.39 and 2,40, Fig. 2.33 shows the gau\sge length
as pei cent of the origina1>gauge length at various radii as the cheese
is bullt up to the outer radius of 5 cm. The magnitude of‘the initial
reductlon in the gauge length due to some initial w1nding reduces as
4the radlus of the cheese at which the measurement is done increases.

At the radius of 47 cm there is no reductlon in the axial gauge

1ength. Fig. 2.39 shows the per cent axial deformation of the cheeee
plotfed against the radius of the cheese fdrvthe outer radius of 10,
cm.. The maximum axial deformatlon of the cheese occurs at the radius
of about 2.5 cm. Fig. 2,40 gives a three dimensional view of the axial
deformation of fhe cheese, It shows the.axial deformation at eny

radius r of the cheese for eny outer radius R of the cheese,
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2.6.,8 Effect of Winding Tension on Axial Deformation of a
Uniform Cheese Base, Test 14

This test was conducted to assess the effect of varying the
Wiﬁding tension in the yarn on the éxial extension of a cheese base
prepared at the same winding tensioh, namely about 26.5g, for each
winding. This did not correspond t§ a feal cheese Buﬁ was included
in case itvwas useful in eiploring the behaviour of the cheese., For
this a range of winding tensions varying from about 10g to 35g was
chosen and a separate winding ﬁas done for each falue of the winding
fension. ‘The results of the teét are gifen‘ih Figs. from 2,41 to 2.43
which.show the gauge length at the'radius of 2 cm as per cent of fhe
ofiginal gauge iength during winding and unwinding; |

The behaviour of the éxial deformation is similar in all the
. cases but the magnitude of axial deformation is different for each
winding and is propoﬁtional to fhe winding ténsion in the yarn. The
initial fall in the gauge length is also proportional to the winding
tension in the yarn. At the low value of 9,6g of the winding tension’
in the yarn there is pfacticalij no initial shortening'of the gauge
1ength. | |

Fig. 2,44 shows the per cent:axial deformation of the cheese
at. the rgdius of 2 cm plottéd against the winding tepéidn in the yarn for
the oufer radii of 3 cm, 4 cm and 5 cm, * This figure shows a steady
increase in the amount of axial strain with the increase in the winding

tension ofAthe yarn.



rabe of aar:_ial deformation %3

TEST. 13

(O.

R w.z\/ TN A s

. gadius R cema

Rate of axial deformation of cheese with R at

constank +.

FIG245




- 2¢609 Discussion of Results

The axial deformation is fairly large -~ up to about 5%
or. more. This makes its measurement easy ahd eliminates the problem
of calibration. The results of the various tests‘agree with each
‘other in general aﬁd'are reliable, The'iééults‘can be summarised
as follows. Each iayer of yarn contracts slightly while about 3 mm
or so thickhess of material is wound over it; then it begins'to
expand and when the»outer radiué has increased by another 3 mm or so-
- it is back to its original length. ' Then it continues to expand at a
rate.more or less proportional to the growth of the outside radius.
The rate of expaﬁsion for layers near the outside is greater than
for those near the core, fThisvis shown by Fig. 2.45 - based on the
results of Test 13,

This expanSioh is not all recoverable when the package is
uhwﬁund - rafﬁer more fhan halflof it seems permanent.. There is a
largé hysteresis in unwinding but on rewinding the behaviour 1s
almost the same as on the first winding; +the extension rising to
higher level and almost half of the additional extehsion being
recoverablé. |

The windino tension hardly affects the behaviour — it must
by making a harder package beneath the gauue radius affect the
resistance‘to deformation in the same way as it increases_the e

deforming‘forée. If however the tension is different in wihding



over the gauge from that used.in winding the inner part the axial
deformation is changed a great deal - for instance in a package of
5 cm radius the strain at 2 cm radius increases by'about 0.2% for
each gramme increase in winding tension over the gauge. This shows
that all the results are likely to be affec’ted quite a lot by

- fluctuations in teﬁsion during winding.,

The spacing of the threads has some effect on the behavibur;
a wider spacing prodﬁcing rather greater deformation - it would be
expected to reduce the elastic modulus of the package father more
than it reduces the deforming forces.

The rather large axial deformation throws some slight
doubt on the validity of the measuremeﬁt of radial deformation.- The
helical winding used in those tests (to accommodate leads ané prevenf
wire crossing) means that if these gauges responded correctly the
sénéitivity fo.axial strain of those gauges (with 2% turns of wire
" and 1.5 cm axial distance between the two ends of the wire) would be
about 1/20 of that to radial; - the large axial strain thus Eould |
produce errors in the measurement of the smaller radial strain, If
the gauge was fully éeﬁsitive to the axial strain a 5% axial
extension could reduce the chaﬁge in the gauge resistance of about
6.08% fer ém inérease of the outer radius., In fact, as was shown
in the first axial teéts, the gauges débnot séem to respond fully

to axial extension because of slipping of the'paper base and the
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| . error would be much less théﬁlmight be expected. This prediction
was tested by winding a straight-wound gauge wire along with a
previously used helically-wound type of gauge on the same base. In
fhis.gauge the ratio of axial distance between the two ends of the
wireito’the length.of the wire was 1/8.5; ”Thé results are shown
in Figs. 2.46 and 2.47. The maximum apparent reduction of the
change ;n the gauge resistance if the gauge was fﬁlly sensitive to
the axial extensioﬁ of 3.4% measured by the axial gauge would have
been O.i%'per cm increase of the outer radius. Howevef the actual
effect as shown by the difference between the changes in the
resistapces.of the two gauges is only 0.007% per cm increase oflthe
oﬁter radius. This is apparently due to the large slip of the papér
base which might have occurred, particularly as the width of the base
was much smaller thaﬁ that of the first axial test and was also
slofted. q;heﬂresults suggest that the slow compressioh of the cheese
does'in fact occur rather more than was previously suspected and the
qualitative conclusions about the radial deformation-should thus be
modified. The whole method however did not seem sufficiently -
accurate to Justify a further prolonged series of testse.

Further discuésion of the results is deferred until the

theoreticai approach to the problem has been presented.



CHAPTER _III

THEORETICAL .

%+1 Introduction

The approach to the theoretlcal solutlon of the cheese
model is b331cally the same as has been used by. Catlow and Walls
and others. However there are 1mportant dlfferences due to the
fact that in the present case the model is a crose—wound cheese
and not a parallel wound pirn. In the case of a pirn the axial
componentdof the_tension in‘the yarn is fairly small and was in
fact considered to‘be éero and‘the circumferential stress of the;
added layer at,the outer radius is constant regerdless‘of the radius.
The material was assumed to be homogenous and isotropic; In the
cheese model the tensionvin the yarn, due to‘thebwdnd_angie, has
two components the‘circumferentiai and theiaxial. Also due to the
change in the wind angle with the outer radius the circumferential
and the ax1al components of the tenS1on are functlons of the radius
of the cheese at which the winding takes place. The,cheese is not
considered to be homogenous. The top layer of the'cheese contacts
the lower 1ayer at a number of cr0331ng p01nts which bear the
presoure imposed by the top layer. Also the cheese is not considered
to be isotropic because the behaviour of these crossxng‘points under

compression is not likely to be the same as that of the whole yarn



- under longitudinal forces, Poissonfs'ratio of the cheese ﬁodel is
assumed to be negligible because the yarn is not close-packed as is‘
likely in paiallel winding and in general tﬁe yarn which is»c;mpressed
radially can expand sideways, i.e..deform_in cross section. Poisson's
éffect is likely to be much smallér in this case and its bmission
simplifies the analysis'considerably, | o

Another difference appears in the analysis; correspondiﬁg
elements of the cheese at differentiradii (i.e. those subtending the
same angle at the axis and of the same axial 1ength) pontain the
same number of yarﬁ elements and crossing éoints._ Although'the_size
of fhe element of the cheese incfeases withbradius the load bearing
crossing pbinfs'do not. Therefore it is more conﬁenient to consider
forces on elements rather thaﬁ'stresseé (these cqfrespond in fact to
stresses in the individual yarns). One unfortunaté effect of this
is that it is not fossible to éheck the theéry against‘that’of
Caflow and Walls by simply le#ting the wind,aggle tend tq Zero,
which would _othei'wisé be possible.

In the solﬁtion‘the.&arn is treated as elastic. The
tension in the yarn is the only force acting on ﬁhe yarn and acts
glong a tangeﬁt_to{the cheese; aerodynamic and centrifugal'forcgs
in the package are neglecfed. The gffect of centr?fugal force on.
the,jackage while winding: was.éonsidered and was found to be small,
It is assumed that the tension is known in the yarn when it‘takes its

place on the outside of the'packége.



The approach to the theoretical’solution of the cheese
model is as‘follows. A layer is added at the outer radius of‘the’
cheese. This layer imposes a known pressure on the cheese and
‘cadses it to deforﬁ° A second order differential equation is
-developed to give the radial deformatlon of the cheese due to the
pressure imposed by the added layer. The equation is integrated
numerieally by Euler's modified method ﬁO-give radial deformation
at any fadius of the cheeee from the core radius to the outer radius.
The boundary conditions for the solution efnfhe equation are that
the compression et the core is zero as the core is assumed fo be
incompressible and that the pressure imposed at fhe outer radius
by the added leyer ie known.,

Now the next layer is-added and the differentlal equatlonl
due to the addition of this layer is again solved, but the outer
redius and the radius of the cheese have increased by the thickness
of the layer added previously. The pressure imposed by the seeond
1ayer added depends on the outer radius et which it is added and is
therefore different from the previous layer. The tetal compression
of the cheese at any radius is equal to the combined‘compreesion,of
the cheese at that radius due to the addition of both the layers.
This_ﬁrocedure>is continued 11l the cheese is solved:ﬁp to the
desired value of the outer radius of the cheese, -The total value

of the compression of the cheese at a given radius is obtained by
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- the addition of the successive increﬁental compressions caused by
the addition of the successive layers to make the cheese of requiréd
radius, Thé values of other variables are also similarly obtained,
ATﬁe solution is rather complicated because the coefficienis of the
;differential equation describing fhe effect of adding oné layer are
themselves functions of the total effécts of previous layers.

When a trellis-like layer reduces in radius it can do so
by reduéing the length of‘- i.eo the tension in - its elements or
by'changing the trellis angle slightly_so‘it.increases in axiai
length. Converséiy axial forces may produce radial deformafions.'
Changes in axial-length of adjacent layeré ﬁill fend to be different
and it is‘necessary to examine how they can move relativé to each’
other, Some small elastic deformatioﬁ in the natﬁre of & shear
within the layer probabl& occurs but there'is also the poséibility
of’much lareer movements occurring by either slipping of the lajers
or perhaps by rolling of the yafns of one layer over those of the
other - this probably depends on some fuhction of shear force and
radial pressure, Initially it will be assumed that‘there is no such
relative movement in order to discover what the forces tending to
produce such movements would be. - |

Because the differential equation involves the incremental
cdmpression and other quantities as functions of the cheese radius

and its sdlution gives these quantities at every radius of the cheese

-



due to the addition of a layer at,thé outside éf the cheese these
v quantities at each radius grow as the outer radius of the cheese
increases and thus are functions of two variables,»namely th;ir
'pfeSent radius - or, better, that-at which they were wound on, and
A.the'outer radius of the cheese,

The differential equation giving the incremental
compreésion of the cheese due to the addition of a layer at the
outer radius of the cheese involves the compression of the cheese
prior to the addition of the_layer in its coefficients. The cheese
therefore cannot fe solved for any value of the outer radius qntil
soiutions for previous values afe ¥known. ‘Therefore the cheese is
solved up to.the'desiredAouter radius by starting from the core and
by increasing the outer radiﬁs 1ayeriby layer an& simultaneously
calculating the new‘valﬁes of the dependent variaﬁles at évery
radius of the cheése. A compﬁter program in KDF 9 Algol is written
té solve the cheese up to the desired‘value of the outer radius in
this manner and is given in Appendix A,

In the présent_chépter the equations are developed to
give the values of the incremental compression, the circumferential,
and the axial components of the forée through the face of én element,
+the change of tension in'the yarn, the shear force aﬁd the pressure
on.én element at any radius of the clieese, The numerical method of

integrating the equation is described which also includes the calcula-






tion of total values of the compreésion, pressure, etc. at any
radius of the cheese. An estimate of the error in calculating
the value of the compression is given. The chapter concludes with-

the presentation and discussion of the computed results.

3.2_'The Equation for the Compression of the Cheeée

3.2.1 The Element at Any Radius @

Consider an element at'any radius @ in a cheese of outer
fadius R. This ;iement was wound 6figinally‘at r and as the cheese
was subsequently built from r to R the fadiﬁs rv&éformed‘by U such
%hét @ =71 +U. This element is formed of a number of layefs of
small thickness composed of a nuiber of threéds in téﬁsibn laid |
side by side with a gap whiCh depends on the rédius at which'the'
element is éituated.;.In such anbarfangeﬁent thé radially adjaéent
layers contact éach éfher. .The element éuﬁtends an angle‘[Aéfvthe
.centre of the cheesé. The nﬁﬁbervofrthreads in one:léyéf.of an.
element in either axial or ciécumferential direction remain constant
regardless of the.radius ? « The dimensions of the element are %b',
dQ  and W in the circumferential,.radial and axial directions_
respectively_aﬁd they are chosen sb that'éiaiégonal lies.in’fhe yarn
direction., The diagonal length of the element at 'é is L and.thé

‘threads are at an angle a to a plane perpendicular to the axis of

the package. In the element
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s = o/ - Y I
where = W/d; and o I

sina:W/ng//mza/m, ‘(ii)

tana=w/¢{¢' = a/p I | Cee (idi)
i TG - WTTE s

‘Such an element is shown in'Fig. 3ele

The element is so chosen that if‘d beéaﬁe.217; ) wbuld become
7?x'; where x is'the traverse pef'gind. In such an element the
number  of ends in the axial and circumferential directions are the
same because in one fﬁll circle in the circumferential directién the
same number of ends‘will appéaf aé wiil éfpear in one traverse.
‘i/277, denoted'by 'é', is therefore a constant for a given cheese

* the value of which depends on machine setting, namély, the traverse

per wind., This is termed as 'machine constant'.

X/Z-” = a = W/d | . eoe oee (301)
From the construction of the element it is evident that a
layer is supported by the layer beneath at a number of crossing
~ points, Whatever pressure which méy be impbsed by any layer is
carried by the next lower layer on these crossing points. As the

number of threads in the element remain constant regardless of the
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rﬁdius of the cheese the.total.number of crossing points will also
remain constant at any radius Q‘ of the cheese. Let K be the
~number of threads in a layer through a boundary face of the element
(éhe same through each, because of the proportions of the element
chosen), then the'total number of cfossing points in the element to

support the uppér iayer are
2 | , ‘ ﬁ '
Z(Kd) Lo ‘ soe oo0oe (V)

If the winding at the core radius 's! is started by laying

threads touching each other and 'D! be the diameter of the yarn then
Kd = W.cosqos/b;

where a,q is the wind angle at the core radius 8o Substituting

" the value of cosagg

K = ____Q._Q_SL___ '. seo eoco (Vi)

DQ'SZ + 8.2
To enable the spacing of the adjacent threads to be altered the

relation is written as , L
K = 8., space / (~/s2 +8°x D) cee eee (3.2)

where by assigning different values to 'space' the spacing of the

adjacent threads can be altered, The maximum value of space = 1



gives the spacing of omne diametef and a value of less than 1 gives
a wider spacing of the adjacent threads.

The number of ends per layer per face of the eiément are
kd and the total number of the'ends through the face of the element
in either the circumferential}o; the axial direction is (K.J.do /D?)
where dQ,/ﬁﬁlﬂis theﬁhumbe¥ Qf(ié&efs in thevelement.> This number
is equal to - o

K.doar/D;

' where‘D is the original‘diameter of the y;rn and r is the Qriginal
~radius at whiqh the element was added.‘-If Q and Z be the nett
wcircumferential énd”aiiél comﬁ@ﬂénts of the force through the face
of the'elément, then |

Q = Ké%QQ .Te cOSa, v cee  eee  (3.3)

'and < Z = K%Q .To Sina. . . e e N see (3'4)

Note that in any single 1ayér there are shear forces along the face
6f the element but those in sucéessive layers are in the opposite

direction so that the nett effect is zero.

3,2,2 The Addition of a Layer at R

Now considef that a layer of thickness dR'ié added at the

* outer radius R of the cheese, This imposes pressure over the cheese

* DP ‘“'Me Pnanl' value a} yarn .diamel'er
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as a result of which the element at Q@ deforms. The relations
between small deformations of the element are obtained by différen—
tiating the relations (i) and (1ii) with respect to R, Differen-

tiating (i) with respect to R

-sina.® = g.u/L - 4.0 ._1/L2‘
| OI' l/L = lé- + tana.e ) ..o‘ eas (Vii)

' oL U 2w o »
where 1"aRdR u = aR.dR and 9 = ~> «»dRe Differentiating

(11i) with respect to R
w

'2 e u
‘seg Ge® = 36 C- _-_-(;JQ)2°W

or - 'G/('simx.cosa) e e eee  (viii)

Rl
I

LA
W
(-

W
where LR d.R. From (viii)

6 = (X @).sina.cosa, S S see eos (ix)’

If the change in axial strain, that is w/W = 0, then the above ,'

relations reduce to

u/(.) ‘ 1/L - G.fana , . Lt L . ese oo.. (3.5)
l/L = U./e + B.tana | | " eee eoo (306)

and e = - u,sina'.ckoscx/@. v . oo ...‘ ‘(3.7)



Due to the addition of the layer ef thicknese dR at the
outer radius R the tension in the thread has changed by ¢ (n .dR)
from T to (T+t) and the angle of the thread has changed from @ %o
(a+9). The total number of threads through the face of the element
is X, d dr/D. The changes in the 01rcumferent1al and the axial |

components of the force through the face of the element are
q(=.°R.dR)_ and z(= 'a-ﬁ,dR) respectiv_ely. The change in the’
circumferential component of the force through the face of the

" element, i.e. Q, is given by the expression
Eiéeiﬁv( (T+t) cos(a+6) - T.eosa )

or ' q —4é;g£ (T.cosa.cose + t.cosa.cose - Tesina,sind - -

tesina.sin® - T.cosa)
'As 6 is small, therefore eine w 0 and cos@ == 1, Therefore
= ‘Kiggga(t.cosa - To8ind.6 - £.5inde8) - - cee - (3.8)

Similarly the change z in the axial component of the force throﬁgh

-the face of the element, i.e. Z, is given by the expression

z = K°D°dr (tesina + Tocosa.® + tecosa.8) .oo  (349)

The element is under equilibrium and by resolving the changes in the

- forces along the axis of the symmetry of the element



or -Br ar . ece ooce (3010)

The change in the circumferential strain of the element is u/r

where u is %—%.dR and the change in the radial strain of the

element is Du/3dr. Eliminating q from (3,8) and (3 10)

:g-r’?- —-'Q-{— (t.cosoc - T.5ina.0 - t.s:.na.e) oes  (x)

The change in the radial strain of the element, i.e.‘%'l% , 1s related

* to the change of pressure per crossing point, therefore
. 2u 2 . ' :
P = %;'.E.z(K%) HEE ’ - ceo XX (3011)

where 2(K;2)')2 is the total number of the crossing points supporting
the element and E is the Modulus of Compression of the cheese and ‘
is defined as 1/2(K ;z{) t:.mes the force required to produce unit
‘strain in the thickness of the element., The value of E is not

necesserily‘ constant but in the present analysis it is assumed as

constant, Differentiating (3.11) with respect to r

_ ap , N _, v , _ :
= = 2, (K.%) .E. L s coe soe (xi)
»r 'ar .
N - dp - S
Eliminating -5 from (x) and (xi) | S :
. ’62u - 1

32 = TXI3 (tecosa = Tusina.® = t.sina.8) ... (3.12)



Now 't' is the change in the tenéion T in the yarn due to change 1

~in the length L of the thread due to the addition of the layef at

the outer radius R, therefore,
t = EY.l/L . B ‘ ‘ ' eee oo (Xii)

where EY is the Elasticity of the yarn in Extension and is defined
as the force in the yarn required té_produce unit strain in the

length of the yarn. ’Substituting the value of l/L from equation

(3.6)
t = EY. (% + eotana)o
Substituting the value of © from equation (3.7)
ft £y, (% - L.5in%)
=(V B e - Qo n o

or 2 t = EYo-QIL.COSZd - T eew ‘ o:ao (3013)

‘Substituting the value of t from equation (3.13) and of © from

equation (3.7) in equation (3.12) . . '

2 )
ﬁ: 3 = 5 K1D = (EY,Q.cos3a + T.Q,sinza.cosa +
r L] L] L ]
r . EY(Q) .cos3a sin o )
or 2%y EY 3 2
: =,C08 a(1 + —— tan

u -
e - 2.K.D.E°Q @+ g sin é) eee  (xiid)



3e2¢3 Values ofep , T and «
‘The values of @, @ and T in equation (xiii) are current

values., Now

‘ | R

e = Tr+ %g.dR=r+U;
where U is the compression of the cheese at the radius r for the
outef radius R of the cheese and r is the original radius at which
the 'element was wound. This compression U of the cheese at r is
~due to the successive additions of the layers of thickness dR as
the cheese was built up from R = r to R = R. The velne'of:U at r

is given by the integral

R
ou QU :
I .dR whver‘e: ﬁ.dﬁ = u,

r
and its numerical value is obtained as the commulative total of u's
8t r produced bJ the addltion of the successive layers at the outer
- radius as it increases from R = r to R = R. Similarly,

R

d:ao.-!-J g—ﬁ.dRand Te T, + I 2L

where - ao .and To‘ are the wind angle and the tension in the yarn
With which the element containing the yarn was wound at r. The
differences between e ‘ and r and a and a, are small and might be
.neglected, though in numerical solution they can be taken account of.

That between T and To is not small because EY is involved and in faqt



To and
‘R |
QT 4R :
BRf might be of the same ‘order. Now
r
T = To + ggcdR ‘\ . oo.o soo (XiV)

and substituting the value of L .dR (..t) from equation (3. 13) and

using the original values r and a, in the above relation .

[¢)
R U L,
T =. To + ]r EYo(aRod.R)arco.S‘ ao/r

or T

To + EY,coszao.U/r e eee ees  (xv)

Substituting the values of T and replacing a and“@‘tw' 0y and T

respectively in equation (xiii)

2 . 2
gg g 5 EYD =7 .cos3ao (1 + %Y tanzao 4+ 548 @
r . '

(wt0)) .. (xvi)

L]

-~ Substituting the values of coSQy, tahao and sina, in terms of r

323 = é ?YD E;.. 5 (1 + 2 ;———EE-E— (u*U)) .o (3 14)
dr Ko DB (2 )/2- | r.r+a) '

3e244 Values of q, 2z, Py % and Q

From equation (3.9)

Z2 = K;%LQE (tosina + T.cosa.0 + t.C0OS0.0)

Replacing ¢ and a by the original values r and oo »fespectively and



substituting the values of t, T‘and © in the above equation

K.g.dr u 2 . | u‘ ]
= =4 o(EY.zygos.ao.51nao + To.cosac(a;.sinao.cosao)

U 2 , u . u 2
+ EY.r.cos ao.cosao.(fr.sinao.cosao) + EY°r‘°°S oye

Yo

qosao.(-%.sinao.cosdc))

B.8r o uwerea , To _r L
KD d 'EY"(r - )3/2 (- =T e 2 2y (urt)) ... (3.15)

or . 2 =

Substituting the original values of ¢, de and a and substituting

the values of %, T and 6 in equation (3.8) and simplifying -

2 2 2
KAJ dr U, T To a '
q = oe .EY —_— + -—-—-—-.—-— (u+U)) (3 16)
D (r +8 )3/2 T E 2 (r2+a )

 Substituting the value of d as Wa in equation (3.11)

-

2.2 ' '
2K° W 2u
= — B | (;.17)

When the element itself was wound at r, 1,6 wvhen R = r,
the axial COmponent of the force Z,, through the face of the element

is given by the following equation

However as the cheese is built up from this radius to-any other - .



‘radius R, the axial component of the force through the face of‘the
element has changed. If gg.dR (=z) 4is the change in Z due to

}the addition of a layer at the outer radius then the total change
in Zor when the outer radius is R»is given by.the integral JR'%ﬁ.dRo

Therefore the current or the residual axial component of the force

through the face of the element is given by the expression

Z = Zop +J a—dR Ceee  ees (3.18)

Similarly the residuél circumferential component Q of the fbrce

through the face of the element is given by the expression

‘a | .
Q = | Qor + } a% dr eoco coe (3019)

T

3,205 Axial Forces

During the winding of the cheese the thread changes its
direction at the_ends and therefore the axial component of the
.tension iﬁ the yarn at the ends is zero., Therefore ina more
realistic_ﬁodel the axial force of a léyef would vary from a value
" of zero at the package end by increments‘bf shear force caused by

friction between layers so that

2% oF .. _ ' | s
'avow + 'S';odr = o ’ : cees s0o (XVll)
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where V is the axial disfance of the element from the end of thg package .
ahd F is a friction force and acfs only vhere there is a tendency to
- 8lip and where,'in the absence of such a force, there would be relative
movement befweeh‘the lgyers. In the region vhere tﬁis tendency to slip
is absent F is zero and does notjchénge'with V. Thus there might be
threé regions hear thejend of the package - A where there is no tendency
to slip, B where there is shear, and C where Slip might occur before
‘the shear stabilisés; "

In the éolﬁtion, ﬁhic£ ié based on theAaséumption‘that the
‘axial deformation of the package is zero, the tension and its axiel
component in the yérn in an elemenf ehangevéith r but not with the
axial position’;f the element, i.e. V. The solution defived hére
would apply to tﬁat region where there is no tenaency for fhe layers
to slip, i.e. A.j This is shown in Fig.,3.2.' 1
| ’Apart from slipping this end region would be expected to
deform elaétically, each element defo?ming by shearing through en
angle proportional to the,chanée iﬁ tﬂe.value of F eéch timé a iayer
of thickness dR is added. In fact the defq;matién must be campatible
with both shear aﬁd extension of these elements and can only-be calcu-
lated by a full solution of this complicated system. If in this region
tﬁe resistahce to extension in the layer were ignored the deformation

r

"due to shear would be proportional to J F.,dr for each layer of
‘ s _ ,

thickness dR added. The total F at any r is the sum of the calculated

Z's outside that r but the axial distributionrof P is not known. If



it could be assumed uniform and the axial length of this region also

did not vary with r then the deformation would vary with r ass-

r R .

} (l Z.dr);dr‘

On the other hand, if extension only determined the deformation it
would vary as Z, i.e. &as }ﬂ z.dR.  The tendency for layers %o slip’
‘over each other at any point will depend on the ratio F/P which

again cannot be known without a full solution but it seems reasonable

to expect this to be linked with the value of the sum of F's in the

axial direction, i.e. J‘ Z.dr  and the value of P in the central
Rr )

region., The value ofJ Z.dr 1is given by the following expression

R R R R
J Z.dr = ] Zol.dr +
r . r r

Z
2R
r.

sedRedr  wee eee (3.20)

These funétiong ﬁave been evaluated in the progfam - not because
they repreéent actﬁal behéviour but because they are involved in
‘the 5ound$ry condition of any complete solution. If they vary in a
similar way with external conditions it seems likely that the

deformatlon varies in that way. 1If they behave in different ways

no conclusion can safely be drawn.



342.6 Change of Wind Angle

The value of wind angle dépends on 'x' which is defined

as traverse length per wind, ‘A change of wind angle is accomplished

by altering the value of x, In the equation aerivedvthe element is

so chosen that when W, the axial lengfh of the el

£ becomes 27, This gives the relation x/27 =W/ = 'a' - a

constant for a given cheese termed as a machine constant, A change

ement, becomes x,

in wind angle due to a change in x would either change W or ¢ and 'al,

A change in,W or d alters the size of the element and in order that

" the forces are comparable in the cases of cheeses

wind angles these are worked out on a standard size of the element,

one which is of consfant'length, thickness and subtends a constant

with different -

angle at the axis., The standard size of the element adopted is

that when x = 5 cm, W = 1 cm; this gives ¢ = 27.W/x and the

thickness chosen is O.1 cm. The computer program

output the results of the solution of the problem

363 Integration of the Differential Bauation’

3.3.1 Boundary Conditions

The differential equation (3.14) is

a2u - BEY ' u,r2 . T
ar?  2.K.D.E (r24a2)72

Tr.\T +a

. 2
lo & a
(1 + EY o_r? + 2

is arranged to

in this form.

> (7)) = say;

Flu,r).



This is a second order differehtial equation in u and r and hence
vtwo boundary conditions are necesséry to solve the equation., An
‘analytical solution is not likely to bé possible and, fherefore,
the equation is to be integrated numerically.‘-The necessary
boundary conditions ardas follows. (in this case the more stfictly
‘correct version in which the rs on R.H.S, are replaced by es can
be used).‘  |

1. At the core‘radiué 's! the deformation in r due to the addition -
of.a layer 6f<thickness dR at R is zero, és the.core is assumed to
 Be incbmpressible,' This means that U, the total'compressibn of the
cheese, at.cbre radius 's' is also zero. Therefore the first

boundary condition is that whem . . - = PRI
r=8 -u=o0, also U=o. -~ eee ees  (3.21)

2. At the outer radius R, the changé in the pressure of the element
- caused by.the winding of a layer is the pressure imposed by the

element of the layer added, - This pressure is given by thé expression

- S Ciaot el aviol n oo
Pp = - Kf R o _R ‘ cereee. (3.22)
: " D R+a
Therefore - at r= R,
)iﬂi v T __R . : ‘
or = TZEKDE jma e (5.23)

Above equation gives the second boundary condition.
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%0342 Procedure for Soiving the Equation
| The numerical solutien can be obtained by adding layers
of yarn at the outside of the package and adding their effects to
.éet the total ehanges necessary to evaluate the coefficients.,
Alternatively fhe effects of adding smaller layers at intervals of
R can be calculated and then integrating with respect to R to get
the coefficients., | |
The second ﬁethod gives a more complex program but should
be more accurate. The first method will probably be sufficiently
" accurate if fhe added layers are sufficiently small; it is -
necessary to compromise between a more complex program and a longer
number of iterations for the best use of the computer, |
- As the necessary boundary conditions are established fhe
calculations for solving the equation can be started. The start
‘ can be méde elither at the dpre radius 's' or at the outer radius R,
For the first solutions the start was made at the core, although
for solving the eecond case with varying values of E and EY, as
'eiplained latef, it is adventegeous to steft theleelculation et the
outer radius R; | | h o o |
From the first bouﬁdaﬁy cenditioh u.end_U are zero at core
redius 's'; this gives o} as zero at the core radius, A guess of

| | ?r2 | |
" the value of%ﬁ& is made at r = s, The equation is integrated



numerically using the m‘odified method of Euler for integration,
‘The calculation is carried up to the radius when r = R, : The

calculated value of %;J. at R is compared with the correct value of

%—% at r = R obtainable from equation (3.23), i.e. from the second
boundary condition., If the {wo vaiues's are different a fresh guess
of the value of %% at r = 8 is made and the entire calculation is
repeated{ The second value of % .at T = Rbis again compared with
the correct value of g—% at r = Ry If different again the entire
‘calculation is repeated with yet another wvalue of g—% Aat r = Se

' This value of %ll'- is_ obtained by linear int_erpolation from the
prev1ous two sets of values of %% ‘ai r = s and avt ‘r = R.‘ The
process is repeated agaln and agaa.n till the value of :g-% at r = R
is sufficiently close to the correct value of %% at r = R, Tﬁe
last calculatlon is the solution of the equation. This bgives the

value of u at any radius i'.:sucvh that s & r & R for the addition

of a layer of thickness dR at the 'ou'ter radius R,

3,3.3 Interpolation of the Value of du/ dr at the Core Radius

The formula for linear interpolation of the next value of

o
]

- from the two previous sets of values of g—;— at r = s and at

R o

= R is

sdu - C)

ndu = sdu + qa - D1

£ (cdw = du)  eee  aee  (3.24)
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where ndu - is the new value of du/3dr at.r = s

C - is the first guess of the value of dufdr at r = s;

DI - is the first calculated value of 2u/dr at r = R
obtained from C{ | | -

sdu - is the second guees of the value of Ou/dr at r = s;

du - is the second calculated value of du/dr at r =R
obtained from sdu;v |

cdu - is the correct value of ’Bu/'ar at r = R obtained

from the second boundary cozllditbievn'.

3. 3 4 Buler's Modified Method for Integrating the Equatlon :

‘For integratlng the equation the cheese is divided into
a number of layers. Start:.ng fron} the knovm values at the core,
i.e. at the beginnihg of the first lay’eqr‘ the values at the beginning
of the second layer are calculated. This is repeated for fhe next
layer and continued untll the cheese is solved up to the given |
radius when r = R,  The method is as follows.

- Let tﬁ, tdu ahd td2u represeht the values of u, -'gl;' and
_Sr—lzl respectively at the radius denoted by cic;, i.e. at rr_l-:J °
Let dr be the thlckness of the layer, i.e. the sten length. - Then

at (r+dr),ie. atrfk+13

u = tu + tdu.dr;

du = tdu + td2u.dr;



d2u = Mu, vtk + 11 );

The values obtained are the projected values; these vaiﬁes are

~averaged and the new values are calculated end suffixed by ‘a'.

n

dua = tdu + (td2u + d2u).dr/2;

ua tu + (tdu + dua).dr/2;

" d2ua = Flua, rck + 13);

Now u and ua are compared and if different the calculation is
repeated again using the new values, and the process continued
 until two successive values are sufficiently close to eachAother.

' The wvalues of u, du and d2u obtained from the last

. ' - ou 22y
calculation are the values of u, o7 and —7 at rck + 13, For
r
. ? » ‘
calculating the values of u, du and -—%% 8t the next step of the
o or or

radius, i.e. ét rek + 23vthe values af rck + 11 are used as the
starting values and the calculation is repeated as above. The
process is continued till the whole range of radius from r = s to

r = R is exhausted,

3.3.5 Calculation of the Value of U

The equation (3.14) contains the term U (= r%%.dl’t).
: r

This is the total deformation of r as the cheese was built uﬁ from
R=r to R = R before the addition of the layer of thickness dR at

the outer radius R. The integration of the equation at any R
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requires the prior knoﬁledge bf‘U at every step of r for the outer
| radius R, Therefore the calculation has to start right from the
l‘beginning (i.e. from the core) and prdceed fér s r& R every
time a layer is added at the.oﬁter radius R.. Then as the cheese is
’built up layer by.layer the values of’u and U are calculated 4t each
Stép of r for‘£he addition of each layer at the outer'radius‘R. The
values of U at each step of r obtained from the previous solution
are used in thé next solution for the addition of the next layer at.
R, This type of calculation is made possible by'thé'fact that for
. the first layer édded U is zero and makes it possible to solve the
equation-fof the addition of the second layer.

In Fig, 3.3 x-axis rebresents the radius r, y-axis
represents the outer radius R and the z-axis represents the
deformation of r due to the addition df a layer éﬁ the outer radius
R, i.e.l.u (=§;%.dR). Conéider'the'point’ r1ﬁ1.. This represents
the values after the addition of the first layer. >Sincé this is
the?only layer added u and U are numerically.zero and there is no
curve for u with réséect tqlr. Coﬁsider the point roR,. This‘
representé the #élues after the'additiqn of fhe~second’1ayer over
the first iayer. The outer radius is R2 and the radius of the cheese
is r1; The curve for u, i.e, uy, with respect to r is drawn;
| Iikewise the picture is completed for many points r3R3, r4R4, r5R5,
etec,. Thése represent the addition of mahy mqfe layers. The curveé

Upy Uszy Uy, etc, are drawn, From these curves the values of U can
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be calculated at any point, for example
U at r, = value of u at T, from curve up
+ value of u at r, from curve U

+ value of u at r3 from curve uy

However any later curve of u, say u, ‘when R ='R3 can only be drawn
ﬁhen the value of U at all steps of r, i.e. r, and ré, when R = R,
is known. . ‘

‘It may be observed that if the size of the layer added be‘
doubied the value of u for the addition of each layer too would Be
nearly doubled, but the number of layers added to make the given
outer radius woﬁld:be'halved. The value of U at any radius r would
remain peafiy the same,as now;the number of u's to be added to give

U would be halved though the value of eech u would be almost twice.

3,3,6 Error in the Values of R and U at r

In the solutlon the cheese is bullt uo from r to the flnal
radius RO by adding a number of layers, say 'n', each of thickness dr,
'i.e.. |

r+nxdR = RO—:Y

However, while the layer is being added at R it causes compression u

of the cheese at r (= R) and the outer radius would be short of (R + dR)



by nearly u; and after the addition of 'n' layers the outer radius
- would be short of RO by X 1111 The values of Ugy Upy v 3 Uy
depend on R, the radius at which the layer is added., The effect
Aiof this error'can be reduced by adding extra layer so that the total
does in fact feach RO. The value.offzﬁl is small and is
approximately 0.16 cm in a cheese with the values of 0,05 cm, 100g,
5000g, 5 cm, 1D, 0.1 cm and 20g for the diameter of the yarn,vE, EY,
X, spacing, dR'and T respectively as compared to the value of RO of
5 cnm. |

The addition of a layer at the oute; radius causes the
radius r of the cheese to shorten by u, the deformation in’r. “When
the next leyer is added ﬁhe value of u shopld then be read off at
(r + u) and not r tq get the correct value U at r. However for
keeping the combuter program simple the value of u is read &t r
and not at (r + u) in evalﬁating the-value of U. 'The error introduced
'at the end of the completed cheese would approximately be equal to
| the difference of the values of u at r and at (r +»Z u) The
'dlfference is small and in the above cheese is aoproximately equal
to the difference in the values of uatr ( 2. 9 cm) and (r +-Z_u)
(= (2.9 - 0.0153) cm ) when the radius'under conside;ation.is 2.9 cm,
Tﬁe u is caused by the increase of O.1 cm in the oute? radius to

‘make it 5 em. If, for softer material the deformation in r was

larger, the radii could be adjusted in the program to correct this.



324 Theoretical Results with Discussion

3.4,1 Values of the Varisbles

The tensions, pressures, etc, within a precision wound
cheese have been calculated by program.15 using a range of values
of yern modulii which include those applicablé to the yarn used in
the'éxperiments of Chapter 2 to measure the deformation of a precision
cheese, Similarly the dimensions of the cheese are the same, namely
~a core radius of 1 cm and avfinal §uter radius of 5 cm. The diametef
of the.yarn is 0.05 cnm as 20 wraps of yafn when laid side by side
vféuching each other on the experimental cheese make 1 cm, |

In ﬁrder to study effects of varying winding tension,
spacing of the adjacen£ Wréps of yarn, traverse per wind i.e. wind
angle, Modulus of Cqmpression of cheese and Elasticity df yarn in
Extension/on the fensions, pressures etc; in the cheeses a nﬁmber
“of cheeseswith different comBinations-of the values of these
vériables are solved., Also the cheeses with isotropic yarn and with
near paréllel winding are>56lved. These.cheeses are numbered from 1
fo 14 and their details.are given in Table 3.1, The detailed
results of éach cheese are given iﬁvAppendix C and the fofces are
converted to_facilitate comparisons to total forpes’acting through’
the faces of a standard size of element of length 1 cm, thickness

0.1 cm and subtending an angle of 27 /5 at the axis of the cheese,
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Table 3.1
winding . traverse
cheese tension spacing . per wind B EY
no
~ g D ~ -~ om g g
1 20 1 5 200 - 5000
L2 30 1 5 200 5000
3 40 1 5 200 5000
4 20 2 5 200 2000
5 20 3 5 200 2000
6 20 1 7.5 200 5000
T 20 1 2.5 200 5000
8 20 1 5 100 5000
9 20 1 5 400 5000
10 - 20 1 5 200 2000
1 20 1 5 - 200 8000
12 : 20 1 5 1000 1000 -
13 20 1 0.05 1000 1000
14 20 1 5 "~ 600 600

3¢4e2 Forces Through the Face of the Added Element

Because the wind aﬁgle changes with winding-on radius the
forces in the added layer vary with radius. Qo Po and Z, of thé
element added are.shown b& cutves (1) and (i1) of‘Figo 3.4, The
curves (iil) ShOW’J Zo.dr with r in a conpleted cheese of 5 cm
radius, The number on the curve shows the cheese to which that
curve refers,

Qo and P, increase and Z, reduces with R, This is due to
the reduction in the wind angle with R. The values of‘Qo, Po, Zg

R. _ : - _
and [ Zo.dr also depend on the winding tension T in the yarn and
r .
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increase proportionally to the increase in T as shown by curveé 1,
2 and 3, Aﬁ increase in the spacing of the adjacent wrafs of yarn
from 1D to 2D and 3D reduces the number of threads through the face
of the element added to ¥ and . respeqtively and therefore Qg, Po,

Zo and JR Zo.dr also reduce o %fand + as shown by curves 2, 4 and

r

5. A decrease in traverse per wind reduces the wind angle and as a
L ' R

consequence Qg and Po increase and Zo and I Zo.dr reduce. This is

. shown by curves 7, 2 and 6,

3,43 Changes Due to the Addition of a layer at R
Fig. 3.5 shows the effect on pressure, tension, etc. within

a pheése with a realistic value of 25 of the ratio of EY/E whén-a
layer of thickness dR (= 0;1 cn) is added at R (= 4.9 em). The
value of p (=§—§.dR), shown by curve (a), shows that it reduces
’_'very rapidly initially with r and there is no sigﬁificant change in

'p at r below 3 cm. The most of the pressure imposed by the added
layer is supportgd by a few 1ayers at the outer part of the cheese
because of the value of the ratio EY/E (= 25) which allows the
yarn to lose its tension quickly for small value of U and the cheese
not being allowed to deformiaxially (the effects of a smaller ratio
wiil be seen later), The incremental compression u (= g—%.dR)',
" ghown by curve (b), depend on 'p! énd is,.therefore, similar. The
changeiin'tension ices t = (%%;dR), shown by curve (e), depends on

'u' and the changes 'q! and.'zf in Q and Z; shown by curves (d) and
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(e) respectively, depend on 't' and these changes are also gimilar

to 'p!'.

-~

3.4.4 Results‘in a Comnletedlcheese with Tynical Yarn Properties
Figs. 3.6 to 3.11 show thé distribution of pressure,
compression etc, within a completed cheese (no. 2) of radius of 5 cm.

Fig. 3.6 shows P at all values of r and R. The pressure at aﬁy
givén r increases rapidly for some initial increase in R from r but
after the addition of few layers there is no significant increase in
P at r, This is shown most obviously by the curve at r = 1.4 em,
This indiqates that most of P,, the pressure imposed by the layer
added,‘is sﬁpported by a few layers at the oﬁﬁer part of}the cheese
and the_inﬁer part is lef£>comparatively unaffected., This is dué to
a high value of the ratio EY/E which allows the yarn in a few layers
‘beneath the added layer at R to lose all its tension for 2 small
| value of U in these layers and any further increase in U uses up
Po, again, due to the high value of the ratio BY/E.

In the completed cheése the maximum preséure occurs at
the core and the pressure curve shows a minimum af the radius of
1.4 cm. The pressure then increases gradually with the radius and
falls rapidly again after the radius of 3.9 em.  The built up of
the pressure at the’core is due to fhe coré being incompressible 850

that tpé layers just above it do not lose their tension and contribute
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to the pressufe at the core. ‘Thevlater gradual increase in tﬁe
pressure with r is probably due to thelincreasing value of Py with
R due to the changing wind aﬁgle. Finally the pressure falls off
towards the end of r as the number of layers above T affecting the
pressure at r reduce.

‘Fig. 3.7 shows U at all values of r and R in a completed
cheese of 5 cm radius., U at ény radius depends on P and on the
thickness of elastic matgrial beneath that radius. Thus the curves'

_of U.againéf R for constant r are similér in shape to fhose of P,
 but the cﬁrves of U against'r at constant R increése with r so

that the Slopes of these curves is greater than thosg of the curves
for P The maximum valué‘of U océurs at rdh{ 3.9 cm and represents
a relatively small.déformation of 0,017 cm or about 0.42% of the

. radius, If the modulus—rétio was chanéed so that. the deformation
was affected by a greater nﬁmber of layers the maximum would bccur
at a smaller value of r,

The change in the tension of the yarr.l,‘ lees t (=§%.dR)
and the corresponding residual tension T in the yarn at any r for |
any R in fhe completed cheese oflfadius 5 cm is shown by Fig. 3.8,
The value of t depends on U/r and is zero at the cbre radius as ﬁ
'is zero and T in the yarn ié equal to T,, the winding tension in the

yarn. ‘At other points the curves are roughly what one would expect

to get by dividing those of Figi 3.7 by r - as at any radius the
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change of length approximatelj proportional to U is occurring on
‘a basic length approximately propoftioﬁal to r. Over thé middle
region the change of tension is greater than the original winding
tension and the yarn is therefore in_cpmpression. The behaviour
of the total c.halnge in 'tt, i.e, JRgg dR, at any r as R increases
ffoﬁ'R r to RO is similar té that of U as shown by the curve of
J' gﬁ,dR af r =1.4 cm;j T becoming negative. In the completed
, cheese the maxlﬁum value of the total change in tension of 24 4z
or the minimum residual ten51on of -4.4g is at the radius of about
 i.9cm. |
'Figs. 3.9 and 3,10 show respectiveiy Q and 2 at any r
for any R in the compieted»cheese of 5 cm radius. The value of
Q and Z depend on T and « but the changes in Q and Z, i.e.

R R :
j ég.dR and _S 3Z dR, at a given ras R increases from R = r

BR aR*
to RO mainly depend on the change in fens1on T of the yarn as the
change in «a? is small,

The changes in Q and Z at a glven r, like the change in

fhe tension in the yarn, become insignificant gfter the addition
of a feﬁ la&ers at r, This is cléarly shown by the curvés of Q and 2
at r = 1.4 c@ becoming parallel td the R-axis. Also Q and Z change
n sign when T becomes negative‘indicating thét Z is now trying to

expand the element axially. The value of Q, increases and that of

Zo reduces with R and the effect of this is evident in the curves

of Q and 2.
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- Fig. 3.1i shows the shear.force on aﬁ element at all
values of r and R in the completed cheeée. A positive vaiue of
" the shear force shows the tendéncy of the outer layers of the
cheese to contraqt relative to the ianr layers and vice versa.
The shear force at any r at first Quickly builds up to a maximum
positive value and affer attaining its maximum value startsfreducing
steadily as R increases from R = r to RO, The shear force at r is
at first positive and increases with R beCaﬁse the tension in the
yarn iﬁ the iaYers added aBove r ié‘poéifive but at‘a'ceitain value
‘bf R the yarn in the layer at r loses all its tension. The sﬁear
force at r;-then, has & maximum value and anyifurther4increa3e-in
R causes the yarn at r to‘éompress'and acquire:a negative tension
and as more layers aré added the yarn in the layers abofe T,
similarly, acquire negative‘tension. This starts a decline in the
‘shear force on the element at ro The shear force, i.e. sR Z.dr,
at r is maximum when T at r is zero. This is shown, for e;ample; by
the curvé of T at r =‘1.4 en in Fig. 3.8; T at this radius is zero
when R = 2 cm for which value of R JR Z.dr at r = 1.4 cn is also
maximum, Addition of each layer afte: R = 2 cm causes an.addition
of positive shear force at r but if also causes a loss in it due to
;édial deformation of the chéese and the résult is a nett loss in

the shear force and theréfore‘the shear force at r reduces steadily

as R increases. This effect is further enhanced due to a reducing



value of Z, and an increasing value of Q, with»R; the latter
causing a higher compression of the cheése and therefore é greater
loss in the shear force at r. |

As before the incompressibility of the core causes a
glightly different beﬁaviour of the shear force in the region neaxr
tﬁe éore‘from that in the rest.of the package and this results in
a minimum of the_shear'force near the core, In this examnple of
Fig. 3.11 the reductioﬁ aﬁ& going ﬁegative éf the shear force has
reduced the shear at the core to almost zero - the Z in'thé inner

layers almost balancing that in the outer layers.

