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ABSTRACT

The thesis is a report of an investigation into the
relationships between fabric dimensions and the stitch length of
single bar warp knitted constructions under various conditions of
relaxation. The dimensions are described in terms of the kc’ kw’

ks and kr values of the fabrics.

It has been found that the ultimate fabric dimensions are
independent of yarn count but the relationship between c.p.i. and
stitch length on the machine is counf dependent. Two loop models
have been proposed for relaxed and machine state fabrics and the
felting properties of the 1 x 1 closed lap construction have also

been investigated.
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CHAPTER I

INTRODUCTION - PRINCIPLES OF WARP KNITTING

I. PREAMBLE
Knitted fabrics are constructed by bending a yarn into a
loop and passing this loop through a previously formed loop so
that the latter hangs on the former. Thus a knitted construction
is one in which the basic unit is a loop, the loops hanging on
each other as illustrated in Fig.1.

To form a fabric, these loops are arfanged to make vertical
and horizontal rows, a vertical row being termed a 'wale'! and a
horizontal row being called a ‘course!, (Fig.2).

Two distinct classes of knitted fabric exist, weft knitted
and warp knitted, Weft knitted comstructions are produced from
threads running across the fabric (weft-wise), a simple weft
knitted structure being illustrated in Fig.2. Machine produced
weft knitted fabric is an exact copy of hand knitted fabric.
The yarn is fed t{o the needles successively, but the loops may
be formed collectively as on a Cottons Patent Machine, or
successively as on the circular or flat bed machine.

Warp knitted fabrics are formed from a multiplicity of
ends (warp), the ends passing down a length of the fabric as
they form loops. Generally speaking, yarns must traverse from

wale to wale to connect the wales together to form a fabric. A

simple warp knit construction is shown in Fig,3, The nearest
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hand product to a machine produced warp knitted construction is
crochet work, In warp knitting the yarns are fed to the
needles collectively and the stitches are formed simultaneously
by all needles.

II., WARP KNITTING MACHINES

Vlarp knitted fabrics are divided into two groups according
to the type of machinery on which they are produced., These are
tricot and Raschel machines characterised by the manner in which
the fabric is taken from the needles. (See later notes page 20).

The fundamental difference between Raschel machines and
tricot machines is in the lay-out of the knitting elements and
in the knitting action during loop formation. This difference
is such that each machine is suitable for a different range of
fabrics,

The bearded needle machine is a direct development of the
original action used in the hand-frame and the lay-out of the
knitting elements is shown in Fig.4. They consist of (i) bearded
needles - mounted vertically to form the knitted loops,

(ii) guides to lay the yarn round the needles, (two guides are
shown in the diagram), (iii) presser to close the needle beards
and (iv) sinkers which have four distinct functions, (a) to hold
the fabric at the correct height, (b) to hold the fabric down
‘while the needles rise, (¢) to land the old loop during pressing
and (d) to push the old loop clear of the ascending needle after

knock-over,
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1. Knitting action of a tricot machine

The knitting action of a bearded needle machine may be

described with reference to Fig. ka to 4h,

ba, Rest Position. This is so termed because the needles halt

momentarily during their rise from forming the last course., The
sinkers are forward holding the fabric'down, the presser back, and
the guides at the front of the machine,

On modern machines the needles halt at a position which is
two-thirds of its total movement from the bottom position. On very
old machines, (prior to about 1924), this distance is approximately
half and the needle had a longer stroke.
kb, Overlap. The guides swing to the beard side of the needle,
(towards the back of the machine), to form the overlap which is a
movement parallel to the needle bar, generally one needle space.
Occasionally a two needle movement may be used, or the movement may
be omitted, e.g. when laying-in. The movement of each bar is
completely independent although on the more common two bar
constructions, the overlaps of each bar are generally in opposition
to each other.

he, Return Swing. The guides now swing through the needles to

return to the front of the machine laying the thread around the
needle across the beard,
lbd, Second Rise., The needles rise to their full height allowing

the thread placed across the beard to fall onto the stem.

be, Pressing. The needles fall until the beard is in line with the
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rresser., In this position the threads are under the beard and the
0ld loop outside it on the needle stem. The presser moves forward
and closes the beard.