3.5 Comvnression of Cheese Under Different Windins Conditions

This sectiqn’gives effects of varying the variables like
;winding tgnsioﬁ,'E, etc. on the pressuré, compression etc. iﬁ a
cheese. This is done by computing thé results in a cheese for three
" different values of one variable keeping the other variables
constant; Tﬁe variables éfe the Winding~tension in the yarn, the
spacing of the adjacenf wraps of thread, the tréverse per wind, the
Modulus of‘éompression of the cheése and the Elasticity of yarn in
Extension. Effects of varying thé value of each variable is shown
by a set of two figures eaqh'figurehmﬁngG.sets'of curves. The
curves marked as (a), (b), (c) of the first figure and the curves

marked as (d), (e) and (£) of the second figure show P, U,
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R :
J gg dR and T, Q, Z and I Z.,dr. respectively at any radius of
r

r ,
the cheese for three values of the variable for the completed

‘cheese of 5 cm radius. The curves marked as (4), (B), (C) of the
first figure and (D), (E) and (F) of the second figure show
resPectlvely P, U, !'3R°dR end Ty Q, Z and j Z.dr  at different
values of r, namely 1.0 cmy, 1. 9 cm, 2.9 cm and 3.9 cm, as the
cheese is built up from these radii to the final outer radius of

5 em for two extreme values of the‘variable, This representation
_of P, U, jR%%.dR and T, Q, Z end ]R Z.dr is uniform for

- r

r
showing effects of the variation of each variable on the cheese,

3.5.1 Effects of Varving the Windine Tension in the Yarn

An increase in the winding tension of the yarn from 10g

to 20g apd 30g'ihqreases the pressure and the shear force imfosed

by the element added at the outer radius of the cheese proportionately
end causes a proportional increase in the values of P. U, I %ﬁ%.dR
ete, The per cent changeé in T, Z and Q ere the sanme forvali the
‘three values of the winding tensions in the yafn, This is also
suggested'ﬁy the equation (3.14) in which the term, To.az/(EY,rz) ,
containing TO is small as compared to the other terms due to the
>‘ large value of EY and therefore a change in the value of the tension
.has little effect on the value of the compression of the cheese

except the linear change caused by the chenge in the boundary
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condition, i.e..the change in the pressure'imposed by the added

*
v

layer., ‘The results are shown by Fige 3.12 and Fig. 3.13.

36He2 Effects of Varylng the—opace Between AdJacent Wraps of Yarn

To study effects of the spa01n of the adgacent,c01ls of

‘yarn three values of the space between the adJacent wraps of yarn,
namely 1D,/2D andv3D are chosen. The results are_glven in Fig. 3.14
and Fig. 3.15. .

| An increase in the spacing”of the adjacent wraos”of yarn

jfrom 1D to 2D or 3D reduces the number of threads in the element and

therefore the force through the. face of the element added at R to 3 

or ¥ and the number of cros31ng p01nts 1n the - element to %-or 1é il.e.

from 490 %o 122 5 or 54,5, This shows that pressure of the element

reduces but the pressure per point'increases'and consequently U is

"'higher in‘the cheese with the spacing‘of 3D as com?ared to that of

the cheese w1th a spa01nv of 1D. This 1s shown by curves (b) of

aT
R’
r -

in the former cheese. "In both cases however the change with

Fig. 3.14. Slmllarly curves (c) show a hlgher value of .dR
spacing is fairly small.

P is hlgher in the cheese with the spacing of 1D but the
pressure/p01nt is hlgher in the other cheese and is 16.,5g per point
at r = 1.4 cm in the later cheese as compared to 10.3g per point of

the former cheese at the same radius. This probably is due mainly



to the assumptibn of no axial extenSion which makes the change in
a very small, |

The curves (D) and (E) of Fig. 3.15 for Q and Z are similar
to the pressure curves (4) of Fig. 3.14. The curves (4), (), (¢),
,(D)_ar‘ld (E) for p, U, jR %%dR end T, Q and Z show a slightly
greatef tendency to flazten for the chegse with a spacing of 3D
between adjacent wraps of yarn and this is due to the cheese being
comparatively softer becauée‘of the iess numBer of crossing points
glving in effécﬁ a chénge iﬁ the ratio 6f‘tangential to radial
elastic modulii. |

The curves (f) show a progressive inérease in the magnitude
of the negative shear force‘tending'to expand the cheese axially and
_acts on é larger part of the cheese as the spacing between the

adjacent wraps of yarn incréases and thisvis due to a progreSsive

increase in the compression of the cheese. The cheese with a spacing

6f 1D between adjacent coils of yarn does not show any tendency to
axial expansion as shear férce is never négative. “The curves (F)
show a similar situation with a marked tendency for the cheese with
& spacing of 3D between adjacent wfaps cfvyarn to expand éxially at

. the radius of 1.9 cm,

3e5¢3 Effects of Varying the Traverse per Wind
The values of x, the traverse pef wind, chosen for this

study are 7.5 cm, 5 cm, and 2,5 cm and the results are shown in
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Fig. 3.16 and Fig. 3.17.

‘A reduction in the value of x, the traverse per wind,'
.réduces the wind angle, and thefefore the number of threads in a
given axial width W, which varies with (D.seca), increéses. This is
shoﬁn by the value of K, when W = 1'cm, changing from 14.78 to 12.45 .
and 10.22 as x changes from 2.5 cm to 5 cm and 7.5 cm for fixed
spacing at the core. The valuetsf d when x = 5 cm and W =>1 cn is
taken as standard and kept the same in different solutions and
therefore the axial width W of the elemenf, according to'thev_
definition of the element in fhe analysis, musf‘change and. this is
altered;by.the same factor, calléd angle, by which x iélaltered.
However, to facilitate direct compafison of thé results, the results
are expressed on}the-éténdard size of the element which has been
définedvalready. The alteration in the value ;f4K due to a éhange
“of x and hence a alters the ﬁumbér qf crossing points in an elément
of standard size and this number is 345.2, 489.5 and 494.9 when x =
2,5 cm, 5 cm and 7.5 cm reépeétively. Incidenta;ly the maximum number
of crossing points in an element of standard size would occur when
o = 450 and.theorefically this typé of cheese woﬁld offer maximum
. resistance to radial déformation.
| A change in the value of x from 7.5 cm to 2.5 cm reduces

N ‘ ;
the number.of pressure bearing crossing points in the cheese giving .
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in effect a highef value of thé ratio of EY to E and:therefore the
pressure of the added layer affects‘comparatively a fewer number of
layers underneath it and vice versa, This is shown by fhe curves of
Uy Py etc. flattening earlier'aﬁd«quicker'when.x~=~2.5Acm.-_This
causes P when x ; Te5 cm to be nearly“equal to P when x = 2,5 cn

though the value of P, is higher in the latter case due to a higher

. R m
value of K and a smaller value of a. Similarly U and J .%ﬁudR are

. nearly equal. Also the maiimum vaiues of U,:IR;g%.dR,'etc; oceur
eomparativeiy/nearer the dentre of the cheese ;hen X = T.5 cme

| ‘Due to higher value of Zgy when x =-7.5 cm, the shear
force is higher'in this cheese.. The changes in the direction of-
the shear force roughiy oceur at the same radii in both the cases
as shown by curves (f) of Fig. 3.17, but the radius at which shear
 force isgzero isllarger in th¢ cheese with x = 2.5 cm showing'that
~ a greater part of the cheese is subjécted to a tendency to expand

~axially. Also the shear force at r = 1.9 cm, as shown by curve .(F)

of Fig.A3.17, has a smaller maximum and becomes negative earlier,

36504 ”Effects‘of Vérving the Modulus of Compreséion of Cheese

Three values of E, namely 100g, 200g and 400g giving’three
values of the ratio of EY to E of 50, 25 and 12.5 respectively, are
-chosen to study effeqfs of varying.the value of E on the cheese.

The results are showvn in Fig. 3.18 and Fig. 3.19.
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The pressure curve (a) of Fig. 3.18 shows that the
pressure inside the cheese is smaller when E is smaller, i.e.
100g. This is due to the higher value of the ratio of EY to E,
i.e. modulus ratio. Beddoezalso gives similar results, namely
when the modulué ratio is changed*froﬁ 1 to 20 the pressure at the
tﬁbé of a yarn beam reduces to nearly half. Because of»the lower
value of E = 100g the value of U is higher as the material is
easier tovcompréss radially; this is shown by the curves (b) and
(B) of U. Also the initial compression of the cheese at any r is
l‘éasy and a greaterﬂvalue of U occuré for some initial increase in R
from when R ; r; allowing the yarn at r to lose all its tension,
Any further increase in U at r is difficult because of the high value
of EY and the cheese being not allowed to expand axially. This
| condition is reéchéd gradually when the value of‘E is higher, ie.ee
when E = 400g. This meansg that the éheese, when E = 400g, is affected
‘ By the addition of comparatively a greater number of layers at that

radius. This is-shown by'comparatively'gradual‘flattening of the

R on

curves of U, P, S .dR etc., at constant r W1th R when E = 400g

. r
as compared to when E = 100g. Thls also results in higher value
of P at any r,

The curves (f))for the shear force show‘considerable

difference és the value of E is changed. When the value of E is 100g

the shear force is negative for a greater part of the cheese trying.
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to expand that part of the cheese axially and the magnitude of the
shear force is also higher as to that when E 400g; In the later
case the shear force is positive throughout failing to show any
tendency for the ax1al expanSion of ‘the cheese., The build up of the

shear force at constant r with R is also different in the two cases

as shown by the curves (F) of Fig. 3.19. In the case when.E is 100g '

the shear force at(r ='1.9 cm reverses its direction earlier with a

'much smaller maximum and continues to increase in the other direction

steadlly attaining a fairly large negatlve value, whereas in the other

case the maximum of the shear force is much higher and it is never
negative. It appears that the value of E has cons1derable influence

on U, P and JR Z.dr.
. vr -

‘3.5,5 Effects'of Varving the Elasticitj of Yarn in BExtension

Effects of varying the value of the Elasticity of yarn in
Extension on the compression of the cheese is studied by using three
values for it, namely 2006g, 5000¢g and SCOOg. The results are shown
in Fig. 3.20 and Fig. 3.21. The values of noduius ratio are 10, 20
and 40 respectively. |

' Aihigh value of EY causes the yarn"to'lose all its tension
- quickly even for a slight conpression of the cheese which results in
the shortening of the length of the‘yarn and once the tension is

lost in the yarn it is difficult to compress the cheese further as
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it would require further shortehing of the yarn to a state of
éompressive strain which is difficuit, again, due to the high value
of EY, Therefore U, with the high value of EY, is much smaller and
is shown by curves (b) of Fig. 3.20, The preséure of the added layer,
once the yarn inAa few layers immediétély below the added layers has
loét.its tension completely due to the initial compression, is quickly
utilised in converting the yarn to a sfate of compressive‘strain in
these layers and.the pfessure of the added layer fails to reach
beyond'these few layers. This issdown by the quicker flattening of
'{:he curves of‘P, g, fi g%.d.R, etc. at constant r as R increases from
R=r,. As‘oﬂly a few layers are affected by the addition of a layer
at R when EY is high,'P is much less as compared to vhen EY is low,.
This is shown by the pressure curves (a) and (A). This also results
 in lopsided curves like (b) and (c) of Fig. 3.20 with the maximum

- values océurring nearer the ends of the cheese rather than at the mid
fadius.

The effect of increasing the value of EY on the shear force
inside the cheese is similar to that of lowering the value of E as
both these’bhanges cause an‘increase in the value of modulus fatio.
The behaviogi of the shear force.in thislcase isg similar to‘itg
~behaviour in the previous case when E is Varied. It appears that

like E, EY also has considerable influence on P, U and IR Zodr in
. 4 v
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the cheese.

It may be observed that the changes of all the variables
except U with EY are very much like the changes with E -~ as would be
expected because the ratio EY/E.is>the main cause. The difference -
between the valués of U in the two'caéés is because a low value of
E.ailows easy compression and the yarn loses all its tension only
when the value of U is conmparatively ﬁigh whereas a high #alue of
EY permits the yarn to all its tenéion even for a_small value of U
and iﬁ both.cases the value of U does hot‘change much once the tension
‘in the yarn is lost -~ dve to high modulus ratio.

'It.appears that the value of modulus ratio, which is a
measure of the anisotfopy'of the yarn, is of considerable importance
as the behaviour of the cheese depends on its value., This is in
. agreement With'the results of Beddoe, and follow from the form

of the equation,

' 3.5.6 Effects of Varyine the Modulus Ratio

The effects. of varying E or EY, i.e.,ih effect varying
the modulus ratio of yarn, influences the behaviour of the cheese
considerably. Therefore in order to study effects of varying modulus
rétio four values of modulus ratio are chosen 1o éover &g wider range
.'of it than when E or EY were varied separately. These are
1(= 1_obo/1ooo), 10(= 2000/200), 25(= 5000/200) and 50(= 5000/1'00).

The results are shown in Figs. 3.22 and 3:23,
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The results confirm {he comments already made. However
the cheese made with the isotropic 'yarn' show a very different
behaviour and this difference increases with the increase of the
modulus ratio. The cheese shows high values of P and low values of
U and jﬁgg.dﬂ. The tension in the yarn is always positive, 4
cheese made with an isotropic yarn is alwajs likely to show a tendency

to contract axially.

3,507 Cheese with an Isotropic Yarn

The yarn can be made isotropic with the value of.modulﬁs
ratio as unity by assigning equel eelues to EY and E. Two values
of EY'(or E), namely 600g and 1000g are chosen° The resulfs are
shown in Fig. 3.24. Tgeieurves (a), (v) and (c) show P,>U and
IR‘%%;dR and T respectlvely with r for R of 5 cm and the curves
- (4), (B) and (C) show P, U and J. an° .dR and T at constant r o:f

1.9 cm as R increases from 1.9 cm to 5 cn.

R
The results show that P and I gg.dR remain v:.rtually

unaffected by a change in the value of E (or EY) from 600g to 1000g
whereas U is higher when EY (or E) is lower. This is as would be
expected, e.g. if E (= EY)‘was very large then there would be
virtually no U because the_smallest deformation would cause the yarn
- to lose its tensioﬁ and it would then add nothing to the pressure,
wherees ‘the opposite case of a very low E (= EY) would permit

deformation but not increese the pressure etc., in proportion.
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3.5.8 Parallel Wound Cheese with Isotropic Yarn

A paréllel wound cheese is obfained by reducing the value

-of x, i.e. traverse per wind, equal fo.the diameter of the yarn,
namely 0,05 cm. By this the axialfcomponent éf the tension in the
yarn becomes small and the circumfereﬁtial component of the tension
in fhe yarn becomes nearly equal to the tension #iself, Because of
this type of elgment construction thé.number of crossing points iﬁ
the element is greatl& reduced and is 8 in an element of standard size
‘asvagﬁinst.490 when x = 5.cm; in effect increasing the value of
 modulus ratio Qonsiderably. The pressure imposed by the added
layer is increased due to a‘higﬁéi value o{fK and a reduced value
of a. The results e#pected would therefore be similar to that of
a cheese with high}modulus ratio.

. Pig. 3.25 shows the results of two cheese with the values
_og x of 0,05 cm and 5 cm, “Curves (a), (b) and (é) show P, U and

oT

I£5§ dR and T for both the cheeses with r when RO is 4.5 cm and

curves (4), (B) and (C) show the same at r = 1.9 cm as R increases

from 1.9 cm to 4.5 cm. The cheese with paraliel winding'show
larger véiues of U and jR.g—%.dR' but a smaller value of P, Also
the values of U, P and JR:%%wdR ceaée to grow with R after some
increase in R from when R : r, These resultsvare similar to the

results of the cheese made with a yérn of high modulus ratio showm

before,
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However the piesent.analysis is not suitable for a
'parallel wound cheese aé the contact between the yarns of the
‘adjacent layers is no longer theoreticélly é point contact but is
a line contact.and the construdtiop of the elément for a pardllel
wound cheese woﬁld be different.h~1ﬁ';ll practical cases this will
bé &n area of contact which will tend to a line for a = zero_but
will be changing little for other values of a. This effect will

be discussed 1atér.

© 346 Summéry,of Results

. R?BT R

- The values of U, P, iﬁi‘dR' J Z.dr, etc. are
proportional to the ﬁinding tension in the'ernuand change according
to it.

| The modulus ratio, i.e. the ratio of EY to E, is important
and has cqhsiderable effect on the behaviour of the cheese, A high
'value of the ratio results in smallef values of the ﬁressﬁre, greater
changes in the tension of the»yarn-and'the yarn’écquirés'negative
tension. Q and Z also become negafive in thoSe_layérs‘iﬁ'which the
yarn haS'é negafive tensiqh;  Due to this the shear force changes
sign and génerates a-téndency‘for the cheese to'expand‘aiially. The
‘maximﬁm of the shear force at a given r»océuré‘whén tehsidn’in the
yarnratyr is Zero. The magnitude of this tendency eand the ﬁarf éf

the cheese subjected to this tendency increase with the increase in

the value of the modulus ratio, The value of U, i.e, the amount of
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the compression, is influenced by the individual values of E apd EY
and is high when E or EY is low and vice versa. Another influence
is that the pressure of the added layer at the outer radius R affects
“only a few la&ers immediately beiow R and the rest of thevlayérs
rémain virtuaily unaffectéd. Thiébis'shown by the‘éuf#es ofdP, u,
JRéiﬁzdR, etc, bécoming flat very soon., These curves»show large |
igitial changes at r due to some increése in R from when R =.r and
little chéngeé'for sﬁbsequent increase in R, This also results in
a pressure distribution iﬁ the cheese which does not vary much with
r except heér:the 6ufer part of the cheeée where pfessﬁre.falls/
repidly. | | | |

| The beha#iour of the cheese madé withbisotrbpic &arn is
quite different. In thié cheese the yarn is not likelyrto acqﬁire
negative tensidn ahd the cﬁeese probably would not show any‘tenaency
to expaha axially though it might sﬁow a strong tendency to contract
“axially. .The pressure within the cheeéé increases stéa&ily towards
the core unlike‘the cheese made with a yarn of high modulus rafio.

A change in traverse per wind, i.e.,wind angle, affects
the circumferehtial end axial cqmponents of‘the‘tension in the yarn
and also the number of préssure bearing points ip the cheese,
,ﬁaximum nﬁmber of crossing points are available when a = 45o and
theoretically the’resistance of fhis tyﬁe of the cheese to radial

deformation would be maximum, A change of wind angle from 45o
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“reduces the numbér of crossing points which in effect is equivalent
to lowering the value of B and the‘resﬁlts are therefore similar to
~those obtained with a higher value of the modulus ratio., Near
péfallel winding can be obtained by reducing the traverse per wind
equal to tﬁe diameter of the yarn, Bﬁt the analysis based on this
typé of element construction-is not applicébie'to thaf'case as the
contact between the adjacént layers'iﬁ thaf case isifheoféticaliy
no longer a point confacf; | o

| | An increaée’in the spacingubf the adjacén£ ﬁraéé of yarn
from the minimum vaiﬁe of 6ne diameter of the'yérn reduceé thé
nﬁmber of ends in the element proportionaliy but the number Qf"
érossing points réduces as the sqﬁare of fhé‘reduction in the nﬁmber
of the ends and this in efféct is again équivalent to the léﬁering
of the valuelbf E and the results are fhefefore againvsimiiér to

_those obtained with a highér value of the modulus ratio.
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CHAPTER IV

THE MODIFIED THEORY

4,1 Introduction

In the theoretical analjeis"of the previous chapter E,
the-Modulus of Compression of cheese, and EY, the Elasticity of yarn
in'Extension are assumed to have coﬁstant values under all cenditions.
However the velues of E and EY are not constant particularly when
the loads are small, though at high loads the variation in them may
" be small, ‘The fesults of the previous.chapter‘shows that small
valuee of the pressure in tﬁe cheese and of‘tension-in the yarn do
occur; the fermerYOCCur.beneath the added 1eyers at the oﬁter_redius
of the cheese and the latier may eccur at any\?adius effer theA
addition ef a.few'lafers beyond that redius. The tension in the yarn
may eveﬁ show a negative value, Further the resuits.of the previous
chapter show that the behaviour of the cheese is sensitive to the
vaiue of modulus ratioband\that it alters considerably as moduius
ratio is chanéed. Now with the changing values.of E and EY with.the
pressure in the eheese and the tension in the yern; modﬁlus retie |
w1thin the cheese chanﬂes constantly as the cheese is built up and
~thlS could alter the behav1our of the cheese cons1derably. »Iherefore
the prov131on should be made in the theoretlcal analysis te take |
into acéount the variatipn'invthe values of E and EY due fo the

changihg values of the pressure in the cheese and the tension in the
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yarn as the cheese is built ﬁp. To allow this provision in the
theoretical analysis it is necesséry to determine the relations
- between E and P, the pressure in the cheese and between EY and T,
the tension in the yarn. |

This chapter describes'the.methods to determine
approximately the above relations. In developing the analysis
whiech incorporates these relations it was found advantageous to
integrate the differential equation numefically_from outside to
the.core and not from core to the outside as was done in the
previous chapter, The Runge-Kutta method is used to intégrate
the‘equatién instead of Euler's modified method. A new computer
program is written fo solve the equation and is given in Appendix
A with flow diagram. The chapter ends with the presentation and

discussion of the results‘calculated by the program,

4,2 Relation Between EY and T

4,2,1 Tension Strain Curve

EY, the Eiasticity of‘yarn in Extehsion, is defined as the
force or-tension required in the yarn to pfoduce unit strain in the
.length qf'the yarn. It is expressed in gov This is determiped by
conducting a load-elongation test on the yafn on the Instron Tester.
The -particulars for the test were: cross head speed = 0,5 in per sec;
chart speed = 20 in. per sec; length of the yarn tested = 10 in;‘

The trace of the léad extension curve was obtained on a paper with
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- cm markings. Therefore one cm of paper represents a strain of
(0.5 / (20 x 10 x 2,54) ) and is approx1mately equal to 0,001.

Four tests were conducted and in each test the tensioning
“of the yarn was repeated four times° The maximum load used in
tensioning was 55 g. mhe chart movements in cm were read off
from each of the smxteen plots agalnst tenslon values of Zg; Sg,
10z, 20g, 30g, 40g, 50g and 54g and these are tabulated 1n Table
4.1. These sets of values are then aVeraged to obtaln the values ;‘
_of sfraln in the yarn at dlfferent values of the tenslon 1n fhe yarn.

—

Fig. 4.1 shows the tension T in the yarn plotted agalnst the (’

+

straln 'S in the yann.i=~
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4.,2,2 Relation Between EY and T

The tension~strain curve of Fige. 4.1 is roughly hyper-
bqlic. This curve is redrawn in Fig.4.2 on a log scale such that
-1og1OT = X aﬁd log1os = Y. }The curve of Fige. 4.2 is a straight
- line and its élope as measured:frém the figure is 7/4. Now from
the,graph

log,,T = 0.168 + %.(log1os +3)

4 n - 0.95 4 low o 4
or 7'10°1OT = 0,96 + log1os + 3
. 4/ . - - ¥ .o o
.Or T/7 = 124708 Agoo oo_o_ (i)

The value of EY at any instant is the slope'of the tension—strain
curve at that instant, ise. dT/ds. Differentiating the above.

relation with respebt to s

ar 4 -7 _ )
ds°7‘T = 1247.~
Therefore
A 3
EY = %g— = 2tea.rT
6r ‘ . EY ; tencén.Ty | ' see ;.; (4.1)

where thenvalues of . tencon and y depend on the extensional behaviour
- of the yarn. The equation (4.1) gives the required relation between

EY and T.
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4,3 Relation Between ¥ and P

In the cheese a layer at any radius of the cheese is

~supported by a similar layer beneath it. Thé contact between the
. two layers is made at a'number.of.crossing pdints and the pressure
of the upper la&er is‘applied to théiiayer beneath through these
points. The yarn deforms at these points of contact. Thearea
occupied by a given number of,crossiﬁg points increases with the
radius making fhe cheese non-homogeneous. Therefore the Nodulus
of Cdmpreséion of cheese”(in the radial directioﬁ), i.e. B, if
‘defined on the basis of fhe area would not be constant but will
varyAwith_the radius. To avoid this E is defined on the bgsis of a
crossing point and as the number of crossing points remain cénstant
with the radius E also remains constant. Therefore E is defined as
_the force required to produce unit strain in the thickness:of a
crossiné point ahd is expressed in g |

An experiment is devised,vwhich attempts to simulate_thg

_conditions of the pressure application on the layer of the cheese,

to determine the value of E approximately. From the results of the

experimeﬁt the approximate relation between E and P is obtained.

The method is as follows,

A cloth thickness tester is used to measure the deformation

of crossed threads. Two series of threads are laid on the anvil of

the tester, one series.lying transverse to the other series thereby



_|e—qummed paper

_«— Series of 1hreads
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pressure fook -

- No. of crossii\.g poinls =5x5=25.

- Measurement of the ualtie of E.
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‘giving a nunber of crossing points as shown in Fig. 4.3. Only

minimum ftension is applied to the_éeriés of the threads to keep
them straight. The thickness.. of the crossing points is read
off from the dial of the testef‘under different pressures of the

pressure foot. TFrom these the value of E is computed.

4,341 The Cloth Thickness Tester

This consists of an engineer's dial gauge from which the
return spring has been removed and‘torwﬁich hés béen added a
 loading paﬁzfor'graviéy return of the main'spindle." Tﬁeibaéevof
the spindle carries a circular preSsure fooﬁ with a diameter of
0,375 in, .The préssure foot and gauge i1s wounted above a steel
anvil set in a wooden tabie.

The.pfessure during test is applied by the foof aﬁd may
be varied in steps of 1 1b/sq.in. from 1 1b/sq.in. to 10 lbs/sq.in,

by using different weights or different combinations of Weights.

- 4.3.2 'The Preparation 6f the Saﬁple'

A séries of threads was pfepared bj’laying the désired
number of.threads for which E is to be measured so that the ends
of the threads fell on a gumned paper étrip. THé‘fhreadé weret
'caréfully laid side by side élmoét‘touching each ofhervﬁithvonly
eﬁough tension in the threads to keep them straight. The ends were

then stuck to the gtmmed tape by moistening the paper; Another

!
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. piece of gummed ﬁaper tape was stuck to the threads from the top
thereby enclosing the threads between fhe paper strips. WThe
“length of the exposed threads'was about 15 cm. Another series
containing the same number of threadsﬂwas also prepared., This
series was laid tfansverse td the first series during the test
theieby giving a number of crossing points. |

Four sets of threads with two series in each set containing
2, 4, 8 and 14 threads were prepared for fhe first test thereby
_giving 4, 16; 64 and 196.crossing poihfs respectively.’ Fér the
second experiment foﬁr sets of threads wiﬂmﬁlayérs in eacﬁ éet
containiﬁg 6, 8, 10 and 12 threads were prepared thereby giving 36,

64, 100 and 144 crossing points fespectively;

4.3,3 The Experiment

The first series of threads was placed on the anvil under
the pressure foot of the tester, This was kept in position by a
cellotape fixed.té the paper strip of the threads and the boara of
the tester. Again minimum tension was used to keep the threads
straight. The ofher series of threads was fixea over the first
keeping the threads of thévsecond series approximately at right
,énglés to‘those of the first., Care was taken to ensure that no
crossing point ﬁas out of the préssure foot. For the second test

the alternate series of threads were kept parallel with the remaining

seriés'of threads lying transverse to the first set of series thus
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forming six layers. Tbethreadshof.one‘series were: kept -approximately
above the threads of tpe series below.parallél,to it. The two
parallel series were, howéver, separated by the threads of the
transversé series,

Before starting the experiment‘the anvil and the pressure
.‘foot were cleaned by withdrawing a paper sheet through them under
pressure. The dial position wés also sef to zero, The bressuré
' foot was lowered Very gently to avoid any impact. In all the
observations the pressure was increésed_from 1 1b/sq. in. to 10 lbs/
5q.in. in’steps of 1‘lb/sq.in.v Also when adding weights the pressure
was taken off the threads by lifting the_pressu:e foot by the‘
piatformvlever. ‘The‘pressure'per ppint,‘i.e. b, is giﬁen'by the

expression

Ps = A x p x 453.6/n;

where A is the area of the pressure foot, p is the pressure in lbs/
sqein. and n is the number of crossing points. The observations

and calculations for both the experiments are given in Appehdix D,

4.3.4 Results of the Experiments
| The results‘of,tﬁe'first experiment are shown in Figs,. 4.4
to 4.6, The thickness of the layer in in., i.e. TH which consists of

two diameters of yarn, under different values of the pressure per
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crossing point in g, i.e. Ps is shown in Fig. 4.4. Fig. 4.5 shows
TH plotted against log1oPs. The curve is a straight line.

In calculating the strain of the crossing point it is
necessary.to knoﬁ the original thickness of the crossing point at
no load. vHowever the thickneés'df the crossing point,.i.e. of the
- layer, under no load, according to the curve of Fig. 4.5, would be
infinite and therefore it would be necessary to take the original
thickness of the crossing point at some small value of the load.
The valueﬁof the thickness of the crossing pointzchanges very
rapidly'in this region and therefore a slight variation in the load
can cause large errors in the calculated values of the_strain. To
avoid‘fhis the thickness of the crossing point at a given‘pressure,
Ps, the value of which depends on thé cheese conditions,. is taken
as the original thickness of the layer to obfain the values of the
éfrain ﬁnder different ;6éds."1n the cheese the pressure at the
outside is zero before the addition of fhe layer and is Po after
the addition of the layer. Therefore the thickness.of the crossing
point at ah equivalent pressure of Po/2 is taken as its original
thickness fo Ealculétérstrain. P, for a given cheeéepvariéé withik‘
but this variation is ﬁot much, :In a chgese with x =5 cmn, D = 0,05 cum,
dR = 0.05cm, spacing = 1D the value of Po/2 at the core radius of
1 cm is 461gAaﬁd at thevfiﬁal.radius'of 4,9 cm of tge'che;ée at4which
thé last layer is added is 585g when the Winding‘tension in the yarn

is 30g. The average of these two values is taken as the approximate
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value for determining the value of Ps., These values of Ps are
O.35g, 0.7z and 1,05 g when the winding tensions in- the yarn are
10g, 20g and 30g respectively for the cheeses with the specification
above, |

The value of TH at thé values of Ps of 0.35g, O.7g and
“1.05¢ are read off from the curve of Fig. 4.5, These are .028 in.,
.0256 in, and ,0246 in, respectively. These values are used to draw
the stress strain curves of Fig. 4.6»which shows strain 'st' of the
crossing point plotted against stress, i.e. iongs° There are
three cufves for three different values of the thickness 'Ti'
corresponding to the three valués of the winding tensiqn in the yarn
as shoﬁn in the figure. The relation between E and Ps is obtained

from these curves,

4,305 Relation Betweén E and P

The value of E is given by the expression

dPs , :
B ~= dst - : 4 eso o-AQ (ii)
Let X . = 10g1oPS : eco0oeo .... (iii)
Differentiating (1ii) with respect to X
dPs _ ‘ .
& = DPselog,10 : vos  eee  (iv)

Substituting the value of dPs from (iv) in (i) _
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. dj’
E = Ps. log 10, ~=—— ds t

or B prcon. Ps . o ‘ : eee  soee (4.2)
where prconiis constant for a given cheese and is:equal to

Xy dst
dst dX

‘constant for a cheese wound w1th a given winding tension in the yarne

The value of . E%E ‘and hence of ‘'prcon' depends on the winding tension

.1n the yarn and the compre981onal behav1our of ‘the yarn with whlch

(log 10, == is the sloPe of the curve of Fig. 4. 6 and is

tne given cheese is Wound.

The results of the second experlment are glven in flguues
from 4.7 to 4.9. These results have been calculated in a way similar
to those of the first experlment. In thls experlment the layer was
formed by six series of threads and therefore the thlckness of the
layer was equal to six dlameters of the yarn. .The follow1ng table

glves the summary of the results.'

Table 4.2
E D = dia. of -
yvarn in-cnm.
Winding tension in yarn 10g - 20g 30g  10g 20g 30g
First Experiment - -~ 7 8.5 x Ps T.87 x Ps 7.25 x Ps 036 .033 .031

Second Experiment © 7.85 x Ps T.11 x Ps 6,76 x Ps  .037 .033 .031
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The second expeiiment gives consistently lower values of'.
the modulus than the first. Aé it reproduces conditions in the
chegse mére realis#ically than the.first these valﬁes are to be
preferred, For the presenf calculationsvwhich are necessarily only
an approx?métion of the real beha%iopr’ofvthe package a figure 5f' -

4

7.5 for the constant ‘prcon’ would be sufficiently éécurate.

4.4 The Value of EY As a Function of T .

'v,’The need for the variation of the value of EY according
to the tension’T in the yarn is clearly demonstrated b&iFig. 4.1,
The curﬁe shows that the value of EY varies considerably with T,
particularly for.small values of T and small values. of T, as shown
bybthe results of Chapter 3, do occur inside. the cheese. Therefore
a provisidn.to vary the value of EY with T aécording to'the equation

(4.1), namely,

BY = tencon.Ty

should  be providea in the integration of the equation (3.14).
Howevei an equation different in form frém equation'(3.14) is used
because.of conveﬁienéeAin‘wrifing.the program,

The equation (3.12), namely, |

22, 1‘ -
=% = = (tocosa = Tsina.® - t.sina.o)
dr 2.K.E.D : - :
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is due to the addition of a layer of thickness dR at the'oﬁter
radius R of the cheese, Substituting the values of cosa, sina and

© from equation (3.7) in fgrms of r and u the above equation becomes

" -
070 ( T u a

— = fo =, 1 o(T+t))

dr? (r2+a2)2 T r2+a2) (r +a2) 2.K.E.D

| 2 | 2 -

' 2%y 1 T woa . (T4t)

or " = ) N . T (t"‘ * ) X sse (403)

3r2 20KOLOD r2+32)2 r.(r2+32) . )
The equation (4.3)‘is used to SOlvé”theicheééé; ‘The above

eduatidn by substitubing the values of t and T in terms éf u, r, U,

and Ty can be reduced to the former equation (3.14).

- The 1ntegrat10n of the equatlon (4. 3) is” s1milar to the
integratlon of equation (3 14). In thls case a knowledge of the
values of T at each step of r, 1nstead of U, before the addltlon
of the layer of thickness dR at R is required. The value of t,
i.e; the change in T as R increaseslby dR is obtained by the equation
(3.13), namely .

t = 'EY. % . iqsza.
'The value of EY used in thé above equation;is tbeavalue -
at r when outer radius was R and u is the change in U as R increases

by dR and is obtained by extrapolation from the values of u, %—;-,
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32

2, etc. at the previous step. of T, ieeo at (r — dr) From this
the new values of T and hY, when outer radius is (R + dR), are

calculated by the following relations

o= T+t

R+dR R
| and EYR+dR,‘= tencon. abS(TR+dR)

The use of absolute value of (TR+dR) keeps EY‘positive according ,
to its definition £heﬁgh,T might become negative due to large U.

ThlS is repeated at each step of r, i.e. the radius of the cheese,

4.5 Modificafion ofwthe Equation (4.3) to Allow E to Vary with P

4,5,1 Values of E, e,‘aE/Br and 3e/br
o Tne 1nfluence of the pressure on the Qalue of the Modulus
of Compreesion of the cheese is demonstrated by Figse. 4.4 and 4.7,
As in the/caee of EY‘thié’is of greater impertance at low values of
P which oceur in the cheeee just underneath the added layef. ?he ‘

value of B is given by the relation (4.2) and in the cheese it is

given by the equation

-ﬁ.l:;(:.;_zj’.z . | cee  see  (4.4)
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whefe P/ (2K;zf)2 is the pressure pér crossing point and the negéti%e

sign ensures thaf the value E is alﬁays positive (preésure being

negative in the present‘cohvention). Now B, like P, is a function

of both r and R. The additionvof a layer at the outer radius R

causes a change p in the pressﬁre P and therefore the value of B

‘ﬁhich depends on the pressﬁre alsovchaﬁgés, say by e. Here é_::%ﬁgodR{

‘Then | |

o -Repreon sy
2.(%.4)° | . '

~ Differentiating (4.5) with Tespect to T

e .‘EUQ'. prcon

=

r f‘ar‘ 2‘(K‘1’{)2

o

o

Substituting the value of %—P- from equation (3.10)

;’~
?_e_ %opTCOh
or ar.2(k.4)?
or S, B e ST . g coo see (406) '
°r. o axfiara EERTER R SR T

Similarly by differentiating (44) with respect to r

8 preomea . y i R
_-a—g- = _—g—'—'———-— ° Q o S , ) eoce  eee " (4’07)

2

2,K .dr.W
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40502 Nodlflcatlon of Bquation (4.3)

The equatlon (3. 11) is

P _ ou
T or

2. (K. 4)%

In this equation p is the change in P as the outer radius
of the cheese increases from R to (R + dR), E is the current value
of the Modulus of Compression of the cheese when outer radius is .

(R + dR).: Differentiating this relation with respect to r

| ,
I du o]
2 _ . (Koﬁ) (;—2' + 22 'é';)

Substituting the value of %—E— from equation (3.10)

f = 2 4’ (3 2.5 ‘g; 25).ar.

Substituting the value of q from equation (3.8)

L2 | Yy | | .
2.(K.4)°. (;hz‘-.m + 35 % ) = ,%:%’- (tocosa = sina & (4+T)).
r . . :

Substituting the value of 6, cosa and sina

2. : . 2
’9__1_1_- = 1 r (t+u.a.§T+tZ ) ’9_1_1_ 'au/E

. T . , )
dr° 2.K.D.E (r%4+a?)? r.(r +a2)‘ o or

(4.8)
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In the above equation T is the value of the tension in the yarn
when outer radius was R and 4+ and u are the changes in T and U
respectively due to an inézjease in the outer radius from R to

(r + dR). E and %—f‘ are the values when the outer radius is

(R + d.R)o .
Yow B = (B +e) - oo eee (429)
3 _ (9B, ey - ‘ : .
and dr (%.rR"“—ar) . ‘ . coe coe (4010)
where ER and g—g‘R are the values wh‘en‘the outer radius was R and
o, 2(3%.ar) |

2E 2e_ 2R 2E

e(.= ‘OR‘dR) and ‘ar(" o ) - are the changes in E and ar

the outer radius increased from R to (R + dR).

4,53 Relation Befween EL’ou/‘or and e

From equatioh_ (4.5)

= 20(Koé22 e )
Pe= = rcon U ’

Substituting the value p from equation (3.11)

2.(k.4)2. 2% - 2.(K.4)°

| .—a;f(E L preon 0€ o

Substituting the value of E from (4.9)
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e

du_ _
ar'(ER te) = - precon . -
- - ?
or e = - Ei{.prcon.é‘% / (1 + Prcon.S‘;‘) Hono.k es 0 v (4‘011)

4.6 Integ;ation of the Egquation (4.8)

4.6.1 Boundary Conditions

The equation (4.8) is a second order differential equation
- with tﬁo Yariables, namely, u and .E and therefore requires four |
boundarj eenditions for itsxsolefieﬁ.' At the core radius s, u and
U are'zere‘aswthe core is assﬁged”fo be ‘incompressible. Therefore
qg at the core radiue s given by equation (3.8) is also zefo and
thefefore éo = Qos’ ifrespective of the value of R, Now from
equation (4,7)

PrCoN.8a

. Q

Zﬂi at s =
-~ = -
of : 2.K2,dr.w

oS

. oo
kn

and 15% at s is constant irrespective of the outer radius R.
,The'preseﬁre‘iﬁﬁeeed‘by the element of the layer added
at R'iS'POR and at R, PoR is equal to the change in P, i.e. p.

By equation (3.22)
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The Modulus of Compressioh of cheese is related to P by equatidn

(4.4), therefore at R

prcon.P : R
oR = pre® ° dR ° T

’ 2.(K.¢)2 ’ '2.0K.D ‘ 0 lR2+8.2

- The changé in pressure p and B are related by the equation (3.11)

=

and substituting the values of E and p in this equation (3.11) when

r=2R
' PoR 3u prcon.PoR
= T2r° 2
2.(K.4)? To2.(k.4)
or ?—% = - 1/prcon.

The above relatibn appears in this form because at r = R pressure
P is equal to p, previous value of P being zero.

Therefore the four boundary conditions are that when r = s

(1) W=o0 and U=o0; ' _ ..‘; (4.1é)
(2) .g% = — .'92.9.9211.22_._' Qg (a Acons.ta.h’f: quantity :,

: - 2.K".dreW irrespective of R); ... (4413)
and when r = R |
(3) B = SomldRT . 2 e eee (4418)

(4.) ) ) g—;%' == e 1/prcon ' . oo eoo (4015)
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4.6,2 " Procedure for Integrating Equation (4,.8)
Applying a method, similar to the one used before for
solving Equation (3.14), to start the solution of equation (4.8) at

the core radius the values to be assumed are those of %11%. and E at

the core fa'dius. The values kndwh at the core radius from the

- boundary conditions are those of u, U and %. . For the correct

ou must agree with those

or
of the boundary conditions at v = R. ' The method uses E eamd..%';?l .as

solution the calculated values of E and

- separate variables and the iterative solution requires oneiloop
with in another in the computer program. This can be avoided by
using equation (4.11).

The equation (4.11) is
e = -E rc.onoé-u-/(1+-2'rcon)
= T g ePTCOR S P .

With the help of this eguation the value e, i.e. the change in the
value of E at any r, due to the increase in the outer radius from

R to (R + d.R) can be directly calculated. : This requires the @owledge
of B at each step of r when the outer radius was R and is similar to

U in this reSpéct. This, however, is known from the previous solution.
The relations enables the value of B when the outer radius is (R + aB)
to be determined uniquely from the values of Ep and :%% instead of
its being exti‘apolated from thé values of E and %IE% at the previous

step of r, i.e. at (r - dr). Therefore the boundary conditions for
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E or %E% are no lénger necessary and in the computer program only
one loop is required thus effeéting a considerable saving in the
computer time.

Now if the equation is being iﬁtegrated from core radius
s to the outer radius R and as thé correct solution is approached
~this relation fails to give the value of e at R; because at this : i

radius the previous value of E, i.e. E,, i8 zero as there was no

R
pressure before the addition of the layer. Also the denominator

2u

,arqfor

of the relation for the correct solution is zero because
the correct solution is equal to (- 1/prcon) and this makes the
deﬁominafor zero. The relation then takes the indeterminate form
of o/o. For the Correct solution the value of e at r = R is known
from the boundary condition and can be used instead of getting it
from the aboVe'relation. But for a trial solution which is near
the éorrect solution anlapproximate value of é equal to the value
of e for the correct solution obtainable from the boundary condition
has to be used. This makes the program difficult and will affect |
the accuraéy of the results due to the approximation.

This.difficulty is avoided by integrating the equation
from outer radius R to‘the core radius s.'~At gtarting radius r = R
"both EE? and e are known by the boundary condition (equation (4.14)).

At this radius E and e are equal as P and p are both equal tO-PoR
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and there is no need to use this relation at r = R.

The solution starts by assuming a value of u at r = Re
The calculated value of u at the core radius is compared to the
value of uravailable from the boundary condition, i.e. zero. The
calculatioh'continues to repeaf,'eéch time with a fresh value of u
.at r = R, till the value of u at core is close to o, In this case
the Runge-Kutta6 method is used to integrate the equation with r
as Euler's modified method, used in the previous case, gave
divergent successive values of u. - To make thé program efficient
the fresﬁ value of u at r = R at first, is obtained by quadratic
intérpolafion; the method is giﬁen by Beckett and Hart?. In the
event of the quadratic equation haviﬁg imaginery roots the.vglue of

u is automatically interpolated linearly.

4.7 The Results

Prograu 36 written in KDF 9 Algol to solve the cheese
model according to the modified version of‘the theory is given in
Appendix A, The program incorporates a provision by which fhe cheese
can be solved either with constant values of E and EY or with values
of E and EY entirely deﬁendent on P and T rgspectively or with some
constanf initial values of E and EY which remain as the constant
part and the further changes iﬁ the vélues of B and EY depend on P

and T as before. The three types of éolutions are.obtaihed by
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assigning zero values to ;prcon' aﬁd"tenéon' and constant values
to IE and IZY or by assigning éerolﬁélues of IE.and;iEY aﬁd required
values to 'prcon' and 'tencon' or by assighing reqﬁired vélues to
prcon, IE, tencon and IEY respectively.

vTﬁe results are divided.into thrée secfibns;‘eaéhnsection
,ucéntéining three solutioné for three values of the winding'tehsion.
. In thé.fifst section a constant vélﬁe of E qf 100é is assumed and
the value of EY is allowed to vary according to the relation (4.1)."
This is done to’étudy'the effect of the variation of the value of EY
bn‘the béhavibur:of the cheése° Tﬁe'starting valﬁe of‘EY ih'thé'
layerfadaed,'debénds on the value of the winding'tehsion in the

yarn.

4.7.1 E Constant. EY Varies with T

A The;results’of)the sqlutions in WhiQh E has a gonstanﬁ’
value of 100g and EY vafies with T according to the relation (4.1)
are shown in Figs, 4.10 and 4.11. In the solutions the staiting values
of the'modulﬁs ratio areihigh, namely about 94; 79 and 59 when the
winding tensioﬁs are 30g, 20g and 10g respecfi;ély._ The values of
the modulus ratio at a given r reduces as R increases from r and reaches
its minimum value-as the tension in the yarﬁ continues‘to'fall° Then
the modﬁlus ratio at r increases for éome iné;ease in R due to the
yafn acquiring negative tension as the compression of the‘cheese-at
r‘continues with R. ‘Finélly the modulus fatio becomes constant as

, further increase in R does not affect the cheese at r, This is
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shown by the curves (G) of f‘ig. 4.11. The modulus ratio acquires
“low values before it starts increasing again and apparently due to
this a slightly greater number of layers are affected by the addition
of a layer at R as compared to the cheese with a constant modulus
ratio of 50 (5000/100), This ,is' shown by the curves of P, U and

Eﬂgg.dR at constant r showing comparatlvely gradual flattening
w1th R. These curves when Ty is 10g show a lesser tendency to
‘flatten possibly due to a lower starting value of the modulus ratio.
The low values of modulus ratio also allow coﬁparatively greater

aTodR, Also the pressure inside the cheese is

values of U and X
higher than might be expected,

An 1ncrease in winding tension from 10g to 30g does not
increase P, U, j aT.dR, etce proportionately because the modulus
ratio changes. 'Trebling the winding tension increases the modulus
ratio by about 1.6 times., However the total change in tension is
more than three times and is probably due to a higher value of EY,
when Ty is hlgh whlch gives a greater change of tension for the

-

same amount of compression. The shear force ] Z.dr depends on
tension and shows, similarly,imore than prOportional-increase with
the increase in the win&ing tension., This ipcrease in shear force
' is‘accompanied by a sharper and quicker reversal in its difection.

This is shown by curves (g) and (G) of Fig. 4.11. The shear force

has a 1arger‘negative value and a greeter part of the cheese is
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subjected to negatiﬁe shear aé compared to that of the cheese with -
a constant value of modulus ratio of 50 (5000/100)¢~ Also the

change in the direcfion of the shear at any r is sharper and quicker,

4,7.2 E and EY Vary with P and T

The program sol#es véry slowly fhe cheese in which E énd
EY vary with P and T respectively.A After long runs it is-able to
'sqlve the cheese for small values of R, The main reason for the slow
running is that many frial solutions aré required, The value of u .
at r = R'cbnverges sloﬁly to thé cﬁfrect value. The substitution of
quadratig interpolation instead of linear intérpolation for the value
of u ét r=R gave slight improvement. _Another reason for the slow
progress is that many‘trial solutions fail due to the value of E
becoming very small or the value of u becoming veryvlargé.
Consequentiy checks aré.inserted in'the program which caﬁse the
. program to abandon the éolution iikely to fail and attempf the
solution with a fresh reduced value of u at r = R. This further
increased the number 6f trial solutions. The maximum starting value
of u at T = R is limited for which the solﬁtion does not fail. This
limité the range of starting.Values pf uatr=2R aﬁd makes the
interpolation of the correct value of u at r = R slower.

Fig. 4.12 shoﬁs a plot of the values of u at the core
radius s (y—axis) against the starting values uw at R for the addition

of a layer at R. This took 15 solutions to obtain the correct
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solution., The line“SS shows the rough limit of the starting value - -
of u at r = R beyond which no solution is available because E
becomes zero. The solution failed for values of u at r = R marked
as 4, 5 and 6, In the event of a solution failing the next value
of uatr ; R is the average of the previous two values; these are
V(a) the 6ne for which solution is available and the second‘(b) for
‘which the solution fails, If the solution fails for the new averaged
" value too then (b) is changed, (a) remains the same. This cént;nues
and (b) gets closer to (a), till the solution is available for (b);
In the sélution shown in Fige. 4.12 the value of u at r = R was reduced
by small'ste§s instead of by averaging.
An attempt to improﬁe the solution by reducing fhe1

‘thickness dR of the added layer to 0,05 cm and less from O.icm
showed some‘sa#ing of .the time due to the reduced number of trial.
solukions. However the thickness of 0.05 cm gave best results and‘ .
further reduction in the thickﬁeés of the layer increased the number
of solutions required for a given value of R without a corresponding
reduction in the time of each solution. |

. ﬁhfértunately the change in the value of dR gave a
different soiution to fhe problem as shown by Fig. 4.13. This
figurenshows P’for three values of dR, namely O.1 cm, 0.0S cm and
0,02 cm, with r for given valﬁes of Rand Pat r =1 cmas R

increases from 1 cm. The winding tension in the yarn is 30g. E is
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proportional to P énd is therefore shown qualitatively by the curves
of P, Usually é solution which is very dependent on step size
indicates an error in the numerical analysis. In this case however
the reason appears to be.a'physical one rather than a mathematical
one,

The value of B depends on pressure and therefore it would
; vary within the layer added at R being maximum at the lower end of
| the layer ahd zero at the upper end of the layer. The added layer
dR is excluded from the solution - it merely provides a boundary
condition for it. With E in its present form some of the tension
would bé lost within layer and use of thick layer may lead to large
Errors, Howeverluse-of a thiﬁ layer with low pressures and low
values of E at r = R leads to & loss of yarn tension very close to
the surface‘an& to a slow convergence of the solution - the situation
is éﬁproaching that of.a zero force acting on.zero resistance. ~ These
difficulties can be avoided by sétting a lower limit to E in the
program, In fact this seems to correspond to the practical situatibn
whefe‘a lower limit to P and heﬁce to B is'sgt by use of abpressure
rdller} Thé diameter of the.yarn in the layer added is proportional
to the pressuré and therefore would‘différ slightly with the winding
ténsioﬁ in the yarn. 1In making a comparative study this élight
difference iﬁ the diameter due fo different values of Ty is ignored

as this would not affect the comparison and the great amount of time
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which this program takes.to solve the cheese for evern small values
of R is saved by not re-running the program.
_The results of the available sélutions in which E and EY

vary with P and T respectiﬁely are shown in Figs. 4.14 and 4.15.
These resulfs apply only for the ;alue of dR used in this program,
"In effect this was such as to limit the lowest value of B to fhe
, vaiueé stated in the figures. The starting values of the modulus
ratio are fery high, namely 1001 and 793 when the values of T, are
20g andVBOg respectively and due to this the effect of the added
layer is limited to even fewer layers immediately benéath the added
layer. This is shown by the curves of P, U and IR .?%.dﬁ of Fig.
4,14 becpming flét véry sharply. This prevents th: build up of
higher value of P, E and U inside the cheese. Due to small U the
tension in fhe'yarn does not become negative at higher radii. This
affécts the shear force. The chénge in the sign of shear force from
positive to negative does not occur at higher radii and at smallexr
radii‘the shear force changes its sign a second time becoming |
positive again, This is due to the tensioh_not becoming negative
and the addition of aklayer at R, when R.is large, results in a nett
addition of the positive shear, |

| The modulus ratio at a given r ﬁith R falls sharply in the
beginning due to the fall in the value of EY as the tension falls,

The value of E changés little from the starting vaiue and as the
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subsequent increase in R,;after the initial increase in R from R = r,
does not affect the layer at r'the'value‘of the modulus ratio remains
low and constant. The value of the modulus ratio is higher when

winding tension is lower, i.e, 10g, because of the comparatively low

increase in the value of EY with the increase in the winding tension.

4,7.3 Solutions With Initial Value of E

In actual winding it is usual to apply pressure to the
cheese durlng winding in order to make a firm hard cheese by sone
external means 11ke a pressure roller apart from the pressure
produced by the winding tension in the yarn° This is equivalent
to raising the starting values of E and P and lowering-the starting
value of ﬁhe modulus ratio and by avoiding‘the very snall values of
E giving results not so critically dependent on the arbltrary choice
of step length. This is done in the theoretical solution by assigning
some value to IE which'is then equivalent to the increase in the
starting value of E due to the pressure of the pressure roller. The
value of IE chosen for thls solutlon is 10g whlch is roughly
eoulvalent to a pressure of 1 3g per crossing point. The results
of the solutions for three values of 10b, 20g and 30g of windlng
tension in the yarn are glven in Figs. 4.16 and 4.17.

The initial value of B reduces the startlng values of the

modulus‘ratio and the results are accordlngly modifled. Now the

added layer affects a greater number of layers underneath it as
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compared to the previous dase and therefore the growth of P, E, U,
etc. at any radius r with R is'higher. The ten§ioh in the yarn at
a given r becomes negative as the éheese‘is further built up. The
shear force at a given r<chang¢s its sign quickly and sharply and
its negativé value increases steaéily with R,

Due to higher starting values of B the Starting valueé of
. the mbdulus ratio are lower as coﬁpared to the previdus case‘and
the initial'fall in their values due to the fall in the values of
EY for initial increase in R are élso smaller. In .this case the
ingrease in EY as R increases is accompanied by an increase in E .
and thefefore the subsequent increase in the values of the modulus
ratio after the initial fall.are similar but greater in magnitude

to those of the previous case.

4,8 Summary of Results.

The value of modulus ratio at a given r falls sharply for
slight initial increase in R from R = r aﬁd»then increases as T |
becomes negative but the high starting valﬁes of the modulus ratio
pfevenfs fuither change in the value of the modulus ratic as R
increases further., This is shown by all the three cases particularly -
s§ byvthe se¢ond case in which the values'of the modulus ratio are
highest. In this casé the shear force is generally with a positive

sign as the tension.in the yarn at higher radii remains positivé due
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to comparatively 1§w values of U.

In all the cases the values of P, U, iR g—g—;dR, etc. are
not proportional to the winding tension in the yzrn and is due to
the change in the wmodulus fatig withkthe.increase in the winding
tension, | o

An incresse in the starting value of E, which is taken as
,thebvalue of B due to the pressuré of the pressﬁre rdiler on the
cheéée durihg winding, gives different‘resulfs. The changes in the
modulus ratio are similar“toithose ofﬁthe other cases Bﬁt are :
different in magnitude. The shear force shows a different
behaviqui and has generally a higher negative value with a sharper

" and quicker reversal in its direction.
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CHAPTER V

CONCLUSIONS

561 Mechanics of Deformatlon of Cheese

The first object of any discussion of the results which have -
‘been presented must be to resolve the apparent contradiction between
(2) the measured axial and radisl deformation of the cheese, . (b) the
‘fact that measured and caloulated behaviour regarding radial deformation
agree so well when the calculations sre for a very restricted soiutionv‘
with no éiial expansion whereas in reality there isAconsiderable axial
expansion.' |

The experimental indication of the radlal deformation of the
cheese was 1tse1f rather unexpected., ¢ The results show that ‘the cheese
at a given radius shows fairly large radial compression for some initial
winding at that radius, but after this initial compression there is no
further radisal deformatdon as the winding continues}/'In ihe absence of
the calibration of the gauge the radial deformation of the cheese is
known only qoalitatively‘but this behaviour is shown consisteotly by
different types of gauges and_wioowdifferent;winding tensions in_the
yarn. 'ﬁhy effect of the axisl expansion on the experimental indication
of the radial deformation is small and the“choese at the most would
show very slight continuous compression with the outer radius after
the large initial compression;/ |

However thé axial deformation of the cheese behaves differently.
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The chéese at r shows slight initial axial contraction forlsome slight
increase in R from r = R and then a steady axial expansion at r with

R. The initial increase in R which causes the axial contraction of

the cheesé-is roughly the same which causes the large initial radial
contraction'of the cheese, At higher values of f = R the initial axial
contraction of the cheese is not shown.

This is surprising for if there was no compressibn of the
icheese at r then ﬁxial.expansion.of the trellis-like layer of the
cheese at’r would only be possible bj extendiﬁg the length of thé yarn,
i.e. by éktending the length of each member., 1In viéw of the large axial
deformation of about 5% - which would neéd correspondingly large
eitension of the yarn -~ fhis type of extepsion does notAseem possible
even if allowance weie.made for Poisson's effect, so far neglected.
This is because of the large value of EY; a 5% extension of yafn would
require a tension of over 1000g and the thread would rather bpeak than
extend, Therefore this type of extension could only be véry small and
the axial extension of the order‘of,S% could only be possibie due to
change of the angle of the thread along with.the compression of the
cheese of about 1%, |

. Therefore a continuous axial expansion of the cheese at r with
increasing R only seems possible when there is a continuing radial
compression of the cheese with a continuous build up of the pressure
and the shear force at r with R. Also the initial large compfession

of the cheese should imply an axial extension of the cheese instead of
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the axial contraction as shown by the experimental results.

The compression of the cheese calculated theoretically is
qualitatively very similar to the one indicated experimentally; even
the magnitﬁdes in the two cases seem to be of the same order though
this cannot be confirmed in thé absence of the calibration of the
‘gauge used in the experimental method. This was very surprising
because the theoretical analysis is of a rather artificiai package
in which no'axialldeformation is allowed,

- Thus in discussing the results of the work the object must
be to expléin (1)»the apparently conflicting requirements of axial and
rgdial deformations, (2) why the theory:for the artificially restricted
model fits 80 well with the experimental results for raﬁial deformation
- which themselvgs shéwed a rather odd behaviour. ‘ |

To:do'this it seems necessary to tzke a broader view of the
, defofmation process, /it is clear that when the yarn in tension is
wound on the package there is in general a component -~ positive or
negative - of éxial tension in each layer of the package. The exial
force must however diminish to zero at the,eﬁds of the package because
there is no force applied externally. Moving in from the end the axial
force builds up by the.shear force between layers; this arises mainly
from ffiction between layers, Ultimately, if the package'is long .'
enough a region will be reachéd in which the axial tension ig ad jacent
1€yers have reached the values for which there is no tendency for .

relative movement to occur.
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In practice this situation mighf not erise, If it does, and
if the friction at the core is included in this argument, then when
this does arise the problem will fit the restricted solution developed
here. Moving closer (axiglly) to the centre of the package will show no
further shégr forces, no changés‘in the axisl coﬁponent of the tension,
‘and no axial deformation. Until this stage is reached, i.e. in the end
region of the package, there will be shear forces, axial éomponent of

.the tensions varying from zero at one end of fhe region to the value
calculate@ here at the other end. Within this region the behaviéur

will be éo complicated that it seems almost impossible to predict it.
The introduction of shear force introducés another dimension 'V' (axial
co-ordinate) to the whole solution; also.at the packagé ends the wind
angle varies; and théreris possibility also that slippipg ﬁill occur
between layers if the equilidbrium demands a too high value of the shear
force,

/;his view of the deformation process does suggest that the
solution der;ved here is applicable to the central region of the cheesé
(where the rediel deformation was measured) énd it also suggests that
the axial deformation takes place largely in‘a different part sb that
the contradiction.betwéen the two sets of expgriments no longer exist.

If this explanation holds it implies that the axial extension
all takes_place in the end regions'ahd therefore this, as a percentage,
ié greater than the values given. It also iﬁplies that radial compression

to permit axial expansion takes place in these end regions, This is not
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apparent, because the package diameter tends to be larger towards the
ends because of the change in wind angle due to reversal of the traverge?,
Another implication of this view of the mechanism of deformation is that
the axial1deformation should be nearly independent of the length of the
package, other things being eqﬁal; provided thaf it is long enough

- for the central region to exist at all radii;/ The amount of the axiel
deformation would be difficult to estimate without carrying out a full

" two-dimensional sblution ~ that is one in which all variables are

‘ functionsrof three parameters r, R ahd V. Allowance would also‘have

to be made for slip between the leyers where this ﬁas indicated,

-~ In the absence of a full-scale éolution some slight indication
of the.sort of axial deformation to be e;pected might Be obtained by
looking at three funcfions as mentioned briefly in Chaptgr 3. The
axial force Z in.any layer reduces from the calculated value in the
central region to zero at that end. The way in which it reduces is not
known nor is the length over which it reduces but it would be expected
that the greater thellength of the deforming region the greéter would
be the movement of the package-end. Anothef indication of elastic
extension will be deformation by shear. Thevshearing effect on any
elenent depends on‘the value of the shear force F, The total F at any
radius is the suﬁ of the Z's in the inner.(axially) region outside
that radius. The angle of shear will be dependent on the distribution

of F in the deforming region - and the greater fhe,length over which

the total F is distfibuted the smaller would be the angle of the
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deforming element. The only‘case for which this effect can be
evaluated is that in which F is distributed uniformly over the same
length at any r. Then the angle of shear would be expected to be
proportionél to IR Z,dr, The deformation at any layer due to this
would be the totalrdeformatiop'from the cére outﬁards, i.e. jr JR Z.dr.dr;
‘This howevef includes sone dgformation of the inner layers wh:ch F
would have taken place before the layer at r was added, i;e. in the
.practical case before the gauge was inserted. This has to be subtracted.
Finally there is the extension due tb 8lip; the tendenecy to slié will |
depend on the ratio of F/f where the total F at any.r is_Jr=RZ.dr; thus '
the vglue of (]Rz.dr) / P ‘may give some indication of th§=;ossibility
of extension occzrring by slip. | | ‘
None of theée‘expressions by 1tself means anything.at all -
but the extent'té which their value; vary in a similar manner with r
and R suggests the general form of the distribution of axial extension,
Fig. 5.1 shows.the value of the integral |
r R .
[ e
s °'r
when mbdulué fatio is 50 for the central region of the cheese for all
values of r and R, Thé burves of this figure are similar to the curves
of Fig.-2.40 which shows the measured aﬁial deformation of the cheese.
Thg similarify between the twé sets of curves suggests that the aboveb

integral glves an approximate picturé of the axial deformation of the

cheése. The axial component of the force through the face of each
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element, i.e. 2 is elso given in Fig. 5.1, This curve shows that the axial .
force in most of the layers except near the core and near the outside
of the package is negative because of negetive tension in the yarn and
tries to expand the layer. |

The tendency for the_iayer to slip (initially at least - which
is probabiy a reason for pressure transmission through the layers to
,cause contlnual compression of the cheese with R) is probably greatest
when (] 2. dr) /P is greatest. Fig. 5.2 shows the value of this ratio
| for all values of r and R. A negative value of the ratio indicates that
if slip takes place it would probably result in axial c¢ontraction of the
cheese and vice-versa. The figure shows higher negatiye values of the
ratio at smaller radii of theecheese ﬁhich corresponds to the axial
contraction of the cheese shown by the value of the integral and by
the measured results of axial deformation., Also the value of the ratio
at aigi#en redius r is initially'negative and'high‘when r = R for sﬁall
values of R but this value reduces a3 R increases., This aleo corresponds
to the diminieping initial contraction ofbthe cheese at » = R with R.
Forllerger values of R the value of the ratio with r is geﬁerally
pdsitiVe and ﬁould indicate axial expansion of the cheese by slip if
any. The behaviour of fhis ratio also seems to be compatidle with the
measured axial expansion of the cheese and the deforming force which
ie probably felated to the vaiue of fhe integral.

These three factors which show seperately'various aspects

of fhe tendency of the package to deform axially agree to the extent
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that they all suggest axial expansion reaching a maximum at about mid-
values of radius and they all’suggest'a small initial contraction.
While none of the expression evaluated has any direct physical meaning
because in practice each influences the others, the fact they agree

to this eztent not only with each other but with the measured deforma- -
tions supports the picture of the nature of the deformation which has
been given. The ratio of total shear force to pressure per element
'has'been.evaluated for a number of values of the winding parameters
‘and the results are shown in Figs. 5.3 and 5.4 and in tables of
Appendix E. Obviously because of the definition of this term its
absolute values are not of interest (and should not be'compared with
friction coefficients) but its variation with r and R is‘;

A change in the winding tension in the yarn does-not change
the value of the ratio as both JR Z.dr and P change proportionately
w1th the tension when E and EY ha:e constant values., The iesults
suggest that as x and B decrease and as'space and EY increase layers
in a greater part of the cheese would probebly'tend to slip due to.
an effectiue increase in the value of the.modulus ratio. 'Layers in :
the other cheese w1th low values of 'space' and EY and high values
of x and E would probably have a higher initial tendency to slip at
r as windlng proceeds from that radius, This seems to be particularly

so when x = T.5 cn. Another feature of note is that the values of

_this ratio at a constant r reaches its minimum value very quickly in

all cases for a small increase in R from R = T This piobably suggests
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that the added laYér has a strong tendency to slip very soon after
its sddition. It also suggests that the difficulties of winding due
to slip of the added layer would probably increase with the increase
in modulﬁs ratio, traverse'per wind - i.e. wind angle and the closer
spaciﬁg of the adjacent wraps.of”yarn. Another possibility which
. emerges is that if the cheese could be kept intact at the winding
redius by some external means like the pressure of ajpreésure roller
then the cheese ﬁould‘perhaps;remain stable a§ shear to pressure
ratib wogld probably decrease with R,

| The value of R for which slip may occur at r would probably
depend on the rate of build up of shear and pressure at r wifh R,
fhis is much influenced by the modulus ratio. The folloﬁing tables
gives the valuelof thé ratio at r = 1.4 cm with R for different

values of modulus ratio.

L S R v . '
Table 5.1 ¢ ( j Zdr) /P at T = 1.4 cm

r

Modulus o ~ R(em)
ratio ’ 1.5 : 2.0 2.5 300 '3.5 ’ '4o0 . 4.5 . 5.0

50 - . =0.269 =0.104 0.041 0.179 . 0.281 0,365 0.434  0.491
10 . -00397 -00315 ‘00249 -Oo186 -00145 -00105 '-00071 -00042

1 0,531 -0.448 -0.392 -0.350 =0.317 =0.290 =0.268 =0.249

The value of the ratio changes from =0.531 to =0.249 and from

~0.269 to 0.491 with R when the modulus ratio is 1 and 50 respectively.
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This suggests that the layers in a cheese of a low modulus ratio yarn
would probably have a greater'teﬁdency to slip off by contracting
axially nearer the outside of the cheese (more likely if slip occurs
the very'first layer added would probably slip fo) and the layers in
a cheese bf a_high modulus réfio"yarn would probably tend to slip off
by expanding axially at some radius inside the cheese. This seems to
be supported by practical expeiience. The harder types of yarn with
lover valﬁes of ﬁodulus ratio, which are likely to be smoother as well,
tend to slip off as they are being wound and.the cheese can only Be
wound with some difficulty; bdut the cheese once made shows little or
no trouble afterwards. The chéese made with softer spun yarﬁs like_
woollén, worsted, etc., which are likely to have high vaiues of modulus

ratio, tend to become unstable when large in diameter.

5,2 Central Region oflthe Cheese

Having suggested how the measured and calculated results can
be combined.to give a picture of the behaviour of a real package, it
remains to discuss in greater detail the meaning of the different
results actually obtained. The indication éf the radial deformation
in the various curves.of Chapter 2 are not only supported by the
calculétions of Chapter 3 but the& are also strongly sup?orted by the
results of Nékashimasﬁgnd othérs whiie analysing the tension, pressure,

‘etc. in a warp beam, Their results are reproduced in Fig. 5.5. The

curves (a) show the radial distribution of pressure calculated

P R N 2
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theoretically in the yarn wound with constant winding tension on a
beam of outer radius three times the radius of the .core for different
values of the modulus ratio., It is evident that with the increase in
the moduius ratio the pressure of the added layer is supported by the
yarn layérs immediately beneéth'it. These are strikingly similar to -
the results obtained in the present work and shoﬁn by the curves (a)
of Fig. 3.22., The results of the residusl tension distribution shown
by cu:ves'(b) of‘Fig. 5.5 are similar to those shown by curves,(c) of |
Fig. 3.23. However the magnitudes of the differences in pressureé
with different modulus ratio are larger in their case and 1is evidently
due,to'the difference in the structure of a parallel wound beam and a -
cross wound package. |

~ The curves (¢) of Fig. 5.5 show the values of circumferential
stress in fhe'core determined experimentally by them.  Their results
for cotton yarns are Qualitatively similar to our results of radial
deformation of the cheese. Howéver vhen nylon yarn is wound the results
are different; the curveé then do not becqme flat so early and shérply,
and fhe circumferential stress in the core continues to iﬁcrease with
the outer radius. They estimate the value §f modulus ratio of cotton
and nylon yarn as 33 And 6 when winding tension in the yarn is 30g and
29 and 5 when winding tension in the yarn is 50g. The péculiar
behaviour of fhe circumferenfial stfess in the core with the cotton |
'ﬁarn is due to the high value of the modglus ratio of the cotton yarn.

A similar behaviour can be expected from a cheese wound with cotton

e P rr et
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yarn and iS'indeed shown by our results.

The measured results of radial deformation give resistance .
changes of between 0.3% to 0.4% at the gauge radius of 2 cm for winding
tensions of about 20g. . The computed results for the compression of
the cheeéé at the same radiué in which the modulus ratio is a function:
of the ﬁressure in the cheese, the pressu?e of the pressure roller and
tension in the yarn is about 0.6%. A éimilar value of U is also
availablé'when the modulus ratio has & constant value of 50 (5000/100).
“This suggests a gauge factor'of-between,o.sito 0.7. A similar vaiue
of the gauge factor was suggested by the test to measure the axial
‘aeformation of the cheese (page 48). - |

The reason»for thié type of behaviour, namely fhe curve of
U becoming flat with R,‘would be apparent by considering a trellis
like layer:which is prevented from exﬁanding sideways. - If the trellis
isﬁﬁot allowed to expénd gideways then the pressure on it would have
to shorten the length of the mémbérs - vhich is difficult as the
members are difficult fo compress longitudinally (aue to high valﬁe
of Ef). Therefore the pressure would be‘supported by the‘trellis and
the pressure.would affect only slightly the trellis (or layer below).
The resistance to thé expansion of the trellis is provided by the
frictional fo:ces. Now as.the cheese is further built ﬁp'the pregsure
does not reéch the layer (or frellis) at r as it is supported by. the
layers (or trellises) above. Therefore the compression of the package

at » stops which corresponds to the flattening of the curve. If the

.
e By A i s
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yarn was of a low modulus ratio then the picture of radial deformation
would probably be different and the compression of- the package at r .
would continue with R. . |

Considering that the analyéisvisvapplicable to the central

region of the cheese some conclusions can be drawn about the behaviour

of the éentral part. One factor which influences the package most is
the modulus ratio of the yarn, i.e. the ratio of the longitudinal
modulus of thé yarn to its lateral modulus., A package made with a
~yarn of high modulus ratio like~cotton;‘wooilen,_worsted, etc. wéuld
behave very differehtly from the package made with a yarn of low
vﬁodulus ratio like filament nylon. In the former the pressure inside-
the package would be low and except at the very outside.where the
pressure falls off rapidly the pressure variation within the package
would be small., The yarn is likely to acquire negative tension and
thé compreséion at a given radius is caused'by a small increase in
the outer radius of the packagé from that radius. . In the latter type
of cheese the pressure in the cheese cohtinues to build up with the

outer radius of the package and its value at the core is considerably

higher than in the former kind. The pressure within the package falls

continuously from thé core to the outside and the difference is
‘considerable. The tension will not reduce so much as iﬁ the former
case and the yarn is not liﬁely to.acquire negative tension. The
~amount of the compression of the péckagg depends on the individual

values of E and EY and reduces with the higher values of both. In

N R PP
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both the cases thé compression is likely to be small,

The residual tension in the yarn, like pressure, depends
considerably on the modulug ratio of thé yarn, With a high modulus
ratio of yarn the residual tension in the yarn falls sharply with r
near the.¢ore and quickly beéoméé negative showing the yarn in
compression., After the initial fall it changes little with r till . .
it rises again near the outside of the package. The tension at a
constant‘r is affected only by a small increase in R from R = r,

‘With a low modulus ratio of yarn it falls gfadually with r till if starts
rising’from near mid radius of the cheese. Total changes in the
fension.are comparatively smaller and is not likely to become negative,
The ténsion in the yarn at r shows a continual progressifg decrease

with R.

.Pressure, compression, etc. tend to increase with the winding
teﬁéion in the yarn but the axial deformation doés not seem to show
any increase., With yarns of hiéh podulus ratio the increases are
proportionately less due to increase in the working value of E becéuse
of higher pressures the yarn_bécoming harde: to compress.‘ This effect
would be less marked with yarns of low modulus ratio, particularly those
which have high value.of E, because the value of E in those cases would
be 1eés sensitive to pressure. |

Thé greater'spacing.between the adjacentvwraps of yarn reduce
Athe number of pressure bearing crossing points more than the number of

ends in the element and this effactifely reduces the value of E and the
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cheese consequenfiy show higher values of radial and axial deformation,
>A wind angle 6f'45°'wou1d give naxinum numbeirof éroésing,'
points and this type of cheese should show maximum resistance to
radial deformation. A reduction in the value of wind'anglelwould
result in‘a fewer crossing ﬁoinfs and fherefore in a lower effective
value of E and the cheese would show a higher.compression. The effect
is only slight for reasonable‘éhanges in the wind angle. For e large
wind angle the édded layer would tend to shoﬁ'a strong tendénqy to

- slip.

5.3 Effects of Pressure Roller

| For obtaining‘d solution by the modified theor& of Chapter 4
in which E is propoftional to P it ﬁés foﬁnd éésentiai,to usé’some"
initial valué of E in order to obtain a solution not critically
dependent on the thickness of the added layer at R, i.e. to add &
constant to thé value of E caused by the pressure of the gdded layer
at R. As thickness of added layer reduéés its pressﬁre alsbyreduéés
and therefore the value of E at r = R,reduées and that of modulus
ratio of yarﬁ increaseé. 'This results in ?ery rapid changes in tension
and it is iost very Quickly. These changes are confined to the very
’bﬁfside of the packagévleaving its inside unaffected. Due to these
fapidvchanées the wdrking of the pfogram becomes difficult; This
| situation is then smi;ar to the difficu.lty' exéerienced in actual winding

of yarns (particularly of high modulus ratio). To ease the winding
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process some additional.pressﬁre is applied oy some external means
usually by a pressure roller. The pressure of the roller by pressing
fhe yarn at the time of winding - which is in effect equal to raising
the value of E and thereby lowering the value of modulus ratio of the
yarn which has already passed the hlghly compressible stage when put
on the cheese_- helps the yarn to retain tension longer and thus 7
facilitates winding. Thls pressure of the roller appears in the
computer solution as initlal value of B and likewise makes the solution
» easier and it also sets the lower 1imit of E. This is a positive feed
back process which suggests a critical’pressure oelow,which package
cannot be wound with stability - and a critioal layer thickness below
'which the computer solution will not converge rapidlj. .

The effect of this.is twofold; ‘firstly it lowers the modulus
ratio of the-yarn and prevents very quicklloss of tensioa in the yarn
and secondly it increases the outer'part of the cheese affected by the
added layer and whioh'in turn'promotes greater growth of pressure
inside the cheese and therefore lower values of modulus ratio. This
seems to‘be what actually happens in the cheese when wound under the
pressure of the pressure roller.

When winding yarns of low modulus ratlo, which tend to slip
off near the outer radlus of the cheese,. the additional pressure would
in effect reduce the shear to pressure rario and keep the cheese staole
af.the winding radius till the cheese itself becomes stable at that |

radius due to the fall in the value of the ratio at that redius with R



- 157 =

as shown before._ The value of the rstio at r =‘R decreases as R
1ncreases and in a comnleted cheese cf average radius there should not
be any tendency to slip at the outside of the cheese. |

From the sllpplng pornt of view also the addltlonal pressure
helps in the formatlon of the cheese of a yarn cf high modulus ratio
by reducing the effective value of tne modulus ratlo. As stated in
the discussion of radial deformatlon the modulus ratlo of these types
of yarn is comoaratively nore sensitlve to pressure and the hlgher
startlng value of E due to addltlcnal _Pressure permlts greater values
of E and P 1n31de the cheese. The overall effect would be to reduce
the value of snear/@ressure ratlo and probably the cheese would remain
'stable when larve. Incre351ng the pressure thls wsy should be ‘more
effectlve and better than by 1ncreasing the ‘pressure bj 1ncreaszng the
w1nd1ng ten51on in the yarn. A hlgh wlndlng tension in the varn may
straln the yern, cause excess1ve breskase of the yarn and the increase
in the value of B would, to some extent, be compensated by the increase

in the value of EY due to higher ten51on 1n tne yarn,

5.4 'General Comments

| fhe theoretical snalysis developed dn the4present’vorh is not
appllcable to a random wound cheese because-ofkthe basic inhereht
.differences in the two types of packages.“ln the randcm vound cheese
,the wind angle remains constant with r but’the number of threads in a

: given axial Width,changes with r, therefore the number of crossing

points in the elehent ~ which does not vary with r for the precision
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wound cheese = does var& in this case., Also the space befween_the
adjacent wraps of yarn varies considerably with the radius and the
formation of the layer is not there. Also the theoretical analysis
developéd is not appligable to a conical package, precision wound or
random ﬁound, because of theldiffefent geometrical shape.

The theory in the form set out here is also not applicable
to a parallel wound package, ‘In that case the contact‘between the
wraps of yarn of radially adjacent layers in an undeformed stgte is
- a line pontact and changes to a.surface contact in the deformed étate.
This éurface would vary with the radius of the cheese. In the present
case the contact between the wraps of yarn of‘radially adjaéent layers
is.néarly a point contact in an undeformed state and.chénges to a
surface contact surfounding the point in the deformed stafe. However
the area 6f-contact_would still be nearly independent of the radius -
but would depend on‘the number of crossing poinfs which is iﬁdependent
of T, The analysis is based on the independence of the number of
crossing points of radius and therefore it is not possibie to derive
the equation for parallel winding as a'pafticular case of the present
analysis. Strictly in this analysis there.shouldvbe a small allowance
for the‘change'of modulus of crossing point'with angle of crossing;
‘the error introduced by omitting this is likely to be very small for
the range of angles nmet in ﬁracticé. For very small angles it wéuld
.‘increase. |

The mechenism for the deformation of the cheese put forward



is only a plausible one from the results obtained so far. The
problem turned out to bermuch more complex than it was thought to
be at the start of the pfoject. " The present analysis of a very
restricfed type of chegse was considered to be as a necessary
inevitable step to be able fo'sblve the much more complex realistic
caée. In fact it was not even hoped_that the results of this case
might be directly applicable to the central’region_of fhe cheese_
which they seem.tq,be. ‘ '
In summarizing the work it should bg kept in vigw that fhe

theoretical solution attempted is that of a very restricted type of
cheese, nameiy in which no axial deforﬁation - elas#ic or bj‘slip of .
lléyeis - is allowed. In practice this_type of qheesékis not likely

to be met.)’Thevvglﬁes of the physical properties of the jarn like
diamete#,rE,'etg,bare‘only apprqximate and‘therefo:e the results would
also be qnly approximate, but the‘difference from‘resu;ts with exact
values of the yarn properties would only be small and qualitgtively
these results would remain_the sane in both the.cases.i Hﬁwever, the
results strongly suggest that this restricfed‘solution is probably .
applicable to the central pegion of the chéese. ~ The confirmation-of
the meqhanism of deformation of the cheese suggested should be possible
by a series of practical tests to measurerthe radial deformation of the
cheese at differentvplaces dorrespdnding to different regions of the
éheese. The method developed and used for thé indication of the radial

deformation seems to be capable of showing the radial deformation



- 160 -

qualitatively buf in the absence of the calibration of the gauge, which
appeafs tg be impossible, quéntitative measurements of the radizl .
deformétion of the cheese cannot be made; and in the absence of
quantitative results the‘elemént‘of doﬁbt in fhe difference of the-
magnitudeé of radial deformatioh at various regions and radii would
always remain., Therefore it would be adﬁisable'to develop a new
diréct method for the neasurenent of the radial deformation before
these tests are attempted,

Anothér check can be made>by measuring the axial deformétion
of the packages ofrdifferent lengths under the saﬁé winding conditions,
,If‘thé central region exists in the packages of different lengths and’
the end regioné, which are supposed to contribute to the axial
defofmation, are of the same length in each of them then the axial
deforﬁatibn bf the packages of different lengthsbwould be of the sane
§£def because the4ﬁindihg conditions are thé same, However these
resulté would be based on the assunption stated above and also that

fhe end regions are not affected by the change in the length of the

ﬁackages. If they are then the results would not be comparable, Also .

it could be possible that the ceﬁtral fegion ma;'not exist in packages
of smaller widths than the one tested in the present project.

| | The object df measgring the value of E was to determine the
_nafure of fhe relationship between E and the pressure and hence this

~ relation is only approkimate. However it would be useful to determine

the value of E of the yarn under different tensions to see how the
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value of E is affected not only by the pressure but by the tension
in the yarn. For this the method for the measuring of the value of

E would need modification. The method of Nakashima9

is not useful
here aé that method of measuring the value of E restrains the yarn to
éxpand'sideways which restfaint ié not there in the cheese. Their
value of E would be higher because of this restraint and consequently -
the value of the modulus ratio‘would be lower. The iﬁcréasing gapc
between the adjacent wrapsvbf yarn with radius dvue to a reduqtion\in -
wind apgle might cause slightly smaller vaiue of Ewithr becauée due
to wider gapibending of yarn, i.e. crimping, would be easier. However
the effect would only be small.

| Though the cheese has not been solved completely useful
results have beenlébtained. From the winding point of view it emerges
that the préssure roller, helpful in winding all types of yarn, has
its effect not directly through the pressure it applies but through
the effect of this on modulus ratio. It is to be preferred to a high
winding tgnsion for making a firm and a stable package. High winding
tensions could result in a denser package but not neceséarily one in
which the yarn layers did not slip. -The slip of the yarn at the
winding radiusvcan be eliminated by reducing the wind angle. Again
" the increase of winding tensioﬁ in the yarn is not likély to help in
this case. | |

The other useful aspect is the information régarding pressure

‘and tension inside the package and its varistions, which are important
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in the subsequent procesées like weafing and package dyeing.

\J&he tension variations»in pirns were impprtanf enough to
-provoke the study of Catlow and Walls. In cheesesand cones the radius
ratios are greater and because of the nature of contact between yarn
layers the effective ﬁodulﬁs ratios are probébly greater, Also the
increasing use of theée paﬁkages for direct weft supply means that
the variations in the package are more likely to result in variations
in the cloth.  The tenéion{in the yarn in packages of cotton, woollen,
worsted yarn, etc._would be, excépt at the core and near the'outside,
fairly’even (though the yarn ma& be in compression)_and therefore
" these packageé could.be comparétively of large diameters with high
‘rétios of outer radius fo core radius withouf introducing much
_variation in the ratio of iesidual to‘winding tension. On the other
" hand packageé of filament yarns like n&lon shouid not‘be large because
of larée tension variation which increases with the»outer‘radius of
the package. Also é great amount of pressure wouldbb; exerted on the
core in the case of these matérials.

A similaf situation also exists as regards pressure inside
the packages which would probably matter in package dyeing. Again
thé packages of softer spﬁn yarn like cotton, ete., would have low
- pressures inside with little variations throughout except near the
outside of the package. On the other hand a package of filament yarn
" like nylon would have a great pressure variation insidé the package.

with comparatively rmuch higher values 6f the pressure inside the
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package and would probably be much more difficult to dye successfully.,
Finally one as>pect‘ of such studies which has not been

mentioned but might bepome increasingly important would be the winding

o}f reiﬁforcing yarns in‘the meking of ‘cylindrical shells of plastics

naterials,
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APPENDIX A

COMPUTER PROGRAMS

A.1  Computer Progsram 15 for Solvinge the Equation (3.14)

Program 15 is written in KDF 9 Algdl.to solve the_equation 
developed in Chapter 3busiﬁg constanf ﬁalues of E andbEY. The
symbols used in the equations cannot possibly be used in the progrém
and hence an equivalent'notation is{used for the program, The
progran is accompanied'by its nofation, necessary explanatioﬁs and

flow diagram.

A.1.1 Notation
Tﬁe'symbqls are given in the order in which they occur in
Program 15, Only those symbols are given'in the notation which are
either addifional or have been changed for the.program. The
rémaining symbols which correspond to the fheoretical notation are
used as such.,
T - is Tb, the windihg tension in the yafn.
sr ; is %he fédius at WhiCé the calculation starts. It is normally
| the core radius. |
b= = &axa.

(R + ar).

by
!
n

‘m- = (v + a2)
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X1, X2, K3, K4, X5 s K6 - are constants used in the calculations
for solving the equations and are evaluated before the
calculations start.

cdu -~ = %l;- at R. Its value is available from the boundary condition.

sdu-is the guess or the estimation vof,the value of %—% at the

core radius s.

du - P—qo
d2u = ‘b_-.(-él'o
or

 au, asu - are the values of u and U at the mid radius of a layer
and are obtained by averaging the values of thésAe at the two
- end radii of the layer.
Su-="0,
¢ - 1is a small number to specify the permissible difference between
two éucéessive' values of u at a given r,
d \- is a émall number to spec‘_ify the permi.ssible difference between

the values of %—% at r = R and cdu.

R R

SZ-isj (-%.dR).dr =j z,dr
Z - =w-‘
K/

g - 1is a small number used to vary the estimated value of %—% at s.



¢, C1, D1 - are.ﬁsed in the formula to interpolate the value of
sdu from the values of'%% at r =R and r = 8 of the last two:
sqlutions.
angle - is used to change the wind angle by changing x.
spéc; ;,is used to alter the sﬁacing between the adjacent wraps of
yarn. |
¥, F2, ¥3, F4, F5, F6, 7, F8 - are integers to denote the formats
| uéeé in tﬁé ﬁroéraﬁ. |
k - is é‘counter to number the steps of r or layers with r. =
p - is a counter used in conjunction with 'h' or 'k' or both to
'call the value of a variable at any r.
ct ~is a ébuﬁter‘to count‘the number of repititions of calculation
, forfoﬁé step or r.
h - is é counter to count and number the steps of R.
1 - is a counter to count thé pumber of times the calculation is
repeated to solve the equation for the addition of a layer at

R.

. Arrays, preceded by letter T or P before the symbol of the
variable, have been used to retain the values of the respective -

_variable at ali values of Te

SZR— = ] ZOQ dr

r
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ZR"' =ZO-
QR- =QO¢

P
Pr - = 3;5 dR = p.

az

SAZ - = / 224w

T
ZZ - = Z, this appears only in the write statements of the progran.
SSAZ— =

22
[F Shonse
rr B ‘
S2Z - = IR Z dr, this appearslonly in the write statements of the
: r

Programe

A1, 2 Structure of the Program

The program can be convenientl& div1ded 1ﬂto four jarte.
The fiést part con51sts of declaratlons in which real, integer and
_ afray variables,’procedufe 'trapeziﬁm' forﬁét declaretieﬁs are made.
The procedure trapezium is used to solve the equatlon from the core

~radius to the outer radlus for one solutlon due to the addltlon of



a layer at R. This procedure is explained later, The data from
the data tape is also read in the progranm,

In the second part of the pfogram the values of constants,
€oZo a; b, K, K1, K2, etc., used later in the calculations are worked
out, These values appear iﬁ the output in a tabulated form,

In the third part the first layer is added to the core. . As
the core is incompressible u and U at the core radius s are zero.
The values of ZR[1}, QRM1), prI1], Sprl1] end cdu are worked
out and appear in the output. | . |

| The fourth part of the program is the main part and it
4vappears,under a loop under for statement. - This loop causes a layer -
of fhickness dR to be added at the outer radius R of the_cheese. The
equation is solved for the addition of this layer, then the next
layer is added and the equation due to the addition of this layer is
also solved, The pfpcess is repeated $i1l the cheese is built up to
the required value of R, i.e, RO, This part can be divided into five
sub-parts. ot ‘ ,

The first subpart calculates the values of ZRtH], Qrinl,
SZR[n), cdu, etc. after advancing the counter 'h' by 1. The second
‘subpart under the lébel "qiff press" finds out the correct solution
of the equation due to the addition of the layer at R.. This uses the

procedure.“trapezium" to soive thé equation from the core radius s

to the outer radius R and the latei portion of this subpart -
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interpolates thé‘value'ofvdu at the core.

The prdcedure trapezium once called integrates the equation
due to the addition of a layer at R with an assumed value of du (guessed
or interpolated from.the'rgsults of prévious trial solutions) at s,
From thé va1ues of u, du, déu at the cqre‘(or any other step of rikl)
the vaiues at the next step of the radius, i.e. r[k + 1}, are
interpolated by Buler's modified method, The values are then
averaged repeatedly by the loop labelled 'correction' and the
- integration moves to the next step of r oniy when the difference
betweén the fwo suécessive values of u at the same radius r[k + 1]

. is small and less than the limit set for it. The final values of
u, du, etc. at rfklf 1] are assigned to T arrays by k, which had
moved up by 1 before the assignment. This process of solving the
cheese layer by lgyer‘is controlled py thevloop labelled *layer!
and allows the calculation to proceed up,td r = R. During the
intégration the value of Su at each step of r is called with the
help of the counter 'k' which denotes the step of r at which the- .
calculation is done,

| The loop 'diff press' ensures the correct solution of the
equétion due to the addition of a layer at R, As the program goes
‘out of the procedure trapezium the value of du at R is éompared to
cdu, the cérrect value of dﬁ at r = R according tb the boundary

~condition. If the two values differ more than the permissible
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difference the program goes back to 'diff press' loop With a ueu
value of du at s. This newlvalue of du at s, i.e. sdu, is for the
first time another guess of the value of du at s. For the second
and the subsequent times‘the value is an interpolated one obtained
from thelresults of the last tuo solutions. Exit from the 'diff
press' loop is only poss1ble when the condltlon of the difference
of du at r = R and cdu is satlsfled. -The counter 'l' counts the
nurber of the solutions; i.e._the number of times the program enters
 the diff press'loep to obtain the correct solution ef the equation
due to the addition of a layer at Ro - - = ° -

| In the third subpart the values of the variables at each
step of r available from the final correct solution are transferred
from T arrays to P arrays in order to retain them and T arrays are
then free and available for the next solutlon., In the next part the
vaiuee of‘therreéainrng’variaules;arejealeulated and these are
aseigned to respective arrays. The flnal subpart causes ‘the values

; _

of the required varlables at every step of r for every step of R to

be output in a tabulated form.” - '

A { 3 Features of the Program

’(a) Use_of Arravs

The cheese has been div1ded into a number of layers.

»

'Durlng the calculatlons and durlng the output of the results it is

necessary to call the value of any desired varlable at any step of
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r. To enable this the #alues of the variables are assigned to eriays;
one array for one set of the values of one variable., There are

two types of arrays preceded by letters Tand P, T arrays are
1ntermed1ate arrays and are used during trlal solutlons. P arrays
are final arrays to retaln'the_values permanently after each final
integration of the equation due to_the‘addition‘of a layer at R -

T arrays assign the values of fhe variables from the final correct
solution-to P arrays. These values are then retained by P arrays

" and T arrays are then feleesed"to be used again for:the next

solution due to the addition of the next layer at Re

(b)  Commulative Totals
For any commulative total of a variable which is the

integration of its value at a given r as R increases from r =R, eeg

I' ag aR (= sAz), the following type of statement is used

.Sq[pl :=-8q[p] + aqfr) ;

here 'p! refers to a particular’layer‘(oi step of r; iecee r[pl ).
Sq[p] on the right hend side was the value of Sq at rcb] before
the a&dition of the layer at R and qIp] is the changevi£ Q at r[p]ﬂ'
due to the addition of the 1ayer at R to be added to it to give the
new value of Sq[pl after the addition of the said layer.

For any ¢ommﬁlative total of a variable vwhich is the



- A9 =

integration of the variable with respect to r for a given R, e.ge.

R , »
 J Zo.dr (= SZR), the following type of statement is used.
r , . :

SZR[K] := SZRL[h -1 + ZRL[h] ;
here 'h' refers to the layer added. SZR[h - 1] is the previous

commulative total before the addition of the layer to which ZR[H],

the value of Zo of the layer added at R, is to be added.

~(e¢) Calling a Particular Vélue‘ 
| Any'change in the value of any variable ét a given r due
to.the addition of 1ayer»at R as‘also>its integral with fesbécf to
.R can be called directly by‘its respective array having'a'counter
of the same value aé léyer (or the step of r) th$e va}ue ;s to be
called. Variébles r, u, du, d2u, Z, q, t, pr, Su, SAZ, Sq, St, Spr,
Q and ZZ come in this group, |
Any value of the integral of a variable with respegt tor
at any r for a given R is called by the following type oflstatemeht
szrln) - SZR[p - 1j/ ;
: : o R
here 'h' is the number of the outermost layer and SZR[h] = JS Zo.dr,

tp! ig the number of the layer (or the stépAéf r) at which the value
L A , o R = r(p]
of SZR, i.e. Zo.dr, is to be called and SZR[p - 1] = J : Z0l.dr,
_ r[pl s
Variables SZR, SSAZ end SZZ come in this group. o
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(a) Change of Wind Angle and Space Between Adjacent Wrans of.Yarn

A change in the wind aagle is accomplisaed by assigning
a different value:to 'angle' which changes the values:of ;x"and
z(=W) read in theﬂprogfam'froﬁithe data tape;n The Qaiﬁé’Af;x and
z read in the program from‘the data tage are those of a standard
size of element for which A =_277/5. ;A value of 1 of 'angle! gives
the standard size of the element. idfter theicompletioﬁ of -the
calculations Q and Spr ( P) are multlnlled by angle in the wrlte
statements and are.then for an element of standard size.

The maximum value of 'space'rof 1 gives a spacing of one
' diameter between the adJacent wraps of yarn, To increase this
spa01ng the value of 'space' is reduced e.g; a value of %-gives
spacing of two d;ameters between the adjacent wraps of yarn.c

P

A.1.4 PFlow Disgram for Program 15

Declaration of real, integer and array vari-
ables., Declaration of procedure 'trapezium?,
Procedure is explained where called., Format
declarations., Data of the cheese read into
the computer. 0
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Values of constants a, b, K, K1, kK2, K3,
K4, K5, K6 evaluated and appear in the
output in a tabulated form. .

First layer added. R becomes s + dR, ‘h'
becomes 1, SSAZI0J, SZR[{0], SAZ[h], Sq[Hl,
St[h] declared as zero to ensure that these
are zero in the computer store. Values of |
Zr[11, QrD], prt1l, SZRC11, SprL1], cdu

evaluated and appear in the output.

Main loop under for statement. Each entry
to this loop increases R by dR, thickness
of one layer. Counter 'h' numbers the
layer added and moves up by one each time

this loop is entered.

Values of ZR[h}, QRI[h], cdu, SZR[H evalu-

ated at mid radius of the layer added de-

noted by h, - PSull), SAZ[n], Sqlh], St{nl,

Sprlh] declared as zero to ensure that

these are zero in the computer store,
ounter '1' is zero,
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diff press loop: Entry to this loop is
always with a fresh value of du-at s, i.e.
sdu, and the counter 1 moves up by 1 for
each entry. sdu has a guess of the value
of du at s for the first two entries and
for the subsequent entries it has an inter-
polated value of du at s from the last two
trial solutions, "Values of k, r, u, Su, n,
du, 1, d2u, ct are assigned. These also
include the values of the parameters of
the procedure.

procedure trapezium: Declarations for the
procedure. Values of Su, u, r, ct,
assigned to appropriate arrays. This pro-
cedure solves the cheese once from =18
to r = R,

layer loops Once this loop is entered the
calculation proceeds by one step of r,
Counter k moves up by one with each entry.
Value of u, du, d2u are assigned to tu, tdu,
td2u to retain these during the calculation
for one layer. Values of u, du, d2u are
extrapolated for the next layer. During
‘calculations the value of Su at r k obtain-

able from previous solution is called,

R

correction loop: In this loop the value of
u, du, d2u are averaged with the help of
identifiers, ua,. dua, d2ua. The counter ct
moves by 2 as the calculation for the same

laver goes through twice,




This condition ensures
that the two successive
values of u do not
differ more than a
small nuuber specified
by ¢

Value of Su evaluated at rfkl, The values
of u, du, d2u, r, ct, su etc. are assigned

to T arrays with the help of the counter k.