Lf. Landing. The sinker now moves back, the shape of the sinker
belly forcing the fabric loop up onto the closed beard.

hg. Knocking Over. The needles now descend thus drawing the new

threads through the fabric loop and forming a new loop or,

conversely, the old loop is knocked over the head of the needle onto

the new threads.

kn., Holding down. The sinkers now advance pushing the old fabric

loop away from the ascending needle and holding the fabric down
while the needles rise to the rest position to repeat the knitting
action. At a point between pressing and landing and knocking over,
(depending upon the type of machine), the guide bars make a second
endwise movement parallel to the needle bar. This is the underlap.
Its magnitude may be any number of needle spaces in either direction
dependent upon the fabric structure being produced. As in the case
of the overlap, each bar is completely independent in this movement.

2. Knitting action of a Raschel Machine

The knitting elements of a Raschel machine are shown in Fig.5
and consist of the following - (i) latch needles to form the loops,
(ii) guides to lay the yarn round the needles, (iii) sinkers to
hold the fabric down while the needles rise, and (iv) trickplate to

support the fabric.

The knitting action of the Raschel machine may be described
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with reference to diagrams 5a to 5f as follows -

5a. Holding Down. The sinkers move forward over the trick plate

to hold the fabric down while the needles rise to the rest

position.

5b. Rest Position. The needles rise from forming the last course

and in so doing rise through the o0ld fabric loop. This opens the

" latch and the loop passes off the latch onto the needle stem. The
latch wire prevents the latch from flicking to the closed position
due to the tension in the loop as the latter passes from latch to
stem. The needles, having reached their highest position rest, or
halt, for lappinge.

Sc. Overlap. The guides swing through the needles onto the hook
side and in that position form the overlap which is exactly the same
as an overlap on a tricot machine. The sinkers now withdraw.

5d. Return Swing. The guides return to the front of the machine

leaving the threads in the needle hook or across the stem above the
latch., The needles now fall taking the threads in the hook, the
old loop passing at the back of the latch.

Se. latch closing. The continued descent of the needle causes the

0ld loop to close the latch.

5f. Knocking-over. The needles continue their uninterrupted down-

ward movement pulling the new yarns through the old fabric loop and
forming a stitch. During knocking over, the underlap is made which
is the second endwise movement of the guide bars and is the same as

the underlap on tricot machines,
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All warp knitting machines whether tricot or Raschel have
the same fundamental construction and consist of the following

sections:=-

(1) fhe knitting eiements to form the fabric (as described
previously. )

(2) The pattern drum mechanism to determine the pattern and
fabric construction,

(3) The warp let-off mechanism to control the delivery of the yarnm.

(4) The fabric take-up mechanism to take the fabric from the
knitting elements.

(5) Patterning mechanisms - additional mechanisms to produce

special constructions.,

3. The Pattern Drum Mechanism

The structure of the fabric is dependent upon the direction
and magnitude of the overlap and underlap and these are established
by the pattern drum., These movements determine the fabric
structure as may be seen by reference to Fig.6. The guides swing
between the needles (a), form the overlap (b), and return to the
front of the machine (c). While the needles descend to form the
loop, underlap (d) is formed. This produces one course. The
action is repeated on the next course, swing (e), overlap (f),
return swing (g), and underlap (h).

The actual pattern drum mechanism consists of a metal drum
with tracks or grooves cut in it, one track for each guide bar,

Onto this drum are placed chains constructed of links, one chain
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for each guide bar. The end of the guide bar is kept in contact

with the chain via a push rod and roller, (Fig.?), by means of a
return spring. Thus, the periphery of the chain will determine
the position of the guide bar. As a higher link is presented to
the roller, the guide bar will move to the left by a positive
movement and conversely a lower link will allow the bar to move to
the right by the return spring. This is a negative movement. The
pattern drum may be placed on either side of the machine,
although it is generally placed on the right.

Various heights of link are available for fabric construction
and are numbered representing the needle spaces from the lowest
link zero. The difference in height between two consecutive links

"
1

will be -
n.p‘ 1.