This is entered
only once, sdu
¢= sdu + g(from -
1data); the values
of du at r=s and
r=R from the soln
retained by C and
D1 respectively,

Assigns the value
of du at s to Ct.
New value of sdu
interpolated from
| the results of the
two trial solu-
tions. The values
of du at r=s and
r=R are assigned
to C and D1 and
are retained for
the next inter-
polation,

This condition

ensures that the

calculation is

. done up tor = R,
Exit is only

.possible when the

cheese is completed,

This condition
ensures the correct
solution in which
du at r = R differs
from cdu by less
than the small
number specified
by do
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Under this for statement the values- of u,
Su, :duvu, d2u, etc. from the final correct
solution are transferred from T arrays to
P arrays and T arrays are free to be used.
next time when R increases. P arrays can-
not be used &s the values change during
trial solutions and if used the values
from the last solution would be lost.

new giz.%4 loop: Under this loop the value
of Z is calculated at the mid radius of
each layer and added up simultaneously as
SZ. Counter k in such cases refers to the
layer. To obtain these values of Z the
value of u and Su are averaged. The valuesg
at rl{k+1] are called during averaging and
these are declared as:!zero before the loop
is ‘entered, -

This condition ensures
that the value of Z is

|

evaluated for all
layers till r = R,

This for loop calculates the values of t
and g for all layers +ill r = R. Here
also the values are at the mid radii of
the layvers. ‘
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statements to write the values of ZR, QR,
cdu, SZ in a tabulated form for the layer

Just added, |

;\,

First statement under this for loop .

calculates the value of pr at each step
of r« The values of r, u, du, d2u, Su,
pr, ct, Z, pr appear in the output in a
tabulated form. The values of u, du,
d2u, Su, pr are at the lower end radii of|-
the layers, whereas the values-of Z, q, t

are at the mid-radii of the layers,

Under this for loqp,the values of SAZ,
SSAZ, Sq, St, Spr at each step of r are
evaluated. The values of SAZ, SSAZ, Sq,

St are at the mid radii of the layers,
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Statements under the for loon evaluate

and write the values of Z2 and Q at
mid radll of the layers of r,

<

b

‘This condition
ensures that the

o cheese is com-

I ‘pleted up to the
final radius RO,

» 1'1 -

o . P N
e., :i,. 1 : i
L
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AlS Gempules Progtom 1§

_'_’:ESTABLISH EBTSJ!SOOA?U"'T/‘S; Loroum own oo s T e e | AR A
COMP. OF CHEESE.:w ZERD.§-- . ... .. ‘ '
O/PL> 1o % . oo, oTuer

begin B e T T R o S

comment This program. calculates ‘the.éompression, (U):of.

L2738 ghe: package ‘(precision wound):at any radius r as the
cheese 1s'built up-layer by-layer. It-israssumed that
there 1s no slippage:between the layers and between
cheese and.core.:The differentlal equation 1s integra

. ted by modified method:of Euler;

library AQ, :A6j. .- cor o rfuiiu)ay e

real E, T, D,-EY, sr, r,:s, dr;"dR,:R, RJ, x, a,

corraetiby im, K,cKty;: K2, :K3, K4, K5, K6, edu, sdu, du,
d2u,'u,‘au,=Su;~asu,”c;<d,QSZ,=2; Z, g5 C,
'C1, D1, :angle, ‘spaces ) ir’l1 o

integer F1,-F2,°'F3, F4,.F5, F6, F7, F8, k, p, ct, h, 13

real array Tr[1:120], ({Pr[1:120],71.5); :

Tul1: 120], :Puf1: 120}, v b

‘Tdu[1 120], Pdu[1 120],ﬁ;

TSul1¢ 120];*PQu[i‘1201;:.33:
it Tet[1:120], Petl1:120], corvootion slen
PZ[1:120];1: szn[o 120],  ulviie; Tl
ZR[1:120),; :QR[1:120], 7} cieeiing Totlulemety
A 10 pr[13120],:q[1:120], = t[1 1120) yor 210
st SAZ[1 120], ;SSAZ[O: 120],
75 8ql1:120];- St[l 120],
, ?-:=_.;fz:Spr[1 120],«':‘i«.at?-;’.:ff::.‘"‘"?"'3%.‘;‘;’};
procedure " trapezium (tu; ] tdu, td2u);
value:tu, tdu,-td2us~ 3770
real’stu, tdu,-td2us s 1] g
comment - This procedure ‘is: used to solve the cheese from
Tf::;%:.phemcore,radius,supogthe outer radius R. It



begin
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T g

‘‘the ‘previous value:of U: and the ‘present value of us

real ua,-dua, d2uag .ol

layer:

correction. xﬁ“Ct.=Ct+2, B TRt LI Rt S R

s L
B 5 U W

end

ct

cocTSulk) s=Suj = -Tulk) s=uy:
o riTdul k] s=dug -
~:tut=u; tdu.sdu,
vt rarebi=ly ki=k+13:
cilon luss tu+tduxdr,
ooy Sus=PSulk]s oo
et rdus =tdu+td2uxdr,,
d2u:=K1qurer(1+(u+Su)Xb/(rxm)
Y s +T><b/(EYxrxr))/(mT1 5)3.

~dua s =tdu+(td2u+d2u)xdr/2,

+Txb/(EYxrxr))/(mT1.5);:

Td2u[k] '=d2u’ :
td2u.=d2u, Grmsrast B
P i=r+dr; -

. CE
: 4( "4«*?

0

Tr[k] o=r,

~ire,liuat =tu+(tdu+dua)xdr/2,¢;5::2w~
d2ua~=K1Xuaerrx(1+(ua+su)xb/(rxm)

dus=_tdu+(td2u+d2ua)xdr/2;

N u:=tut(tdutdu)xdr’2;
d2u:=K1xuxrxex(1+(u+Su)xb/(rxm)

mwfj"%%wﬂEb@nﬁ)ﬂmﬁ 5)5ialn

o
[E AR .

A '

if abs(u-ua) >'¢ then-goto correction else

| TSu[k1.=ESu[k]fu,

niszdcfiend of. procedure; Rl

- Fli=format([2sd:dd])s ioeu}te 533

F2:=format ( [2s-d:ddddddddd] ); ri+n yiu. 5

i P

Fl:=format([2s-nddd, dddddde]);-

F3:=format(£2sndl);;;g%3?3:

5'=format([25-ndd dddddd]), 1§1¢;gm’"

F7:=format(l?s-ndddd.ddddql);;a}:

;;;

mulk] s=u;

1f r < (Rg(dedr{2)){thenigofo;layer else

Tt ‘r,;‘.v 2

mi:=rxr+b;

ST AP .
[ I

Y

% Tct[k],.act;

Y

"'also approximates the value of U as the sum of

Tr[k]:ar;
Tdulk] s=quj , iTd2u[k] :=d2u; Tetlk]:=ct}

;
|

§
i
.’
i
!
®
L
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 F8:=format([2s-ndddd.ddddde])s s v cii. i)

open(20); - -./open(79); ::

E:=read(20); :..T:=read(20)3 ; EY:=read(29);
Sow fiw D'=read(20), sr:=read(20), s:=read(20);
Lo dri=read(20)3 RDO:=read(20); -z:=read(20);

dRéaread(ao);1sdu:=read(2o);* ‘x:=read(20);

c:=read(20);-* di=read(20);: ;7 gi=read(20);

angle:=read(20);' ‘spacei=read(20) g it ¢

close(20) ;7 i~ ijumint;

xi=x/anglej ‘. zi=z/angleji +/; Toinired: Tprindie

. a:=x/6.28318f4  b:i=axa;
d1fr pocKisaxXsxspace/(DX(sXs+b)TO;8) 5t it iieonrdn;

K1:=EY/(2XKXDXE);? : K2 :=T/(2XKXIXE) ;. : K3 § =TXKxdRxz /(Txa ) 3

KM-=derxszY/(Dxa),.MaeKS =2xKxszxsz/b,
LT I=% K6 :1=2XKXKXArXzXE/aj
write text(70 [[7833[153]b[13s]K[12s]K1[12s]K2Lc]]);
- write(70,F6, sa)3 '
Tt write(70,F6,b);
ersleo-ta) Typite(79,F6,K);
reir weite(70,F6,K1)5
o write (70;FU4,K2) 3 <focvmnu) {3usin)y
write text (70, [[7s]K3[13s]K4[9s]K5/1000[7s]K6/1ooqLc]]);
write(79,F6,K3);
“rit - write(70,F7,K4)3.
write(70,F6,(K571000));] ELF
. write(70,F4, (K6/1000)) : Tuipgl:
R:=s+dR; '@ SSAZ[0]:=0;x! ,szn[O],ao.:.::"f:»;-__;;-

HEW

- ZR[ 1] :=K3xa /( ((R-dR/3)T2+b)T0.5)5 ! fSZR[1]'=ZR[1],

QR[1]'=K3x(R.dR/2)/(((R-dR’Q)T2+b)T0 5)s
?:{f:i, write(70,F4,2R[1])5 1+
rivor-Ziwpite (70,F4,0R[ 1] xangle )

pev ol pr[1]-=-szxzdexTx(R-dR/2)/((((R-dR’E)T2+b)T° 5)XTX0);

T g

Sprli1)e=prl1] g iuii 2
write(70 Fu,pr[1]xangle),
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cdu:=-K2dex(R-dR/2)/((((R-dR/2)T2+b)TO 5))3
Y Ui i te(70,F86du) 3

ERIE R S APt "SAZ[h]:=03"5q[h]}:=0; St[h]:=0;

for R'a(R+dR) step: dR until RO do -

begin hi=h+1j ! -t 1 m0l) G0 0
ZR[h]'=K3xa/(((R-dR/2)T2+b)T0 5)siviitesainlt
QR[h] :=K3x(R=dR/2)7(( (R-dR/2)T2+b)T0.5);
cdu:=-K2xdRx(R=dR/2)/(((R<dR/2)T2+p)T0:5);

. SZR[h] :=SZR[h-1]+ZR[h];

w1t L=PSulh]:=0; 1SAZ[n]: ==o-xSq[h]~=0"E St[h] :=03 cpr[h]:=0

, 1:=03 ceonre fi ol TRV

diff press: k:=1;ﬁ~r:=sr;,=u:=0'ﬁvvu:=0; m:=rxr+b;

dué=s du,‘l =1+13:d2u=0; ct:=0;

el trapezium(u,du,dZu),

ifitl=1-. then SHRICES ?7"1.5 ?'E':-:‘;J;'f’,;? 1o ; TeiAslaniTaly
— - - ~— . -

'begin D1'=du,.UWCJ—sdu, ;sdu‘=sdu+g,
Fooopre goto diff. preSS’.fE

end;:: gr;pé:::%x*;“ 5§

ir abs(cdu-du) > d; then : 38
begin Cl.=sdu, -,!gfr%‘

Y3 )
sdu.=sdu+(sdu-C)x(cdu-du)/(du-D1),

ca Y Y
- it s

D1i=.duj,,Ci=C13j):
goto airfe- press,\});

Vfor p'= 1 step 1?unt11 k do
begin’ ,PSu[p]'== T°u[p], Pulp] :=Tulp]l;
~f"Pr[p] =Tr[p]; Pdulp]:=Taulp];
Pd2u[p]'aTd2u[p], Pet[p]:=Tctlp];

-*~.": ' end,
r°=sr-dr/ ‘fz"—iSZ'=0°~»?fk:é0;§§;
new sig z..r.=r+dr : k.=k+1'*i' m.=rxr+b,
(Pu[k+1]+Pu[k])/2, i

~’_ ,:4"- _V.:.“; e v

3
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S A=A

asus=(PSulk+1]+Psulk])/2; .
°—Khxauxrxax(1fT/EY-rx(au+asu)/m)/mT1.5;

SZ:=SZ+Z37 - ...-PZ[k]:=Z; -
if r < (R=-dr) then goto new sig z,a?
r.=sr—dr/2, ’

for p:= 1 step 1 until k do :

begin r:=r+dr; m:=rxr+bj! au:= (Pu[p+1]+PU[p])/2;
t[pl :=E¥xauxr/m; - o -
q[p].=K6x(Pd2u[p+1]+Pd2u[p])/2,

end H st -»1 Tudy ! ;’ tf:?i
write text (70, [[6s]ZR[1zs]QR{1zs]cdu[123]Sz[c]])
write(70,F6,ZR[h]) ;-1 11101y
write(?O,F6,QR[h]Xangle)’;bmrj}}:
write(70, FG’édﬁ)sr" ”?E§p~**§;§£*;?f§E,

H
: write (70,FL,SZ) 3 TiYYys
write text(70 [[3s]r[1os]u[12s]du[12s] d2uf12s]sul6s]ct[7s]2
wedte teat{Te,P1128]q[128]€[11s]prlc]]);
| £9£ pt= 1:step’l-until K do
begin prlp):=K5xPdulpl;!;:
write(70,F1,Pripl);” ~~§;§§§;
| write(70,F2,Pulp])3 o]
Ty write(70,F2,Pdulp]);
& write(70,F2,Pd2ulpl);
sloen {7 welte(79,F2, PSulpl )
el . write(79,F3,Pct[pl);
| write(70,F5,PZ[pl);
| write(70,F5,q(plxangle);
write(790,F5,t[pl);
N write(?O,Fu,pr[p]xangle);

‘.e.

end; :
write text (70, [[3s]r[83]SAZ[123]Sq[12s]8t[123]Spr[11s]
SZR[113]S°AZ[123]SZZ[c]]),
for p:= 1 step 1 until k do
begin SAZ[pl:=SAZ[pl+PZ[p];
SSAZ[p] :=5SAZ[p-1]+SAZ[p]};
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sqlp] :=Salpl+alp];
Stlp) :=stip)+tip];

Spr[p]'=Spr[p]+pr[p],
end; .

..ifor pi=1 step 1 until k do
vegin write(70,F1,Prlpl);
“write(70,F6,SAZ[p));
‘write(70,F6,5q[plxangle); -
_write(790,F5,stlpl);
" write(70, F7,Spr[p]xangle)
write(70,F7,(SZR[n]-SZR[p-11)) 3+
1+ write(70,F7,(SSAZ[h]-SSAZ[p-1])); -
write(70 F8, ((SZR[h]-SZR[p-1])+(S°AZ[h]- 
balohAR R , SSAZ[p—l]))), B L

I

“'.’7 RSP

EREE end’ PR [T
write.text (70, [[3S]r[1OS]ZZ[123]Q[c]]) !
for p.= 1step Tuntil k do o

; begin " write (70,F1 Pr[p]): T e

' “‘write(70,F6, (ZR[p]+sAZ[pl));
‘», write(70,F4, (QR[pl+sqlp] )xangle); = . .
end; :

4]
o3
Q.
es .

© close(70);

1
3
o}
x:

1t
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A.2 Computer Program 36 for Solving the Bquation (4,8)

A.2,1 Introduction
A new program, namely 36, is written in KDF 9 Algol to
solve fhe equation (4.8)gwﬁich.uses_varying values of E and EY
depenqing on the pressure in the cheese and the tensiqn in the yarn.
This necessitates the use of many more symbols, These are given in
the additional notation, This program is a development of the
previqué program and thé structure of the frogram is basically fhe
same‘as outlined in 8 A.1.2 on page A;4. This program also uses
‘fhe features given in 8 A.1.3 on page A.7. ‘if incé?poréfés a
pro§ision in i% to run it with constant vaiues of B énd EY; ieee
in that case it reduces to the previous program.
:'This program integrates the équation from the outer radius
R to the core radius s using the Rungekutta method unlike the
previous program which integrated the equation from s to R using
Buler's modified method. The reason for these differences are
given iﬁ Chapter 4. The results obtained‘from the two frograms with
" the same data were the same (up to five significant figures). The
starting value of u.at r = R (in the previous case it was the value
| of du at r = 8) is obtained by quadratic interpolation;v In the
event of Quadratic equation having imaginery roots the value of u
at r = R is obtained by linear infgrpolation. . This replaceé'the

linear interpolation of the previous program. The procedure called
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*trapezium' to solve the cheese from r = R to r = 8 is 'also
-different. These differencés can be observed in the flow diagram
of this program. The output of the results in this program has
been quified to obtain.the results af specified intervals of r

for specified intervals*of‘Réi‘in the previous program the output .
was obtained at everylstep of T for every step‘of R. The provision

effects a considerable saving of computer time. .

A.2,2 Additional Notation
: ’The symbols ére given in thé order‘iﬁ which they appéar
in the program and only those are included which are additional

to this program and do not correspond to the theoretical notation,

CE - is the value of E at r = R.’
4E - = E/dr.
RT - 1is fhe residual tension in the yarn; i.e. T
IEY - is the value of EY read in the program from the data tape.
t - = g—ITi.dR. |
Xt, X2, X3, K4; K5, K6 - are constants used in thé calculations
- fér‘solvihg the equations, The values of these are different
from those of the previoué program,
IE - isjthe velue of E read in the program from the data tape.

'Su - is the guessed or the interpolated value of u at R.

d - is a small number +o specify the tolerance between the value

-of u at s and zero.
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, e, mm - are used in guessing the value of u at R, Inside the

g,n -

v 2% .
procedure e ='BdeR'

is used in the procedure to control the output of the

detailed calculations.

are to spécify’the'interval of R for the output of results.

ul, u2, u3 and suil, su2, su3 - are used to retéin the values of u’

at s and u at R respectively from the trial solutions for

.interpolating the next value of u at R.

L1, D1, G1, C1, L - are used in the interpolation of the next

ee_-
cece -

CyCCm

nn -

SQR -

 SPR -

~value of u at R.

u becoming large and causing program failure.

3

is a small number used in the procedure to prevent the value

'of B bécbming sm;ll and Causing program failufe.

specify the interval of r for the output of results,
specifies the size of the arrays and is equal to the number

of layers into which the cheese is divided for the solution.

= K QOerov‘
r
R,

r

Additional symbols declared in the procedure 'trapezium'.
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11, 12, 13, 14 - each one is used to retain the value of (d2u x dzr),
i.e. du, at different stages during the calculations of the

values for the next step of r, -

e - = gg.dR. It is thevchange in E at r as R increases by dR.
3RE.ar) . | |
- T Ter T °r ° v
tr - is used to retaln the value of r during the calculatlons of

the values for the next step of r,

A.2, 3 Additional Features of Program 36

(a) Solutlon With Constant Values of E and EY

The values of E and EY at the start of the solution, ieee

at r = R, are given by the following statements respectively,

PE[h] := PR[h] x prcon / KP + IE and

EY ¢= tencon x RT ¢4y + IEBY - ) .

»Now if 'prcon! and ttencon' are made zero‘then tnis program reduces
to Program 15 w1th constant values of E and EY equal to 1IE and IEY _
\ resPectlvely read in the program from the data tape° If IE and IWY
are made zero then the values of E and EY are entlrely dependent on
: P and T. Any other combinatlon of the values of E or EY can also

be used,
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(b) Output of Results -

For getting the output of results at specified intervals of.

T the for statement which causes the.output is modified as follows

for p = 1, cc step ¢ until k do.

Now by assigning appropriate values tovcc and ¢ the pesults can be
output at specified intervals of r. ‘Eor example; if ce = ¢ =i5,
dr = O.1 cm and s = 1 cm then the output will appear only when
=1.0 cmy, 1.4 cm, 1,9 cnn etc. | o
) For getting the output of the results at specified intervals
of R the following condition is inserted in the program before the
oufput statementé. | | ,
if hn =g igggjpégig g =g+ 13 jbuéput éfatements;»‘ggg{
where h is the number of the last layer;added, n is the size of the
interval and g controls the entry to the dutput statements. For-
example if n = 5 and g 1 then the output statements would be
"entered for the flrst time when: h 5 glving h/n equal to g, i.é. 1.
As it enters the output statements . g becomes 2 and the next time
the entry to the . output stat;ments*would ;giy be p0531ble when h =
10, TNow if the step length is 0.1 cm then,output w1ll appear only

when R = 1.5 cm, 2.0 cm, 2,5 cm, etc.
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A.2.4 Flow Diagram for Program 36

Declarations of real and integer variables.
Data for the cheese read into the program,
Value of the integer nn determines the size
of the arrays. The array variables,
procedure 'trapezium' and formats are
declared. The procedure is explained
where called, - ' )

Values of constants used in later calcula-
tions are evaluated and appear in the
output in a tabulated form. '

V» -

First layer added. R becomes (s+dR) and h
has a value of 1. "SSAZ[0], SzZRIO), SAzZ(1],
PSql1], PSt{1], Pql[1], PSul1l are declared
as zero to ensure that these exist in the
computer store as such before the start of
the calculations. Values of ZR[1], SZR[11,
Qr[1]}, prC11, Sprl1), PE[1], PEY[1], cdu -
are evaluated and appear in the output in

a tabulated form. PJIE[1] is also evaluated.

Y

Main loon under for statement: Each time
this loop is entered h goes up by one and -
|R by dR. Values of ZR[hl, QR[MW]}, prlhl,
CE, PEY[h]}, cdu, SZR[h], PELh], PdE[hlare
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evaluated. PSu[h), SAZ[h), PSq[hl, PSt[hl,
Sprfhl are declared as zero to ensure that
these exist in the computer store as such
before the start of the calculation.
{Counter 1 has a value 1. This counter

‘| counts the no. of trial solutions to
obtain the correct solution.

diff press loop: This loop is entered each .

time with a new value of wat Re mnat R
has a guessed value for the first 2 entries
and has an interpolated one from the
results of the previous two or three solu-
tions for the subsequent entries., The
starting values of the variables including
the parameters of the procedure, namely, u,
du and d2u, are evaluated. Here R includes
the added layer as well and the solution
required is up to (R - dR)

'procedure! trapezium is called with actuall
parameters. Declarations of the procedure
and the starting values of the wvariables
assigned to the appropriate members of T
arrayse. B
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Write statements for r, u, d2u, E, e, EY
and dE. By assigning some value to f from
the data tape this output appears only

when h, i.e. the number of layers added,» f.
This is useful in the event of program
failure as the output can be obtained after
any value of 'h' (for which the program

does not fail) for detailed scrutiny to spot
the reason for failure, However calling
this output is very wasteful of time and
paper,

V

/' .~

layer loop: Each time this loop is entered
the calculation advances by one.step of r,.
This is done in stages. 'The values of r, u,
du, d2u for the layer entered are retained
by tr, tu, tdu, td2u., The Runge-Kutta
method is used for the extrapolation of the
values at the next step.

First stage. Values of u, du extrapolated
at the mid radius of next layer and from
these values t, RT, q, de, dE, e, E, are
evaluated, During these calculations app-
ropriate values of PEY, PAE, PE from the
last solution are called by X. _In this
case these values are the average of the
two end values of thelayer as thls is at
the mid radius.

Comment, In the
trial soln. E may

become very small
and cause program
failure, There~
fore E is not
allowed to have a
lower value than
cCCo '




The value of su reduced by a small step
and program ‘goes back to diff press loop.
At this stage no complete trial solution
is available, - Counter'l = 1. and does
not change, : '

-
.

The new value of su is obtained as the .
average of sul, the value from the pre-
vious solution when 1 =1, and the. present
value of su. The program goes back to
diff press loop. - Counter 1 = 2 and. does §
not change. : L

."[

The new value of su is obtained as the
average of su2, the value from the latest
completed trial solution, and the present
value of su. The program goes back to
diff press loop, Counter 1 does not
change its value, s

A
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Second stage. Correction of walue of du
through new value of (d2uxdr) equal to 12,
Third stege. New value of (d2uxdr) = 13
through 12. On the basis of 13 the value
of the variables at the end radius of the
layer are evaluzted, Counter k moves down
by one. 7 L

The program

goes back to. Commerit° The op—

diff press loop
with a new re-
duced value of .

su., Counter 1
does not change/
The value of su
is obtained
according to
the value of 1.

“eration of this

condition along
with its inner
conditions depend-

~-ing on the value
- of 1 has been
" explained before.

Fourth stage: Final value of 14, i.e. (d2u
x dr) is evaluated and this forms the final
part of the correction. The value of u at

4

A new numeri-
cally reduced
value is
assigned to
su and

program goes

the end of the layer is estimated.

Comment. This is

done to avoid

program failure

due to very large
value of u, The
value of u cannot

to diff press
loop. 1 does
not change,

exceed ee. Working
of this condition
is the same as that
of previous
conditions for E.

Value of du is estimated. From the new values
{of u and du the values of t, RT, q, de, dE,

e, B are evaluated., These are the final
values at the end radius of the layer under

calculation. -




A new reduced
value is'
assigned to-
su and '
program goes
to diff press
loop, 1 does

not change.

Comment., This
has been
explained -
before

Values of d2u and EY are evaluated and ard
to be used when the calculation proceeds.
to next layer. Values of the wvariables
calculated above are assigned to appropri-
ate members of the arr

‘tone layer,

ays. This completes

Values of r, u, du, d2u, q, e, de, E, dE
and EY, if desired, appear in the output
The use of this has been

for scrutiny.

explained before

Y

!

Values of su
and u assig-.

ned to sutl and]_

uf and are re-
| tained for the
first inter-
polation, 1

increases by 1

' 4@/2)

Comment. This
condition en-
sures that the
solution con-~
tinues till r
= S,




- AJ34 -

'su at (R

A new
value of

-dr),
Program
goes to
diff
press

loop

A new value of
su at (R-dR). .
Program goes .
to diff press
loop. See
comment on

other side,

A

Values of su:
and u are ass-
igned to su2
and u2, The
program goes
to diff press
loop with a
new value of
su interpola-
ted linearly
from the
results of the
previous?éolu—
tions., 1 goes
up by 1o

Comment, This
condition en-

- sures the cor-

rect solutiomn,
Exit is only
possible when
u at s is less
than d, a small
number.,

Comment. Up to a -
certain no. of '
layers given by
ma, the second
guess of the value
of su is obtained
by 1st route.

.- After that the
--second guess of

the value of su
is obtained by

another route,

This is done to
obtain a better
approximation of
the value of su

- to minimise time, -

Comment. This
is the third
solution and

the values of u
at r=R and at
r=s are retained
for the
interpolation.
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Values of u and su are assigned to u3 and
1 moves up by one. The values of
L1, b1, G1, C1, are evaluated.
used in the quadratic interpolation of
the new value of su from the results of
the previous three trial solution.

su3,

These are

dnext value

hi

The values

of u and suj’ -

are assigned
to u3 and .
su3., The

of su is
interpolated

linearly see| =

comment.,
Program goes
to diff

press loop.

< /(G1xG1-4x

BNIVAN

If &1

L is

negative

assigned
one value

is

. If Glis
“+ive L is
assigned
the other
value

R

{ D1xCixu3) : O

Comment, This

_tests the roots

of the quad- -
ratic equation
formed for
interpolation.
If imaginary
the program -

“'would fail, In

that case the

-~ interpolation

is linear other-
wise quadratic,

- Coument., This
test is made

to select one
of the two

" roots of the

equation,

for the next

|Su is assigned the next interpolated value}:
solution. '




No improvement
is indicated

Comment. This
test is

'in the output applied to
with values check the
of u and 1. improvement
in the value
. of su by d.

-1to su2 and u2, - These last two sets of -

The values of su2, u2 are assigned to suf
and ul and those of su3 and u3 are assigned

‘|next value of su. The program goes to Aiff]

values are retained to interpolate the

|press loop, - §

Y

Loop under for statement. The loop causes

‘|values and T arrays are free to be used

the values of the variables from the
correct solution to be transferred from T
arrays to P arrays. P arrays retain these

again.

_|ment calculates the values of RT, Z, SZ,

#or loop. This loop under the for state-

pr, SAZ, SSAZ and Spr at each step of r

from r=s to r=R. .




Comment, * This
condition is

“used to output
the results at

specified int-
ervals of R as N
explained before.

Value of g goes up by one.,- Values of ZR,
QR, cdu, CE for the layer added and values
of 1 and SZ eppear in the output in a-
tabulated form,

— Loop under for statement. This loop causes
| the values of r, u, du, 42u, Su, Z, q, t,
‘land pr to appear in a tabulated form., 3By
giving suitable values to cec and c¢ the
values are printed at specifled intervals

of r,

Loop under for statement., . This loop causes
the values of r, SAZ, Sq, 5t, Spr, SZR, SSAZ,
SZ2Z to appear in the output in the manner

described above,

a




Loop under for statement. This loop causes
the values of r, 2z, Q, E, dE and EY to

. |lappear in the output in the manner
described above..

Comment: This

condition

~ ensures that
"the cheese is ~

“built up to

the given .

" “outer radius
'.R.OQ"",;' ' . :
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A.2.5 Computer Prograwm 36

22ESTABLISH EBTSJ3600APU+T/155. ., = ., T, w7
COMP. OF:CHEESE..W ZERO. E AND EY. VARING,}{Q P T, F T,
O/PL> .0, it e i, S, T, U o Tansll, Lot o,
begin T

comment: Thils program calculates ‘the compression (Sigma u) of
the package (precision wound) at any radius r as the
I cheese:.1ls bullt up:layer by layer. It 1s assumed that
there is.no slippage.between:-the:layers and between
~ cheese and core. The differential: equationtiis integra
ted by thefmethodnof,Rungé;Kutté.FAsvaringsvaluefof
~ the Modulus of Compressioniwith pre3sure‘is“uéed. Also a
oo varing value of the Elasticity of: yarn with residual ten-

W e s

< -, [T IR

sion 1is used, SR ERNEATIE S FESSUEEFIATO RS IS SIS 4 4 RIS S5

: librarz A0, A6y oviwiioony maluliliedioag U 0Tajenly o

real E, CE, dE,.T,:D,:EY, y, RT; tencon,. IEY, t, sryiryis,
dr, dR, R,'RO, 'x, a, b,'m, K,~K1, K2, K3, K4, K5, K6,
KP, cdu,-du, IE, d2u,. u, "su, Su, d, e, SZ, z, £, &, mm,
ul, w2, u3;: su1, 52, ‘su3 L1, DI, Gi, C1, L, ee,
angle, space, prcon, ccc,

integer F1, F2, F3, .F4, F5, .F6; .FT, F8, k, p, h, ¢, cc, 1, nn, n;
open(20); % TSRS X
‘prcon'=read(20), T:=read(20), tencon: read(20);
D:=read(20); sr:=read(20); s:=read(20);
dr:=read(20)3 \RO:=read(20); z:=read(20);

~ dR:=read(20); su:=read(20); x:=read(20);

iryeri o cet=read(20); ici=read(20); . di=read(20);
e:=read(20); = g:=read(20); f:=read(20);
angle:=read(20); ’'space:=read(20); nn:=read(20);
IE:=read(20); IEY:=read(20); y:=read(20);
n:=read(20);!: mmi=read(20); ccc:=read(20);

PO I w iy . F L

eet=read (20)3 i Tyt ol s U0

[ T A SR S T € T ey

S close(20)s -l i S T
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begin : ' _
real array Tr, Pr,,Tu;ffu; Tdu, Pdu, Td2u, Pd2u, TSu, PSu, TE,

TEY, PEY, PE, TdE, PdE,.Tq; Pd, TSa, PSq, Z, ZR, QR,
PR, pr, Tt, Pt, SAZ, TStj PSt;. Spri1:nn]; SZR;'SQR, :

SPR, SSAZ[omnly -~ vea-t e
procedure ‘trapezium (tu, 'tdu, td2u, press),
value tu, tdu, td2uj r=sv-cuw (Vi) sl 0 Tel bl

RN

real  tu, ‘tdu, td2u; label press;. - :i7: ‘
comment :This procedure is used to solve the cheese
v from core to the outer radlus R. It also
calculates the values ‘of "Su, -E, "dE," q rand
, Sq at every.step of the 1nner radius r,
begin real!~i:11,12,13, 14, -de, ‘e, tr," Q3 e LT g
Ttlk]:=t;. TSulk]:=Sutu; - Tu[k].=u, Trlk]:=r;
Tdulk]:=duj - .Td2ulk] :=d2u; -5 TEY[k]:=EY};
- TE[k]:=E; “TdE[k]:=dE; © TSq[k] PSq[k]+Tq[k];
gl o TSt[k]s=PStlk]+t; i e:=E;
' if h > f then begin '
‘write(70,F1,r); .
write(70,F6,u); = ¢ 2w/ {(Torrocaiiin);
write(70,F7,d2u);
1v v ‘write(T0,FTLE);
bt wrdte(T0,FT,e) e o) a1 T
(2howelte(T0,F8,EY) s (ontou iy
i omwrlte(70,FL4,dE);

s
s

iy ends
layer: tri=rji tu:=u;  tdui=duj '.td2u:=d2uj - 0 kel
11 s=td2uxdr; 17 w153 oty
oY Lot {pi=tr+dr/2;
Lo mimpXedbs. =tu+tduXdr/2+drx11/8‘ SRR 1)

T du’=tdu+11/2"i1f~i’nf?}/ :
- ti=(PEY[K+PEY[ k-1] )xux/(2xm) ;
... 1 RT: =T+(PSt[k]+PSt[k—1])/2+t,
q s =Khxrx (t+RTxuxb/ (rxm) ) /mr0.5;
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s

de‘=—K6xq:~ SIS UL T IO TS AR N RO
" dBE :=(PAE[k ]4+PdE[k=1])/2+de;
e'=-(PE[k]+PE[k-1])Xprconxdu/(2x(1+prconxdu)),
=(PE[k]+PE[k-1])/2+e,

Af abs(E) <cee thent: vt Ciinroor ihaiy

begin if 1=1 then su-—su-su/(1oxhXh) elge if 1=2 then
su'=(su+su1)/2 else -sui=(su+su2)/2; |
goto press EEREUTIN -“"ﬁ””*if1'“”*"”}’$L1i¢ii des Khen

L
s s

R o

12: (K1er(t+RTxuxb/(rxm))/(mmo 5xE) dEXdu/E)xdr,
ol du:=tdu+12/2;
13 -=(K1xr><(t+Rwa<b/ (rxm))/(mro. 5xE) dExdu/E )xdr;
k: =k—1,‘ r: =tr+dr,n»m -rXr+b, R
u=tutdrxtdu+l3xdr/2; T dui=tdu+l3; oLy iie:
t:=PEY[k ]Jxuxr/m;j : 'RT: =T+PSt[k]+t, oomET R eeall
q.=K4xrx(t+RTxu><b/ (rxm))/mo 53 ‘
des=-K6xqj -1: "5 t;f.‘fﬁ:ra;‘; Celltiaens
dE; =PdE[k]+de,-, LA |
e:=-PE[kl7k preon X du/(1+prconxdu);
' PE[ﬁ]+é;a\}% |
if abs (E) ‘¢ cce then -

. end, B L, F ,"lj EA TR L SR R TS ORL B

.begin if 1=1 then su:=su—su/(1oxhxh) else if 1=2 then

su:=(su+su1)/2 else. su‘=(su+su2)/2°

goto press - r“ﬂ:u$~';wf;
P el 1 oa

end? .:4":.j£7J2‘g‘
14-=(K1er(t+RTxuxb/(er))/(mTO 5XE )- dExdu/E)xdr,

us=tu+(tdu+(11+12+13)/6 )xdr;

“if abs(u) }'eé’then”m“”‘

begin if “1=1 then su:=su-su/(10xhxh) else if 1=2 then
su'=(su+su1)/2 else:su: =(su+su2)/2,:"

goto press -

end: W:vJ“iyi »
‘ “¢'du:étdu+(11+2x12+2Xl3+14)/6;‘
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el o tr=PEY[k]xuxr/m;  RT: =THPStlklt;
-=K4xrx(t+RTxuxb/(rxm))/mTO 55
- rdesmeKbXqyt it it

- dE:=PaE[k]+de; ~ 701}
v e =-PE[k]xprconXdu/(1+pr00nXdu),
iv 0 Em=PE[k]+eyt .uililily

yim- "

if abs’ (E) < (ceex0.001) then
begin if 1=1 then su.=su-su/(10xhxh)'else if 1=2 then
su'=(su+su1)/2 else: su'=(su+su2)/2,

, y . J U N
s S AR R B e o e e
goto press VA EA ST B OO £+ R TRl o2
. oA e oy PR SN ‘.\., e . -, _,v»~;i,r O |
en ® ST ‘é el b "’};” T i, 1 N S Tas {?«/ﬁ:_},t;’ ;

w—
d2u.=K1er(t+RTxuxb/(er))/(m¢0 st) dEXdu/E°

- »RT:=abs(RT); = EY :=tenconXRTTy+IEY ;
T %#:;{A;ASTSu[k]:=PSu[k]+ﬁ;iVLQTULk];=ﬁ3713-Tr[k]:¥f§§
-~ Tdulk]:=du; Td2ul[k]:=d2u; TE[k]:=E; TdE[k]:=qE;
" TSqlk]:=Psqlk]+g; TEY[k]:=EY;
TStlk]:=Pstlk]+t; Tt[k]'ct, Talk]:=q;
~if “h >'f.then” begin
write(70,F1,r),.
_ write(70,F7,u)}:;
cette L0 edte(T0,FT,du)g s LI s IR e e T
‘ - write(70,F7,d2u);
write(70,F7,q); 100t
write(70,F7,e)375 -
write(70,FT,de)st i3
Paws i wrdte(TO,FT,E) - o lniien
L i -write(T0,FS5,dE)y 0

........

| ‘f;;~wr1te(7o,F5,EY),‘}?9%%ﬁvw.:}:
5 " l T erld. . e R .‘;{ :: ::I;?-'\T \’T ‘:-!4"'_:\ ' . f"; I;:ti'.‘;:

if r > (s—dr/2) then 5oto layer else
) end of - procedure, PTG i nak

Y
A

F1:=format([d. dd])°r?3 M~7i}*“%;}tﬁ.;;~ff;%}}- .
Lot ’F2'=format([2s-nd dddddddd]); el Tt e raLs
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F3:=format([2snd]); .17 !
Fl:=format ([2s-ndd.ddddddde]);’ - :
F5:=format ([2s-nddddd.ddddc]);
F6 :=format ([2s‘ndd.ddddddd]);
F7:=format([2s-nddd.dddddd]);
F8: =format([2s-ndddd ddddd]); iv):
open(7o), ik Dw-; HESERYS FFEERIN it A
:=x/angle, L zi=z/angley. i nit

free Tf“é§=X/6.28318:“".;;b-raxagdp

U:7In Kimaxsxspace/(DX(sxs+b)10.5);  KP:=2XKxKxzXz/b}
K1:=1/(2xKxD )3 K2 :=T/(2XKXD)3 !} K3:=TxKxdRxz/(Dxa);
Kb 1=_Kxdrxz/(Dxa )3 | (K5 i22xKxKxzXz/b}

K6 :==preonxz/ (KPxdrxa ) -/ L i {(F-10)riiul o 0t gy
write text(TO [[9s]a[13s]b[13s]K[123]KP[125]K1[12s]K2[Cll)5*
Cwrdte(T70,FT,a) - T e oL h
Tiwrite(70,F7,0) 35

PN = A -

ki

l:w!; write(70,F7,K) gt (n]e=tTow ity
ld”fﬁz‘write(70,F7,KP),Tﬁ{h§3 Einl ey Sopobgeeln

RS 5 AN PRI wwrite(70,F7,K1); ,

=75 wedte(TO,FUK2)g  Cuieag mivaertne

write text(70, [[7s]K3[13s]K4/1oo[8s]K6[11s]K5/1ooL__j)

| Vil n¥ i wedte(TORFT,K3) 50 ity .

’?,x»‘tVWrite(70,F8,K4/1OO), it by

civrel write(70,F7,K6)’ TR Ao TS L o EE R Ol
| “towrdte(70,F5,K5/100) 3 10T
Ri=s+dR3 11, SSAZ[0]:=03" . "SZR[0]:=0;

17 10 ZR[1]:=K3%xa/(((R-dR)12+b)10.5); . SZR[1]:=ZR[1];
QR[11:=K3x(R-dR)/(((R-dR)12+b)10:5)5 ' = <
pr[1]°=-KXzszdeTx(R dar)/((((R- dR)T2+b)TO 5)XDXb),
Spr[l]'=pr[1], oS E et R .

PE[1] :=-prconxprl1]/KP+IE; PEY[1]-~tenconxTTy+IEY;
cdu:=-K2xdRX (R-dR)/(( ({(R-dR)12+b)10.5)XPE[1]);

write text(70 [[8sl;R[12s]QB[12s]E[1as]EY[1zs]cdu[12slpr[c]])

: ‘:.‘“",’ .“..

v E e -
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write(70,F7,ZR[1]);
write(70,F7,QR[1]xangle); [« -1 ¢
write(70,F7,PE[1]);

. write(70,F8,PEY[1]);

Cowo s o twrite(T70,F2,cdu);
- oo wreite(70,F5,prl1 Ixangle); - 1 .
h:=1; SAZ[h]:=0;-PSq[h]:=0;:PSt[h]:=0; Pqlh]:=0;
PSulh]:=0; -PdE[1]o=;K6xQR[h];%}; |

* e

for R:=(R+dR) step! dR until RO.do b 1 e
begin  hish+ly Goolin{LIn el -:}:

ZR[h] :=K3xa/ (((R-dR)T2+b)TO 5)3
QR[h]==K3x(R-dR)/(((R-dR)T2+b)To.5),4x§f{u5~ﬁﬁ};
prih] :=-KxzxzxdRXTX(R-dR )/ ( (({ (R=dR)124b)10.5)xDxb )}
CE:=-prconxpr[h]/KP+IE;"; PEY[h]i=tenconXTty+IEY;
cdu:=-K2xdRx(R-dR)/(( ((R=dR)12+b)10.5)XCE);
SZR[h]:=SZR[h-1]+ZR[h]gif" vz
1:=1; PE[h]:=CE} PdE[h]'=-K6xQR[h],
Psulh]:=03sAZ[h]: =o,*PSq[h] =03 PSt[h]:=03; Spr[h]:=0;

diff press: dui=cdu}-Ei=CEj§ 14 {G1T -4t L) etan
k:=hj r.=R-dR,uau.=su;?*Su.=0,«m:=rXr¥b;:?ff~5}§
dE:=- (QR[h]+PSq[h])xK6; - i} |
t:=PEY[k ]xuxr/mj . :RT:=T+PSt[k]+t; " -
Tqlk] :=Kixrx (t+RTxuxb/(rxm) )/mto: 55, conuillon uss

~ d2u:=K1xrXx(t+RTxuxb/ (rxm) )/ (mf0 . 5XE )-dEXdu/E ;

RT:=abs(RT); EY:=tenconXRTTy+IEY;

. trapezium(u,du d2u, ‘diff. press),

if 1=1 then SR :

begin '1:=1+1;tg“u1:=u;“:ﬂsu1:=su; if h < mm

then -sui=sut+exsu/(hxh) else begin

ei=eHl} su:=su+eXsu/(hxh), end;
g_c&_o_ diff press

i 0 St

end; AR
if 1=2 then - Lm et sEobomr

begin 1l:=1+1; u2 :=u} Su2 :=su;
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sl e g o gnertulnog
su: =su2+(su2-su1)X(O-uE)/(uQ-U1)3‘ =i}§

£9 oto diff: press Cuipiy oo T e

3" ',..‘ ‘\‘ N (‘! i

end § EA ‘f. , ISP : K

r

Af abs(u) > d then cealytetnalegy T T Wi
© begin l:=1+1;  wu3:=uj --sud=isuj LTl
L1 :=(su3-su2)/(su2-sul);
7 DYV i=(su3~sul)/(su2-sul);
Sorren G e= LIXLixul-D1XD1xu2+(L14D1 )xu3;
01 t=LIx(L1xul-Dixue+u3) § {20
Pioo1f (GIXG1-UXDIXCI%U3) < 0 ‘then
" begin sur=sut+(su3-su2)x(0-u3)/(u3-u2);
Lo dreo o0l suli=su2) sul i=sul;
ﬁllie,‘_’“ifgﬁ‘;ﬁl}éu2, u2:= u3;
“iiﬂlgiz-f:f weite(T70,F4,1) 5
fewfprisl goto diff press

0TS S B O R ol
it end;
v VY s g 24P G1 > 0 then
Derly xiu;f?; L'=-2xD1xu3/(G1+(G1xG1 _BXDIXC1Xu3)10.5) else
woite tev s 7 Lime2xDxu3/ (G1- (G1XGT-LXDIXC13xu3 ) 10, 5)";¢;:
sut=gu3+Lx (su3-su2)y
1f ‘abs((su”su3)/su3):< d then
begin write text(70,[[12s] condition not
~ritz{isatisfied[ccl])s :
r*“"’*write(TO,F2,u),
write(7o,F4 1),

- X - b PR
ot SRR R

T N AR ““end. P " - "“' L i ‘“.\ B ‘& o m e e
sul :=su2; L-su2'=su3,ﬁ,,;?
ul = u2y 50 u2°= u3,;f’

goto diff press

e H S w ,,‘r”

end; v ‘“‘x‘hf"? RERERYE
k‘=h, i x”’k Vi T‘-
for p-= 1 step 1 until k do

’ H ) . .
: » "‘i oo IR
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‘begin ' PSulpl:= TSulpl; = Pulpl:=Tulpl;
~:.oPrlpli=Tripl; ~:Pdulp]:=Tdulpl;
.+ Pd2u[pl:=Td2ulpl; PE[p]:=TE[p];
~ 'PdE[pl:=TdE[p];; Palp]:=Talp];

: PSqlpl:=TSqlpl; PEY[p]‘=TEY[p];
‘QﬁfPSt[p]'=TSt[p], Pt[p].=Tt[p]
ends )il il
| S2:=03 - r.—sr+dr, SRR SR

EY

for p:=1 step 1 until k- do 1.l e

begin r:i:=r-dr; mi:=rxr+b; 7 RT:=T+PSt[p];
z[p]:=Kixax(Pt[p]-RTxuxr/m)/mro.5; -
SZ:=SZ+Z[ply -+ {7, 1 on ey )y |
pripl:=KSxXPE[pIxPdulpl; . -i=i-ria)y
SAZ[p] '=SAZ[P]+Z[P]’ PR AN ;‘zﬁ«f_;'.‘;?w Cnet b

SSAZ[p]:=SSAZ[p<11+SAZplsiic -7, =11ty
Spr[p].=Spr[p]+pr[p],§av:J;{uf»:niégm!}}%{:Iaﬁi;Em
. A I B A : .
end; R LR PR

if  h/n = g_then |
2_3_5_1_9_8 —8+1, ‘axv *, "-,‘ LR R Tih
write text(70 [[7s]ZR[123]QR[12s]cdu[123]CE[73]1[6S]SZLH_1
write(70,F7,ZR[h]); 1}:
write(70,F7;,QR[hlxangle);
write(70,F2,cdu); 9‘3»7#i?§;“zr"*i5
write(70,F6,CE); (« 1)1
write(70,F3,1); “luis
write(T70,F4,S2)3 1
write text(70,[[1s]r[10s]ul12s]dul12s]d2ul12s]sul115]z
. [12s]ql13s]t[13s]prlc]]);
for p:= 1, cc step ¢ until k do
begin write(70,F1,Prip]);

[ A

S write(70,F2,Pulpl);
o - write(70,F2,Pdulp]l);
v | - write(70,F2,Pd2ulp]);

write(70,F2,PSulpl);

e I *\ EE I R S P Jr~?§ . ';r« ?',.; t §‘13



ends
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write(70,F7,2[p]);
write(70,F7,Pqlplxangle);
write(70,F6,Ptlp]);
write(70, Fs,pr[p]xangle)

_ﬁﬁrite £ext (70 [[1s]r[SS]SAZ[123]Squzs]St[12s]Spr[1ls]

for p:=
. begin

 end

- sZR[11s]sSAZ[11s8]52Z[c]]); "
1, cc step ¢ until k do

~write(70,F1,Pripl);
write(70,F7,SAZ[p]1);
‘write(70,F7,PSqlplxangle); =~ i.i il
- write(70,F6,PStlpl);

write(70,F8, Spr[p]xangle),;”
write(70,F8,(SZR[h]-SZR[p-11));

©write(70,F8; (SSAZ[h]-SSAZIp-11));
~ write(70,F5,((SzR[h]-SZR[p-1])+(sSAZ[n]-

| SSAZ[P-1]))),; .

| hfite'text(7o,LLJsjggjosl;zgjzslgij3slp£}uslgEL33s]E L_]])
for p:= 1; cc step ¢ until k do

3 E?
[T o
*,;...’,

fi}

begin

write (70,F1,Pripl);

“write(70;F7; (ZRIp1+SAZIp]));-

write(7°’F7:(QR[P]+PSq[p])¥ang1e),:;1”7f'

_ wr1te(70,F7,PE(p]);

S MBI vy o i mres g B o

write(70,F8, PdE[p]),ﬂ}

© write(70,F5, PEY[p]),}” 5 ?’?T
ends. o Ly o e :
end;
close(70);



APPENDIX ' B

TEST 1

Average winding tension_fpr preparing the base for the gauge = 29 g;
rad, of the base = 2 cm; appe resistance of the gauge, i.e. G.Res.
= 660 ohm, | |

During first winding.

Calibrating resistancé = 470,600'Shm; movement on dial = 12 div.;
1 div. of dial = 0.,0002128 x 660/12 = 0,117% change in G. Res.
During unwinding. e |

Lower limiting fféQuency = 80 cs/sec.; writing épéed = 5003

potentiometer db range = 10; paper speed = 0.3 mm/sec.;
calibrating resiéfance = 470,000 ohm;‘ movement of pen = 4 div.;
1 div. of paper chart = 0,0002128 x 660/4 = 0.0345% change in G.Res.