4, Representation of fabric structure by chain links

Consider the structure in Fig. 6. All threads make the same
movement, 50 one thread only need be considereds The needle spaces
which are used by that thread are numbered, O being placed on the
same side as the pattern drum, in this case on the right, and the
remaining spaces numbered comnsecutively from this. Consider the
knitting action: the guide enters at space 1 and forms the overlap
leaving via space 2, The overlap is thus formed 1 - 2, Omn the
second course, the guide enters height 1, forms the overlap and
swings back on height 0, so the overlap is formed 1 - O. It is

only necessary to read off the overlaps, the underlaps autcmatically

fall into place. Thus, if the chain links are arranged in the
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order 1 - 2 / 1 - 0, the fabric illustrated in Fig. 6, (1 x 1
closed lap), will be produced. The chain construction for this
fabric is shown in Fig. 8a, it being noted that two links are
required for the fofmation of each course,

5. Point paper representation (Draft).

It is not possible to illustr~nte each fabric construction by
drawing a loop structure in each case so that a shortened version
is used. This is referred to as the lapping movement and consists
of drawing the paths of the threads without drawing the loop.

This is drawn on special point paper which consists of vertical

and horizontal rows of dots representing the position of the needle
heads on successive courses. Thé 1 x 1 closed lap is illustrated
in this manner in Fig, 8b.

From this lapping movement, it is possible to obtain the
chain construction by numbering the needle spaces in the same
manner that the needle spaces were numbered on the loop structure.
In this case the 'O' is placed on the right, and each space
numbered consecutively from this. The chain construction is then
read off by reading the overlap as in Fig. 8c.

Tricot and Raschel drafting is performed in exactly the same
manner. The chain construction is, however, slightly different as
the needle spaces on a Raschel machine are numbered in twos. The
“equivalent Raschel chain is shown in Fig. 8d.

JIX FABRIC CONSTRUCTION,

The number of guide bars used on the machine determines the
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complexity, type and properties of the fabric which can be produced,
For this reason, machines are available with 1 to 42 guide bars,
although the majority of machines have 2, 4 or 6 guide bars. Fabrics
are generally classified according to the number of guide bars
used,

Before considering the actual movements of the guide bars, the
following points should be noted.

maolY

Open and closed laps, During knitting, the needle many be lapped

in one of two ways, either so that the base of the loop is left
open, or so that the threads are crossed to close the loop. The
former is referred to as an open lap and the latter as a closed
lap. They are illustrated in Fig. 9a and 9b respectively.

Face and Back. Warp knitted fabrics may be used commercially so

that either side is the face or the effect side. To distinguish
the two sides of a fabric from a technical point of view, they are
referred to as the technical face and the technical backe.

Technical face, This is the side which shows the 'v' shaped

loops and the fabric is considered to be the right way up when the
point of the 'v' is down. This is illustrated in Fig. 10a.

Technical back, The technical back of the fabric is the side

which shows the underlaps, (Fig. 10b). The fabric is produced with
this side uppermost on the machine. It is for this latter reason
‘that fabrics are always considered in this way when des;gning,
drafting, performing fabric analysis and drawing loop stfuctufes.

1« Single Bar Fabrics

These have little or no commercial application owing to their



Fig. 10b .
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limitations in pattern and properties. However, they serve to

illustrate the basic lapping movements used in the more complex 2

and 3 bar constructions.

(a) Chaining construction

The simplest construction is the chaining movement, (Figs. 11a
and b) which in itself will not form a fabric, but may be used iu
conjunction with other guide bars to do so. The movement may be
formed with overlaps only to make an open lap, (Fig. 11a), or with
overlaps and underlaps to give a closed lap, (Fig. 11b).

(b) Simple regular constructions

To form a fabric with one guide bar using full set threading,
(one thread for each needle in the knitted width), it is necessary
to form an underlap to connect the wales together. A single needle
underlap results in a 1 x 1 movement which is nearest to the plain
weft knitted construction. It may be produced in either open lap,
Fig. 11c, or closed lap Fig.11d. This structure suffers from the
disadvantage that it will split from top to bottom should a thread
break and is only used in conjunction with other guide bars.

Other basic movements are produced by extending the underlap
to give 2 x 1, 3 x 1 and 4 x 1 constructions, (first figure indicates
underlap and the second figure the overlap), which are‘illustrated
as open gnd closed versions in Figs. 11e to 11J.

Each of these constructions are simple regular movements
repeating on two courses. They are devoid of pattern being perfectly

plain in appearance. All suffer from the fact that the loops lie
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at an angle in the fabric, odd courses léaning in one direction
and even courses leaning in the opposite direction. As the length
of the underlap increases, the fabric weight, loop inclination,
opacity, thickness and lustre on the technical back of the fabric
increases, but the fabric stability decreases.

(¢) Atlas movements

In this class of fabric the guide bars move for a number of
courses in one direction one needle at a time and then return in
the same manner, a simple example being shown in Fige. 12. An
atlas movement is described by stating the total number of courses
for the repeat. Fig, 12a shows a 4 course atlas and Fig. 12b an-
8 course atlas. Atlas movements are generally made open laps closed
on the turn as Fig. 12a and 12b, but they may be made all open as

-Fige 12c or all closed as in Fig. 12d.

Atlas fabrics are often referred to as shadow stripe fabrics
because as the guide bars move in one direction, the loops lie at
an angle, this'being reversed when the guide bar moves in the
opposite direction. This gives a difference in light reflection
resulting in a horizontal shadow stripe effect.

- (d) Fancy atlas movements

Variatioﬁs in the plain atlas movement offer considerable
scope for patterning, particularly when used in conjunction with
.other guide bars and/or coloured warpé. The possibilities are
endless and a few of the simpler constructions are illustrated in
Fig. 13, Checks, diagonal lines, chevrons and fancy zig-zag

effects are the more popular motifs.,



Fig. 13

Fancy Atlas Constructions



-2 TIwo Bar Fabrics Full Set Threading.

The use of two guide bars gives a wider séope for the
engineering of fabrics both from the point of view of structural
properties and patt;rning than is available with one guide bar,

It is evident that the movement of the two bars must be different,

. otherwise the equivalent of a single bar construction would be
obtained, but with two threads in each loop. It is equally obvious
that to obtain the same degree of fullness of fabric, it is
necessary for the count of the threads in each guide bar to be half
that of the single bar equivalent.

(a) Commercial fabrics full set threading

Two bar fabrics with full set threadings form the backbone of

the commercial warp knitting trade being produced mainly in

continuous filament yarn.
The simplest two bar construction is tricot with a front bar
movement of 1 = 0 / 1 - 2 and a back bar movement of 1 - 2 / 1-0,

but this is of little use commercially as it will split should one

loop break.

It should be noted that tricot is a generic term used to refer
to all types of fabric produced on tricot machines and the trade
associated with the production of these fabrics. It is also used
to describe a specific single bar construction using a 1 x i lap
"open or closed, and also a two bar construction using two 1 x 1
laps in opposition, again open or closed.

There are a number of basic fabric constructions in common
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commercial use. These are locknit, reverse locknit, satin, loop
raised, sharkskin and queenscord. The constructions of these
fabrics are given below. Their lapping movements are illustrated
in Fig.1%. The loop structure of locknit is shown in Fig.15, that

of loop raised in Fig.16 and sharkskin in Fig.17.

Locknit Reverse Locknit

Front bar 2~-3/1-0 Front bar 1-0/1=2

Back bar 1=-0/1=2 Back bar 2-3/1-0

Loog Raised - Satin

Front bar 1-0/3-4 Front bar 1-052-4)

(or 1 -0 -5

Back bar 0-1/2- Back bar 1-2/1-0

Sharkskin Queens Cord

Front bar 1 -0/1=2 Front bar 1=-0/0 -1

Back bar 3-4/19-0 Back bar 3-4/1-0
or 4-5/1-0 (ork=-5/1-0)

To understand the characteristics of two bar fabrics it is
necessary to know the lay of the yarn in the fabrics and the
relative movements of the two bars as these, together with the

actual lapping movements employed, determine the final properties.

(b) Lay of yarns in the fabric

The loops lie on the technical face of the fabric and these
loops contain tws yarns, one from each guide bar. The uﬁ&erlaps
from the back guide bars lay across the back of these loops and
‘the underlaps of the front guide bars lay on tép of these underlaps.
Therefore, the loops are prominent on the technical face of the

fabric, the underlaps of the front bar lie on the top on the
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. Fig. 15 Locknit
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technical back of the fabric. The underlaps of the back bar are

sandwiched in the centre of the fabric.