Table ~B.{ -

During winding : During unwinding

‘No"~ Dia, of winding movement % change dia. of - movement<«%rbhange~
cheese tension on dial in G. cheese of pen. in G.
..cm 4 div, Res, cm div, Res,
1 4 - - 0.00 9435 0 1.08
2 4,05 32 3.1 0.36 9.1 o) 1.08
3 4.1 35 LT 0.83 8.8 0.6 1.06
4 4.2 - 30 . 7.8 0,91 8.45 0.6 1.06
5  4.35 29 . 805 1. 8.15 0.6 © 1,06
6  4.85 . 27 . 9.0 1.05 T.7 0.9 1.05
7 5,65 . 27 9.1 1.06 T-4 - 0.9 1.05
8 6.45 26 9.2 1,08 7 1.4 1,03
-9 Te3 - . 28 9.2 . 1.08 6.6 2 1.01
10 8.25 27 9.2 1,08 6.2 2.3 1
1 9.35 27 9.2 1.08 5.7 2.6 0.99
.. 12 " ‘ 5.2 3°2v..,... R 0097 )
13 4.6 - 8ol 0.8
14 4 18.2 0.45

Average winding fension = 28+8 g
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TEST 2,A

Aferage winding tension for prebaring the base for the gauge = 25 gj
rad. of the base = 2 Cl; appPe feSistance of the gauge, i.e. G.Res.

= 670 ohm, B

buring first winding.

‘Calibrating resistance =>470,000 ohm; movement on dial = 3.8 div,.;

1 div. of dial = 0,0002128 x 670/3.8 = 0.0375% change in G. Res.

" During unwinding. | |

Lower limiting frequency = 80 cs/sec.; writiﬁg speed = 500;
potentiometer db range = 10; paper speed = 0.3 mm/sec.;

Calibrating resistanée = 470,000 ohm; movement of pen = 4.5 div.; =~

1 div. of paper chart = 0.0002128 x 670/4.5= 0.,0313% change in G.Res. -

Iable B.2
During winding During unwinding
No Dia. of winding movement % change dia. of movement % change

cheese tension on dial - in G.  cheese of pen. in G,
cm £ div, Res, cm dive Res,

1 4 - - - 0.0 10 0 0,67
2 4.05 23 Tel 0.27 9.7 0 0.67
3 4.15 21 11.8 0.44 - 9.15 o 0.67
4 4.5 21 15.1 0.57 8.5 1 . 0.64
5 5.5 23 17 - 0.64 Teb6 = 1 0.64
6 6.5 21 17.1 0.64 6.9 . 1.3 0.63
7 7.85 21 17.2 . - 065 6 13 0.63
8 8.8 20 173 0.65 5.4 1.6 0.62

9 9.35 20 1745 0.66 5 2.2 0.6
10 10 20 17.8 0.67 4,55 = 3.2 0.57
1 : 4,3 4,2 0.54
12 4.1 6.1 0.48
13 4.05 Te7 0.43

14 4 8.6 0.4

Average winding tension = 21.1 g.
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During secbnd windihg;

:Calibrating‘resistance = 470,006 ohm; movement on dial = 3.8 div.;
1 div. of dial = 0,0002128 x 670/3.8 = 0.0375% change in G.Res.
buiing unwinding. h

iower limiting.frequeﬁcy = 80 cs/sec; writing speed = 500; -
potentiometer db range =-10; paper speed =.O.3-mm/sec.;

calibrating resistance

470,000 ohm; movement of pen = 11.5 dive;

1 div. of paper chart = 0.0002128 % 670/11.5 = 0.0123% change in G.Res.

Table B.3

- During winding - - ¢ ~ During unwinding
No., Dia. of winding Movement <% change Dia. of movement % change

cheese - tension on  dial in G, cheese of  pen. 1in G.
“ooemtT 7 g 7 ddve 0 Res. cm  div. "~ Res.

1 4 - - 0.0 10 0 0042
2 4005 ' - . 308 0013 908 0.8 0041
3 4015 24 7.1 ' Ou27 902 008 ' 0041
4. 4.35 22 - 8.7 0.33 8.65 0.8 0.41
6 5.55 22 10.5 " 0.39 7.25 0.8 O.41
7 ) 6.7 22 . 10.5 0039 6055 204 0039
8 7.85 21 10.7 0.41 5.65 343 0.38
9 8.45 20 10.9 O.41 4,95 4,1 0.37
10 9.45 20 11.2 0.42 4.65 57 0.35
11 10 20 11.2 - 0.42 4,45 8.9 0.31
12 4.3 12,2 0.27
14 4.1 13.8 0.25

Average winding tension = 21.4 o

The cheese was unwound up to a radius of 2,05 cm,
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During third winding.. The winding started at a radius of 2,05 cm.
Calibrating resistance = 470,000 ohm; movement on dial = 12,2 div.; .
1 div. of dial = 0.0002128 x 670/12.2 = 0.0117% change in G. Res.
During unwinding. ‘  |
Lower limiting frequency = 80 cs/sec.; writing speed = 500;_
potentiometer db range = 10; paper speed = 0,3 ﬁm/sec.;

calibrating resistance = 470,000 ohm; movement of pen = 9 div.;

1 div. of paper chart = 0,0002128 x 670/9 = 0.0158% changekin G.Res,.

. Iable B.4
" During winding During unwinding
No. Dia. of winding Movement % change . Dia. of movement % change
cheese tension on disal in G, cheese of pen, in G,
em - g div. Res, em  dive = Res. |
1 ) 4.1 . had » - L 0025 10 .‘ ‘ . 0 o 0048
2 4.4 22 11 0.38 9.45 0.6 0.47
3. 4,75 22 - 15.5 0.43 8,95 1.3 0.46
4 - 5.85 22 18 . 0.46 8.5 0.6 . 0.47
5. 6.65 21 17.2 0.45 7.85 1.3 0.45
6 T.T5 21 18.5 0.46 7.05 - 0.6 0.47
T 8.9 i8 19.1 " 0.47 6.2 1.3 0.46
8 9.45 21 19.1 0.47 5.65 1.9 0.45
10 4.6 4.4 0.41
11 4.2 8.9 0.34
13 4 18.4 0.19

. Average winding tension = 20.9 g.
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TEST 2.B

Average winding tension for preparing the base for the gauge = 24.7 g3

fad. of the base = 2 cmj app. resisfance pf the gauge, i.e.G.Res. ;-675 ohme
During first winding,  o |

Calibrating resistance = 470,000 ohm; movement on dial = 3.8 div.;

1 div. of dial = 0.0002128 x 675/3.8 = 0.0376% change in G.Res.

During uﬁwinding.,

- Lower limiting frequency}='80 cs/sec;;‘ writing speed = 500;

'fbtentiometer db range = 10; paper speed = 0.3 mm/éec.;

calibrating resistgnce = 470,000 ohm; movement of pén = 4.5.div.;

1 div. of paper chart = 0.0002128 x 675/4.5 = 0.032 % change in G.Res.

Table B.5
_ During winding o . During unwinding

No. Die. of winding movement % change Dia. of movement % change
° cheese tension on dial 4in G. cheese . of pen., in G.
cm g div. Res. cm div, Res,
1 4 - 0 . 0.0 10 0 0065
2 4,05 24 Te4 0.28 9.6 0 0,65
3 4,25 23 13 0.49 9 0 0.65
4 4.6 19 = 15 0.57 8.2 0 - 0.65
5 5.15 22 16.5 0.62 T7.05 0.5 0.64
6 5.6 25 16.5 0.62 6.4 0.5 0.64
7 6.7 24 16,8 . 0.64 545 0.8 0.62
8 T.65 20 16.8 0.64 4.9 2 0.59
9 8.7 20 1668 0.64 4,55 3 0.55
10 9.45 20 1T 0.64 4.4 4 - 0.52
11 10 4 20 17.2 0.65 4.15 5 0.49
12 - : : : 4 Te5 0.41

Average winding tension = 21.7 g.



During second winding.

Calibrating resistance =>470,00C ohm; movement on dial = 3.5 dive;
1 div. of dial = 0.0002128 x 675/3.5 = 0.0411 % change in G. Res,
During unwinding. o

Lower limiting frequency = 80 cs/sec.; writing speed = 500;
;potentiqmeter db range = 10; paper speed = 0.3 mm/sec;

éalibrating resistance = 470,000 ohm; movement of pen = 12 div,.;

1 div. of paper chart = 0,0002128 x 675/12 = 0.012 % change in G. Res.

Table B,6
During winding - During unwinding -
No Dia, of winding movement % change :Dia, of movement % change
S7* cheese tension on- dial in G. cheese of pens 'in G.
cm -8 div. Res. em div. Res.
1 4 - 0 0.0 10 0 0.37
2 4,05 25 3 0.12 9.2 | 0 0.37
3 4.1 25 408 0020 8-55 O i 0037
5 5.2 19 T8 0.31 Te25 " 1.0 0.32
6 5.95 21 T.9 ©0.32 6.55 1.2 0.31
T T.2 20 T.9 10,32 5.9 1.2 0.31
8 8.1 20 T.9 0.32 5.25 1.5 0.31
9 8.85 19 Te9 0.32 4.6 2.5 0.3
10 9.3 20 T.9 0.32 4.35 3. - 0629
1" 10 20 8 0433 4.2 . 6,5 0.25
12 4.15 12.5 0.18
13 4.05 1365 0.13
14 ~

Average winding tension = 21.3 g.

The cheese was unwound up to a diameter of 4.05 cm,
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During third winding,. 'The'winding'started at a diameter of 4.05 cm.
Calibrating resistance = 470,000.ohm; movement on dial = 11,2 dive;
1 div. of dial = 0,0002128 x 675/11.2 = 0.,0128 % change in G,Res.
Duiing unwinding. .

Lower limiting frequency = 80 cs/sec.; writing speed = 5003 -
potentiometer db range = 10; paper speed = Q0,3 mm/sec.;

caiibrating resisténcé,: 470,000 ohm; movement of pen = 11 div.;

"1,div. of paper chart = 0.0002128 x 675/11 = 0,013% change in G.Res,

. Table B.7 : -
During winding - During unwinding
No. Dia. of winding movement % change Dia. of movement % change

- cheese tension on dial in G cheese of pens in G,

em -~ g - - dive- - Res, - --cem-- -~ dive - - Res,
1 4005 - ' O 0013 10 . O_ 0034
2 4.2 22 5 -~ 0.19 9.55 0 0.34
-3 4,45 22 1. 0.27 9.05 0.5 0433
4 5.0 24  13.4 = 0.3 8425 . 0.5 0.33
5 5.8 22 15.1 0.32 T5 0.5 0.33

6 Te35 22 15.8 0.33 6.85 1.5 0.32
7 8.85 20 16.1 0.34 6.1 1.5 0.32

8 9.35 19 16 0.34 5.45 2 0.31

9 10 20 16.2 0.34 5 3 0.3
10 ' ' 4,6 5.5 0.27
" 4,2 10.5 0.2
12 4 19.5 0.08

Average'winding tension = 21.3 e
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TEST 3

Ayerage winding tensipn for prepaiing the base for the gauge = 25 g;
rad. of the base = 2 cm; &pPe reSistance of the gauge, i.e. G.Rés,;:6300hm
Duiing first winding.- - | o | | .
Célibrating resistance = 470,000 ohm; movement on dial = 3,5 dive;

1 div, of dial = 0,0002128 x 630/3.5 = 0.0393 % change in G. Res.

Duiing unwiﬁding. o : ’ | |

Lower limiting frequency = 80 cs/sec.g writing speed = 500;
potentiometér db range = 10; paper speed = 0.3 mm/sec.;‘

calibrating resistance = 470,000 ohm; movement of pen = 8 dive;.

1 div. of paper chart = 0.0002128 x 630/8 = 0.0167 % change in G.Res.

Table B.8
~_During winding oo _ During unwinding
No, Die. of winding movement % change Dia, of movement % change
®* cheese tension on dial in G. cheese of pen. in G,
cm g div. Res. cm div. Res.
1 4 - 0] 0,0 10.2 0 0,35
2 4.05 = 24 363 0.13 9.85 0.5 0.34
3 4.1 25 6 - 0.23 9.5 0 0435
4 4.4 - 24 8.2 ' 0.31 8.8 005 0034
-5 5.7 25 9.2 0.35 T.85 1 0.33
6 6.8 24 9 0.35 T.15 1 0.33
7 Te3 25 9 0.35 6.65 1.5 0.32
8 - 8.3 21 9 0.35 6.1 1.5 0.32
9 9.1 25 9 0.35  5.35 2 0.32
10 10.2 22 9 0635 4.8 2.5 - 0.31
1 4,35 5 0.27
12 4.1 10 0.18
13 4 14 0.12

Average winding tension = 23.9 g.
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During second winding;

Calibrating resistance = 470,000 ohm; movement on dial = 9,2 div.;
1 div. of dial = 0.0002128 £ 630/9.2 = 0.0145% change in G. Res.
Dui;ing unwinding. - ‘ |
Lower limitiné- fi'equéncy = 80 cs/sec.; ﬁiting speed = 500; '

potentiometer db range = 10; paper speed = 0.3 mm/sec.; ‘

éalibrating resistance 470,000 ohm; movement of pen = 10 div.;

1 div. of paper chart = 0,0002128 x 630/10 = 0.0134 % change in G.Res.

© Table B,9
. During winding - During unwinding
No, Dia. of winding movement % change Dia. of movement % change
' cheese tension on dial in G,  cheese  of pen. in G.
cm 8 - ddv. Res. cm - div, Res,
1 4 - 0 0.0 9.25 .0 0.24
2 4.05 23 6.9 0.11 8.65 21 0.23
3 4.1 24 11 0.16 8.2 .0 0.24
4. 407 23 1404 0021 7035 - 095 0025 v
5 5.1 22 " 15.2 0,22 6.6 - 0.5 0.25
6 6.4 20 16,5 0.24 6 - 0.5 0.25
7 T.15 19 . 16.5 0.24 5.2 .2 O.21
8 8.8 5 16.2 0.24 4.6 4 0.19
9 9.25 20 16.6 0.24 4.2 .55 0.18
10 ' , ' 4.1 7 0.15
1 4 5

. -l

0.04

Average winding tension = 19.5 g.

gy — oy A
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TEST 4.4

Avefage winding tension for prepéring the base for the gauge = 15.8 g.}
#éd. of the base‘;'2 cmg abp. résiétance of the:gauge, i.e. G.Reé. =
341 ohm; tension in £hé'gaugewwife =‘15 é. . - |
During first winding. _

Calibrating Tesistance = 85,000 ohm; movement on dial = 17.8 dive;
 div. of dial = 341 x 100 / (88,000 x 17.8) = 0,0218 % change in G.Res.

-

Table Be10 ... . .. .. .

During winding ' . During unwinding
No. Dia. of winding movement % change dia. of movement % change .
cheese tension on dial in G,  cheese of pen. in G.
. em g div. Res., cm | div, Res, -
14 - - 0.0 9.75  T.7 0.17
2 4,05 15 31 0,07 9.25 7.5 0.16
3 4.2 15 6.5 0.4 . 8.8 . T.5 0.16
4 4,55 16 Te3 017 8.2 " TS 0.16
5 4.85 15 TeT - 017 75 7.2 0.16
6 5.35 15 TeT 0,17 6.8 T.5 0,16
7 6.05 15 TeT 017 5.9 7.2 0.16
8 6.75 15 ToT 017 5625 6.9 0.15
9 7.5 15 Te7 017 4.75 6.7 0.15
10 8.5 .14 TeT 0.17 4,2 55 O.12
11 9.1 15 T.7 0.17 4 3.2 0,07
12 9.75 15 T.7 0.17

Average winding tension = 15 g.
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During second winding.

Calibrating resistance = 88,000 ohm; movement on dial = 36.8 dive; =

1 div. of dial ='341 x 100/(88,000 x 36.8) = 0.,0105 % change in G. Rese

Table B.11

. During winding . During unwinding
No. Dia. of winding movement % chenge dia. of movement % change
‘ cheese tension on dial, in G, ‘cheese of pen, in G,
cm g div, Res. cm __div, Res,
1 4 S - 0 0 9.9 9.3 0.1
2 4.05 16 5 “0.05 8.95 9.5 O.1
3 4.25 16 Te5 0.08 8.1 9.5 0.1
6 6.65 15 9.3 0.1 535 9.1 0.1
T 7.9 - 16 9.3 0.1 5 8.6 0.9
'8 9.1 - 16 9.3 . 01 4.6 8.2 0.09
9 9.9 16 - 963 0.1 4.3 7.4 0.08
10 T 4 2.5 0.03

Average winding tension = 15.9 g.

| | . TEST 4,B

- Average winding tehsioh for-preparing.fhe baéé‘for the gauge’= 15.8 go}
rad. of the base = 2 cm; app. resistance of the'gauge, i.e. Go Res, =
341 ohm; tension in fhe gauge wiré =5 g

During first winding. |

Calibrating'resistance = 88,000 ohm; movement on dial = 17.8 dive;

1 div, of dial = 341 x 100/(88,000 x 17.8) = 0,0218 % change in G, Res.
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Table B.12

During winding ° =" ' During unwinding
No.  Dia, of winding movément ¢% change dia. of movement % change
- cheese tension on dial.- in G. cheese of pen in G,
cm g dive - Res. . cm dive - Res.
1 4 - - "~ 0.0 9,75 8.3 T 0.187
2 4,05 15 31 0.07 9.25 8 . - 0.17
4 4,55 16 8.1 0.18 8.2 8 - 0.17
5 4,85 15 863 0.18 Te5 7.8 0.17.
6 5035 15 803' 0.18‘ ‘6.8 708 O¢17
7 6.05 . 15 8.3“ 0018 5.9-: 7.8 0.17,
8 6075 15 803" ' 0.18 5025 7.6 0017
9 Te5 15 8.3 - 0.18 4,75 T.3 - 0.16
10 8¢5 14 8¢3 0.18 4.,2. 6 0.13
1 9.1 15 8.3 0.18 4 1.8 . 0.04
12 9,75 ... 15 8e3 -2 0e18 -ivuiv R e

Average winding tension = 15 g.

Durlng second winding.
Calibrating resistance = 88,000 ohm, movement on dial 37.2 dives

4 div. of dial = 341 x 1oo/(ss,ooo X 37.2) = o.o104 % change in G. Res.



Table B.13
During winding _ . _ During unwinding
No. Dia. of winding movement % change dia. of movement % change
- cheese tension = on dial - in G. - cheese - of pen, - in Go -
cm &  ddv. Res. cm ‘dive . Res..
1 4 - - 0 0.0 9.9 10.7 O.11
2 4,05 . 16 : 6 . 0.06 8.95 10.8 0.11
3 4.25 17 8.6 0.09 8.1 10.8 - 0.1
4 4,65 17 10 0.10 T4 10.6 0.11
5 566 15 10.5 0.11 642 10.5 0.11
6 6.65 15 10.7 0.11 5435 10.3 O.11
T 7.9 15 10.7 O.11 5 9.8 0.1
- 8 9.1 15 10.7 = 0.1 4.6 9.3 - 0.1
.9 9.9 17 .. 107 .. 0.1 4.3 8.7 ..0.09
10 ' : 4 1.5 0.02

Average winding tension = 15,9 g.

TEST 5.4
Avsrage winding tension for préparing %he base for the gauge = 156 8o}
rad. of the base = 2“cm;‘ appe resistance of the ‘gauge, i;e;‘G. Res.t;:;
386 ohm; tension in 'I:he gauge wire = 10 g . |
_Durlng first w1nding. ‘
Calibrating resistance = 22,000 ohm; movement sn'diali= 26 dif.};j

1 div. of dial = 386 x 100/(22,000 x 26) = 0,0675 % change in G. Res.



Table B.14
During winding During unwinding
No. Diae of winding movement % change dia. of movement % change
cheese tension on-dial, .in G. cheese of pens in G,
cm g€  dive - Res. cm div. Res,
1 4 16 0 0.0 9.9 2 0.13
2 4,05 16 1.2 0.08 9.4 2 0.13
3 403 15 1.8 0.12 8.95 ' 2 : 0013
4  4.75 15 2 0.13 8.5 1.9 0.13
5 5.1 16 2.2 0.15 = T.6 1.8 0.12
6 5.7 16 204 0,16 7 1.8 0.12
N 6.4 16 2.4 0.16 6.2 1.7 0.11
8 T.05 15 242 0.5~ 5625 1.7 0.11
9 8.15 15 201 0.14 4,55 1.5 0.1
10 92.15 15 2 ' C0.13 0 4.3 0 1.2 0.08
11 9.9 .. 14 2 - 0443 -4 0.7 - 0.05

Average winding tension = 15.4 g.
Duringwéecohd ﬁinding. o
Calibrating resistance = 44;000 ohm;j movement on dial = 41 div.;i _

1 div. of dial = 386 x 100/(44,000 x 41) = 0.0214 % change in G. Res.

L.

Table B.15
. During winding o ~ During unwinding
No. Dia. of winding movement % change dia. of movement % change
cheese tension on diale in'G.  cheese of pen  in G,
- cm go div, Res., - cnm dive  Res,
1 4 - 0 0.0 10,05 5 0.11
2 4.05 16 1 0.02 9.3 4.9 O.1
3 4.15 16 3 0,06 8.7 4.8 0.1
4 4.4 17 4 0,09 ToT 4,7 O.1
5 4,65 16 5 O.11 6.7 4,6 0.1
6 5.55 17 5 O.11 5.9 4.5 0.1
7 6.45 = 17 5 0:11 - 53 4.5 " 0l
8 T3 15 5 - 0.1 4.75 3.9 0.08
9 8.1 18 5 0.11 4.4 363 0.07
10 9035 16 5 0011 4 1.2 0003
11 ‘10,05 16 5 0.11

Average winding tension = 16.4 g.



Avefage winding tension for preparing the base for the gauge = 15.6 ge}
rad. of the base = 2 cm; app. resistance of the gauge;‘i.é. G. Res. =
385 ohm; temsion in fhe'gauge wire = 10 g

Dﬁriﬁg first winding. - |

Calibrating resistance = 22,000 ohm; * movement oﬁ dial = 25,8 div.#

1 div, of dial = 385 x 100/(22,000x 25.8) = 0.0678 % change in G. Res.

Table B.16

, During winding o " During unwinding
No. Dia. of winding - movement % change did. of movement % change
cheese ' tension- on dial. -in G. cheese  of pen. in G,
cm g div. Res, - cm div, Res,
1 4 0 0,00 9.9 4 0.27
2 4,05 16 4.8 0.33 9.4 3.8 0.26
3 4,3 15 4.5 " 0631 8.95 3.8 0.26
4 4.75 16 4.4 0.30 8.5 - 307 0.25
.5 5.1 - 16 4.2 - 0.28 7.6 3.6 0.24
6 57 16 4.1 0.28 T 346 0.24
T. 6.4 15 4 0.27 6.2 366 . . 0s24
8 7.05 - 15 4 . 0.27 5¢25 345 0.24
-9 ' 8.15 16 4 0.27 4,55 363 0.22
10 9.15 14 4 0,27 4.3 3 0.2
1 9.9 15 4 0.27 4 1.6 0.11

Average winding tension = 15.4 g.

During second winding, -
Calibrating resistance = 44,000 ohm;. movement on dial = 41 div;;

{ div. of dial = 385 x 100/(44,000 x 41) = 0.0213 % change in G, Res.
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Table B.12‘
During winding During unwinding
No. Dia. of winding movement % change dia. of movement % change
cheese tension on-dial., .in G. cheese of pens in G.
cm g« = div, Res. cm div, Res.
1 .4 - 0 O-O 10005 6.2 ";0.13
2 w-~v4'o5 h 16 ' 209 ' ’ "'0.06 t"mw“903 T 601 - ‘W“‘Oo13
3 4015 16 4.7 - ) 001 ‘~8o7 ! 6 . 0013
4 - 4.4 16 5 0,11 76T 6 0.13
5 4,65 17 5.7 0.12 6.7 6 - . 0.13
Y6 BB 16 T 6 0613 5,9 5,9 - 0.13
‘ 7 6045 17 602 0013 K’503 508 0012
-8 7.3 17 602 - 013 4,75 53 0.11
-9 8.1 16 =662 ~ 0613 4.4 4.3 0.09
’ 10 9.35' 17 6.2 0013 4 : O 0.0
11 10005 16 602 0.13' ". <
Average winding tensien ='16.4 Se '.en  ‘ %?’:
TEST _6

Average winding tension for preparing the base for the gauge = 20.1 o}
”rad. of the base 2 cm;. app. resistance of the gauge, i.e. G.Rese =
740 ohn. . S

Duning first winding, _ _ '

Calibrating resistance = 470,000 ohm; movement on dfal = 3. 9 aive;

1 div. of dial = 740>x 100/(470,000 x 3.9) = 0,0404 % cha.nge in G. Res,
VDuring unwinding. -

‘Lower limiting frequency 80 cs/secf; writing sneed %:500; -

potentiometer db range = 10; _paper speed = 0,3 mm/sec.;
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calibrating resistance = 470,000 ohm; movement of pen = 7 dive;

1 div. of paper chart = 740 x 100/(470,000 x 7) = 0.0225 % change in G.Res,

Table B.18

During winding . During unwinding
No. Dia. of winding movement % change dia. of movement % change

cheese tension on dial. in G. cheese of pen  in G,

cn g  div, = Res, cm div, Res,

1 4 haed 0 ’ O . . 1 O ° 4 0 O ° 91
2 4,2 25 -7 - 0,28 9.7 . 1 0.89
3 5.15 25 - 401 - 0.17 9,05 3 0.84
4 6.15 25 0.7 0.03 85 4 0.82
5 T7.15 ~ 30 - 4.7 0.19 7.8 7 0.75
6 8.05 28 1.2 0.45 7.1 10 0.68
7 8.95 25 143 - 0.59 6.3 . 1.5 0,65
8 9.75 24 - 19.4 - 078 - 6,05 - 14 0.59
9 10.4 22 22.4 0.9 5¢5° 16.5 0.54
1 4.7 22 0.41
12 4.4 18.5 0.49
13 4.1 - 21.5 0443
14 4 18 0.5

Average winding tension = 25.5‘8.

msT_7 |
Average winding tension for Windingﬂthe cheese base = 2405‘g;:
dia. of cheese base = 4 cm; app; resist;nce of»the'gauge = 790 ohm;
célibrafing resistance = 470 K.ohm; movement on dial = 1.3 dive; -
1 div. of dial = 790 x 100/(470,000 % 1.3) = 0,129 % change in G, Res.

During winding,
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Table B.19°

cheese  winding  movement % change

¥o. dia. tension on dial in Go .
cm g dive . Res, .

1 4 - o 0.0 .
2 4.05 26 - 0.9 - 0012
3 4.15 26 - 1.2 - 0.15

4 4,35 25 - 0.,9° - 0.12

5 4.55 Y o . 0.0

6 4075 25 - 007 : 0009 ’
T 5.1 25 17 0.22
8 5.8 25 3T 0.48
9 604 ! 25 : 5-2 . 0067
10 -7 25 - 8 - “1.03
11 - 7.75 24 11 1.42
12 8.2 22 13.8 - 1.78
13 8.7 23 16 2.06
14 9.5 gauge wire broken

_ Average“winding tension = 24.8 g

TEST 8;1

Average winding tension for winding thé cheese base = 23,7 g3

dia. of cheeéé base = 4 cﬁ;. .

app. resistance of the gauge = 780.ohm; o

calibrating resistance = 470 K.ohm; ‘movement on dial = 1.8 dive;

1 div. of dial =l780 x 100/(470,000 £’1.8) = 0,092 % change in G.Res.

During windingQ
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Table B.20

cheese  winding =  movement % change
No. dia, ~ tension on dial in G,
cm g div, Res,
1 4 0 0.0
3 401 26 . . - e - 007 haad 0006
4 4,55 25 - 0.2 - 0,02
5 535 25 . . 2.2 . . 0.2
6 6.1 25 307 0034 :
7 " 648 25 T 7 Bl8 " 0.81
8 TeT 24 . 14.9- 137
9 - 8.4 gauge wire broken

Avéfage winding tensidn = 25 Eo }

- TEST
Dia. of cheese base = 4 cm;’ :
average winding tension for preparing the cheese base = 24.1 g;

axial gauge le@gth = 3,779 in.

Table B,21

during winding during unwinding

cheese winding change in ge.length cheese change in g.length

No dia. ‘tension g, length as % of  dia. g. length as % of
cm £ ,001 in original cm ,001 in original
1 4 ‘ 0 100.00 10 166 104.38
2 4,05 26 - 5 99.87 9.65 166 104,38
3 4.2 25 - 14 - 99.63 9.35 165 104.36
4 4.45 25 - 8 99.79 8.7 163 104.3
5 5.25 25 11 , 100.29 8.3 161 104.25
6 5.85 24 .34 100,9 Te9 159 104.2
7 6.65 25 70 ' 101.85 T.5 158 104.17
8 7.5 25 97 102,56 T 157 104.15
9 8.35 24 124 103.27 6.2 149 103.93
10 9.3 24 145 103.83 = 5.9 139 103.67
11 10 23 166 104.38 502 132 103.48
13 4.4 109 102,88 -
14 4 107 102,82

Average winding tension = 24.6 g. -
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TEST _10.4.

Dia. of cheese base = 4 cm} -

average winding teﬁsion for preparing the cheese base =8 g.

axial gauge length = 3.785 in.

Table B.22

during winding | during unwinding

: N§ cheese winding change in g.length cheese change in g.length
. dia., tension ge.length as % of ~ dias g. length as % of

cm g 001 in original em. = .,001 in original
1 4.0 - 0 -~ 100.00 9.95 - 190 105.1
2 4.1 8 . - 3 99092 9010 . 190 105.1
3 4.25 7 - 5 o .99.87T  8.45 190 105.1
4 4.55 8 6 100.16 TeT5 190 105.1
5 5425 9 25 100.66 6475 186 104.91 -
6 6.15 9 48 101,27 6410 177 104,67
T 7.0. 9 93 102.46 55 167 104.41
8 8.0 9 138 103.64 4.9 150 103,96
- 9 8.8 .9 -161 104,25 4.4 - 132 103.48
10 9.9 10 190 105.01 4.0 101 102,67

Average winding tension = 8.7 g.

TEST 10.ii,

‘Dia. of cheese base = 4 cmj

average winding tension for preparing the cheese base = 206 g,

axial gauge length = 3,796 in.



- 3021 -

- Table B.2

during winding ‘ ' during unwinding

No cheese winding change in g.length cheese change in. g.length
. dia. tension g.lenvth as % of. dia, ge length as % of

cm g ",001 in  original cm .001 in  original
1. 4.0 - ’ -0 - 100,00 10,4 194 105.11
2 4.1 20. - 6 100,16 - 9.25 194 105.11
3 4.4 19 0 100.00 8,55 194 ©105.11
4 4,95 20 7 100.18 .75 194 105,11
5 5.9 22 - 32 100.84 6.9 194 - 105.11
6 6.55 .20 - 56 101.47 6.2 189 104.98
7 7.5 22 . 84 102,21 5.75 183 104.82
8 8.15 19 - 110 102,90 5425 169 104.45
9 941 21 146 103.84 ° 4.55 150 = 102,95
10 10.4 20 194 105,11 4,0

104 102, T4

Average winding tension = 20;3(g;'
. TEST 10.iii
Dia. of eheése base = 4 cm; A |
average winding tensions for preparing the cheese base = 25.4 g;
axial gauge length = 4,133 in;
First winding and unwinding o i (

. . S e Table ,.B°2! e

during windlng, during unwinding

cheese winding change in g.length cheese change in g.length

=
o .

© " dia. ‘tension g, length as % of - - dia. " g. length as % of
____cnm g .001 in _original em -~ .001 in original
1 490 L - » O 100°OO 10.5 174‘ 104o21
2 4.1 28 - 3 199.93 9.85 174 104.21
3 4,45 29 + 4 100,10 8.8 171 104.14
4 4.9 29 16 100.39 8.3 168 104.07
5 5e6 29 . 39. 100.94 T.75 165 - 103.99
6 6,15 27 57 101.38 Te2 161 103.90
7 6.85 28 77 101.86 6.55 154 103.73
8 T5 - 29 96 102,32 - 5.8 145 103.51
) 8.2 - 27 119 102.88 °  5.25 135 103.27
10 9.0 25 141 103.41 4.6 103 102.49
"1 9.7 25 155 103.75 4.4 88 102.13
127 10.5 24 174 104,21 4.2 70 T 101.69
13 : : 4.0 __68 101.65

Average winding tension = 27.2 g.-
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Second winding and unwinding
Table B.25

during winding during unwinding

No cheese winding change in g.length cheese change in g.length
. dia. tension g, length as % of diae go length as % of

cm g 2001 in  original cm (4001 in original
1 4 - - 68 101.65  10.6 201 . 104.86
2 4., . 27 65 101.57 10.0 201 104.86
3 4.15 27 66 101,60 9.0 199 ' 104.82
4 4,55 28 T4 101.79 7.85 195 104,72
5 5.05 28 ‘ %2 102.23 T.15 191 104,62
6 5055 29 103 102‘49 5095 177 : 104.28
8 6.15 27 136 103.29 4.9 158 103,82
9  T.25 .27 147 . .103.56 4,45 = 136 . 103,29 ..
10 8.0 27 159 103.85 4.0 99 . 102.40
11 8.7 - 25 . 174 - 104.21 o
12 9.6 25 . 189 104.58
13 . 10,6 .. 24 201 . .104.86
~ Average winding tension = 268 g.
Third winding and unwinding
Table B.26
during winding . during unwinding

No cheese winding change in g.length cheese change iﬁ gelength
. ...dia. tension g, length as % of = dia. g. length as % of

cm g { 7,001 'in  original cm %001 in  original
1 4.0 - » 93 -102.25 10.5 231 105.59
2 4.1 33 ' 82 101.98 9,75 231 105.59
3 4.4 33 88 102.13 9.3 231 105459
4 5.0 32 108 102.61 8.8 228 105,52
5 5.8 20 131 103.17 8.2 226 105.47
6 6.4 30 149 103.61 7.5 224 105.42
7 Tel 30 164 103.97 6.9 222 105.37
8 8.1 27 187 . 104.53 6.3 2117 105.25
9 8.9 25 . 200 104.84 . 55 209 105,06
10 9.9 24 219 105.3 4.9 196 104.74
11 10.5 23 231 105.59 4,55 167 104,04
12 ' ' 4.0 127 . 103,07

Average winding tension = 28.7 g.
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TEST 10.iv

Dia. of cheese base = 4 cm;
average winding tensiph'fbr preparing the cheese base # 26,2 g; -

axial gauge length = 3,766 in,

-Table B.27

during winding . during unwinding

“No cheese winding change in g.length cheese change in g.length
dia. tension g, length as % of dia, g. length as % of

cm g .001 in  original cm  LOC1 in original
1 4.0 - 0 100.00 10.0 188 104,99
2 4.15 - 26 - ‘ - 3 99'92 : 904 188 104-99
3 4.3 . 28 - 6 99084 900 188 104.99
4 5.05 - 27 T 100,19 8.35 185 - 104.92
5 5075 27 23 100.61 7.75 182 104.84
6 6465 25 - 50 101.33 6.95 169 104.49
7 T.4 25 - 84 102,23 5.85 160 104.25
8 9.2 26 145 - 103.85 5.15 148 103,93
9 10.0 25 188 . 104.99 . 4.55 . 135 : 103.54 -

Average winding tension = 27,3 g.

TEST 10,V
Dia., of cheese base = 4 cm;
average winding tensioh'for preparing the cheese base = 33,2 g.

axial gauge length = 3,788 in.
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Table B,28

durine winding ' durine unwinding

No cheese winding change in g.length cheese change in g.length
dia. tension g. length as % of  dia., g. length as % of

cm g - 4001 in = original cn - .001 in original

1 4,0 ' . 0 100.00 10.0 17 104.51
2 4.05 32. - 3 99.92 9.05 170 104.49
3 4,15 34 .= 6 99.84 T.75. 167 ©104.41
4 4.4 33 -1 99.97 6.95 163 104.30
5 525 35 19 100.19 6.0 154 104,06
6 6.15 .35 - 49 101.29 501 143 103.77
7 6.8 32 76 102,01 4.6 124 103.27
8 TT 35 - 110 102,90 4.0 95 102.77

L9 875 32 140 103,69 '

10  10.0 30 171 104,51

Average winding tension = 33,1 go

. TEST 10.vi
Dia. of cheese base = 4 cm;
averagé winding tension for-préparing the cheese base = 40,6 g;
axial gauge length = 3.800'in. |

Table B,29 .

" during winding during unwinding

No cheese winding change in g.length cheese change in g.length
dia. tension g, length as % of dia. g. length as % of

cn Iy .001 in origingl cm ,001 in - original
2, 401 40 - 3 99982 . 8095 176 t 104063
3 4,15 39 - 10 99.74 8.30 - 168 104,42
4 4.45 41 - 3 '99.82 Te5 168 104,42
5 i 5!4‘ 40 ' 18 100.47 5.85 146 - 103-84
6 6.1 40 42 101.11 5.15 141 - 103.T1
7 7.0 40 81 102.13 4.5 128 - 103,37
8 8,0 40 113 102,97 4.0 95 102,50 .
9 8.95 40 . 147 . 103,87
10 9.75 43 177 104,66

Average winding tension = 40.3 ge



~-. Bs25

TEST 11

Dia. of cheese base = 4 cm;

average winding tension for preparing the cheese Base = 24.5 g3

gauge dia. d1 = 4 cm; - axial g. length b1

gauge dia. d2 = 5 cm;

1§

gauge dia, d3 = 6 cm;

429 in;

axial g. length b2 = 4.25 in;

axial g. length b3 = 4,33 in;

gauge dia, 44 = 7 cm; axial g, length b4 = 4.33 in.

During winding

Table B.30
B At A2
cheese winding
. _ 8olength gelength g.length g.length
No d:a. tensicn change as % of change  as % of
@ 8 ,001 in  original  .001 in original
1 4 - 0 100 ‘
2 4.1 26 -6 99.86
3 4.3 26 -3 99.93
4 4,45 27 2 . 100,05
5 4,7 - 28 8 -100.19
6 5 . 28 21 100.49 .0 100
T 5.15 26 34 100.79 - 7 99.84
.8 5.3 . 27 37 100.86 - 4 99.91
9 5,55 26 43 101 5 1100412
10 6 26 58 101.35 21 100.49
11 6.1 27 62 101.45 34 100.8
12 6.35 26 66 101.54 40 100.94
13 - 6,6 26 T3 - 101.7 52 101.22
14 1 25 88 102,05 72 101,69
15 T.1 25 93 102.17 T7 101.81
16 T.4 25 97 102.26 82 101,93
17 Te9 - 25 107 102.5 - 98, 102.3
18 8.4 - 24 17 102,73 110 102.58
19 9.1 24 131 103,05 128 103,01
20 9.6 22 140 103.26 141 103,31
21 10.1 21 148 . 103.45 153 103.6

" Average winding tension = 25.5 g.
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Table B,30 (continued)

cheese winding . = A4
No. dia. tension ‘g.length g.%spgth gelength g.%spgth
, cm g ‘.‘A_change as % of change as % of
.001 in, original ,001 in, original
10 6 26 0 100 ‘
11 6.1 27 .- 8 99,82
12 6435 26 - 3 99.93 -
13 6.6 26 9 100.21
14 7 25 34 100.79 0 100
15 Tel 25 42 100.97 - 7 99.84
16 To4 25 49 101.13 8 100.19
17 7.9 25 - 66 101.52 30 100,69
18 - 8.4 24 82 . .. .101.89 . 50 101.16
19 9.1 24 103 . 102,38 75 101.73
20 9.6 22 119 - 102,75 95 102,2
21 10.1 21 132 103,05 109 102,52
Average winding tension = 25,5 g. o
During unwinding
Table B,31
cheese ° Af . A2 : . A3 Al
No dia. ge¢ o . 8e 8e go Se 8o ge
cm - length length length length 1length 1length 1length 1length
change as?oi‘ change as % of change - as % of change as % of
. ,001in original ,001in original ,001in original ,001in original
1 10,1 148 103.45 153 103.6 132 103.05 109 102,52
2  9.45 147 103.43 152 ° 103.57 131 103.03 108 102.5
3 902 143 103033 151 103055 127 102093 105 102.43 )
4 8.6 142 103,31 148 103.48 122 102,82 95 102,2
5 8,05 141 103,29 146 103.43 117 102.7 87 102,01
6 T.35 138 103.22 140 103.29 104 102.4 80 101.85
T 7 134 103.12 137 103.22 98 102,26 51 101.18
8 6.4 129 103.01 128 103.01 T4 101.7T1
9 6 123 102.87 116 102.73 59 101.36
10  5.45 112 102,61 - 101 102,37 '
11 5 100 102,33 ™ 101.67
12 4.45 82 101,91
13 4 49 101.14

o e W . A
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TEST * 12,4

Dia. of cheese base = 4 cm; space between adjacent Wréps = 2D;
average winding tension for preparing the cheese base = 6.3 g}z

axial gauge length = 3,87 in.:

Table B,32

during winding '~ during unwinding

No cheese winding change in g.length cheesé change in g.length

dia. tension g. length as % of dia. g. length as % of.

cm g  [.001 in, ~original  em ~ /,001 in, original

1 4 - 0] 100 10.2 - 301 107.77
2 4.15 1 - 3 99.92 9.55 310 108,01
3 4655 8 - 3 . . 99.92 8.8 308 107.96
4 5.9 9 42 101.08 8,05 . 295 107.62
5 6.8 -~ 9 82 - 102.12 Te3 - 290 - 107.49
6 T.65 9 129 103.33 6.45 - 269 106.95
7 8.55 8 196 105.06  5.65 = 248 106,41
8 9.3 8 251 106.49 5.05 211 105.45
-9 10,2 8 301 107.77 4,4 . 163 - 104.21
10 4 124 103.2

'”Average winding tension = 83 g .. . S

TEST 12,11
Dia., of cheese base = 4 cm; space between adjacent wraps = 2D;

average winding tension for preparing the cheese base = 122 g;

axial gauge length = 3.829 in.
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Table B.33

No

during winding

during unwinding

dia. - tension g, length as % of  dia.

' cheese winding change in g.length cheese change in g.length

g. length as % of
.001 in, original

OWOo-~IToumpunn-—

cm g .001 in. original = cm
4 - 0 100 9.9
4,2 11 - 8 99.79 8.9
4,65 12 -1 . 99.97 8.3
555 13 25 100,65 Ted
6.65 14 62 - 101.62 6.4
T3 13 - 108 102,82 )
8.25 13 162 “104.23 4.9
9.15 13 219 105.72 4.4
9.9 13 276 ~107.21 4

Ul U1 Ul U1 v Ul

276

288

288

286

275

236

196

164
120

107.21
107.52
107.52
107,46
107.18
106416
105.12

104,28

103.14

Average winding tension = 12,8 g.

TEST 12,43

Dia. of cheese base = 4 cm; ~ space between adjac

ént wraps = 2D

average winding tension for preparing the cheese Base = 18.2 g

axial gauge length = 3.8 in; 1

| Table B.34

’

during winding

during unwinding

No cheese winding change in g.length cheese change in g.length
g. length as % of

dia., tension g.length as % of  dia.

cm g .001 in. original cn 2001 in, original
1 4 - A o 100 9,95 219 105,76
3 4.55 19 - 4 99.89 8.4 233 106,13
4 507 20 28 ’ 100074 704 ‘228 : 106
5 67 19 54 101.42 - 6,55 220 105.79
6 8 19 98 - 102,58 5.65 198 105.21
7 8.7 19 . 132 103.48 5.05 1T 104.5
8 9.3 19 "~ 168 104.42 4,35 150 103.95
9 . 9.9 AT 219 105,76 4 103 102,71

Average winding tension = 18.9 8o

-
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TEST 12,iv
Space between adjacent wraps = 2D;‘vdig.'of cheese base = 4 om;
average winding tension for preparing the cheese base = 22,7 g;

axial gauge length = 3,78 in;

First winding and unwinding.

Table B.35

during winding g “T, during unwinding

No cheese winding change in g.length cheese change in g.length
dia. tension g. length as % of dia, g. length as % of

em - g- . 001 in,. original. em . ,001 in. . original
1 4 - 0 100 9,75 . 247 . 106,54
2 4.1 25 - 6 99.84 8.9 252 106,66
3 4.5 23 - 3 99.92 T.95 257 106.8
4 5.1 22 10 100,26 Tel 247 106,54
-5 5.85 2 - 40 . 101,06 . 6,35 234 . . 106,18
6 6.8 24 - 87 102,3 5.65. 229 106.06
T T.6 25 143 103,78 5.2 211 105.58
8 . 8.4 20 190 = 105.02 - 4.6 - 182 104,82 -
9 9.15 22 208 105.5 4 131 103.46
10 9.75 : '

22 247 106,54

Average winding tension = 22.8 g.
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Second winding and unwinding

Table B.36

during winding : ' during unwinding 7

No cheese winding change in g.length cheese change in g.length
dia. tension g.length as % of dia. g length as % of

cm g .001 in, original cm 001 in, original ;
1 4 - 13 103.46  9.85 362 109.56 |
2 4.5 22 112~ 102,96 8.85 367 109.7 |
.3 4.65 . .22 120 - - 103,17 - 8.2 362 - 109,56 |
4 5¢2 22 134 103.54 7.25 -~ 354 . 109,36 |
5 5.95 22 160 - 104.23 6445 337 108.91 |
) Tel. 20 225 - 105.95 . 5.6 315 108,34 |
7 7.9 22 261 106.9 4.9 291 107.7 |
'8 8.75 21 298 107.88 - 4.4 254 106.72 |
.9 . 9.2 .24 333 108.81-- - 4 187 = - 104.94 |
10 9.85 - 22 362 109,56 |
~Average winding teﬁsion = 21.9kg.
Third winding and unwinding '
\ ’ Table B,37
during winding ) during unwinding

No cheese winding change in g.length cheese change in g.length
dia, tension g. length as % of  dia. g. length as % of -

cm g .001 in, original cm .001 in, original

1 4 187 104.94 10.15 392 110,38
2 4.15 24 ©162 104.28 9.45 403 110.68
.3 4,5 21 174 - 104.6 8.65 399 110,56
4 545 25 202 105.34 T.75 392 110.38

5 6.5 22 252 106,66 6.8 384 110,16
.6 Te3 22 .87 107.6 5.8 372 109.84
7 '8.15 22 326 108,68 5 337 108,92
8 9.1 22 360 109.52 - 4.4 304 108.04

9 10.15 25 392 110.738 4 212 105.61

Average winding tension = 22.9 g.
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- TEST -{12.v

Dia. of cheese base = 4 cm; space between adjacent wraps = 2D;
average winding tension for preparing the cheese base = 27.4 g;

axial gauge length = 3,85 in.'

Table B.38

during winding . during unwinding

No cheese winding change in g.length cheesé' change in gelength -
- dia.  tension g. length ‘as % of ~~dia. ~g. length as % of

cn g " o001 in, - originsal cm . 001 in. original
1 4 - 0 . 100 9.9 232 106.03
2 4.1 27 - 9 " 99,77 9.05 232 106.03
3 - 4.55 27 - 6 99.84 8.3 227 105.9
4  5.15 27 ‘ 5 100.13 Te5 224 - 105,82
5 5.95 28 34 100.84 6.8 217 - 105,64
6 6.95 27 - 80 102,08 585 202 - 105.25
7 Te55 26 . 124 103,22 5 177 104.6
8 8.55 26 179 104,65 4.3 148 103.85
9 9.3 29 206 105.41 4 110 . 102,86
10 9.9 26 232 106,03 ' : _

‘Average winding tension = 27 -8

TEST 12,vi
Dia, of cheese base = 4 cm; space between adjacent wraps = 2D;
~average winding tension for preparing the cheese base ='32.3 g3

axial gauge length = 3.8 in.
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"Table B. 22

during winding . during unwinding

No cheese winding change in g.length cheese change in g.length
' dia, tension g. length as % of dia. g. length as % of

cn g «001 in., " original © "em .001 in.,” original -
1 4 - 0 . 100 10.4 260 106.84
2 4.1 33 =T 99.82 9.15 263 - 106.92
3. 4.5 . 32 . -7 99.82 8.4 266 107 .
4 5.55 32 19 100.5 Te5 267 107.03
5 6.3 132 56 - 101.47 675 255 - 106.72
6 T.35 33 13 - 102.88 5.9 235 -~ 106.19
T 8.45 33 165 104.34 4,95 209 1055
8 9.4 32 215 105.66 4.4 174 104.58
9 10.4 32 260 106.84 4 129 103.4

Average winding tension = 32.4 g,

TEST i2.vii
Dia. of cheese base = 4 cm; 'spaceﬂbetween a&jaceﬁt wraps = 2D;
¢ average winding tension for preparing the cheese base = 35 g,
axial gauge lengfh = 3,805 in. |

First winding end unwinding -
7" Table B.40°

during winding ‘ ’ during unwinding

No cheese winding change in g.lquth "cheese change in  g.length
' dia. tension g. length as % of dia. g. length as % of

cm o .001 in, original cm L001 in, original
1 4 - 0 100 10 289 107.6
2 4.15 35 - 10 99.74 9.25 288 107.56
3 4.45 40 - 10 99.74 = 8.7 287 107.54
4 5.5 36 22  100.58 T.85 - 286 107.51
5 6.15 34 - 63 101.65 - 6.75 280 107.35
6 T.1 34 112 - 102,94 6.15 271 107.12
T 7.95 34 . 178 104.67 5025 259 106.8
8 8.7 . 35 - 229 106,02 4.4 219 105.75
9 - 9.15 32 257 106.75 4 . . 155 . 104.07
100 10 34 289 107.6

Average winding‘tension = 35 g.