(c)

Relative movement of guide bars

The effect of the relative movements of the guide bars is .

summarised in the following rules.

i.

ii.

iii,

If the underlaps of the two bars move in opposition, the

loops will lie straight in the fabric as the forces exerted

by the underlaps of one bar will be balanced by the forces
exerted by the underlaps of the other bar, (Fig. 18a).
Examples of fabries in which this occurs are locknit and
sharkskin, The relative size of the underlaps, e.g. 1 x 1,
2x1, 3x1, etc, are not important as the run-in of the

yarn and, therefore, the tension in knitting is the
predominant factor affecting the balance of the loop.

If the underlaps of the two bars move together, the loops will
lie at an angle in the fabric, the direction of inmclination
depending on the direction of the underlaps, Fig. 18b, An
example is the loop raised construction.

If a large underlap is used on the front bar with a short
movement on the back bar, the bars moving in opposition, the
fabric will contain widthwise elasticity, e.g. locknit.

If the underlaps of the front bar are over 3 or 4 needle spaces,
the technical back of the fabric will be of a lustrous nature,

e.g. satin, This is because the underlaps lie almost straight

and a large amount of light is reflected in one plane, These
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underlaps may be brushed as in a loop raised construction.

ve If a large underlap is used on the back bar aﬁd a short one
on the front as in sharkskin and queens cord, a stable fabric
is produced. This is because the long underlaps of the gack
bar are trapped in the centre of the fabric, thus restricting
thread m§vement. The elasticity of any knitted fabric is
dependent upon free transfer of yarn within the loop. It is
for this reason that weft knitted constructions are more
elastic than warp knitted constructions and why a sharkskin
and queens cord fabric are very stable,

(d) Laid-in fabrics

When using more than one guide bar, it is possible to cause
the back bar threads to connect into the fabric by forming under-
laps only. In other words the overlap, and therefore the loop,
is omitted. This results in a range of comstructions which are
suitable for a variety of fabrics and differ in appearance and
properties from those obtained when both bars are knitting.
Generally speaking, these fabrics are stable in construction and
lighter in weight than the equivalent fabric in which two bars
are knitting. The laying-in technique is also used extensively for
the introduction of ornate designs. Typical examples of these are
dress fabrics, Raschel laces and curtain nets.

One common fabric produced with two guide bars, with full set
threading on each bar, consists of chaining on the front bar and
laying in over three needles on the back bar. This is illustrated

in Figo 190
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The lapping movements for laid-in constructions are obtained
by plotting the threads as they appear in the fabric and then
reading off the chain in the same way as that for a knitted stitch.
iwo consecutive links will be of fhe same size, however, as no
overlap is formed. Both lappi;g movement and chain comstruction
for Fig. 19 are illustrated in Fig. 20 giving the link arrangement
for a Raschel machine.

Other basic constructions are openwork and net fabrics formed
with one knitting bar and one laid-in bar, using a full set
threading on both bars., The basic construction is, as with all
nets, that no side connection is made between adjacent wgles for
a number of consecutive courses. The loop distortion thus caused,
together with suitable yarn counts, results in an openwork
construction, the two most common of which are marquisette, Fig.21,
and tulle, Fig. 22.

3 Three Bar Constructions.

The use of three guide bars obviously opens the field for the
production of more complex fabrics and, generally speaking, the
majority of these fabrics are ornate in nature. ' With such
constructions, it is not possible to class them as standard types
with the exceptioﬁ of one or two of the simpler fabrics. These fall
into two groups, those in which all bars knit and those in which
some bars lay in.

(a) Knitted constructions

The most common of these is the shirting, dlouse and dress

fabric in which all bars are full set threaded with 40 denier nylon
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or Ferylene and the movements are -

Front bar 1 -0/0 = 1

‘Middle ba? 1«2/1=-0

‘Back bar 1 =0 /3-4 (Fig. 23a)
Three bar constructions have better stability, opacity and drape,
but will obviously be heavier than their two bar equivalent.

Variations of this basic three bar construction are made for

the introduction of pattern which is generally achieved by
altering the movement of the back bar to give horizontal stripés,
or alternatively, alteration of the front bar threading to give

vertical stripes, or a combination of both to give check effects.

(b) Laid-in constructions

Two classes exist within this group; one produces a solid
fabric and the other an open-work effect, The former is genmerally
made by using locknit movements on the front and back bars and
laying-in over three or four needles in the middle bar. By using
a slack run-in on the middle bar, its threads can be caused to
show on the technical back of the fabric, This principle is used
to make two types of fabric, one by using a highly twisted yarn
in the middle bar to give a crepe effect and the other by using a
flat yarn with a large number of filaments to make a pile fabric
after subsequent brushing during finishing., (Fig. 23b).
| The second class in this group, openwork constructions, are
generally marquisette or voile nets. The marquisette three bar

version is only an extension of the two bar type. The third bar
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lays-in, in opposition to the second bar to give added stability
and drape and prevent wale slippage. The three bar net is more
commén than the two bar version., The two laying-in bars are not
generally equal in movement unless the least underlap is used as

in Fig. 23c, which, although a commercial construction, is the
lowest quality of this type of net. Other commercial constructions
are shown in Fig. 23d.

L, Quality Control.

The quality of warp knitted fabrics is controlled on the
machine by determining the courses per inch and the stitch length.
The former is governed by the take-up mechanism, a set of change
gears being provided to give different courses per inch. The
latter is determined by the let-off mechanism which controls the
speed of movement of the warp.

(a) Stitch length

Since it is impractical to measure one stitch on the machine,
the required amount of yarn to produce 480 courses is measured.
This is referred to as the 'run-in', or 'runner', or 'runner length'.
480 courses is termed 'one rack', therefore, if a fabric has a run-
in of 67" per rack, it means that 67" of yarnm are required to
produce 480 cour;es, or the stitch length is Eg% = 0.140", Each
warp requires a different run-in according to the lapping
‘movement used.

(b) Run-in ratio

The run-in ratio or runner ratio is the ratio of yarn required



«19=

between the various bars. e.g. If a locknit fabric has a run-in
113

of 62" per rack on the front bar and 48 per rack on the back bar,

the run-in ratio will be 64:48 or 4:3 or 1.33:1.00.

(c) Estimation of run-in

The usual means of estimating the run-in of a new fabric is
by each designer using his own experience, Various formulae hav~
been proposed, (see Chapter Three), but none have been able to
calculate accurately the run-in required to produce a fabric at a
given number of finished wales and courses per inch.

(d) Estimation of run-in ratios

. s 1263
The run-in ratio can be determined by empirical rules ’

but these again give only an approximate figure. The system

used is as follows =

The lapping movement is divided idto loops and underlaps and each
are given a value according to the movement. Loops equal 2,
underlaps 1 for each needlé space traversed, vertical underlaps as
in a chain stitch 0.75 and the underlap of adjacent loops formed

by a two needle overlap O.5. Thus locknit would be :-

Back bar Total
Loops 2 2 b
~\ ~
1 -2 1 « 0
\wd "w
Underlaps 1 1 2
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Front bar

Total
Loops 2 2 L
1 = 0 2 - &4
“—J WJ
Underlaps 2 2 b
8

Ratio of front bar to back bar - 8:6 or 4:3 or 1.33 ¢ 1.00

IV. COMPARISON OF RASCHEL AND TRICCT MACHINES

In a definition of Raschel and tricot machines, it is
general to describe the difference by stating simply that a tricot
machine uses bearded or compound needles while a Raschel machine
uses latch needles. There is, h;wever, a more important difference
which is the menner in which the fabric is removed from the needles..
On a tricot machine, the fabric is taken away at approximately
90 degrees to the axis of the needle movement, while in a Raschel
machine the fabric is removed at approximately 180 degrees to the
needle movement,

The bearded needle is a one piece needle and, therefore,
easier to manufacture in fine gauges than a latch needle, and it
is for this reason that the bearded needle machine developed with
the warp knitting trade at the introduction of continuous filament
yarns, 28 gauge being the common gauge with 32 gauge more popular
"for finer fabrics. The latch needle was used in 24 and 32 gauge,
(12 and 16 needles per inch), at about this time and used mainly

for fibrous yarns.