- B.33 =~

Second winding and unwinding

Table B.41

during winding . during unwinding

No cheese winding change in g.length cheese change in g.length
dia, tension g, length as % of dia. - g. length as % of

cn g /.001 in, original cm 001 in, original
1. 4 - - 155 . 104.07 9.7 .. 359 . 109.44
2 4,1 35 143 103.76 9 . 3660 109.6
3 4,45 35 140 - - 103.68 - 8.35 - 3T 109,75
4 4.95 35 161 . 104,23 7.6 375 109.85
5 5.95 35 . 201 105,26 6.55 363 109.55
6 6.75 35 . 237 106.22 5.7 - 348 . 109.14
ST T8 - 34 285 107.49 5.05 326 108.56
9 9.3 34 331 108.7 4 197 105.17
10 9.75 34 - 359 109.44 ‘ - '
~ Average ﬁinding tension = 34.6 g.
Third winding and unwinding
Table B,42
- “during winding during unwinding

No cheese winding change in g.length cheese change in g.length
dia, tension g. length as % of dia. = g. length as % of

cm g /+001 in, original ‘cm .001 in, original
1 4 - 197 105.17 10.05 423 111.12
2 4.15 35 185 104.86 9.1 427 111.23
3 4,5 35 195 105.12 8.3 424 111.13
4 5.2 35 - 230 106.04 7.5 418 110.99
5 663 35 283 107.44 6.8 409 110,73
6 T.15 35 3235 108.48 6,05 405 110.62
7 7.8 35 348 109.14 5.2 383 - 110.06
8 8,35 . 35 378 109.93 ~ 4.4 333 109.24
9 9.05 35 401 © 110.52 4 222 ' 105.83
10 9.55 35 - - 410 110.78
1 10,05 - 35 423 111.12

_ Average winding tension = 35 g.
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TEST 12.viii
Dia. of cheese baéel= 4 cm; space between adjacent wraps = 2D;
average winding tension for preparing the cheese base = 41.6 g;

axial gauge length = 3,86 in,

. Table B.43

during winding . . during unwinding

No cheese winding change in g.length c¢heese change in g.length
dia. temsion g. length as % of dia.. g, length as % of

cm g .001 in, original cn .001 in. original
1 4 - 0o 100 . 9.9 264 106,84
2 4.15 44 -7 © 99,82 . 9.1 270 107
3 4,55 . 42 . =06 - 99,84 8.1 273 . 107.08
4 5.15 42 17 100.44 . T.2 266 106.89
5 6425 40 68 101,76 = 6.2 255 106,61
6  T.15 40 134~ 103.47 55 243 106.3 .
T T.9 -39 174 . 104,51 . 4,95 225 " 105.83
8 8.5  40. 207 105.36 4.3 183 ©104.74
9 9.45 40 251 106.,5 4 145 103.76
10 9.9 40 264 106.84 :

Average winding tension = 40.8 g

TEST ‘1_

_‘Dié.vof cheese base = 3 cmj; space between)adjacent wraps = 2D;
average Winding tension for preparing the cheese base = 23.4 g3
gauge dia, d1 = 3 cm; axial g. length bl = 3;8 in;
gauge.dia. 2 = 4_cm;- axial g. length b2 = 3,93 in;

gauge dia. 43 = 5 cm; axial g. length b3 = 3.99 in;

gauge dia. d4 = 6 cm; axial g. length b4 = 3,96 in;

cm; axial g. length b5 4 ing

gauge dia. d =

o =

it

gauge dia, d6 cmy axial g. length - b6 = 4 in;

3499 in.

il

Xe]
e
R

gauge dia. a7 axial g. length b7
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During winding

Table B.44

A | A2

cheese winding

No dia. tension golength g.length g.length g.length
cm g _change as % of change as % of

' /o001 in, original ,.001 in. original

100

B 3 - - 0
3 345 23 - 10 99.74
4 4 24 - T 99.82 0 100’
5 4.1 24 - 2 99.95 - 12 99.69
6 4.45 24 0 - 100 - 13 99.67
7 5 25 12 100,32 10 100.25
8 515 24 14 100,37 - 14 100,36
9 5.4 24 17 - 100.45 24 100,61 .
10 6 - 24 - 31 100,82 - 45 S 101.14
11 . 6.15 25 ; o R
12 6.45 24 ' :
13 7 24 59 101.55 104 102,64
14 To1 24 : : .
16 . 8 L 24 131 - 103.44 262 . . 106,66
17 8.15 25 '
18 8.45 24" | o o -
19 9 24 110 .~ 102.89 214 105.44
20 9.15 24 : ‘
21 9.45 23 ,
22 10 23 131 103.44 262 106.66

Average winding tension = 24 g.
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During winding

Table B.44 (continued) v
Yo cg;Z?e :iﬁgizi’ golength =~ g.length g.length g.length
om 2 change as % of . change as % of
0001 in, original ,001 in, original
T 5 25 ' o © 100 ’ s ‘
8 5.15 24 - 10 - 99.75
.9 5.4 24 ‘ - 1 99.97
10 6 - 24 ' 38 -100.95 -0 - 100
1" 6.15 = 25 S A - 6 - 99.85
12 6.45 24 : 2 100,05
13 T 24 111 102,78 - 58 101.45
15 Ted 24 - L
16 8 24 332 108.32 317 107.92
17 8.15 . 25
18 - 8.45 24
19 9 24 263 106,59 . 234 105.85
20 9.15 24 o
21 9.45 23 ¢ : ' . :
22 10 - 23 332 108.32 317 107.92

Average winding tension = 24 g,

Table B.45

A5 A6 L A7

. cheese ' winding

Yo dia tension golength g.length g.length g.length g.length ge.length

change as % of change as % of change as % of

cn .001 in. original 4001 in, original ,001 in. original
13 7 24 0 100
14 Tel 24 - 5 99.87
15 7.4 24 - 2 99.95
16 8 24 83 102,08 0 100
17 8.5 25 - 3 99,92
18 8.45 24 | 11 100.28
19 9 24 187 104,67 ~ 100 = 102.5 0 100
20 9.15 24 o 4 100.1
21 9.45 23 : 17 100.43
22 10 23 217 106,92 200 105 92  102.3
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During unwinding

Table Bo &6
Al A2 : A3 A4
"~ cheese : :
No dia. e . Ee : Ee Ee o e So
. om length 1length length length 1length 1length 1length length

change as % of change as % of change as % of change as % of
.001in origlnal .001in original .001in original .001in original

110 131 103,44 262 106,66 332 108.32 317  107.92
2  9.45 : .
3 9 1319 103.44 262 106,66 333 108,35 317 107.92
3 8.5 AR ; i A
5.8 131 103.44 262 106.66 . 333 . 108.35 317 . 107.92
7 7 122 103.21 251 - 106.38 323 108.1 300 107.5
.8 6.4 _ 275 - 106.9
9 6 - 110 102,89 229 105.8% 283 - 107.09 - 235 105,88
10 5.25 - ‘ 251 106.29
1 5 90 102,37 174 104.42 197 104.94
13 4.3 141 103.58
14 4 70 101.84 118 103,01
15 3.55. 50 - 101,32 :
16 3 41 101,08
Table B.47
» A5 ; A6 A7
cheese 1 1 h th
Yo dia gelength g.length g.length g.length g.length g.leng
. change as % of change as % of change as % of
cm .001 in. original ,001 in. original .001 in. original
1 10 277 106.92 200 105 92 102.3
2 9.45 ' 81 102,07
3 9 280 - 107 - 193 104.82 64 1016
4 = 8,25 185  104.62 .
5 8 274 106,85 170 104.25
6 7.2 240 106
7 7 ' 210 105,25
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TEST 14.1
Dia. of cheese base = 4 cm;
averége winding tension for preparing the cheese base = 27 g;

axial gauge length = 4,228 in.

Table B.48

‘during winding : during unwinding

No cheese winding change in ge.length cheese change in g.length .
dia. tension g. length as % of dia. g.length as % of

- cm g /+001 in, original cn /001 in, original
R 4 0 100 10 226 105,42

2 4,05 37 -4 99.9 9.3 224 105437

3 4,20 37 -6 99.86  8.75 224 105.37

4 4,45 38 -3 99.93 8 222 105.33 .
5 - 4.8 37 9 100,22  7.15. 217 105.21

6 5.6 37 51 101,22 6.6 210 105,04

T 6.9 35 111 102,66 5.85 201 104,82

8 7.7 33 151 103,62 5.3 189 104.54

9 8.6 32 183 104,39 4.4 132 103,17

10 9.55 30 209 105,02 4 94 . 102,26

11 10 .29 226 - 105,42 .

Average winding tension = 34.5 g.

TEST 14.11i
Dia. of cheese base = 4 cm; '
avérage’winding tension for preparing the cheese base = 27 g;

axial gauge length = 4,163 4n.
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Table B‘&Q

during winding : during unwinding

No ' cheese winding chanée in g.length cheese change in g.length
~ dia. tension g. length as % of  dia., g. length as % of

cm g .001 in, original cm .001 in. original
1 4 0 100 10.05 213 105,11
2 4.4 34 -6 99.86  9.45 213 105.11
3. 4.5 34 - 8 - 99.81 8.7 209 105.02
4 4.5 34 -2 99.95  8.05 205° . 104.92
5 506 35 51 101.22 T3 203 104.87
6 6.5 33 87 102,09 6.6 197  104.73
T T35 A 122 102,93 6 - 189 104,54
8 8.25 30 153 103.68 54 1767 7 104,22
.9 9.5 29 185 104.44 4.8 158 . 103.79
10 10.05 27T 213 105.11 °~ 4.2 128 103.07
1 4

103 102.47

Average.ﬁinding tension = 31.9 g

" TEST 1§°iii
Dia. of cheése base = 4 cm;
average winding tension for preparing the cheese base = 26 g;
axial .gauge length = 4,225 in, | h
| Table B.50

during winding during unwinding

No cheese winding change in g.length cheese change in g.length
dia. tension g, length as % of dia. g. length as % of

cm £ 001 in, - original cm .001 in, original

1 4 0 100 10 188 104.44

2 401 31 -9 99-75 . 9»3 188 104.44 -

3. 4.2 32 - 8 99.81 8.4 186 - 104,39

4 4.4 ) 33 -1 99.98 T8 184 104.35

5 5005 32 24 ' 100057 7-25 181 . 104028

6 575 30 . 48 101413 6.5 176 104.16

7 6.6 30 - 84 101.99 5.85 169 103.99

8 . T3 29 116 102.74 5.4 - 161 103.8

9. 8.1 27 142 103,36 4.7 142 103.36

10 8.9 27 160 103.78 = 4.2 109 102.58
11 10 26 188 104.44 4 84 101.99

Average winding tension = 29.7 g
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TEST 14.iv
Dia. of cheese base = 4 cm;
average winding tension for preparing the cheese base = 26,5 g;

axial gauge length = 4,176 in,

Table B,51

during winding o .. during unwinding

No , »
' cheese winding change in g.length cheese change in g.length
dia. tension g. length as % of dia. g. length as % of

cm . g 001 in, original cm . ,001 in.,  original

1 4 0 100 10 153 103.67
2 . 401 27 - 4 9909 9055, 153 103067
3 4.25 28 -1 99.98 9.15 153 103,67
4 4.95 29 17 - 100.41 8.5 151 103.62
5 6.2 27 54 101.3 TeT 149 103,58
6 6,75 27 ia 101.7 6.75 140 , 103.36
7 T.95 27 105 102,52 6 - 130 103.12
8 8.7 25 126 A 103,02 5.4 122 ©102.93
9 . 9.65 ’ 25 142 103041 408 99 102038
10 10 25 153 | 103.67 4.45 - 80 101,92
11 : B 4 64 101.54

- - Average windingvfension = 26,7 8

TEST 14.v
Dia, of cheese base = 4 cmj
average winding ténsion for preparing the cheese base = 26.5 g3

axial gauge length = 4,2 in,
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Table B.52

during winding "~ during unwinding .

Nov’cheese winding change in g.length cheese change in g.length
dia. tension g. length as % of  dia. g. length as & of

cn g . »001 in, original cm 001 in. original

1 4 .0 100.00 10 160 103,81
2 4.1 27 ‘ . - 6 ‘99086 904 160 103.81
3 4,3 28 3 100,07  8.85 160 103.81
4 5 29 -16 A1OOQ38 803 156 '103071
5 6.2 28 58 101,38 TeT 153 ~ 103.64
6 Tel 27 89 102.12 6.95 149 , 103,55
7 8005 . 26 N 119 . 102083 6.5 146 | 103047
8 8.6 25 131 103.12 = 5.8 137 - 103.26
9 9.05 25 143 103.4 | 5.15 125 ' 102,98
10 10 25 160 103,81 4475 102 102,43
11 4.3 " 68 101.62
12 4 " 60 101.43

Average winding tension = 26,7 ge

TEST 14.vi
Dia..ofiéheese base = 4 cm;
average Winding‘tension fpr.preparing the cheese base = 26,2 g;
axial gauge 1enéth = 4,235 in,

Table Beiz

during winding ‘ during unwinding

No - cheese winding change in g.length cheese change in g.length
dia. tension ' g. length as % of dia. g. length as % of

cn g .001 in, original cn .001 in, original
1 4 0 100.00 10 118 102,79
2 4,15 24 -5 99.88 9.5 117 102,76
3Ai 404 24 hand 4 99091 808 115 102071
4 5¢3 24 o1 100.3 8.3 114 102.69
5 6.15 23 32 100,76 Te55 1M1 102,62
6 6,75 20 47 101.11 6.8 108 102,55
7  T.65 19 65 101,53  5.95 98 102.31
8 7.9 25 ™ 101.77 5655 9% 102,24
9 8.6 22 . 94 102,22 5 19 101.86
10 9.4 21 - 107 103,01 4,3 65 101,53
1110 20 = 118 ~ 102,75 4 48 101.13

Average winding tension = 22,2 g.
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TEST 14.vii

Dia. of cheese base = 4 cm;
average winding tension for preparing the cheese base = 26,3 g;

axial gauge length = 4,148 in.

Table B,54

during winding - during wnwinding

No cheese winding change in g.length cheese change in g.length
' dia. tension g. length as % of  dia. g. length as % of

cm - g 001 in, original cm ©  L001 in., original
1 4 - 0 100,00 10.1 110 102,65
2 4.1 .20 0 . 100,00 9.5 109 102,62
3 4.2 - 20 =3 - 99.93 9 . 108 102.6
4 4.5 21 1 100.02 8.25 106 102.55
5 5.05 21 10 . 100.24 T.6 104 102.5
6 5.85 21 25 100.6 6.85 100 102.41
7 6.85 20 40 100.96 6.1 94 102.27
9 8.65 19 11 . 101.85 4,9 81 101.95
10 9.35 19 94 102.26 4.5 63 101452
11 10.1 4 - 43 101.03

20 110 102.65

Average winding tension = 20.1 g

- TEST 14.viii
Dia., of cheese base = 4 cm;
avérége winding tensioh for pfeparing the cheese base = 27,3 g3

axial gauge length = 4,17 in. -
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Table BQEE
during winding " during unwinding
No cheese winding change in g.length cheese change in g.length
dia. tension g.length as % of dize go length as @ of
cm g€ - 001 in, original cm .001 in., original
1 4 - -0 100.00 10 3 101,75
2 4.1 17 -1 - - 99,98 9.3 1 101.7
3 4,35 17 -2 99.95 8.8 69 101.66
4 4.7 17 2 100,05 8 65 101,56
5 5.6 17 12 100.29 T.55 64 101.54
6 6.8 17 29 100.7 6.8 60 101.44
T  Te7 16 44 100,98 61 56 101.34
8 8.4 16 53 - 101.27 5465 55 - 101.32
9 9.3 15 64 101.54 4.6 44 101.05
10 10 15 T3 101.75 - 4,2 24 - 100.58
11 : 4

19 100.46

Average winding tension = 16.3 g.

TEST 1 &o ix
Dia, of bheese base = 4 cm;
average'winding tension for.preparing the cheese base = 26,5 g;

axial’gauge length = 4,163 in,

Table Be26

during winding " during unwinding

No cheese winding change in g.length cheese change in gl.length
dia, tension g. length as % of  dia. g. length as % of

cm g /»001 in, original cn  ,.001 in. original

1 4 C - 0 100,00 10 45 101,08
2 4.1 13 0 100,00 9.55 45 101,08
3 4.25 14 -1 99.98 8.8 43 101,03
4 4.55 14 1 100,02 8.05 38 100.91
5 - 5.25 14 T 100,17 TeT 35 - 100.84
6 6 14 1 900,26 7 30 100,72
7 6.7 14 16 100.38 6.45 27 100,65
8 7495 13 31 100,74 5.8 22 100,53
9 8.9 @ 13 38 © 100,91 5.15 12 100,29
10 9.65 12 - 42 101,01 4.4 9 100.22
11 10 12 - 45 101.08 4 1 100,17

Average winding tension = 13,3 g.
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" TEST '1&ex
Dia. of cheese base = 4 cm;
average winding ténsion.fpp preparing the cheese base = 26,2 g3

axial gauge length = 4,142 in.

Pable B.5T

e

during winding - - during unwinding

No cheese winding change in g.length cheese change in g.length
dia, tension g. length as % of dias  g. length as % of

cm g .001 in, original cm .001 in, original
1 4 - 0 100,00 10 30 100,72
2 4,1 -9 -0 100,00 9.3 27 100.65
3 4.25 9 1 100,02 8.7 27 "~ 100,65
"4 4,55 9 3 - 100,07 8.1 26 100,63
5 5455 10 8 100,19 Te5 26 100,63

6 6.9 10 15 100,36 - 6.75 22 100.53 -
T T.75 10 19 100,46 6,05 19 100.46
8 8.5 . 10 21 100.51 5045 16 ‘ 100039
9 9.25 10 24 100,58 4.85 13 100.31
10 10 9 30 100.72 4,3 8 100,19
11 : ‘ 4 5 © 100.12

~ Average winding tension = 9.6 go
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 TEST 15

Average winding tension for preparing the base for the gauge = 1.5g;
rad, of the base = 2 cm; tension in the gauge wire = 10;

axiél distance between thé.two ends of the wire =‘1.é cm;

length of the wire = 13,63

resistance of the helicaliy-wound gauge = 296 ohm;

resistance.of the straight-wound gauge = 248 ohm,

For helically-wound gauge.

Calibrating resistance = 200,000 ohm; movement on dial = 14 dives

. i div., of dial = 296 x 100/(200,000 x 14) = 0.0106%% change in G.Res.
qu straight-wound gauge. |

Calibrating resistance = 200,000 ohm; movement on dial = 11.6 div.}

1 div. of dial = 248 x 100/(200,000 x 11.6) - 0.0107% change in G.Res,
Axiél‘géuge lengfh = 30732 in.v | o o N - |

During sedond winding
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Table B,58

cheese winding‘ change g.length helically wound straight wound

No

dia, tension in g. as % of movement % change movement % change
cn g length  original on dial in on dial in
.001 in div G.Res. div. _GoRes,
1 4 - 0 100,00 o 100,00 .. 0 100,00
2 4.1 15 -8 99.79 364 99,96 T 2.8 99.97
3 4.6 15 -2 99.95 6.8 99.93 5.6 1 99.94
4 5.35 15 2 100,05 = 7.5 99.92 6.1 - 99.93
5 6.55 15 .29 100,78 8 99.92 8.3 - 99,91
6 T.25 15 49 - 101.31 7.3 99.92 - . 8.3 .  99.91
T 8.1 15 76 102.04 T.3 99.92 7.8 . 99.92
8° 8,9 15 96 = 102.57 T.2" 99,92 8. 99.91
9 9.8 16 127 103.4 7.5 -.99.92 9.6 99

;Average winding tension = 15.1g.

During unwinding

Table B.H9

cheese change in g.length helically wourd straight wound
No dia., g. length as % of
cm .001 in, original

movement % change movement % change

on dial in ~ on dial in

div. ¢ G.Res. div, . GeRes.
1 9.8 127 103.4 " Te5 99,92 9.6 99.9
2 9,2 122 103.27 7 99.93 9.3 99,9
3 8.35 122 . 103027 ) 609 99093 709 99092
4 T.4 122 103,27 i 89,93 T.6 99,92
5 6.45 117 103.14 6.3 99,93 6.3 99,93
6 5.35 104 102,79 5 99.95 5.2 99.94
T 4.7 T7 102,06 5 99.95 6.8 99.93
8 4.2 59 101.58 3.5 99,96 4.3 99.95
9 4 32 100,86 0 100,00 2.3 99,98




APPENDIX C

Table C.1
Assumption w = O std. size of the element; RO =5 cm; dR = 0.1 cm;

T = 20g; spacing = 1D;

T or . = Zo.dr

: Zo | % { o
tra- ’

verse 29 5 75 2.5 5 ) 2.5 5 To5
cn

1.0 137.4 389.8 590.7  690.7 489.8 329.9 2382 7548 12881
1.4 101.6 309.3 500.1 715.0 544.2 390.9 1893 6118 10658
1.9 76.2 241.8 410.1 7T27.5 577.4 435.0° 1441 4718 8349
2.4 60.8 197.0 388.2 1733.3 594.2 460.0 1094 3606 6431
2.9  50.5 165.6 343.2 7T36.4 603.7 475.1 812 2687 4830
3.4 43,2 142.7 293.3 738,33 609.5 484.7 - 575. 1908 3443
3.9  37.7 125.2 225.6 739.5 613.3 491.3 370 1231 2229
4.4 33,5 111.4 201.8 7T40.3 . 616.0 495.8 191 . - 634 1151
4.9 30.1 100.3 182.4 740.9 619.9 499.1 - 30 100 - 183

The values for winding tensions of 10g and 30g ére 0.5 and 1.5 times
the above valués respectively., The values for sbacing of 2D and 3D
between adjacent wraps of the yarn are + and 4 of the above values

respectively.
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Table C,2

Aséumption w = 0; std, size of the element; RO = 5 cm;

T = 20g; traverse = 5 cm;. spacing = 1D;‘ E = 200g; EY = 5000g;

ou oF. or e} oz
v'bR’dR ‘ ’bR'dR R.d.R 'DR’dR ’aR'dR
1.0 - 0.000000 =~ 0.1 - 0.0 0.00 0.00
1.4 - 0.,000000 -~ 0.2 = 0.001 - 0.00 - 0.02
1.9 - 0.000003 - 0.8 = 0.006 -~ 0.2 ~ 0.07
2.4 = 0.000011 - 3,0 - 0.021 - 0.6 - 0.20
. 269 - 0,000041 - 10,4 - 0.067 - 2.0 - 0,55
‘ 304 - 00000143 - 33-6 - 002 bl 601 hd 104‘2
3.9 =~ 0,000458 = 101.4 =~ 0.564 = 17.3 - 3.53
4.4 - 0.00137 = 287.9 = 1,512 = - 46.6 - 8.42
4.9 -~ 0.0039 ~ TT6.5 = 3.875 =119.7 - 19.39
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Table C.3
Cheese No.1

Assumption w = 0; std. size of the element; RO = 5 cm;

T = 20g§ traverse = 5 cm; spacing = 1D; E = 200g; EY = 5000g;

A\F 10 14 1.9 2.4 2.9 3.4 3,9 4.4 49
1.0 0000
1.5 2592 - 684
2.0 3484 2354 726
2.5 3716 2789 2473  .T47
3,0 3781 2910 2958 2619 759
3.5 3800 2946 3104 3182 2737 766 ;
4.0 3807 2958 3152 3365 3377 2834 T .
4.5 3809 2962 3168 3427 3597 3546 2916 774 o
5,0 3809 2963 3174 3450 3677 3805 3696 2988 776
U x 107
1.0 0000
1.5 0000 1.91
2.0 0000 6.56 2,49
2,5 0000 . T7.78 8,50 . 2.77
3,0 0000 8.11 10.16 9.72 3.02
3.5 0000 8.22 10.67 11.82 10,91 3,26 -
4,0 0000 8425 10.8% 12,50 13%.46 12,06 3,48 .
4,5 0000 8,26 10.88 12.73 14.33 15.09 13.18 3,70
5,0 0000 8.26 10,91 12.81 14,66 16,19 16,71 14,26 3,90
= ,
I ,
- ﬁodR
r .
.0 0000 <
.5 0000 5.15

0000 17.72 5.58

0000  20.99 19.02 5.20

0000 21.90 22,76 18.25 4.84 '

0000 22.18 23.88 22.18 17.49 4.54

0000 22,26 24.25 23.45 21.58 16.82 4.29

0000 22,29 24,37 23.89 22,99 21.04 16.22 4,07

0000 22,31 24.42 24,05 23,50 :22.58 20,56 15,70 -~ 3.87"

*

.

UTH O N = -
L L]
QO oVIouVTowuw o
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Table C.4

Cheese no.1
Assumption w = O3 std. size of the element; RO = 5 cmy

T = 20g; traverse = 5 cm; spacing = 1D; E = 200g; EY = 5000g;

Q
AN 1.0 1.4 1.9 2.4 2.9 3.4 39 4.4 4.9
- 1.0 0000 : :
1.5 489.8 404,0 .
2.0 4‘8908 61 09 4’1602 '
2.5 489.8 =2T.3 28.1 439.5
3.0 489.8 ~52.0 =79.8 . 51.8 457.3
3.5 489,8 =59.5 -112.,2 -65,0 75.6 4T1.0
400 489.8 —61 09 "1 22.7 —102.7 —4708 9609 481.8
4.5 4‘89.8 —6207 "42603 "11507 _9003 -3109_ 115'7 49007
500 489.8 —6300 —12706 -120.4 "10507 "'78.7 l "'1703 13205 49802
Z
1.0 0000
1.5 389.8 229.8
2,0 389.8 35.7 174.5 -
2‘5 38908 -1500 12.0 14508 . ‘
3.0 389.8 =29.1 -33.1  17.4 125.6 :
3-5 38908 -33.3 -460_7 —2103 2009 11003 )
4.0 389.8 '—3407 -51.1 —3308 -1209 2209 : 9804
4-5 38908 -3502 "5207. "3802 -2406 - 703 23.8 88¢8
500 38998 -3503 "‘5302 ‘ -39.7 —2808 —18.2 et 304 2401 81 oo
. oR : N '
I' Z.dr
r .
.0 0000
5 1266 230

1275 530 174
1017 348 428 146 :

762 114 315 394 . 126

550 =~ 92 146 332 365 110

376 -264 - 15 207 3371 340 98

232 =407 =154 80 244 335 318 89 ‘
111 =528 =273 -35 141 265 329 298 61

Ul BDOWND N
°o e
oOVviouVIoOV oo
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Table C.5

Cheese no, 1

Assunption w = O3 sfd. size of the element; RO = 5 cm;

T = 20g; traverse = 5 cm; spacing = 1D; E = 200g; EY = 5000g;

TR
)
J 'aﬁR.dR
. r
R\¥ 10 1.4 1.9 2.4 2.9 34 3.9 4.4 4.9
1.0 0000 '
1.5 0000 -140.2 -
2.0 0000 ~-482.3 -161.2
’ 2.5 OOOO : "571 as "54903 -'1 5407
3,0 0000 =596.2 ~65T.4 -542.4 -146.4
3.5 0000 =603,7 =689.6 -=659.1 -528.0 ~138,5
400 OOOO —606.1 "‘70001 -69609 "'65105 "51206 -13105
» 405 OOOO . —60609 -70307 -70969 "69400 —64104 -49706 —12503 . .
500 OOOO —607‘2 -70500 "'71 406 -70904 -68862 —63006 - 48 e
R -
Z
[%m
r .
1.0 0000 -
1.5 0000 - T79.4
2,0 0000 =273.7 = 6744
2.5 0000 =324.3 -229.8 - 51.2
3,0 0000 =338.4 =275.,0 -179.6 = 40.1 :
3,5 0000 =342.7 =288,6 =218.3 ~144.7 - 32,3 - -
40Q OOOO . “'34400 "29300 -23099 -17806 "11908 Lt 26.8
4,5 0000 =344.5 -294.,5 ~235.2 =190,2 ~149.9 -101.4 - 22.6 :
5,0 0000  =344.7 =295.,0 =236,7 =194.5 ~160.9 =128,5 = 87,3 - 19.4

R pR '
{0z

[ ] 3o

r r

0000 A
- 472 -~ 79
-1796 ~1112 - 67 - -
-3122 -2362 - 882 - 51
=4263 3482 -1881 - 690 - 40 .
-5233 -4445 -2808 -1508 < 557 - 32 .
—6066 =5276 =3627 = 2292 -1244 - 462 - 27 .
-6793 «6003 =~4349 =-3003 -1921 =-1050 - 390 - 23
. =T437 =6646 =4992 =3641 =2546 =1643 =~ 902 -~ 336 = 19

* o

o
OUVITOVMOWVOoOWMO

T OTAR PO N = -
°
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Table C,6

Cheese no., 2

Assumption w = 03 std. size of the element; RO = 5 cmg

T = 30g; traverse = 5 cm; spacing = 1D; E = 200g; EY = 5000g;

-P

w !
“
-—

[

o

1.4 1.9 2.4 2.9 3.4 . 3.9 4.4 - 4.9

1.0 0000
1.5 3887 1026
2,0 5225 3530 1088
2.5 5574 4183 3709 1120
3.0 5670 4364 4436 3928 1138 '
3.5 5699 4419 4656 4773 @ 4105 1149
4.0 5709 4437 4727 5047 5065 4251 1156
" 4.5  5T12 4443 4752 5141, 5396 5319 4375 1161 '
5.0 5713 4445 4760 5175 5516 5707 . 5544 4481 1165
-Ux 103
1.0 0000
1.5 0000  2.86 |
2.0 0000 2.84 3.T4
2.5 0000 +11.66 12.74 ~4.16
3.0 0000 1217 15.25 14.87 @ 4.54 '
3.5 0000 12,32 16.00 -17.73 16,36 = 4.89
4,0 0000 12437 16.24 -18.74 -20.19 18.09 5.23
4,5 0000  12.39 16,33 19.09 - 21451 . 22.64 19.77 = 5.54
R .
2T ...
[

0000

0000 =~ T.72

0000 =26.59 -~ 8.37

0000 =31.48 ~28.53 - T.81

OOOO -32085 -34013 -27-38 - 7027

0000  =33,26 =35.82 ~33,27 =26.24 - 6.82

0000  =33,39 =36.37 =35.18 =32,37 =25.23 = 6.43

0000 =33,44 =36.55 =35.84 ~34.48 ~31.57 -24.34 - 6,09

0000  =33.45 -36,62 =36.07 =35.25 =33.,87 ~30.84 ~23.54 = 5.81

VIS BRUILR N = =
* -
OUVIOVI QU OVl O
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Table C.7

Cheese no, 2

Assumption w = O; std. size of the element; RO = 5 cm;

T = 30g; traverse = 5 cm; spacihg = 1D;y E = 200g; EY = 5000g;

Q

3] .
7
.

(@]

1.4 1.9 204 2.9 3.4 . 3.9 4.4 - 4.9

1.0 0000
1.5 T34.7 606.0 .
200 734‘07 9207 62492 :
2.5 T34.T 41.0 42,1 659.2
: 300 73407 - 7801 -11907 7706 68509
3e5  T34.T = 89.3 =168.4 - 97.5 113.4 706.5
4.0 34,7 - 92.9 -184.1 =-154.1 = T1.T 145.3 722,8
" 445 T34.T = 9442 =189,5 =1T73.6 =135.5 - 47,8 173.6 736.1
5.0 T34.7 = 94.6 -191.5 -180,7 -158.6 ~118,0 - 25.9 198.8 747.2
yA
1.0 000
1.5 '584.7 345.0 _
2.0 584.7 53.8 261.8
2.5 584,7 =-22.,2 18.3 218.8
3.0 58407 '}4’303‘ "4905 26»3 188.4
3‘5 58407 -4‘9-7 -6909 "31 08 31.6 16505
4,0 584,7 =51.7 =T6.5 =50.6 =19.2 34.4 147.6
405 584a7 "52.5 "7808 . "5701 -3608 ;—10.8 3508 13303
5.0 584.7 =52.7 =T9.7 =59.4 =43.1 =27.2 =~ 4.9 36,3 121.5 .
jR Z.dr
r
. 0000
o 1901 345

1915 .- 796 262
1529 524 642 - 219
1148 174 475 592 188

*
[ORAV NORAV NGRS NGRS N o]

Ul BUITVIR N = =
[ ]

829 - 134 221 500 548 166
0 569 =392 - 19 313 7507 511 148
5 353 - 606 -228 122 367 504 47T 133
° 172 -

787 - 406 -~ 50 = 214 398 495 448 121
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Table C.8

"Cheese no, 2

Assumption w = 03 std, size of the element; RO = 5 cm;

T = 30g; traverse =5 cm; space = 1D;  E = 200g; EY = 5000g;

[

r

ko
~

1.0 1.4 1.9 204 2.9 304 3.9 4.4 4,9

1.0 0000
1.5 0000 =210.3
. 2,0 0000 =T723.6 =241.9
2.5 0000 = =85T7.3 =824.,0 -232.0
3.0 0000 -894,4 -985,7 -813.6 ~219.6
345 0000 ~905.6 -1034.4 -988,7 ~792.1 -207.8
4.0 0000 =909.,2 ~1050.2 ~1045 =-977.2 =769.0 =197.3
4.5 0000 =910.5 -1056 =1065 ~1041 =962.1 =T46.4 -187,9
5,0 0000 . =910.9 =1058 -1072 ' =1064 -10%32 =945,9 —725,2 -179.6
R .
[}
.I ﬁfﬁ‘dR
r
1.5 0000 =119.0 ‘
2,0 0000 -410.2 -101.0
2.5 OOOO -486.2 "344'05 - 76.7 . o s
3,0 0000 =507.3 =412.3 -269.2 = 60,0
305 - 0000 -51307 -43207 "‘32703 -21609 -‘;-4807 e
4‘.0 OOOO -51507 -43903 ""34601 -20677 "'179.6 — 40.1
4,5 0000 =516.5 =441,6 =352,6 =285.,2 -224.8 =152.0 - 33,9
5.0 0000 =516,7 -442.4 =354,0 =291,6 =241,2 -192,7 =130.8 = 29,1
Ir r.bR'dR'dr
o 0000
. - 708 - 119

- 2692 -1666 - 101 °

- 4680 =3541 =1322 - 7 -~

- 6391 -5220 -2820 -1035 - 60 = . -

- 7844 6664 -4209 -2261 = 835 - 48 © -
- 9093 ~7910 =5437 -3436 -1864 - 692 - 40 -
10184 8999 =6521 -4502 -2879 -1573 =~ 585 - 34

L]
OUVIOVIOWVI OO

Ln4>4>§N\NIu N = -

-11150 -9965 -T7484 -5458 3817 =2463 -1353 =503 - 29
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Table C.9
-~ Cheese no,3

Assumption w = O; std. size of the element; RO = 5 cm;

= 10g; traverse = 5 cm; spacing = 1D; E = 200g; EY = 5000g;

-P

E
/
Hi-

1.0 1ed 19 2.4 2,9 3.4 3.9 4,4 4,9

1.0 0000 '
1.5 1296 342
2.0 1742 1177 363
. 2.5 1858. 1395 . 1236 373
. 3,0 1890 1455 1479 1309 379 :
3.5 1901 1473 1552 1591 1368 383.
4,0 1904 1479 1576 1682 1688 1417 385
- 4,5 1905 1481 1584 1713 1799 1773 1458 38T
5,0 1905 1482 1587 1725 1839 1903 1848 1494 388
-Ux 103
1.0 0000
1.5 "0000 0.95
2,0 0000 3.28 1.25
2.5 0000 3.89 4.25 1,39 '
3,0 0000 4.06 5,08 4,86 1.51
3.5 0000  4.11  5.33 5,91 5.45 1.63
4.0 OOOO 4.12 504‘2 ‘ 6025 6.73 6003 1-74
4,5 0000. 4.13 5044 6,36 TW1T  T.54 6,59  1.85
5,0 0000 4,13 545 6041 Te33 8,10 835 Te13  1.95
or
fafﬁiodR
r

0000

0000 = 2657

0000 = 8486 = 2,79

0000 =10.50 = 9.51 = 2, 60

0000 =10,95 =11438 = 9.13 = 2.42 :

0000 = =11.09 =11.94 =11.09 = 8,75 = 2,27

0000 =11.13 =12.12 =11.73 «10.79 = 8.41 = 2 14 :

0000 =11e15 =12,19 =11.95 =11.50 «10,52 - 8,11 =~ 2,03

0000 =11.15 ~12,21 =12,03 ~11.75 -11.29 =10.28 = 7.84 - 1,94

e o o

L ]
(AL RORV RORV NORY) N o

v14>4>§n\nrutv-A-a‘
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Table C.10

Cheese no, 3

Assumption w = 0; std. size of the element; RO = 5 cm;

T = 10g; traverse = 5 cm; spacing = 1D; E = 200g; EY = 5000g;

~265,7 =138,0 = 18,5  69.7

Q
RANT 1.0 1.4 1.9 2.4 2.9 3.4 3.9. 4.4 . 4.9
1.0 0000
1.5 244.9 202,0
2,0 244,9 30,9 208.1
2.5 244.9 -13.6 14.1 219.8
' 3.0 244.9 —2690 ‘40.0 2509 22807
3.5 244.9 =29.T7 =56.1 =32.5 37.8 235.5 :
4,0 244,9 -30.9 =61.3 -51.3 =23.9 48.4 240.,9 -
405 24409' -31.3 -63.2 -5708 -45e1 “15;9 5709 245-4 . .
50 244,9 =31,5 =63.8 =60.2 =52.9 =39.3 = 8.6 66,3 249.1
Z
1.0 0000
1.5 194.9 . 114.9
2.0 1949 7.7 87.2
205 19409 - 706 6.0 7209
3.0 194.9 -14.6 -16.6 8.6 62.8
3.5 194.9 -16.8 -23.4 -10.7 10.4 55.1 -
4,0 194,9 -17.5 25,6 =17.0 = 6.5 1.4 49,2
'405 194.9' —1707 —26.4' -1901 -1203 (R 3.7 ‘1108 44.4 ¥
5.0 194n9 -1708 —2607 —1909 "1405 - 9»2 -.1.7 12.0 40.5
R
[ s
r
1.0 0000
1.5 632.9 114.9
2,0 636.8 264,6 87,2
265 507.3 173.2 2135 -~ 72,9
3,0 37949 - 5642 157.1 19605 62,8 - '
3,5 273:4 = 4T.1  T2,0 165.7 182.4 55.1
4,0 18601' —13303 - 8.3 102.9 ‘168.3 '16909 49,2
4.5 113.9 =205.1 - 78.1 39.1 121.3 167.2 158.8 44.4
5.0 53.2 121.7 164.1 149.0 40.5
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Table C.11

Cheese no. 3.
Assumption w = O3 std; size of .the elemenf; RO = 5 cm;
T = 10g; traverse = 5 cm; spacing = 1D; E = 200g; EY = 5000g;

”Jr ;%%.dR

R

A" 1,0 1.4 1.9 2.4 2.9 3.4 3.9 44 4,9

1.0 0000
1.5 0000 - T70.1
2,0 0000 =241.1 - 80.6 .
2.5 0000 -285.7 -274.6 - T7.3
3.0 0000  -298.1 =328,6 =271.2 = T3.2 .
3.5 0000 =301,8 =344.8 =329.6 =264,0 = 69.3
4,0 0000 =303.0 =350.0 =348.4 -325.7 -256.3 - 65.7
405 OOOO -30304 -35109 ‘35409 "34‘700 “320e7 —248 8 - 62 6
5,0 0000 _ =303.6 =352,5 =251 _354.7 —344.1 =315.% —241.2 = 59,9
0z o -
I ’BR°dR
1.0 0000
1.5 0000 =~ 39,8
2.0 0000 =136,9 = 33,7
2,5 0000 ~162,3 =115.0 - 25,6
3,0 0000 =169.3 =137.5 = 89.9 = 20.1 ,
3.5 0000 =1T71.4 -144.3 -109.2 = T72.4 - 16.1"
4,0 0000 ~=172.1 =146.5 =115.5 = 89.3 = 59.9 - 13.4
4.’5 OOOO —17204 -147-3 "11706 - 9502 band 7500 - 50-7 - 1103 .
- 5,0 0000  —172.4 ~147T.6 -118 4 = 97.3 = 80,5 = 64,3 = 43,7 = 9.7
jr J 3—'dR dr
1.0 0000 |
1.5 -23605 - 3908
200 "'89898 "55603 - 3307'
2.5 =1562 -=1182 441 - 25,6
3,0 =2133 =1742 =941 = 345. = 20.1
3,5 =2617 =2224 1405 = 755 =~ 279 -~ 16.2
4.0 =3035 -2639 -1814 -1147 - 622 - 231 - 13.4
4.5 -3398 =3003 -2176 =1502 = 961 =525 = 195 = 11,3
540 - 822 -

=3721 -3325 -2497 -1821 =1274 452 - 168 - 9.7
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Table C.12

Cheese no, 4

Assumption w = 03 std, size of the element; RO =5 cm;
T = 20g; traverse = 5 cm; spacing = 2D; E = 200g; EY = 2000g;

RNT 1.0 1.4 1.9 2.4 2.9 3.4 3,9 4.4 4.9

1.0 0000
1.5 1345 342
2,0 1889 1257 363 -
2.5 2056 1536 1305 373
3,0 2109 1626 1608 - 1377 379 .
3,5 2128 1657 1711 1722 1436 383 : _

4.0 2134 1688 1749 1849 1823 1484~ 386 - N
4,5 2137 1673 1764 1897 ..1972 1910 1524 _ 387 . :
5,0 2138 1674 1770 1917 2033 2083 1986 1559 388 -

- U-x 103'
1.0 0000
1.5 - 0000 4,05
2,0 0000 14.89 5.52
2,5 0000 18.20 19.88 6.18
3,0 0000 19.27 24.49 22.79 6.74 :
3,5 0000 19.63 26,07 28,50 25.51 T.27 :
4,0 0000 19.76 26,64 30,58 32.38 28,15 T.64
4,5 0000 19.81 26.87 31.40 .35.04 36.23 30.71 8.24. .
500 OOOO "19084 26096> 31073 36012 l39°51 40002 33018 8969
. R :
S or . :
] 3R
. 0000 . '
. 0000 = 4,37

0000 =16,07 = 4.95

0000 ~19.65 =17.81 ~ 4.64

0000 =20680 =21.93 =17.11 = 4,32 -

0000 =21,20 =23.34 =21,40 =16.36 = 4,05 :

OOOO ”21.34 -23086 —22097 f20077 -15070 - 3082

0000 = =21,40 =24,06 =23,57 <22,48 =20.21 =15,12 = 3,63

L3

Ul AUV N = =
e o
OVIOVMIOVIOUIO

0000 . =21,42 =24415 =23.82 =23.17 =22,04 =19.70 ~14,60 = 3.46
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Table C.13

Cheese no, 4

Assumption w = O; std. size of the element; RO = 5 cm;

T = 20g; traverse = 5 cm; spacing = 2D; E = 200g; EY = 2000g;

Q
B\ 1.0 1.4 1.9 2.4 2.9 3.4 3.9 44 . 4.9
1.0 0000 ~ L
1.5 244.9 212.5
2,0 244,9 53,0 217.2
2.5 244,9 4.3 31,5 288.1
3.0  244.9 -11.3 -28,0 42,8 236.6
305 24409 .-1607 —4805 .—2009 5408 24209

’ 400 24409 -18.6 -5509 "'44.2 —1107 65-4 248.0
405 24409 -1904 -5809 -5302 -3705 - 302' 7408 252.1 )
5.0 244,9 -19.7 -60.0 -56.9 -47.9 =31.1 4.5 83.1 255,6

Z
1.0 0000
1.5 194.9 121.0
2,0 .194.9 30.8 91.2
2,5 194.9 - 3.1 13.6. 75.8
300 19409 - 507 —1103 1405 6500
305 19409 - 808 -19.9 - 6.6 1503 5700 }
4.0 194.9 -— 909 —2301 _—1403 - 209 1505 50.7
4.5 194.9 =103 =24,3 =17.3 =10.0 = 0.5 15.5 45,7
5.0 194.,9 =10,5 =24.8 =18.6 =-12.9 - 7.0 1.1 15,2 41,6

] .R .
I Z.4r
r
0000

670.7 121.0

729.7 319.2 91.2

621.7 253.9 249.3 7T5.8

499.7 145.5 212.8 224.5  65.0

393.2 4307 ‘13507 21103 20504 5700

304,5 = 43,2 57.8 156,7 207.2 189.3 50.7

230,77 =116.3 = 11,9 96,1 {68.4 201.1 175.5 45.7 o
168.6 =178.3 = T2.4 39.3 120.5 173.7 194.0 163.6 41.6

o o e o o o
OOV OUVMIOWOoO

U'I«P-Pt)l\)ll\)l\)—‘—‘
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Table 001&

Cheecse no, 4
Assumption w = 0; std., size of the element; RO = 5 cm;

T = 20g; traverse = 5 cm; spacing = 2D; E = 200g; EY = 2000g;

[ R
L OR
NT 1.0 1.4 1.9 2.4 2.9 3.4 3.9 4,4 4,9
N 0000 '
0000 = 59,7

0000 - =219.1 = T1.5

0000 =26T7.8 =257,2 = 68.9 .

0000  =283.4 =316,T =254.3 = 65,3

0000 =288,8 =33T7,2 =318.0 =24T7.0 - 61,8

0000  «=290,7 =344.T7 =341.3 =313.6 =239,3 — 58,6
OOOO —29105 “34706 —35003 -33903 '308.0 -23109 - 5509

°

°

[ o *

SHESIES RS RGOSV B2+
)
OCVI OOV OWno

0000  =291.5 ~348.7 ~554.0 =349.7 =335.8 =502.2 ~224.9 = 53.4

0z ;
2-dR

R
[,

0000

'OOOO L 3306

0000 =123.8 - 29.8

OOOO -15105 “107.3 - 22.7

0000 =160,4 =132,3 = 84,0 = 17.8

0000 =163.5 =140.8 ~105.1 = 67.5

0000 =164.6 -144,0 =112,9 = 85.8

L0000 . =165,0 =145,2 ~115.8 = 92,8

I BB VTV NN =
D)
OQUVITOUVIOVTI OV O

14.4 ’
55.8 = 11.9 e
7108 -_4701 - 10‘0 )

0000  =165.2 =145,6 =117e1 = 95.7 = 78.4 = 61,4 = 40,5 = 8,6

- 3605 - =3237 =2432 -1763 =1223 - - 780 422 - 154 - -9

R R dz

o Ir jr:bR°dedr
1.0 OOOO - '
1,5 =199 - 34
2,0 =805 =502 - 30
2,5 =-1448 -1101 =~ 406 - 23 o
3,0 =2013 =1653 - 885 - 317 - 18
3,5 =-2498 =2133 -1341 - 709 =256 - 14 ;
4,0 =-2916 =2549 -1748 -1093 =583 -212 - {12 »
4.5 3282 -2914 -2110 -1445 = 914 =491 - 179 - 10
560
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Table Co1 é
. Cheese no,5

Assumption w = O; std., size of the element; RO = 5 cm;

T = 20g; traverse': 5 cm; spacing = 3D; E = 200g; EY = 2000g3;

-P
\T 1.0 144 1.9 2.4 2,9 - 3.4 3,9 4.4 4.9
o 0000 '
o 834 228

1082 742 242
1138 858 786 249

1151 886 919 835 253

1155 894 955 - 992 874 255

1156 896 965 1037 1054 907 257

1156 897 968 1051 1110 1109 = 935 258

1157 897 969 1056 1128 1176 1158 959 259

e e o

VISR NV ND -
°
OVIOUVIOUIOWUW O

-Ux 1O3
1.0 0000 .
1.5 0000 5641
2,0 0000 17.61 6.86
2.5 0000 '20036 22,31 7061
3,0 0000 21.04 26,08 25.54 8,30 -
3,5 0000 21.22 27,09 30.33 28.T1 8,95 .
4,0 0000 21.27 27.39 31.72 34.61 31.80 9.56
4,5 0000 21.29 27.48 32,15 36.44 38.88 34.80 10,14
5.0 0000 2129 27,51 32.29 37.04 41.21 43,10 37.71 10.70
. R _ ]
or
== dR .
[,

0000 .

0000 = 5.84

0000 -19.,01 - 6.14 :

0000 =21.99 =19.98 = 5,71

0000  =22,72 =23:36 =19.18 = 5,32 :

0000 22,91 =24.26 =22,74 =18+41 - 4,99

0000  =22,97 w24.52 =23.81 =22,20 =1T7.74 ~ 4,7 .

0000 —22.98 —24061 524014 —23037 —21.68 -17014 b 4046’

0000 = =22,98 ~24463 =24424 =23.T6 =22.98 =21¢22 =16,60 = 4,25

Ul P2OUIWND NN = -
e o
oOvViovioOvIown O
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Table C.16

Cheese no. 5

Assumption w = 03 std., size of the element; RO = 5 cm;

T = 20g; traverse = 5 cm; spacing = 3D; E = 200g; EY = 2000g;

Q

R\T 1.0 1.4 1.9 2.4 2,9 3.4 3.9 4.4 4,9
1.0 0000 | |
1.5 163.3 128.3
2,0 163.3 ~ 8.7 133.3
2,5 163.3 ~18.3 0.1 141.4
300 16303 -24'.9 "'3205 . 801 14706

© 3.5 163.3 =26.6 ~41.2 -27.6 15.9 152,5

’ 400 16303 -27.1 -4306 —3709 —2202 .2209 15603
405 16303 —2703 —4404 -41.1 -34-0 —17.2- 29021 15905
560 163,3 =27e3 =447 =42.1 =37.9 «~30.3 =12.5 -34.9 162.1
1.0 0000 -
1.5 129.9 = 73.1
2,0 129.9 5¢3 ~ 5569 o
2,5 129.9 -10.0. 0.2 47.0
300 129.9 -13.8 —13.4 2.8 40.6 :
3.5 . 129.9 =14.8 =17.1 = 9.0 4.5 = 35.7
4,0 129.9 =15.1 =18.1 =124 = 5.9 565 © 32,0
4,5 129.9 =15.2 =18¢4 =135 = 9.2 = 3.9 61 28.9
5.0 129.9 =15.2 =18.5 =13.8 =103 = 7.0 = 2.4 6.4 2604

‘R - |
J . Z.dr M
r
o 0000
. 400.6 T3.1

3770 148.4 55.9
282.4  76.2 123.8 50.1
196.2 - 4.5 TT7.3 116.4 40,6
126.1 ‘7302 17.8 8709' 109.6 3507
69.1 =129,7 = 36.1 42.9 92.9 103.1 32.0
22,2 =176.6 = 82.1 = 0.3 58.5 94,7 97.2 28.9 |
—1703 -21600 —121.3 -3805 _2301 )6709 9407 91.8 2694

[ d

L ]

.
OOV OoOUVIOoOWUV O

VTHEPBHRUVIWVWINO N = -
.
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Table C.17

Cheese no, 5

Assumption w = O; std, size of the element; RO = 5 cm;

T = 20g; traverse = 5 cm; spacing = 3D; B = 200g; EY = 2000g;

29

| I: e

NT 1.0 1.4 1.9 2,4 2,9 3,4 3.9 4.4 4.9
o 0000 '

.5 0000 = 53.1

OOOO -17207 - 59.2

0000 =199.7 =192.4 - 56.6

0000 - =206,3 -224.9 =190,0 = 53.6

0000  =208.0 =233.6 =225,6 =185,3 = 50,7 :

0000  =208.5 -236,1 =235,9 =223,4 -180,2 = 48.1

0000  =208.7 =236,9 =239.1 =235.2 =220.3 =175.2 = 45,9

e o o

N S S OTWVE D N = il
o
oAV NoRV; No RV Neo RV Ne]

o

OOOO —20807 —23702 -2&902 -23901 —23305 -21700 -17004 -~ 4308

R
02

| oR
1.0 0000
1.5 0000 =~ 30.0
2,0 0000 = 97.8 - 24.7
2.5 ) OOOO *11301 - 8004 - 18.7 ' ’
3,0 0000 =116.,9 = 94,0 = 62,8 = 14,6 :
3,5 0000 =117.9 = 97,7 = 7446 ~ 50.7 - 11.8
4.0 0000 —118.2 - 98.7 - 7801 - 61.2 - 42.0 - _9.8 .
4.5 OOOO_ —11803 - 9900 - 7901 - 6404 r 51-4 - 3506 hd A8.2
5,0 0000 '.-11803 - 9902 -AZ9.5 — 6505 ;A54°5 — 44.1 bl 3007 — 701

IR JR aZ'dR.dr

r I":S.:E o )
1.0 0000 .
1.5 =179 = 30 |
2,0 - 647 =399 - 25
2,5 -1097 - 827 - 313 - 19
3,0 -1479 -1203 - 655 = 245 < 15
3,5 -1801 -1524 - 967 = 526 - 198 ~ 12
4,0 =2078 =1800 =1240 - 790 =434 - 164 - '8 :
4.5 -2319 2042 -1481 -1028 - 663 =367 - 139 - 8
5,0 =2533 =2255 1694 -1240 - 873 = 568 = 316 - 120 -~ T
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Table C.18

Cheese no, 6

Assumption w = 0; std., size of the element; RO = 5 cm;

T = 20g; traverse = 7.5 cm; spacing = 1D; E = 200g;. EY = 5000g;

- P

ENT 1.0 1.4 1.9 2,4 2.9 3.4 3.9 4.4 4.9 -

1.0 0000
1.5 1993 491
2.0 3060 - 2008 547 '
2.5 3449 2562 2073 578
3.0 3587 2758 2613 . 2201 597 ‘ ,
345 3638 2829 2810 2794 2308 609
4.0 3657 2857 2885 3021 2961 2395 - 617 , v
4.5 3664 2867 2915 3111 3221 3106 2467 623 . .
5.0 3668 . 2872 2928 3149 3329 3400 3233 2528 - -627
‘ Ux 107
1.0 0000
1.5 0000 1.58
2,0 0000 6.47 234
2.5 0000  8.25 8,86 2,60
3.0 0000 8.89 11.17 = 9.88 2,80 »
345 0000 . 9.12 12,02 12,55 10.82 2,99 -
4,0 0000 9.20 12.34 13.57 13.88 11.77 3.18
4.5 0000 9.24 12.47 13.97 15.10 15.26 12.72 3,36
5.0 €000 9.25 12,52 14,12 15.61 16.71 16,66 13,65 ~3.54
2 ‘ ,
oT
Ir pr &

0000 .,
0000 = 3.27

0000 =13.38 - 4.41°

0000  =17.07 =16.73 = 4.34

0000 =18,38 =21,08 =16.51 = 4.13

0000  ~18.85 22,68 =20.,96 =15.,95 - 3,92

OOOO -19004 —23.28 —22.66 —20047 -15041 - 3073

0000  ~19411 =23.53 =23.34 ~22.27 «19.98 =14.91 - 3,56 '
OOOO "'19014 -23063 -23062 '-:23a01 —21.88 -19-53-14045 b 3041

TP BSOVIT D N - -
o o
ovIiovIouv oo




Table C.19

Cheese no, 6

Assumption w = O; std. size of the element; RO = 5 cm;

T = 20g; traverse = 7.5 cm; spacing = 1D; BE = 200g; EY = 5000g;

: Q
RN 1.0 1.4 1.9 244 29 3.4 3.9 4uh - 4.9
1,0 0000 | o |
1.5 329.9 326.8
2,0  329,9 128.9 339.0 .
2,5 329.9 56.7 70.9 360.2

3.0 329.9 31.2 =23.8 80,1 377.0
2 3.5 329.9 21.9 -58.5 -=22.3 96.0 389.7
4.0 329.9 18,3 =T1.7 -61.4 -~11.3 111.2 399.6 .
405 32909 1609 "'77-0 ‘-7700 "'5400 003 125.0 40705 .
) 500 32909 16.3 "79.2 "83.4‘ -71 07 "4‘506 1104 137-6 41400
1,0 0000
1.5 590.7 418.5
2,0 '590,7 166.2 319.8
2.5 590.7 84.1 67.8 269.3
3.0  590.7 41.4 -=21.9 60.6 233.1
305 59007 2904 "54'06 ;16a2 59.7 205°5 :
4,0 590.7 24.9 =66.9 =45.3 - 6.6 59,1 183,6
4.5 ‘ 59007 2301 -7200 -5609 “3300 O.6 5.709 165.9
5.0 590,7 21.8 =T73,9 =61.T =43.8 =23.6 5.6 56,3 151.4
JR ;Z.dr‘.
r .
.0 0000
R 2280 420

2770 1287 321

2496 1170 945 270

2120 822 858 831 234

1745 - 318 597 795 756 207

1424 153 321 621 777 696 183

1154 =117 66 405 642 74T 642 . 168

924 =345 -156 198 . 471 651 17 600 153

VMIHRPHOINDND ==
[ ] *
3G ReRG RXC R RV Rl
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Table C,20

Cheese no. 6

Asgumption w = O std, size of the element; RO =5 cm;

T = 20g; traverse = 7.5 cm; spacing = 1D; E = 200g; EY = 5000g;

. . R
BT
r
T : 1.0 "1.4 109."' 204. 2-9 304 . 309 ' 404 ;"'409’”~
. 0000
. 0000 =~ 64.1

0000 = =262.1 = 96,0

OOOO '334.2 “36401 "99-8

0000 =359.7 -458.8 =379.9 - 98.1 .

0000  =369.1 =493.5 -482.3 =379.1 = 95,0

0000 =372.6 =506,7 =521.4 =486.4 =3T73.5 = 91.6

OOOO -37400 —512°O -53700 ‘52900 ’48404 -36602 - 88.3

mp#uymme»w
OVIOWMOVIOWUO

0000  =3T4.,6 -514.2 =543.4 ~546.8 ~530.4 -479.8 ~358,2 = 85,1

R
02 in
=, 4R
1] .
[ e
1.0 0000 :
1.5 0000 = 81.6 :
2.0 | OOOO -33309 - 9006
2.5 OOOO -426.0 —342.3 - 74.1 .
3.0 OOOO -45807 -431.7 —28209 - 6003 s -
3.5 0000 —470.7 =~464.4 -359.4 =233.7 - 49.5 . .
. 4.0 OOOO ) -475.2 -477.0 ‘38805 —30000 719605 et 42.0
4.5- OOOO ’ —47700 _481.8.—40002 “326.4 ;26407 -16800 bl 3600 . _
500 0000 =4T77.9 =483,9 =405,0 =33742 =279.0 =219.9 =135.5 ~ 31,2
R .
9z
| jR iﬁ;.dR.dr
) r r
o 0000
. - 441 - 81
. - 2172 - 1434 - 90
. - 4269 - 3393 -1308 - 75

6225 - 5301 -2955 -10T4 = 60
- 7947 < 7005 -4563 ~2445 = 888 - 51 5

= 9453 - 8502 -6027 -3816 =2049 . < T47 = 42
~10T79 = 9825 -7335 -5088 =3240 =1749 < 639 = 736

)

e
OVI OV OUVIOWUVIO

VP BV N = -]
°

-11958 -11004 -8505 -6243 -4362 =2799 =1515 =552 = 33
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Table 0021

Cheese no. 7

Assumption w = O; std. size of the element; RO = 5 cm;

T = 20g; traVerse’= 2,5 cm; spacing = 1D; B = 200g; EY = 5000g;

. - P ,
B\ 1.0 1.4 1.9 2.4 2.9 3.4 3.9 4.4 49
1.0 0000 , '
1.5 2859 899
2.0 3285 2401 914
2.5 3343 2608 2587 922 :
3.0 3353 2642 2865 2749 = 925
3,5 3355 2649 2919 3102 2883 = 928 )
4,0 3355 2650 2930 ©  3179° 3308 2996 - 929
445 3355 2651 2933 3197 3410 3491 3094 930 -
5.0 3355 2651 2934 3202 3437 . 3620 3655 3180 931
' - T x 10°
1.0 0000
1.5 0000 2.62
200 OOOO : 7.00 3015'
2.5 . OOOO 7.61 8.91 3053
3,0 0000 7.71 9.86 10.54 3.88 .
2.5 0000  T7.73 10.05 11.89 12.09 4,20
4,0 0000 TeT3 10,09 12,18 13.89 13,58 4.51
4,5 0000 T.73 1010 12,25 14.31 15.82 15,00 4.79
5.0 - 0000 - TeT3 10410 " 12.27 14.42 16.41 17.73 16.37 5.06
T
{2
r
. 0000
. 0000 =~ 8.66

OOOO —23015 - 7093 '

OOOO —25.14 —22045 - 7.16

0000  =25.47 =24.86 =21.37 = 64,57

0000 =25.53 =25433 =24.11 =20.4T7 - 6,10

0000 - =25,55 ~25.,43 -24,T1 23449 =19.70 - 572

0000  =25.55 =25.46 =24,85 =24421 =22,96 =19,04 = 5,40

0000  =25,55 =25.46 «24,88 =24,40 =23,80 =22,49 =18.45 = 5,13

N o o o
OVIOVIOVMOWUWO

U~V N -
)
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Table C,22

Cheese no. 7

Assumption w = 03 std. size of the element; RO = 5 cm;

T = 20g; traverse = 2,5 cm; spacing = 1D; E = 200g; EY = 5000g;

Q

B\T 1.0 1.4 1.9 2.4 2.9 3.4 3.9 4eh 449
1,0 0000

1.5 690.,6 405.3

2,0  690.6. =112.6 438,9 .

205 690»6 —18308 - 8902‘ 47007 )

3.0 690.6  -195.6 ~176.9 = 50.1 . 494.,5
+ 345  690.6 =197.9 =193.9 -150.7 = 17.2 '513.1 -

4‘60 69006 '—19804 "197.6 "17205 "12894 . 11.0 52801

4.5 690.6 =198.,5 -198,5 ~177.,8 -154,9 =109.1 = 35.6 .540.5
" 5.0 690,6 ~198.5 =198.7 =179.1 ~-161,9 =140.3 - 92,1 57.2 .550.,9

Z

1.0 . 0000 S

1.5 13744 5T.7 :

2,0 137.4 -=16.0 46.0

2,5 137.4 =-26.1 - 9.3 39.1

3.0 13T7.4 =278 =18,5 = 4.1 34,0

305 13704 —2802 —20; -12.5 — 102 3001

4,0 137.4 =28.2 =20,7 =14,3 - 8.8 0.7 27.0

4,5 137.4 -28.2 <20, =147 =10.6 = 6.4 1.9 24,5

5.0 137.4 =28,2 =20,8 =14.9 =11.1 =~ 8,2 = 4.7 2.6 22.4

. R - ‘ | '
J Z.dr
r
o 0000
. 304 58

204 55 46
9T -39 6T 39
14 119 5 T2 34
~52 184 -56 30 T3 30
-104 236 -107 -17T 44 T2 2T
~146 278 150 -5 - 6 .51 70 = 25
-182. .-314 -186 -95- -29 - 21 56 67 23

\J‘I-P-PEN\NNMH-‘
°
OoOVIOoOVMOoOVIOoOWVMO

-
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Table C.23

Cheese no, 7

Assumption w = 0; std. size of the element; " RO = 5 cm;

T = 20g; traverse = 2,5 cm; spacing = {D; E = 200g; EY = 5000¢g;

: R
[ 38
r
R\" 1.0 1.4 1.9 2.4 2.9 3.4 3.9 4.4 4.9
1.0 0000 ,
1.5 0000 =309.7
2.0 0000 =B2T7.6 -288.6
2.5 0000 -898.8 -816,T7 =262.6
3.0 0000 =910.6 =~904.5 =783.5 =241.9
' 305 OOOO -91209 "92105 "884'00 —75306 —22502
4,0 0000 =913.4 ~925,1 =905.9 ~864.8 =T727.3 -211.4
. 405 OOOO "91305 "92600 "'911‘01 —89104 -84704 "70309 -19908
5,0 0000 -913,6 =926,3 -=912.4 ~898.3 —878.6 -831,6 =683,1 ~183.9
% 2z B
I —E-B-odR
r
1,6 0000
1.5 0000 .= 44,0 :
2.0 0000 =117.6 =30.2
2.5 0000 ~127.3 -85.5 -21.8 ,
3,0 0000 =129.4 -94.7 =64.9 =16.6
305 OOOO -12908 "‘96_05 -7303 -51.6 —'1392 .
400 OOOO -'1 2908 "96.8 -7500 -5903 "'4'205 —1008 .
4,5 0000  =129.8 =96,9 - =75.,5 =b61e1 =49,6 =35,9 = 9,0
500 - 0000 —12908 —9609 -7506 "6106' -5104' -4204 -30.9 - 707 '
R (R az
j J 1S-R-,d.R.dr
r°r
1,0 0000
1.5 - 287 - 44‘
2,0 =814 =476 - 30
2,5 =1253 - 898 = 342 -~ 22
3,0 =1608 -1251 - 675 - 261 -~ 17
3,5 -1902 =1545 - 966 = 533 - 208 - 13
4,0 =2153 =1796 =1216 - T74 = 436 =172 -~ 11~
4,5 =2371 -2014 -1434 -~ 996 - 649 - 367 - 144 - 9
5,0 ~2564 =2206 ~1626 -1188 - 840 =554 - 315 - 124 - 8
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Table C.24

Cheese no, 8

Assumption w = O; std. size of the element; RO = 5 cm;

T = 20g; traverse = 5 cm; spacing = 1D; E = 100g; EY = 5000g;

- P
RNT 1.0 1.4 1.9 2.4 2.9 3.4 3.9  4ud . 49 .
1.0 0000
1.5 2224 683
2,0 2630 1890 726
2.5 2687 2061 2046 747 -
_3.0 2697 2088 2256 © 2187 - 759 - .
3.5 2698 2092 2293 2444 2302 766
4.0 2698 2093 2301 = 2496 2609 - 2400  TT1
4.5 2699 2094 2302 2507 2676 2756 2485  7T74
5.0 2699 2094 = 2303 2510 2692 2839 2888 2559  T76
| - U x 10°
1.0 0000
1,5 0000  3.01
2.0 0000 8431 3.57 -
2.5 0000  9.06 10.08 3.95 A
3,0 0000  9.18 11.11 11.58 4.3
3.5 0000  9.20 11.30 12.94 13,08 4.65
4,0 0000  9.20 11.33 13.21 14.85 14.56 4,96
4,5 0000  9.20 11.34 13,27 15.21 16,72 16,00 5.27
5.0. 0000 -~ 9+20 11s34 13429 15,29 17.23 18.60 17.40 5.55
R : ‘
o
f j{ﬁodR
r,
° 0000
5 0000 - 8.11

0000 =22.44 - 8400 '

OOOO ~24o45 —22056 bl 7042

0000  =24,7T7 =24.87 =21.T73 - 6.91

0000  =24.83 =25,29 =24429 =20.98 = 6,48

0000 =24.84 =25.37 =24¢80 =23.T7 =20430 = 6,11

0000 - -24085 -25039 -24091'—24038'-23031 —19.70 - 5079 ‘
0000 - =24.85 =25¢39 =24.94 =24,52 =24.,02 -22,90 =19,15 = 5,52

Ul Ol D - =
o o
OV OVIOVIOVIO
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Table C.25

Cheese no., 8

Assumption w = 0; std. size of the element; RO = 5 cm;

T = 20g; traverse = 5 cm; spacing = 1D; E = 100g; EY = BOOOgj

S Q.
RN" 1.0 1.4 1.9 2.4 2.9 3.4 3.9 A4 - 4.9
1.0 0000 ' '
1.5 489.8 323,2
2,0 489.8 = 66.6 346,33 -
205 48908 -1 21.4’ - 7401 . 37307 : '
) 3.0 48908 -130.1 -14-008.— 5105 39500 ’
" 345 4’8908 -13107 -152,8 =127.7 = 2905 41200 o
4,0 489.,8 =-132.0 =155,2 =142.8 -113.9 - 9,2 425,9 -
4.5 489.8 ~132.1 -155.7 ~146.1 -132.3 -100.9 9.2 1 437.5
5.0 489.8 -132,1 -155.8 -146.,9 =136.6 -122,5 - 88.8 26.0 447.4
Z
1,0 0000 -
1.5 389.8 183.8 ‘ .
2.0 38908 "“3707 14‘501 .
2,5  389,8 -68.9 =30.9 123.9
3.0 38908 "'73.8 =58.9 ~-17.1 108.4
3.5 389.8 -T4.T -63.9 =-42.3 - 8.1 =96.4
4,0 389.8 =T4.9 =64.9 ~-4T7.3 =31.2 = 2.1 86,9 -
4,5 .389.8 =T4.9 =65.1 =48.4 =363 =23.6 1.9 T9.1 _
5.0 389.8 =T4e9 =65,2 =487 =375 =28.7 -18.1 4,7 T2.7
I Z.dr
r
1.0 0000
1.5 .981 184
2.0 703 196 145
245 359 - 106 199 124 ,
3,00 .8 =374 ~13 211 108
305 131 -58 -217 59 214 96
4,0 =305 - 763 -390 =102 103 212 87
4.5 449 - 90T -534 244 27 131 201 19
5.0 -571 -1029 =655 =365 = -146 24 148 202 73
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Table C.26

Cheese no, 8

Assumption w = 0; std, size of‘the element} RO = 5 cm;

T = 20g; traverse = 5 cm; spacing = 1D; E = 100g; EY = 5000g;

.. J’j%%dﬁ

AN 1,0 1.4 1,9 2.4 2.9 3.4 3.9 4.4 4.9
1.0 0000 : .

1.5 0000 —221.0

2.0 0000 =610.8 =231.1

2.5 0000 —665.6 =651e5 =220.5

3,0 0000 =674.4 ~T18.2 —645.7 -208.7

3.5 0000 =675.9 =730.2 =721.8 =633.2 =197.5

4,0 0000 67642 =T32,5 ~737.0 =T17.6 ~618,7 —187.4

4 5 OOOO —67603 -73301 "74'002 -73509 "710u4 "‘60401 -17805

5,0 0000 —676.3 ~733,2 ~T41,0 =T40.3 =732,0 =702,2 =589,9 ~170,5 -

R
0%
dR
| J 5
1.0 0000 - -
1.5 0000 =125.5
200 OOOO -34700 - 96.7 -
2,5 0000 -378.2 -272.8 = T3.1
3.0 0000 =~383,2 =3008 ~214.1 - 5742
3,5 0000 =384.1 =305¢8 =239,3 =1T73.7 = 46,2
4,0 0000 ~384,2 =30648 =244.3 ~19649 ~144.8 = 38,2
4,5 0000 =384,3 =307.0 =245,4 -202.0 =166,3 =123,3 = 32,3
5,0 0000 =384.3 -307.0 -245 6 =203.1 =1T1.3 =143.3 ~106.7 = 27.7
J 32, 4R, dr
° ' OOOO
° had 758 - 126 B

-2369 -1446 - 97

-3779 -2815 -1110 - T3 .

-4940 =3970 =2209 - 873 - 57

-5913 =4942 ~3171 -1781 -~ 708 - 46

=6T47 <5775 =4002 =2602 =1478 =~ 590 - 38

~7474 =6502 =4729 -3327 =2192 -=1254 = 501 - 32

-8119 =7147 <5374 =3971 ~2833 -1884 -1083 = 433 - 28

U’\-P-P}N\.ﬂ!\)l\)—*—‘
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Table C,27

Cheese no, 9

Assumption w = O; std. size of the element; RO = 5 cmj

T = 20g; traverse = 5 cm; spacing = 1D; E = 400g; EY = 5000g;

R\T 1.0 1.4 1.9 2.4 2.9 3.4 3.9 4.4 4.9
1.0 0000 ‘ - -
1.5 2867 684
2.0 4407 2854 726
2.5 5037 3742 2901 747
3,0 5298 4109 3801 3031 759
3,5 5411 4269 4192 . 4024 3143 766
4.0 5463 4342 4370 4476 4230 3234 TN
4.5 5487 43TT 4455 4691  ATAT 4407 - 3309  T74
5.0 5499 4394 4497 4798 5002 4986 4561 3373 776
-Ux 103
1,0 0000
1.5 0000  1.12
2.0 0000 4,69 1.69
2.5 0000 - 6415 6477 1.93
3,0 0000  6.75 8487 T84 .2.11
3.5 0000 7.01 9.78 10.40 B8.75 2.28
4.0 0000  Te13 10,20 11.57 11.78 9.62 2.44
4.5 0000 7410 10,40 12413 13.22 13,11 10.46  2.59
5.0 0000  Te22 10,49 12441 13.93 14,84 14,42 11.26 2.75
. N ?E ) "
IR1DR.dR ’
r .
.0 0000 '
5 0000 - 3.03

0000 =12.65 -~ 3,79

0000 =16.59 =15415 = 3.62

0000 =18.22 =19.85 =14.71 = 3439

0000  =18493 =21,90 =19.53 =14,03 ~ 3,18

0000 =19,25 =22,83 =21,T3 =18.89 =13,42 - 3,00

OOOO -19040 —23027 —22077 -21019 -18028 -12.87 - 2.84

OOOO -19048 -23049 -23029 —22033 -20069 “17074 —12040 bnd 2071

°

U’l-b-h\ﬂ:ﬂl\)l\)—‘-—‘
.
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Tsble C.28

Cheese no, 9

Assumption w = 0; std., size of the element; RO =5 cm;

T = 20g; traverse = 5 cm; spacing = 1D; E = 400g; EY = 5000g;

Q
R\" 1.0 1.4 1.9 2.4 2.9 3.4 3.9 44 4.9
1.0 000 :
1.5 489.,8 461.6
2,0 489.8 199.6 467.9
2.5 489.8 92,5 139,8 486.5
3,0 489.8 48.1 4,0 157.0 501.4
. 3.5 489.8 28,8 =55.0  13.9 180.0 512.7
4‘00 48908 20.1 -8108 "5104; 3305 20006 52104
405 48908 1509 "9407' —8204 "‘3601 5202 21895 52804 )
. 5.0 48908 1308 -101.0 "‘9707 “70.5 -2009 6901 234.2 534-.1
Z
1.0 0000 :
1.5 389.8 262.4
2,0 " 389.8 113.6 196,0
2.5 389.8 52,7 58,6 161,.3
3,0 389.8 27.5 = 1.8 52.1 137.6
305 389.8 '1606 —2209 406 4‘904 120.0 . '
4,0  389.8 11.6 =34,2 -17.0 9.2 47.0 106.4
4,5 389.8 902 =39.6 =27.3 = 9.9 = 12,2 44.6 ~95.6
5.0 389.8 8.0 -4202 "3205 "’1903 - 408 1401 42.4 86.7
R
S Z.dr
r
. 0000
’ 1465 262

1811 849 196
1704 841 635 161
1493 670 649 552 138
1279  AT4 532 600 495 120
1088 291 386 528 564 449 106
923 130 243 420 523 531 411 .96
782 -9 112 307 443 512 501 379 87

e o °
OV OUVMTOVvVIoWUNn O

U‘l-P-PEN\NNI\)—“‘
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Table C.2

Cheese no, 9

Assumption w = 0; std, siZe of the element{ RO = 5 cm;

T = 20g; traverse = 5 cm; spacing = 1D; B = 400g; EY = 5000g;

R
- Rag
JraRdR
\T 1.0 1.4 1.9 2.4 2.9 3.4 3.9  4oh  4a9
0 0000 — ; «
.5 0000 - 82.5

0000 =344.6 =109.5

0000 ~ =451.T7 =437.6 =107.7

0000 =496.1 =5T73.4 =43T.1 -102,3

0000 =515.4 =632,4 =580.3 =423.7 = 96,9

OOOO -52401 —65903 -64505 —57002 ""4081?9 had 9200

0000  =528.3 =6T72,0 «67646 =639.8 =557.2 =394,8 - 87.6 :
0000 =53064 =678o4 =69169 =674.2 =630,5 =544,2 =381.8 = 83.8

°

o

o * [ )

U1 UV D N = =g
(-]
oviouvMIouIown o

L

R
0z ..
.__odR
rﬁR. -
1.0 0000
1.5 0000 - 46,9
2,0 0000 —19507 - 4508 .
2.5 0000 =256.6 =183,2 = 35,7
3,0 - 0000 =281.8 =240.1 -144.9 - 28.1
3,5 0000 —~292,7 =264,8 =192.,4 =116,2 = 22,7
4,0 0000 =297.7 =276.0 =214.,0 =156.4 - 95,7 - 18.8
4,5 0000 =300.1 =281.4 =224.3 ~175.5 =130.4 - 80.6 - 15,8
540

0000 =301.3 =284,0 =229,4 =185.0 =147,5 ~«111.0 = 69,0 =~ 13,6

jI: Ir—g%.dR.dr

0000 :
- 274 - 47 ,

-1261 - 793 - 46

-2435 -1869 - 675 = 36

-3533 ~2926 1548 = 532 = 28

—4504 3879 -2421 1241 = 428 - 23

-5354 -4721 3226 =1971 -1017 = 353 - 19

-6102 -5465 -3953 -2662 =1641 - 854 - 298 - 16

-6765 =6127 =4606 =3298 =2244 -1396 - T30 - 255 - 14

*

\I\-P-htﬂ}ﬂl\)l\)—‘—‘
ovIiouvIioOuviIouOo
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Table C,30

Cheese no, 10

Assumption w = O; std. size of the element; RO = 5 cm;

T = 20g; traverse = 5 cm; spacing = 1D; E = 200g; EY = 2000g;

Z
H

1.0 1ed 1.9 244 2.9 3.4 3,9 A4 . 4.9

1.0 0000
1.5 2933 684
2.0 4691 3011 726
~ 2.5 5501 4083 3035 747 . ‘
3.0 5873 4575 4095 - 3156 759 ‘
3.5 6050 4810 4601 4305 3263 766
4.0 6139 - 4927 4852 4877 4509 3351 771 . o
4.5 6185 4988 - 4982 5173 5152 4685 - 3423 - 774 - - -
5,0 6209 5020 5052 5330 5495 . 5397 4837 3484 776
-Ux 103
1.0 0000
1.5 0000 2,33
2,0 0000 10.27 3.70°
2.5 ’ OOOO 13093 15047 4.28
3,0 0000 . 15.61 20.87 18.08 4,70 »
3,5 0000 16,42 23,44 24,67 20.20 5,07
4,0 0000 16481 24,73 27,95 27.92 22,19 5.42 , _
4,5 0000 17,02 25,39 29,64 31,90 31,02 24,08 5.76
5.0 0000 ~ 17.13 25.74 30.55 34,03 35,73 34,03 25,91 6,07
R .
oT
| sRe®

0000

0000 = 24,52

0000 =11.09 = 3.31 ‘

OOOO —15005 -13085 bl 3021

0000 . ~16,86 =18.69 =13.58 = 3,01

0000 =17.72 =21.,00 =18.52 =12,96 -~ 2,83 .

0000 ~18415 =22414 =20.99 =17.91 12,37 - 2.67

0000 . =18¢38 =22,T4 =22426 =20¢46 «17.30 =11.86 = 2,53 ..

< °® °

L4

o
OQUIOVOVMOWWNOoO

*

U AR VURD N ==
*

0000 =18,50 =23.05 =22,93 =21.83 =19,93 ~16,76 -11.40 - 2 42
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Table C.21

Cheese no,10

Assumption w = O; std. size of the element; RO = 5 cm;

T = 20g; traversé = 5 cm; spacing = 1D; E = 200g; BEY = 2000g;

R\T 1.0 1.4 1.9 2.4 2.9 3.4 3.9 4.4 4.9
1.0 0000 , ' ' :
1.5 489.8 475.5 <
2,0 489.8 241.,7 481.7
2.5 489.8 134.1 177.1 498.7
3.0 489.8 84,7 37.5 190.6 512,7
. 305 489.8 . 61.1 —2902 4306 212.3 52363
4.0 489.8 49.4 =62,3 29,5 62,9 232,33 531.4
4.5 489.8 43.4 =79.5 =6T7.3 =-14.2 82.1 249.6 537.9
5.0 489.8 40,1 =88.,6 =87.5 =55.3 2,0  99.4 264.7 543.2
Z
1.0 0000 .
1.5 389.8 270.7
2,0 389.8 138.,7 202.1
2,5 '389.8 T7.8 T5.1 165.6
3.0 389.,8 -49.8 16,7 63,9 140.9 ‘
3.5 389.8 3644 -11,2 15.2 58,9 122.,6
4,0 389.8 29.8 =25.1 = 9.0 17.9 54.9 108.6
4,5 389.8 2643 =32,3 =21.5 = 3.2 19.7 51.4 97.4
5.0 389.8 2405 “36.1 -2802 —1405 100 20.8- 48.3 88.3 ‘
. R . ,
j Z.dr
r .
.0 0000
o 1514 271

1976 949 202

1944 1016 701 166 ,

1764 883 767 602 . 141

1560 700 679 691 534 122

1368 519 545 646 640 482 109

1198 355 405 552 624 596 439 97 i
1050 . 210 . 273 443 558 601 558 . 404 88

o o e o o
OV OoOUVIToOuVIOWUVM O

UTE PBSOUVITUVID N -
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Table C.32

Cheese no;10

Assﬁmption w= 03 std. size of the element; RO = 570m;
T = 20g; traverse = 5 cm; spacing = 1D; E = 200g; EY = 2000g;

R

. dR
|, %
B\T 1.0 1.4 1.9 2.4 2.9 3,4 3.9 4.4 4,9
1.0 0000
1.5 0000 =~ 68.8 .
200 OOOO -30205 - 9507 '
2.5 0000 =410,2 =-400.3 ~ 95,5
3,0 0000 =459.5 =539.9 -403.6 -~ 90,9
3g5 OOOO ""48301 "‘606.6 -55006 "39103 - 8602_
4,0 0000 =494.8 =639,7 =623.7 =540,T7 ~377.2 = 81.9
- 4,5 0000 ~500,9 =656,8 =661.5 =617.8 =527.4 =363.7 ~ 7841 .. ,
560 0000 =504.1 ~666,0 =681e6 =659.0 6075 =514.0 =351,3 = T4.6
' R
| 22
r R
1,0 0000 |
1.05 OOOO .-' 3807
2.0 OOOO —170.1 - 3908
2.5 0000 =231.5 =166.7 = 31.4
3,0 0000 =259.5 ~225.1 =133.1 — 24.8
3.5 0000 =272.9 -253.,0 -181.8 =106,8 - 20.0 . -
4‘.0 OOOO . ‘-27906 -266.9—206.0 -147-7 - 8708 - 16'6
4,5 0000 ~ =282.9 =27441 =218.6 =168.9 =122,9 = 73.7 = 14,0 - .
5,0 0000 =284.8 =277.9 =225.2 =180,2 =141.6 =104:.4 = 63,2 = 12,0
[, (32 '
_.dR.d
r Jp R
° 0000
. - 225 - 39

-1095 - 693 - 40

-2196 -1694 - 608 - 31

~3261 =2714 =1430 = 482 - 24 '

4222  ~3653 -2274 -1149 --388 -~ 20

-5073 -4493 <3067 =1853. = 941 -~ 320 - 17 ,

~5827 =5240 =3790 =2531 -1540 - 788 - 269 - 14

—6498 5908 =4445 =3162 =2129 1307 = 672 =231 - 12

U‘l-#-h\ﬂ}ﬂt\)l\)—‘-‘
°
OVIOVIOVOoOWUno
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Table C.33

Cheese no, 11

Assumption w = 0; sitd. size of the elementi RO =5 ém;

T = 20g; traverse = 5 cm; spacing = 1D; E = 200g; EY = 8000g;

- P
R\T 1.0 1.4 1.9 2.4 2.9 3.4 3.9 44 - 4.9
1,00 0000
1.5 2351 684
2,0 2890 2033 726
25 2984 2269 2182 T47
3,0 3003 2315 2465 2326 759
3.5 3006 2325 2525 . 2667 2443 766
4,0 3008 2327 2540 2748 2842 2542 71
4.5 3008 2328 2544. 2768 2945 2098 - 2626 T74
5,0 3008 2328 2545 2774 2973 3123 3137 2700 776
- Ux10°
1.0 0000
1.5 0000 1.64
2.0 0000 .4-86“ 1.99
2.5 0000 5.43 5.99 2,21
3,0 0000 5.54 6.77 6.87 2,40 .
3,5 0000 5.56 6.93 7.88 T.74 2,59 -
4,0 0000 5.57 6,97 8.11 9.01 . 8460 2.77
4.5 0000 5457 6.98 8.18 9.33 10,14 9.44 2.94
S.Q 0000 5.57 6.99  8.19  9.42 10.57 11.27 10.25 310
- ‘ .
oT
== dR
L’bR
. 0000
. 0000 - 7,06

0000 =21.00 - 7.14

0000  =23.45 =21.46 - 6,62

0000  =23,92 =24,24 =20.63 = 6412

0000 =24.02 =24.84 =23.65 ~19.86 - 5.78

0000 =24,05 =24.98 =24.3T7 =23.11 =19.19 = 5.45

0000 =24,05 =25,02 =24.55 =23,94 =22,63 =18.58 = 5.17

°

*
OVIOoOVIOVIOWUWMO

Ul 2OV DN - -
.

0000  =24.05 ~25.03 =24.61 =24,17 =23.58 =22.20 ~18.04 - 4,93
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Table C.34

Cheese 10,11

Assumption w = 0; std. size of the element; RO = 5 cm;

T = 20g; traverse = 5 cm; spacing = 1D; E = 200g; EY = 8000g;

~225  -T44 -409 -139 - 60 197 245 83
~344 -863 -528 =257 =54 101 207 234 .76

o

, Q
R\Y 1.0 1.4 1.9 2.4 2.9 3.4 3.9  4od 49
1.0 0000 ,
1.5 489.,8 3519
2,0 489.8 - 27.4 371.3 -
2,5 489.8 = 93.9 - 42,2 3974
3,0 489.8 =106.8 =122,5 - 18,7 417.5
"3e5  489.8 =109.6 =139.9 =108.6 = 4.0 433,3
4,0  489.8 <«110,3 =144,0 =129.9 = 93.9 24,8 446.1
4,5 489.8 =110.4 =145.0 =135.4 =119.1 = 80.1 43,5 456.7
5,0  489,8 =110.5 =145,3 =13649 =126,0 =109.0 ~ 67.4 _ 60.4 465.7
-
1.0 000
1.5 389.8 200.2 ,
2,0  389.8 =15.4 155.6
295 389.8 —53.2 "'17:6 131 8 ’
300 389a8 -6006 -51a2 - 6.1 ! 11406
3.5 389,8 -62.,1 =58.5 =35.9 1.2 101.5
4,0 389.8 =62.5 =60.2 =43,0 =25,7 5.9 91.1:
4.5 389.8 =62.6 =60,7 -44.8 =32,6 =187 9,0 82,7
5,0 389.8 =62.6 =60.8 «45.3 34,5 =25.4 =13.7 11.0 75.7
- .
J Zo.dr
r
- 1,0 0000
1.5 1082 200
2.0 888 304 156
2,5 - 568 36 275 132
3,0 301 =221 93 272 115
%45 88 =431 101 147 265 101
4.0 =835 =602 268 ~ 3 179 255 91
4.5
50
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Table Ca35

Cheese no,11

Assumption w = o3 std, size of .the element; RO = 5 cm;

T': 20g; traverse = 5 cm; spacing = 1D; E = 200g; EY = 8000g;

B

=2/
-
H

1.0 1.4 1.9 2.4 29 34 3.9 4.4 4.9

1.5 0000 =192.3
2,0 0000 ~ =571.6 =206.1
2.5 0000 638,11 -619,6 ~196.8
© 3,0 0000 =651.1 -699.,9 -612,9 -186.2 .
"'3,5 0000  ~653.8 =T17.2 =702.8 -599.6 -176.2
4,0 0000 =654.5 -T21.4 =T24.1 =697.6 =584,7 =167.2 -
4,5 0000 =654,7 =T22.4 =729.5 ~T722,8 ~689.7 =569.9 =159.3
5.0 0000 = =654,7 =T722.,7 =731.0 =729,7 =718.5 =680.7 =555.6 =152,2
: R ‘
‘ oz
LR
1.0 0000 ‘
1.5 0000 =109.2 |
2.0 0000 ~324,7 = 86,2
2.5 0000 =362,5 =259.3 = 65.2
3,0 0000 =369.9 =293.0 =203.1 = 51.0 '
3;5 OOOO -371.5 -300.3 -23209 “16405 - 4102 .
4,0 0000 = =3T1.5 =302.0 -240.0 -191.3 =136.8 - 34.1
4,5 OOOO"_-371-9 ‘30295.‘241.8 -198.3 ”16104 -116.2 L 28.8
5,0 0000 =371.9 =302,6 =242,3 =200,2 ~168.1 =138.8 =100.4 ~ 24,7
. R R . .
-V
L L—S‘Rﬁ
o 0000
. - 657 - 109

-2183 1338 -~ 86 ‘

~35T1 =2673 -1034 - 65

4725 -3817 =2103 = 812 - 51

-5694 -4784 =3054 =-1693 = 657 - 41 |

-6525 5614 -3880 -2502 ~1402 = 546 - 34

~7250 -6339 -4604 =3222- 2105 -1188 = 464 -~ 29

-7892 -6981 =5246 ~3862 ~2741 =1807 =1025 = 400 - 25

* [ ) ® t ] *
owMowouIowo

U U DD R = -
.
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Table C,36

‘Cheese no,12
Assumption w = 0; std. size of the element; RO = 5 cm;

T = 20g; traverselz 5 cm; spacing = 1D; E = 1000g;  EY = 1000g;

- P
R\T 1.0 14 1.9 2.4 29 3.4 3.9 4.4 4.9
1.0 0000
1.5 3225 684
2,0 6472 4033 726
2.5 9413 064 4106 4T
3.0 11951 9682 7023 4150 759
3.5 14099 11896 9492 7031 4188 766 |
4.0 15906 13759 11569 9454 7072 4221, TN
4.5 17426 15327 13316 11492 9497 T126 4249  T74
5.0 18708 16648 14789 13211 11543 9576 T183 4275 ~ 776
-Ux 103
1.0 0000
1.5 0000 0,54
2,0 0000 - 3.23 1.22
2,5 0000 5.65 6,90 1,78 .
3.0 0000 T.75 11.80 9,89 2,23 .
3,5 0000  9.50 15.95 16.76 12,31  2.59
4,0 0000 11.01 19.44 22.54 20,78 14.30 2,90
4.5 0000 12,27 22,37 27.39 27.91 24,44 15.99 3.17
5.0 0000 13,32 24.85 31.49 33.92 32.44 27.03 17.49 3.40
R_a . :
T :
| 3.
1.0 0000
1.5 0000 =~ 0,30
2,0 0000 = 1.74 - 0.55 -
2,5 0000 = 3.05 = 3,09 = 0,67
3,0 0000 = 4418 = 5,28 = 3.71 = 0.7
3.5 0000 = 5.14 = To14 = 629 = 3,95 = 0,72
4.0 0000 = 5.94 = 8,70 = 8,46 = 6,66 — 3,99 = 0,71
4.5 0000 ~ 6,62 =10,02 =10,28 = 8,95 = 6473 = 3,94 = 0,70
5.0 0000 = Ta19 =11413 =11,82 =10,88 = 9,05 = 6.65 = 3.85 = 0,68
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Table Co37

‘Cheese no,12

Assumption w = 03 std. size of the element; RO = 5 cm;

T = 20g; traverse = 5 cm;

spacing = 1D; E = 1000g; EY = 1000g;

Q
R\" 1.0 1.4 1.9 24 29 34 3.9 4. 49
1.0 0000
1.5  489.8 5361
2.0 489.8 496.5 561.6
2.5  489.8 460.7 487.9 574.3
3.0 48908 ‘ 4‘29-7 424-4 ’ 48396 582.1 R
3.5 489.8 403.6 370.7 406.9 484.4 587.4 |
4,0 489.8 381.6 325.4 342.4 403.3 487.9 591.4
4.5 489.8 363.1 287.4 288.2 333.2 404.2 492.5 594.5
5.0 480.8 347.5 255.4 2424 275.0 333.6 409.1 49T.4 596.9
Z
1.0 0000
1.5 389.8 304.9
2,0 389.8 282.9 235.4
2.5 389.8 262.9 205.1 190.6
3.0 389.8 245.8 179.0 161.1 159.8
3.5 389.8 231.2 156.8 136.0 133.5 137.6
4,0 389.,8 218.9 138.2 114.9 111.3 114.7 120.8
4.5 389.8 208.6 122.4. 97.1 92.6 , 95.4 100.9 107.6
5.0 389.8 199.9 109.2 82,1 76.8 1T9.1 84,2 90,3 97.0°
— .
[ Zear
r
1.0 0000 ‘
1.5 1713 305
2,0 2901 1531 235
2.5 3685 2549 1178 191 -
3.0 M78 2872 1807 959 160
3.5 4467 3187 2214 1483 812 138 -
4,0 4618 3359 2462 1831 1268 706 121 -
4,5 4673 3432 2600 2052 1580 - 1113 625 108 :
5.0 4663 3436 2659 2182 1787 1400 994 562 . 97




- Co38 b

Table C.38

Cheese no,12

Assumption w = 0; std. size of the element; RO = 5 cm;
T = 20g; traverse = 5 cm; spacing = 1D; E = 1000g; EY = 1000g;
R

[ A

4

1.0 1.4 1.9 204 2.9 3.4 3.9 4.4 4.9

1.0 0000

1.5 0000 = 8,09

2,0 0000 = 47.7 - 15.8

2,5 0000 = 83.5 = 89.4 =~ 19.9
3,0 0000 =114.5 =153,0 =110.5 - 21.6
3,5 0000 =140.6 =206,7 =187+3 =119.3 = 22,1

4,0 0000 =162,6 =251,9 =251,8 =201.4 =121,6 = 21.9

4.5 0000 =181e1 =290,0 =306,0 =270,5 =205,% =120.8 = 2145 _
15,0 0000 =196,7 =322,0 =351,8 =328,7 =275.9 =204,2 -118.6 = 20.9

* 3z | | |
Jr'bR‘dR

1,0 0000

1.5 0000 = 4.48

2.0 0000 = 26.4 - 6.5

295 X OOOO - 4604 bt 3607 — 605 )

3.0 OOOO - 6396 ol 6208 - 3509 - 508

305 OOOO had 7801 b 8500 — 6190 - 32.1 - 501

4.0 OOOO - 9004 —10307 et 8201 b 5403 bl 2709 hand 404

4.5 OOOO —10007 -11904 - 9909 - 7300 - 4703 - 2402 - 308

5.0, 0000 = =109¢5 =132.7 =114.9 = 88.9 = 6346 = 41,0 = 21,1 = 3,3

. R R ‘ .

[¥4
s —edR.d
L L.’DR Hedr

1.0 0000

1.5 = 2544 = 4.5 :

2,0 ~=169.8 -110.7 = 6.5 :

2.5 -45401 -36005 —13200 bt 605

3.0 —84804 -72409 f389°0 -12409 - 508

3,5 =1315 =1166 =739.3 =357.6 =110.4 = 5.1

4,0 -1823 -1653 -1150 = 669 =313.7 - 95.9 - 4.4 _

4.5 =2351 <2164 =1595 =1031 = 585 =272,2 = 83.1 = 3.8

5.0 ~2885 =2682 -2059 -1424 =~ 901 =508.1 =236,6 = T2.4 = 3,3
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Table Co439

Cheese no.,i13

Assumption w = O; std. size of the element; RO = 4.5 cm;

T = 20g; traverse = 0.05 cm; spacing = 1D; E = 1000g; EY = 1000g;

- P
B\T 1.0 14 1.9 24 2.9 34 3.9 44 49
.0 0000
.5 2545 1005

2674 2116 1005 ,
2682 2180 2306 1005

2682 2185 2410 2466 1005 ﬁ

2682 2185 2420 2612 2601 1005 |

2682 2185 2421 2629 2792 2718 . 1005

o682 2185 2421 2632 2818 2955 2822 1005

o o

o

TS RUVIVIO D —» =
-4 Pt
OV OWM O Ol

—Uxm3
1.0 0000 .
1.5 0000 18.13
2,0 0000 38.15 21.34
2,5 0000 39,31 48.95 24.05 _
3.0 0000 39,40 51.14 58,98 26.49 N
3.5 0000 39.41 51.36 62,49 68.54 28.72
4,0 0000 39.41 51,39 62.90 7T3.57 T7.68 30,80
4.5 0000 39.41 51439 62.96 T4.26 84.43 86,47 32.75
5.0 : . ) .
| IRBT
"""odl'
r‘bR

0000 '
0000 -12.95 =

OOOO f'27o 25 "'1 1 [} 23

0000 =28,08 ~25,76 ~10,02

0000 =28,14 =26,92 =24.58 = 9.13 |

0000 =28.15 =27.03 =26.04 =23.63 = 8.45

0000 =28,15 =27.05 =26,21 =25.37 =22,85 = 7.90

0000 - =28,15 =27.05 =26, 23 =25, 61 =24083 ~22,1T7 = T. 44

L 3

]
OUIOWUVMOUVIOoOWUW O

T VWO = =
[ ]
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Table C.40

Cheese no,13

Assunption w = O0; std, size of the element; RO = 4.5 cm;
T = 20g; traverse = 0,05 cm; spacing = 1D; E = 1000g; EBY = 1000g;
e .