Modern needle manufacturing methods now make it possible to
produce much finer latch needles and 36, 40 and 48 gauge machines
are now available., At the present time 56 and 64 gauge machines
are the ultimate in.Raschel gauges but these are used only for
elastomeric materials, (power net). The reason for this is that
if tricot type fabrics, (locknit, loop raised, queens cord, etc.),
were produced on fine gauge Raschel machines, the resultant fabric
would be marred by lines running down the length of the fabric
which.is atiributed to malformation of the loop. The cause of
these lines is yet to be identified and cured, but it is not
possible to produce these fabrics on a commercial basis as is
possible on tricot machines. The use of an elastomeric material
distorts the ground structure thus disguising the lines which still
exist, but at a toierable commercial level,

Modern needle manufacture has also enabled the bearded needle
to be manufactured at finer gauges and 36 and 40 needles per inch

are now possible.

(a) Layout of knitting elements

The different layout of knitting elements in the two machines
make each suitable for different classes of fabric because the
holding down power supplied to the fabric is greater on a Raschel
machine than on a tricot machine.

Consider the basic layout of the knitting elements shown in
Fig. 24, With the Raschel machine, Fig., 2ka, the forces exerted

on the fahric when the needles rise tend to 1ift the fabric., These
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forces are the tension in the warp threads, (which is small), and

tﬁe frictional forces between the needlé and the loop. This

1atte} force is the greater as the loop opens the latch and the

loop expands over the increased thickness of the needle at the

point of the latch pivot. The pull of the fabric supplied by the
take-up rollers is, however, almost in a direct opposition to the
needle movement, the fabric, therefore, holds down well irrespective
of the lapping movement. In fact, the only factor which allows the
loop to rise with the needle, is the stretch in the fabric and

this is kept to a minimum by placing the take-up rollers as close
to the knitting point as practicable.

The Raschel machine will thus work without sinkers, the
greater the force supplied by the take-up rollers the better the
fabric is held down and if is, therefore, evident that this
machine is ideal for fabrics which do not have a regular underlap
such as tulle and marquisette nets. While it is possible to knit
without sinkers, it is evident that the density or quality of fabrics
that could be produced would be limited as they must be made under
maximum fabric tensionj thus sinkers are used to extend the range
of qualities possible,

The tricot machine has, however, no holding down properties
at all if the sinkers are omitted. As the needle rises, the loop
- sticks on the eye of the needle, (thickest part of the needle).
The friction between the needle and loop, therefore, causes the

fabric to rise and fall with the needle, the fabric "hingeing" on

the take-up roller. Any increase in take-up tension provided by
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the take~-up rollers only makes the situation worse as thé\
held more firmly on the needle. Thus the old loop remains inside
the Beard, a condition under which knitting cannot be performed.'

The bearded neédle must, therefore, be used with sinkers and
on constructions which use an underlap on each course. This
operation of the sinker is shown ia Fig. 25. Chaining constructions,
however, would rise with the needle, (see Fig. 26), the loop
remaining inside the beard. The bearded needle is not therefore
suitable for constructions which miss the underlap for one or more
courses, or slack constructions which have no underlap, e.g. open
lap atlas movements. |

A second difficulty sometim;s encountered on tricot machines
is failure to knock-over when the loop remains on the head of the
needle and passes down between the sinkers. This fault is
obviously more acute on structures without an underlap and is not
troublesome on a Raschel machine where the trickplate forms "a
knocking over edge',

Thus the tricot machine is suitable for fine gauge fabrics
which have an underlap on each course. The Raschel machine is

suitable for coarser fabrics in which chaining movements are

common,

(b). Three links per course on tricot machines

Although two links per course are necessary for fabric
formation, it is advantageous to use three or four links per

course in certain circumstances.

Three links per course is the standard arrangement on tricot

machines in order to obtain two movements for the underlap so that
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large movements may be made in two small steps which is superior
from the point of view of high speed knitting.