R\T 1.0 1.4 1.9 2.4 2.9 3.4 3.9 4.4 4.9
1.0 0000
1.5 T799.9 282.0
2,0 799.9 =-290.1 350.8
205 79909 —32300 -23005 39902
3.0  T799.9 =325.T =276,7 -183.1 434.6
3.5 799.9 =325.9 =281,3 -241.4 -145.3 4621
4.0 799.9 =325.9 =-281.9 -248.4 =214.7 ~113.9 484.1
4»5 79909 “32600 -282.0 -249P4 ‘22403 -19303 - 8609 '50203
5.0
Zx 102
1.0 0000
1.5 6.366 1,586
2.0 6,366 ~1.,689 1,465
2.5 60365 '—10878 —00982 10324
300 ) 6.365 "'1 0893 "'10177 —00614 1.194
3.5 66366 =1,894 -1,197 -0.808 -0,401 1.084.
4,0 6,366 =1.895 =1,999 -0,832 =0,592 =0,266 0,990
4.5 64365 =1.895 =1.999 -0.835 =0.618 =~0.452 =0.175 0,911
5.0 ~ .

. R , '
( Jr Z.dr) x‘1o?

0000
70336 105863 o
~0.259 =2.659 1,465
‘50852 —80059 -00459 10324 .
_90937 -12.13 -40252 00582 10194 ’
=13.07 =15.26 =T4355 -2.216 1.117 1,084
~15.57 =1T7.76 =9.849 =4.6T73 -1,014 1,407 0.991
—17062 —19081 ‘11.90 —6.716 -3.012 —00253 10566 O°911

° o o ®
OV OUVIioOWn OWUWMO

o

A BBV DN = -
.

. il
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Table C.41

Cheese no.13

Assumption w = 0; std. size of the element; RO = 4.5 cm;

r = 20g; traverse = 0.05cm; spacing = 1D; E = 1000g; EY = 1000g;

02,
j oy
ENT 1.0 1.4 1.9 2.4 2.9 3.4 3,9 44 4,9
1.0 0000 '
1.5 0000 - ~517.9 -
2,0 0000 ~1090 -449.,2
2.5 0000  =1123 -1030 . -400,8 _
3,0 0000 . ~1126 ~1077 -983.,0 =365.3
3.5 0000 ~1126 ~1081 =~1041 =945.3 =337.9 ;
~ 4.0 0000 -1126 -1082 1048 -1015 -914.0 =315,9
4,5 0000 =1126 -1082 -1049 -1024 -993,2 -886,9 ~297.7 -
5.0 : . L
sz 2.
| ( J She dR) x 107
1.0 - 0000
1.5 0000 "=2.961 '
2,0 0000 =6,236 =1,886
2o5 OOOO -‘60425 "40 333 "'1 0329
3,0 0000 ~6,440 =4,527 =3,266 -1,001
305 OOOO -'60441 -40547 -30461 —20596 _00788 . :
400 OOOO —60442 —40549_ “'30484’ -20787 ;""20138 —09642 R
4,5 0000  =6.442 =4,550 -3.487 -2.814 -2.325 -1.808 -0,536
5.0 '
'b
1.0 0000 '
1.5 =19.57 = 2.96
2.0 -46002.—26006 Ll 1089 ) '
205' _66014- "‘45099 —18934 - 1033
3,0 =82,04 =61,88 =33.95 ~13.89 -~ 1,001
305 —95014‘ -74098 -4'7002 —26e66 -11004 - 0979
2,0 =106.3 =86.09 ~58.13 =37.73 621,79 = 9.08 - 0.64
4.5 =11549 =95.T3 =6TsTT =47.36 «31.38 =18.33 = T+65 = 0.54
5,0 . . . . . N
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Table C,42

Cheese no,14

Assumption w = O0; std, size of the element; RO = 5 cm;

Tl= 20g; ‘traverse = S5cm; spacing = 1D; E = 600g; EBY = 600g;

-P
R T 1.0 1ed 1.9 2.4 2.9 3.4 3.9 4.4, 449
1.0 0000
1.5 3266 690
2.0 6531 4056 728 -
205 9480 7096 4117 748 :
3,0 12022 9717 7039 . 4157 9
3.5 14172 11934 9510 7040 4192 766 ‘
4,0 15980 13798 11589 9465 7077 4223 771
4,5 17501 15367 13336 11503 9504 T130 4251 T4
5,0 18784 16689 14810 13223 11550 9581 7186 4276 - 777
-Ux 103
1.0 0000
1.5 0000 0.92
2,0 0000 - 5.41 2,04
2.5 0000 9.4T7 1153 2.97 .
3,0 0000 12,96 19,12 16,52 3,72 o
3,5 0000 15.92 26,64 27,98 20.53 4.32
4,0 0000 18.41 32,46 37.61 34.67 23,84 4,84
4,5 0000 20,50 37.38 45,72 46,56 38.13 26,66 5,28
5,0 0000 22,27 41,49 52,55 56458 54,10 45,08 29.15 5,67
aT
j SR
RNS 1,05 1445 1,95 2445 2,95 3,45 3,95 4.45 4,95
1000 ’
1.5 =0.16 =0.29
2,0 =0.36 =1.90 = 0.54
2.5 =0.54 =3.36 = 3,20 - 0,66
3.0 "‘0070 —4061 - 5 4’9 - 3079 - 0070
3,5 =0682 =5.67 = Ted2 = 6,44 = 4,00 = 0,71 -
4,0 -'0095 —6057 - 9 06 Ld 8o67 haad 6078 Lot 4004 " 0071
4,5 —1:04 =Te32 =10.43 =10.54 = 9411 = 6.83 -~ 3,98 - 0,69
5.0

~1.12 =T:95 =11.58 =12:12 =11.08 = 9.19 = 6.74 ~ 3,89 - 0.67




APPENDIX D

D.1 Relation between EY and T

Table D1

No, T (g) X = log, oT s T = log, S
1 2 ,0.301 ©.0.,0012  3,0792 '
> 5 0.6% 0.0022 - F.3424

5 100 1 0.005  FuH

4 20 1301 0.0045  3.6532

5 30 1.47T1 0.0056 | 3.7482
6 40 1.6021 0.0068 3.e325

7 50 1.699 0.0077 3.8865 |
s 54 1.732 0.0081

3,9085
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D,2 Measurement of the value of E

D.2.1 Observations

Table D.2

Experiment 1. Experiment 2,

Ei:?::fe Thickness ofzéayer ‘ ggigigzsinogliiyer 6D
T . ,Reading on dial. The number of crossing points
.The number of
crogsing points.
196 64 16 4 144 100 64 36
1 28.9 246 21.2 15.8 1-37.5 11-32.5 1-27.5 18 5
2 27 22,9 18.2 13.5 1=29.5 1-25.5 1-19.5 11
3 25,6 21.5 16.7 12.4 1-24.5 1-21  1-15 7
4 24.6 20.7 15.2 11.6 1-21.5 1-18 1-12 4
5. 23.8 19,7 15  11.2 1-18.5 1-15.5 1-9.5 2
6 23.3 19:2 14.4 11.2 1-16.5 1-13.5 1-8 0
7 22,7 18.7 14 10.9  1-14.5 1-11,5 1= 6.5 48
8. 22.2 18,2 13.5 10.5 113 1-10  1-5 47
9 21.8 17.7 13.2 10.4 1-12 1-9 -4 46

-
o

21,4 17,3 12,9 104 =11 ' 1-8 1-2 45
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D.2.2 Caleculations

Experiment 1

Table D,3
196 points .. 64 points
§§e7:. thickness pressure/ thickness pressure/
.2 9 of layer crossing 1oz. .Ps of layer crossing 1¢ P
~ABe  4nin. pt.ding °810°°  inin., pt, in g “°810°°
i.e. TH : i.e. PS : ioeo TH ioe. PS
1 0189 0.256  1.4082 0246 0.783  1.8938
2 027 0.512 ° 1.7093 = .0229 1.566 . 0.,1948
o3 .0256 0.768 = 1.8354 .0215 2.349 0.3709
4 .0246 1.024 0.0103 .0207 3.132 0.4958
5 .0238 1.28 0.1072 0197 3.915 0.5928
6 .0233 1.536 0.1864 0192 4,698  0.6719
T 0227 1,792 0.2531 ~.0187 5.481  0.7389
8 .0222 2,048 0.3113 0182 6.264 0.7969
9 .0218 2,304 0.3624 L0177 7.047 0.848
10 ,0214 2.56  0.4082 " 0173  7.83%  0,8938
. Table D.3 (continued)
16 points | 4 points
PTeESe  tnickness préssure/ thickness pressure
) 1bs/sq of la s £ 1 £
yer crossing log, -Ps 0 ayer fLrossing log. .Ps
in ynin,  ptedng "°%10°° inin.  pt. in g 19810

ioeo TH ioe. PS ) i.e. TH ioeo PS

.0212 3.132 0.4956 .0158 12,52 1.0976
0182 6.262 0.7967 .0135 25,04 1.3987
.0167 -9.363 0.9728 .0124 37.56 1.5747
0158 12.53 = 1.0978 0116 50.08 1.6997

015 15.66 1.1947 - .0112 62,60 1.7966
0144 18.79 1.2739 L0112 75,12 1.8757
014 21.92  1.3408 .0109 87.64 1.9427

.0135 25,05  1.3988 .0105 100.2 . 2.0008
.0132 28.18  1.4499 0104 112.7 2.0519
.0129. 31.13 - 1.4956. .0101 125.2. 2.0976

QUO~ITOoOWUwHuin—

-




Experiment 2

Table D.4

144 points ' 100 points

PresSe  .yjeckness pfeSsﬁre/¢ _ . thickness pressure/

lbs/sq . . . .
S of layer - crossing Ps of - layer crossing 1og1OPs

in iy in. . pt. ing T°810°°  inin, pt. din g
i.e. TH l.es Ps . i.ee TH . l.e. Ps
1 0875 = 0.348 1.5416. 0825 0.501 1.6998
2 - 0795 = 0.696 1,8426 0755 1.002 0.0008
3 0745 1.044 0.0187 071 1.503  0.1769
4 0715 1.392 0.1436 .068 - 2.004 0.3018
5 .0685 1.74  0,2405.  ,0655 2.505 ° 0.3988
7 .0645 2,436 0,3867 - .,0615 - 3,507 - 0.5449
8 063 2,784 0.4446 .06 4,008 0.603
9 062 3.3%2  0,4958 059 - 4.509  0.6541
10 .061 3.48 0.5416 058 5.01 0.6998 .
Table D.4 (continued)
64 points ) o 36 points
{i:;:é thickness pressure/ thickness pressure/ = =
of 1layer crossing of ‘layer crossing
in ynin, pt. ing 2°810°°  in in.  pt. in g 19810T®
ij,e. TH i.e. Ps - i.,es TH 4i.,e, Ps '
1 0.0775 0.783  1.8937 .0685 1.391  0.1433
2 0.0695 1.566 0.1949 .061 : 2,782 0.4443
3 0.065 12,349 0.3709 +057 4,173 0.6204
4 0.062 3.132 © 0.4958 «054 5.564 0.7554
5 " 0.0595 3.915 0.5928 ,052 . 64,955  0.8423
6 0.058 4,698 . 0,6719 .05 8.346 0.,9215
T 0.0565 5.481 = 0,7389 +048 9.737  0.9984
8 0.055 6.264 0.,7969 047 11.13 . .1.0465
9 0.054 7.047 0,848 . 046 12,52 . 1.0976 -
10

0,052 7.85  0,8938 045 . 13,91 1.1433
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T = 10g; traverse

- D.5

Table D,5

Assunption w = 0; std. size of the element; RO = 4,8 cm;

‘ ,. ¥
= 5 cm; speeing = 1D; E = 100g; EY = 2185, T g7~;

- P

B\" 1.0 1.3 1.7 2.3 27 33 3.7 43 4.7
1.0 0000 |
1.4 981 335
1.8 1317 918 356
2.4 1533 1222 1049 372
2.8 1566 1266 1185 981 377
3.4 1578 1283 1245 1342 1169 . 382

3.8 1580 1286 1254 1414 1368 1044 384

4.4 1581 1287 1258 1449 1476 1456 1234 387
4.8 1581 1287 1259 1456 1498 1566 = 1474 1098 388

-Ux10°
1.0 0000
1.4 0000  1.32 |
1.8 0000 - 090 1.83 i 1-22
s 0000° ¥ E.68¢"7.80 7.05  2.37
3.4 0000 Y 8.15 = 9.58 9,22 2.60
3.8 0000 5,78 8.21 10.03 10.71 8,58 2,73
4.4 0000 5,79 8,24 10.24 11,46 12,31 11,12 2,94
4.8 0000  5.79 8.24 10.28 11,60 13.15 13.35 9.99 ~ 3.05
R
oT
- ﬁ.dR
2 OR*

1.0 0000
1.4 0000  4.35
1.8 0000  9.50 5,17
2.4 0000 10.44 11,63 5,06
2.8 0000 10.65 12.87 10.32  4.72
3.4 0000 10.75 13.47 12.38 - 10.80 4,37
3.8 0000 10,76 13,57 12,95 11,98 10.02 4.13
4.4 0000 10,77 13.62 13.24 12,77 11.40 10.31 3.87
4.8 0000 10.77 13.62 13.30 12.94 12.04 11.32 9.64 - 3,70
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‘Table D.6

Assunption w = 0; std., size of the elemeﬁt; RO = 4.8 cm;

‘ ‘ ‘ . 3
T_= 10g; traverse = 5 cm; spacing =1 D; E = 100g; EY = 2185, T QZ

R

j Z.4r
Yr
R 1.0 - 1.3 1.7 2.3 2T 3.3 37 43 4.7
1.0 0000
1.4 460.1 92.4
2,4 209.6 - 36,4 28,8 50.5
"~ 2.8 69.6 ~172.6 = 75.6 T4.0 46.7 -
34 =108.2 =349,0 =237.8 = 1.3 62.8 41.3
3.8 =203,8 ~444.4 =330.9 - TT.4 16.3 75.3 38.6
404 -322.6 —56302 -4'48.6 —18700 - 7608 4401 ’ 7007 3409

EY/E

0000 |

58.62 45.91

58.62 16,22 42,92

53.62 1539 26.93 43.32 '

58,62 18,20 34.32 13.39 -44.56

58,62 19.26 . 37.24 31.70 19.83 45.83

58.62 19.43 38,09 34.76 29.29 4,36 46,65

58.62 19.50 738.49 36.18 33,09 20.05 10.28 47.52 :
58,62 19.52 37.94 36.45 34.61 29,69 24.65 14.18 48.08

. o ® o o o e
OO PPOPPOPMO

FPRVUVNDD ==
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Table D.7T

Assumption w = 0; std. size of the element; RO = 4,8 cm;

’ 3/
T = 20g; traverse =5 cm; spacing =1D; E = 100g; EY = 2185, T é?;

-P

13 1.7 23 2.7 3.3 3.7 43 4.7

=
Al
o

1.0 0000
1.4 1847 671 .
1.8 2419 1721 712
2.4 2688 2108 1977 743
2.8 2712 2144 2159 1892 754
3.4 2719 2156 2223 - 2505 2271 765
3,8 2720 2158 2231 2589 2580 1993 769
4.4 2721 2158 2233 . 2617 2695 2683 - 2360 773
4.8 2721 2158 2234 2622 2713 2818 2746 2077 716
-U x 10°
1.0 0000
1.4 0000  2.42
1.8 0000 . 6.95- 3.35 -
2.4 0000 8.91 11.09 3,82 . :
2,8 0000 9,08 11.98 11.66  4.19 :
3.4 0000  9.14 12,28 15.15 15,94 4.72
3,8 0000  9.14 1231 15.58 17.81 14.72 4,76
4.4 0000  9.15 12.33 15,73 . 18.47 19.45 18.16 5.14
4.8 0000  9.15 12.33 15.75 18,57 20,27 21,00 16.77 5.32
R .
AT
- ?—ﬁu dR
r
.0 0000
.4 0000 10.68

0000 20,30 12.74

0000 22,56 25.89 11.T1

0000 22,88 28,01 21.61 11,26

0000 22,99 28.T9 26.43 21.90 10.67

0000 23,00 28,89 27.26 24.01 21.18 9.69

0000 23,01 28,92 27.55 24.93 25.59 21.51 9.1

0000 23,01 28.92 27.59 25.09 26,70 23.76 20,24 8.68

[ ]
OO0 OPH>O

B OUTOLVIND N = =
®
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Tsble D.8

Assumption W = O; std. size of the element; RO = 4.8 cm;

T = 20g; traverse = 5 cm; spacing=1D; E = 100g; EY = 2185, T /7g;
j Z,dr
e
AN 1.0 1.3 1T 23 27T 33 3.7 43 4T
1.0 000 |
1.4 812 152 :
1.8 594 103 96 .
2.4 7 -374 - 87 85 e
2.8 =241 =689 =352 82 77 o |
3.4 - 636 1083 - T29 -146 54 . 68 . . .
3.8 = 842 1289 =~ 933 330 =79 98 68 - "
4,4 -1093 -1540 -1183 574" =303 -19 . 89 62
4.8 -1233 -1680 -1323 =713 =439 -135 16 108 59
" EY/E
.0 0000 o
4 78.89 56,88

78.89 13.09 51.11 ’ |
78.89 32.66 46.72 54.09
78.89 34,38 53.28 26.81 - 55.34 .
78.89 34.93 55.47 48,51 28,77 56.90
78.89 35.00 55.72 51.10 39.61 23.49 59.38
78.89 35.01 55.80 51.96 = 44.85 45.69 26,07 60.78
78.89 35.02 55.82 52.09 43,88 49,37 34.29 11.82 61.81

BEVVDD S ==
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Table D‘E

Assumption w = 0; std. size of the element; RO = 4.8 cm;

T = 30g; traverse = 5 cm; spacing = 1 D; B = 100g; EY = 2185, T3/7g;

-P

RY 1.0 1.3 1.7 2.3 2.7 3.3 3.7 4.3 4.7
1.0 0000
1.4 2667 1006 o
1.8 3461 2480 - 1069
2.4 3748 2943 2846 1115
2.8 3765 2974 3040 2763 1132
3.4 3769 2980 3088 3402 3260 1147
3.8 3770 2982 3094 3484 3646 2921 1154
4.4 3770 2982 3095 3510 3778 3880 3409 1160
4,8 3770 2982 3096 3513 3793 4012 3868 3041 1163
-0x 103
1.0 0000 )
1.4 0000  3.43
1.8 0000  9.80 4.77 |
2.4 0000 11.96. 14,38 . 5.41 '
2.8 0000 12,09 15.99 15.38  5.66
3,4 0000 12,12 16,20 18.55 19.13 6,32 .
3.8 0000 12.12 16.22 18.93 21.14 20.19 ' 6.86
4.4 0000 12.12 16.23 19,05 21.80 26,35 25.14 7.08
4.8 0000 12.12 16,23 19.06 21.87 27.11 28,08 22,47 7.40
ILZEE .
- 5.
r
N 0000 o
0000 18.01

0000 31.95 21.60

0000 36.32 42.93 19.72 -

0000 36.68 45.70 35.13 18,12

0000 36,77 46.42 41.43 36.46 16,99

0000 36,78 46,50 42,35 40.05 30,91 16.63

0000 36,78 46,53 42,65, 41.40 36.56 34.64 14,93

0000 - 36,78 46,53 42.68 - 41,55 37.65 38.15 30.37 14.37

PRV N - =
o o
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Table D,10
Assumpfion w=_0; std. size of the‘element; RO=>4.8 cng )
. ’ : ) ‘ z
T = 30g; traverse =5 cm; spacing =1 D; E = 100g; EY = 2185. T//7g;
R .
j Z.dr
r .
RV 1.0 1.3 1T 2.3 2.7 3.3 3T 4.3 4.7
1.0 0000 |
14 1111196 .
1.8 690 8 111 '
2.4 =218 - 848 - 300 105 -
2.8 = 722 01348 0 748 45 . 105 ,
3.4 -1318 -1944 1331 - 384 1 95
3.8 =1645 <2270 =1656 = 691 =241 109 88 2
4.4 -2049 -2674 =2059 -1088 -614 ~110 65 86
4.8 =2268 -2893 =22T8 -1306 =831 =304 ~T79 133 = 82
EY/E
1,0 0000 P
1.4 93.87 63,36
1.8 93,87 29.10 54,39
2.4 93.87 ‘48.16 65.44 59.33 :
2.8 93.87 49.31 T1.13 44,05 63.12
3.4 93.87 49.58 72,50 62,06 48,62 65.61
3,8 03.87 49.61 7T2.65 64,16 58.74 20.94 66,39 ,
4.4 93.87 49.62 72,70 64.83 62.00 48.92 42,18 69.87
4.8 93.87 49.62 T2.71 64,90 62,36 52,25 53.71 14.19 70.98
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Table D.11

Assumption w = 0; std. size of the element; RO = 4.2 cm; A

T = 20g; traveréev= 5 cmy spacing =1 D; E = - T7.49.Pg;

3 . .
EY = 2185, T /7g; dr = 4R = 0,05 cm;

AUVTLUVITVIND N = -
.

- P
AW 1.0 1.3 1.7 24 2,5 2.9 3.3 3.7 44
.00 000
4 510 433
.8 510 508 468
.2 510 508 555 489
6 510 508 - 555 601 513 :
0 510 508 . 555 602 . 638 532
.4 510 508 555 602 640 672 548
.8 510 508 ~ 555 602 640 673 . 1709 561
.2 510 508 555 602 640 673 1 745 573
-Ux 103
1.0 000 » .
1.4 000 6.17
1.8 000 7.21  6.50
2.2 000 7.21  T7.76 T.18
2.6 000 7.21  7.76 9.06 7.60
300 000 7-21 7077 9007 9087 84,02 '
3,4 000 . T.21  T.T7T - 9.07 9.89 :10.37 8.45
3.8 000 T.29  T.77  9.07 9.90 10.40 11.01 8,90
4.2 000 7.21  T.T77T 907 - 9.90 10.40 11.04 11.78 9.35
R 9
T
- g ﬁ;ﬁ.dR
T
1.0 0000
1.4 0000 21.T1
1.8 0000 23.47 20.53
2,2 0000 23,47 21.76 19.95 -
2.6 0000 . 23,47 21.T7 20.74. 18.83
3,0 0000 23.47 21.77 20,75 20,10 17.82
3,8 0000 23.47 21,77 20.75 20.10 19.69 19.16 16.23
4.2 0000 23.47 21.77 20,75 20.10 19.69 19.17 18.72 15.60
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Table D,12
Assumption w = 0; std., size of the element; RO = 4,2 émﬁ
T = 20g; traverée =5 cm; spacing=1D; E == 7.4&:Pg;
37 - ' ./
EY = 2185. T‘ﬁ%; dr = dR = 0.05 cm; g
. _— ,
[ae
r

1.0 1.3 1.7 2.1 2.5 2.9 33 3.7 44

4

1.0 000

104 115.6 - 13.4

1.8 7.6 =113.1 8.6

202A bl 46.9 -16706 "3707 17.1 ’

206 - 5907 -180.4 "5005 11.0 26.5

300 - 5001 "171 07 "41 08 19.8 39.8 32.0 - .

3.4 = 29.4 -150.1 =20,2 41.4  61.5 59.5 35.0

3.8 1.2 -119.5 =10.4 72,0  92.2 90.2 T3.2 36.3

2.2 38.0 - 82,7 47.1 108.7 128.8 126.9 110.0 81.5 36.8

EY/E

1.0 0000

1.4 1001 416

1.8 1001 479 233

2,2 1001 479 328 96

2.6 1001 479 329 209 298 ,

2,0 1001 479 329 210 83 375

3.4 1001 479 329 211 86 131 421
3.8 1001 479 329 211 87 129 - 187 449 S
4.2 1001 479 329 211 87 129 186 239 470
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Table D.13

Assumption w = 0; std. size of the element; RO = 4.2 cm;
T = 30g; traverse = 5 cm;  spacing ='1 D; E = = 7,05 Pg;

EY = 2185, Ts/’é‘; dr = dR = 0,05 cm;
. } P.

A

1.0 1.3 1T 20 25 29 3.3 37 4

1.0 0000

1.4 821 663

1.8 822 790 715

2.2  .822 791 831 760 :
. 2.6 822 791 882 . 949 796 ;

3,0 822 791 - 882 951 1016 824 .

3.4 822 791 882 951 1018 1082 . 848

3.8 822 T91 882 951 - 1018 1086 1146 . 868
4,2 B22 TN 882 951 1018 1086 1151 1209 886

-Ux 1O3

1.0 0000

1.4 0000 T7.02

1.8 0000 8.45 - T.72 -

2.2 0000 8.45 9.75 8.19 :

2,6 0000 8.45 9.76 10.66 8,70 .

2.0 0000 8.45 9.76 10,69 11.29 9.24
- 3.4 0000 8.45 9,76 10.69 11.32 12.16 9,80

%.8 0000 8.45 9.76 10.69 . 11.32 12.20 13,14 10.%4

4.2 . 0000 8445 9,76 10.69 11.32 12.20 13,19 14.17 10.87

: R .
o7
- J iﬁ;.dR
r
. 0000
. 0000 30,70

0000 32.54 29,66
0000 32,55 31.15 27.83

0000 32.55 31.17 30.00 26.19 |

0000 32,55 31.17 30,00 29,21 24,82 |

0000 32,55 31.17 30.00 29.23 28.38 23,67

0000 32,55 31.17 30.00 -29.23 28.42 27.70 22.67 .
0000 32,55 31.17 30.00 29.23 28.42 27.75 27.13 21.78

SOOIV W DN = =
. o
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Table D.14

Assumption w = O; std. size of the element; RO = 4.2 cm;
T = 30g; traverse = S_cm; spacing = 1 D; E = - 7,05 Pg;
| 31 .
EY = 2185,T g dr = dR = 0.05 cn;
R
I Z.dr
r

1,00 1.3 1T 24 25 2.9 33 3.7 4.

=

133 172 395
133. 171 189 411
133 174 187 199 424

795 286 184
793 286 184

1.0 0000
1.4 288,9 18.9
1.8 202,0 =53.0 34,8 ;.
2.2 187.,6 =67.3 32,9 51.4 :
2.6 212,2 =42.8 57.5 84.0 60.4
3.4 321.1 66,1 166.4 193.0 181.,7 141.1 65,9
3.8 392.1 137.2 237.5 264.1 252.8 212.4 153.,1 65.8
4.2 468,4 213.4 313.7 340.3 329,0 288.6 .229.6 159.4 64.9°
EY/E
.0 000
4793 197
8 T93 286 133
2 793 286 184 7 '
6 793 286 184 W T7 338
0 1793 286 184 .74 135 372
4
8
2

2
2
6
793 286 184 6.
6
6




Table D15
Assumption w = 0; std. size of the element; RO = 3.8 cm;
T = 10g; traverse = 5 cm; spacing=1D; E = (-8.18.P + 10)'3;‘

: 3 '
BY = 2185.7T /7g; dr = dR = 0.05 cm;

- P

R\" 1.0 1.3 1.7 2d 2.5 2.9 3.3 3.7
1,0 000 |

1.4 540 254

1.8 576 . 438 273 A

‘2,2 578 445 511 - 287
2.6 578 446 522 533 297

3,0 578 446 523 = 551 576 - 302

3.4 578 446 523 553 606  .517 310

3,8 578 . 446 - 523 553 608 630 627 314

- U x10°

1,0 000 ’

1.4 000 , 3.78

1.8 000 6.61  4.27

3,0 000 6.71 8,09 8,69 9.78 5,36

3,4 000 6.71 8,09 8.70 10.12 11.40  5.51

3,8 000 6. 71 8,09 870  10.23 11,92 11,79 5.88

" _
AT
- I {R'odR
r
.0 000 o
000 10,21

000 13.56 10,01
000 13,76 1257  9.47
000 13,76 12,79  12.67 8.94
© 000 13,76 12,80 - 13.00 12,15  8.74
000 13,76 12,81 13.03 12,63 11,38  8.16
000 13.76 12,81 . 13.03 12,66 11,82 11.43 7.90

LVIVIVI DO N = o
e o o o
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|  Table D.16
Assumption w = 0; std, siée of the element;“ RO =/3.8 om;
D = 10g; traverse = 5 cm; spacing = 1 D; E = (-8.18,P + 10)eg;
EY = 2185.T3/7g; dr = dR = 0.05 cm; |

R

| [ Z.dr
r

A 1.0 1.3 1. 2,9 2.5 2.9 3.3 3.7
1.0 000

1.4  118.4 163 '

1.8 e 72.2 ‘12604 1704

2,2 =226.4 =278.5 = 67.5 21.0

'206 -34203 —39404 -180-4 - 39o2 22.7 . . .

3,0 =433,2 =-485.3 =271.1 =126,0 = 15,0 . 21,7

3.4 =505,2 ~557.3 =343.0 =~197.7 =~ 81,2 ~ 2.4 23.2

3.8 -56307.v—615.8 '—40106 '-25602 -13904 bl 5514 9-7 '2204

EY/E

1.0 000 _

1.4 345 8

1.8 299 217 247 '

2.2 299 221 176 113

2.6 299 . 221 181 - 171 159

3,0 229 221 181 182 154 160.

3,4 229 221 181. 183 - 165 125 187 .
3,8 229 221 18t 183 165 227 124 197
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Table D,17

Assumption w = O; std, size of the’element;‘ RO = 3.8 om;
T = 20g§ traverse = 5 cm; spacing =1 D; B = (-7,4§,P‘+ 10)g;
EY = 2185.T3/7g; dr = dR = 0.05 em; - |

-P
R\® 1.0 1.3 1.7 2.1 2.5 2,9 3.3 3.7
1.0 ~ 0000 |
1.4 1043 503 ,
1.8 1103 . 833 - 545
2.2 1104 846 985 576
2.6 1104 846 1005 . 1043 593
3,0 1104 = 846 . 1006 - 1080 1141 606
3,4 1105 846 1006 = 1082 - 1194 1160 622
5.8 1105 846 1006 1082 1199 1235 1221 631
-Ux10°
1.0 0000
1.4 0000  5.78
1.8 0000  9.56  6.33
2,2 0000  9.68 11.32  6.69
2.6 0000  9.68 11.50 12,05 - 7.23
3.0 0000  9.68 11,51 12,39  14.25  7.91
3.4 0000  9.68 11.51 12,41  14.78 15.53  g.12
3.8 0000  9.68 11,51 12,42  14.82 16,32 17.30 8.64
. R . 1
or ‘
- | £ar
J, 3%
. Q000
.4 0000  20.78

0000 27.50 20.01
0000 27.84 23,89 18.73
0000 27.86 24,23 24.35 17.89
- 0000 27.86 24,25 24.94 23.31 17.40
0000 27086 24.25 24!98 24003 23,17 16,21 . ;
0000  27.86  24.25 = 24,99- 24,10 24,13 21.87 15.67

WIOVIWR DN = -
o o o o
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Table D,18
Assumption w = 0; std. size of the element; RO = 3.8 cm;
T = 20g; traverse = 5 cm; spacing =1 D; E = (- 7.49.P + 10)g;

3
EY = 2185.T /7g; dr = dR = 0.05 cm;

R .
j Z.dr
r
R\r 1.0 1.3 1.7 21 2.5 2.9 3.3 - 3.7
1.0 000
1.4 231.2 ° 24.3 -
108 - 9703 "23207 3304
2.2 -35203 -48407 "'10709 207
206 -54400 -676'3 -29406 - 5503 44.6 : T
3.0 -688.5 -820.8 -438.9 "19207 - 8.6 43.4 ..
» 3.4 "801.4 -93307 -55108 "305‘1 '-112.6 . 703 46.6
3.8 =891.,2 -1024 -641.6 =394.9 ~201.6 = T1.8 28,2 45,2
- EY/E
1.0 000
1.8 2% 228 119
2.2 294 231 156 129
2.6 294 231 160 158 161 '
3,0 . 294 . 231 160 - 164 132 171
3.4 294 231 160 164 141 131 198
3.8 294 23 160 164 - 141 139 96 208
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Table D.19
Assumption w = 0; std. size of the elemént; RO = 3.8 cmy -

T = 30g; traverse = 5 cm; spacing =1 D; E = (-7.05.P + 10)g;

EY = 2185.T3/7g; -df = dR = 0.05 cm;

-P

rR\* 1.0 1.3 1.7 2.1 2.5 2.9 3.3 . 3.7
1,0 000 , ‘

1.4 1532 761

1.8 1619 12714 819
2.2 1622 1293 1422 866

2.6 1622 1294 1454 - 1570 890 |

3,0 1622 1294 1456 1632 1653 920

3.4 1622 1294 1456 1636 1731 1769 938

3.8 1622 1294 1456 1636 1739 1882 1822 955

- U x 10°

1,0 0000

1.4 0000 6499 ,

1.8 0000 11.70  7.85

2,2 0000  11.84 13,37 8,20

2.6 0000 11.84 13.61 14.66 ~ 9,06

3.0 0000 11.84 13.62 15.40 17,64 9.4

3.4 0000 11.84 13.63 15.44 18,30 18,76 10.04

3.8 0000 11.84 13.63 15.44 18,36 19,75 20.42 10.43

— »
T
- S aRodR
r
.0 0000 .
4 0000  30.33

0000 37.78  29.70
0000 38,18 36,37 . 27.51%
. 0000 38,20 36,92 . 35.24 26,72
0000 38,20 36,96 36,15 33.29 24,91
0000 38.20 36,96 36,22 - 34,19 32,37 23,93 '
0000 38.20 36,96 36,22 34,29 33,46 32,52 22,74

WOV PO ) = s -
e o o o o
OO NO RO
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Table D.20
Assunption w = 0; std. size of the element; RO = 3.8 cm; .
T = 30g; traverse = 5 cm; spacing =1 D; E = (-7.05.P + 10)g;
| 3/7

EY = 2185,7 ' 'g; dr = dR = 0.05 cm.
g

J Z.dr
r
R\ 1.0 1.3 1.7 2.1 25 2.9 3.3 3.7
000 |
366.4  50.0

WAL - = -
L ]
OPOONNODHSO

- 50,9 =256.0 54.0
=374.0 =574.9 =131.6 69.1

"'61 008 -81 1 06 -361 03 - 3807 67.5 )

* “783.0 "98308 "'53300 -1 9903 6.2 73-2

. ~-918.1 =1119° ~668,0 =333.6 ~116.9 47,0 71.9

. -1025 —1226 ..-77409 -440.3 —22205 had 4403 6202 71.7

EY/E

1.0 000 ‘
1.4 293 64.8
1.8 282 186 60
2,2 282 187 159 144
2.6 282 187 166 136 159
3.0 282 187 167 142 . 108 189
3.4 282 187 167 143 116 89. 2014
3,8 282 187 167 143 116 100 90 215 -




APPEIDIX E

‘Table E,1

Cheese No.8

Aésﬁmption 'w = 03 'sfda siée of the element; Rop;xs.b‘ém;  o
T = 20g; traverse = 5 cm; spacing = 1 D; B = 100g; EY = 5000g;

[ ] s

1.4 1.9 2.4 2.9 3.4 3.9 4.4 4.9

>

,
i
O

1.0 ©
1.5 0 2664 |
2,0 0 2772 3807
2,5 0. 1464 2314 3207
3,0 0 300 -~ T3 862 1702
3.5 0 =420 =1900 1847 - 819 - 279
4,0 0  ~1360 =~3760 -4585 =4222 3164 ~2424 ,
4,5 O =1880 ~4930 -6398 =6633 =5988 ~4790 =4032
5.0 0 = -2476 <6271 8479 =9437 ~3445. -8T45 ~T667 -6994
g «
(,[ Z.ar )/ P
r .

~0.442 -0.269

~0.267 =0.104 =0.199

~0.032 0.179 ~0,006 ~0.,096 =~0.142

0.049 0.281 0,095 =0.024 —0.093 -0.125

0,166 0.434  0.232 0,097 =0.010 =0,048 ~0,083 ~0.102

[ ]
oOviouviouvowo
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Table E,2
Assumption w = 0; std. size of the element; RO = 5 cm;

(IR z.ar) / P

Cheese no, 1

Ay ; 20g; traverse =5 cm; spacing = 1D; ' E = 200g; EY = 5000g;

R\ 1.0 1.4 1.9 2.4 2.9 3.4 3.9 4.4 4.9

. o

OU!OU'!.C)UIOUIO

-0.489 -0.337 |

-0.366 =0.225 -0.239

-0.274 -0.125 -0.173 ~0.196

~0.201 =0.039 -0.106 ~0.150 =0.166

~0.145 0,031 ~0,047 0,107 -0.133 =0.144

-0.099 0,089 0,005 =0,062 -0.100 =0.120 ~0.127

~0.061 0,137 0.049 =0,023 =0,068 ~0.095 -0,109 —0.115

~0.029 0.178 0,086 -0,010 ~0,038 =0,070 =0.089 0,100 -0.104

VA DUV N - —
L ]

*

Cheese no, 10

= 20g; traverse = 5 cm; spacing = 1D; B = ZOOg; EY = 2000g;

=0.517 -0.397

- =0.421 -0.315 -0.268

-0.301 -0.186 -0.187 -0.191 -0.186
-0.258 -0,145 =0.148 =0,161 ~0,163 0,1
~0,223 =0,105 =0.112 =0,132 ~0.142 ~0,1
-0.194 -0,071 -0.081 =0,107 =0.121 =0.1
-0.169 -0,042 -0,054 -0,083 ~0,101 ~0,1

m#hyummaae

*

-0,
-0.129 -0.125
=0.115 =0.116 =0,113

-
OV OVIOVIOUV O

Cheese no, 13

T = 20g; traverse = 5 cm; spacing = 1D; E = 1000g; EY = 1000g;

~0,531 =0,446

~0¢448 =0,380 =0.324

=0,350 =0.,297 =0.257 =0,231 -0,211
 =0e317 =0.268 ~0,234 =0,211 =0,194 =0,180

~0.290 ~0.242 =0.211 =0.194 =0,179 =0.167 ~0.157

20.268 ~0.224 =0.195 ~0.178 <0.166 =0.156 —0.147 —0.140 ’
0,249 =0.206 ~0.175 =0.165 =0:155 =0.146 ~0.138 ~0.131 <0.125

\n4>4>§x\xnon5--
L ]
OVIOVIOVIOWM O
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APPENDIX F

CONSIDERATION OF CEHTRIFUGALH FORCE

F.1 Effect of Centrifural Force

| In a rotating ﬁaékége an element at any radius r will geneiate
centrifugal force thereby reducing the pressﬁre it exerts oﬁ the layer
beneath it‘while the package is rofating. Similariy the element at
thebduter radius R will'genergte centrifugal force as soon as it is
added to the rotating package. The cenfrifugal force so devéloped will
reduce the effective pfessure iﬁpqsed by the element on the package
 beneath it during rotation. |

For a given rdtating package, the magnifude of the centrifugal
force develbped in the element will depend on-the'maésbofythe element
and on the circumferential speed of the element, which itself depends:
én the‘angular vélocity and the radius of the elemgnt.

In some cases of winding, when spindle speed is very high énd
the diameter of the package is large, it may be possible that the |
centrifugal force developed in the elément Just added to the packaée
.'1s’iérge. This force may reduce the éffective pressure imposed by
the element benéath it considerably and thus affect the compression
of the package significantly. It may also be possible, in an extreme
case,.thaf the'centrifﬁgél fofce developéd in the element overcomes
its pressure altogether rendering the winding impossible, It shéll
be;useful to determine the magnitude of centrifugal force developed

and its effect on the compression of the package.
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However, thé centrifugal force to reduce the preésuré.of the
element exists as long as‘the'packagevis r@tatihg. As soon as the
package is stationary the full pressufe of the elenent is available
and is imposed over the cheese beneath it, But if the centrifugal
force is large, it might affect the formation of the package, specially
when there is a possipility of slip between éore and cheese or between

layers.

F.2 Centrifusal Force of the Element

The centrifugal force of the element is given by the

expression

- m._(wv r o | seeees (r.1)

where m is the mass of the element in g, Wwv is the angular velocity
of the element in radians per sec., ‘T is the radius in cm at which
the element is rotating and gr is the acceleration due to gravity in

cms per sec, per sec.

F.2.1 Mass of the Element

The total number of threads in the element are

2.K .d—r
D .

' The diagonal length of the element at r is 'L', The average lengfh, |

is L/2, where
L = 4. r2 4+ a2
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therefore, the total length of yarn in the element is

2
.d L Ko oQT /
KX r 3 = = . r2 + a2

D °

If 'mass! be the mass per unit length (in g per cm) of the yarn and

tn' be the total mass of the element then ,
2 . [T . -
Ku o Lli : . .
m = _—éﬂ_it . r2 + a2ko mass cee .ee (i)

Now if 'count! is the count of unstretched yarn in the cotton system

fhen the 'mass! of the yarn in g per cm is given by thé expression

_ 453.6
, Dass = ‘count x 840 x 91.44

The yarn wound on the cheese is in a stretched condition, stretched
by the winding tension in the yarn. Therefore the apparent count at

the time of winding is count.(1 + T/EY); EY being the Elasticity of

yarn in Extension. Therefore

mass = ount x (1 + T/EY). x 840 x 91.44 °*°** °*°° (11)

- F.2,2 Angular Velocity of the Element

If 'rev' be the revolutions'per minute of the spindle, then

angular velocity 'wv' in radians per sec. of the element is

wv = revx 2 x 3.14159 /,56 o cer aee (111)
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F.3 Consideration of the Centrifusal Force

The centrifugal force of the element at r in a rotating '
package was present‘before the addition of the layer at R and is also
present after the additionvef a layer. The change in the centrifugal
force of the element can occur only due to the deformation u in r;'
mass and angular velocity of the element remeining constant.

_ In the equation (3 11) p! represents the change in the
pressure of the elenent due to the addltion of the said layer. This
change of pressure P w111 also include change of pressure of the
, element because of any change in the centrifugal force. Therefore
the main equation (3.14) Temains unaltered,

The centrifugal force of the element added reduces the
pressure imposed by the element beneath it given by the equation (3, 22)

_ The nett pressure imnosed is given by the exnression

) : s 2 .
K, dR wv) L m.R
PoR = - ) ,‘To° cosaOR + po= R

Therefore the boundary condition at r = R is given by the following

expression _ ,
- T ,dR.cosa 2
2u ot _* oR ., _m,(wv)<,R
OU ot (r=R) = - + . e (F.2)
31‘ ?.K.D.E 2(K.¢‘)2.E.gr _

The solution of equation (3.14) with the above boundary condition at

= R gives the value of u in a rotating package, '
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F.4 Changes in Computer Program 15

Program 15 is changéd as follows to do calculations for a
rotating package. Only change in the program is in the boundary
condition at the outer radius R. This condition in the prograﬁ is .

given by the following equation

du 0 ; R
_arv(at r=R) = > 758 L = + cfedu

where cfcdu represents the second part of the equation (F.2) namely

ar RZ' 2 mass.(wv)Z.R
e ————— + a ° ;
ZQK‘DQE . . ’ g"r
where  mass 453.6/(840 x 91.44 x count x (i+m/EY)); _

-

and wv rev x 2 x 3.14159/60.

The values of count, rev and gr are read in the program
through the data tape. The value of 'cfedu!' appeafs in the output.
By giving a value of zero to ‘rev' the program reduces to 15 giving

results for a stationary package.

"F.S Results and Conclusions

| The values €hosen fof count of yarn in cotton system,
revolutions per ninute of the SPindie and acceleration due to gravity
in cms/sec./sec.‘are 11, 900 and 981 respectively, - These values are .

representative of the cheese used in the practical work. The results

are tabulated in the table F.1.
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Table F.1
outer % reduction . ’
Yo radius in Py due railusv > VU_ 0 v e=b
* R to centri- om © a Tev ; 00 T =100
cn fugal force -
1 1.1 0,093 1.0 -~ 0000 - 0000 00
2 1.5 0.131 1.5 0.01342 0,01335 0.522
3 2,0 0.212 2,0 0.02215  0.,02203 0.542
4 2.5 0317 205 0.02695 0.02677 0.668
5 3.0 0.446 - 3.0 0.0283 0.02808 0.777
6 3¢5 0.6 3.5 0.02641 0,02618 = 0.87
T, 4,0 0.776 .. 4.0 0.02123 0,02102 0.989
8 4.5 0.976 4.5 0.01254 0.,01240 t.129
9 5.0 . 1.202 4.9 0.00284 0,0028 1.409

The abbve tzble is compiled with the values of x, anglé and.
spacevas,S; 1 and 1 respectively. The results show that the reduction
in the pressure imposed by the added layer due to the centrifugal
force of the leyer is maxiﬁum at the outermost radiﬁs end is 1.2% of
the pressure which would be imposed if fhe cheese.was'stationary.

Also the naximun difference iﬁ the compressi;n of a rotating and a '
stationary cheese is 1.41% of the coﬁpression of a stationary cheese,
.This occurs at the radius of 4f9 co. At the dther radii differences
4are smaller. Hence the effect of centrifugal force of the cheese, in

the present case,'is small,
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NOTATION

is the'radius at whiCh an annular element was wound.

is the orig1na1 radial thickness of the element.

is the current radius of the element.

is‘the current radial thickness of the element

is the present outer radlus on to which the yarn is wound.

is the radial thlckness of the element being wound at outer.
radius R, A

is the axial distance of the element from the end ef the cheese,

is the final radius of the-cheeSe'to which it is built up.

is the angle subtended by the element at the axis.

is a constant related to the number of ends in the element..

is the number of ends in the element in either axisal or
circumferential direction (see\definition of element).

~1is the dianeter of the yarn.

is the Modulus of Compression of the cheese. It is defined
as the force required to produce unit radial strain at one

ecrossing point. It is expressed in g.

is the change in E due to the addition of a layer at R. It

is equal to ch.dR)

is the Elasticity of yarn‘in Extension., It is defined as the
force or tension in the yarn required to produce unit strain
in the length of the yarn. It is also expressed in g.

is the radius of the core or former on which the package is
built. .

is the traverse per wind. The value of x depends on machine
setting, ' ‘

is equal to 'x/277 = W/{.

is the axial length of the element.
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is the change in W due to the addition of a layer at the outer
W
radius R, It is equal to gR dR.

is the angle which the threads in the element meke with a Plane ‘
perpendicular to the axis of the cheese.

is the change in « due to the addition of a layer at the outer
redius R, It is equal to 2& AR
R *

is the total radial distance moved by the element in deforming
and is equal to (@=-T)e '

‘ U
is the incremental value of U and is equal to g 4Re
is the tension in the yarn

is the caange in T due to the addltlon Of a layer at R. It
is equal to 'BR’dR°

is the radisl pressure acting on the element.

is the change in P due to the addition of a layer at the outer

‘ °F
~ radius R. It 1s equal to-jii-dRo

is the circumferential component of the force through the face
of the element. :

is the change in Q due to the addition of a 1ayer at the outer

radius R, It is equal to 159 dR.

is the axial component of the force through the end face of

the element.

is the change in Z due to the addition of a layer at the outer
. Z

radius R. ‘It is equal to g‘ﬁ.dﬁo

is the diagonal length of the element at e .

is the change in L due to the addition of a layer at the outer
radius R, It is equal to 'bR‘dR'

is a éonstant used in the relation of B and P, Its value

depends on the compressional behaviour of the yarn.



tencon - is a constant used in the relation of EY and T its value
depends on the extensional behaviour of the yarn.

The suffix 'o! af the bottom of the quantity iepresents the
value of the quantity at the time of winding, e;g. To: represents the
winding tension in the yarn, A suffix representing any of the radii
at the bottom of a quantity show the radius at which éhe suffixed
quanfity is being éonsidered,'e;gl %R repfesents the wind angle

at the outer radius R or Tr represents the tension in the yern at

 radius r,