The timing of the two underlap movements is illustrated in
Fig.27a. The first movement takes place during pressing and
landing and the second as the sinkers come forward after knocking
over,

The method of plotting lapping movements when using three
links per course is to plot as if two links were used, i.e. for
the overlap and then insert the third link so that it splits the
underlap movement =
e.ge 1-0/2-3 would be 1-0-1/2=-3-2

1«0/ 4 -5  would be 1-0-2/4-5-3

If a machine is equipped to give three links per course and
a lapping movement is used in which no underlap is employed, or
in which the underlap is only one needle space, the second link
is duplicated ~
e.g. 1-0/1-2 would be 1-0-0/1=-2=2

1-0/0=1 would be 17-0-0/0-1-1

Three links per course are also used to obtain the correct
time of movement and to ease knitting difficulties. One example
of this is the p;oduction of the loop raised construction., If
two links per course are used, or if three links per course are
used where the underlap is split into two separate movements, threads

are liable to split on the sinker neb causing vertical lines in

the fabric, It is general, therefore, to use a front bar movement
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of 1-=0=-0/3 -k - 4 50 that the underlap is delayed until

the sinkers have come forward,

A second example of easing knitting difficulties when using
three links pef course is the blind lap.
(¢) Blind Lap ("Putting a cross in")

Blind lapping is a technique used on bearded needle machines
to ease knitting difficulties which may be encountered in the
production of fabrics such as tulle and marquisette and in some
cases open lap atlas which do not have an underlap on each course.
It is achieved by the use of three links per course, the timing
of which is shown in Fig. 27a.

After the needles have been lapped in the normal manner,
they descend to press and land and, at this point, the guides
make the first underlap, the blind lap, (see Fig, 28). The
needles then descend to knock-over in the usual way, the sinkers
coming forward over the underlap, as shown in Fig. 29, to hold
the fabric down as the needles rise., During this time the second
underlap is made, as illustrated in Fig. 30, to position the guides
ready for lapping on the next course. When the sinkers withdraw,
the yarn placed round the sinker neb is released and the tension
in the yarn supplied by the tension rail pulls the yarn straight
80 that the blind lap has no effect on the fabric construction.

The blind lap is, therefore, an underlap inserted by using
three links per course to ease knitting conditions and does not

influence the structure of the fabric being produced.
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The method of plotting a blind lap is shown in Fig. 27b. The

blind lap is always made in the opposite direction to the following

overlap.

(d) Knock-off lap (Blind lap)

The knock-off lap is a term used to indicate that the presser
is not used on certain courses, so leaving the threads lapped on
that éourse under the needle beard when knocking-over. On the
next course, the guide bar laps in the normal manner and so the
needles will have two sets of loops. Pressing, landing and knocking-
over are now performed in the usual way.

The original term was "double looped framework", (as described
in the original patentu). Unfortunately this operation has also
been described as blind lapping which leads to confusion with the
more general use of the term previously described.

Knock-off laps were extensively used for the production of
pile type fabrics in the late 1800s and early 1900s for jackets
and trouserings. The loop structure and lapping movement of such
a fabric are shown in Fig. 31,

(e) Two needle overlap

It is possible to produce fabrics by lapping two needles on
the overlaf, bué this technique is not very popular as two loops
have to draw their yarn from a single warp thread. The yarn,
therefore, tends to chop across the sinker between the two needles
lapped. Such fabrics have to be made with minimum knock-over,
minimum warp tension and yarn with natural elasticity. An openwork

fabric produced in this manner is shown in Fig. 32.
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CHAPTER II

HISTORICAL SURVEY OF WARP KNITTING

As modern weft knitting is a mechanical means of producing
hand knitted fabrics, so modern warp knitting is a mechanical
means of producing hand crochet work.

The first knitting machine was the hand stocking frame
invented by the Rev. William Lee of Calverton in Nottinghamshire
in 15895. The machine's primary use was for the production of
hose being made as a flat fabric and shaped on the machine thus
producing a selvedged piece of material which held well after
seaming.

I. THE HAND WARP FRAME

Machine production of warp knitted fabrics commenced somewhat
later by the invention of the hand warp frame, generally attributed
to Crane in 1?756, who fitted warp guides to the hand frame. London
stockingers apparently had a different account at the time as
recorded by Henderson7, suggesting that it was the invention of a
Dutchman, Vandyke., However, it is generally accepted that Crane
invented the hand warp frame, but Vandyke was responsible for the
production of atlas fabrics for use in stockings, often produced
to give blue and white stripes for fashionable hose of the time.
'Sugh fabrics, however, did not remain popular for long. Although
they were made in silk, an expensive quality material, owing to .the

inelastic nature of the fabric, they were difficult to pull on and
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off the leg and this, together with the fact that they were cut
from flat pieces of fabric with no selvedge, caused them to burst
at the seams. Warp knit hose made in cotton was very popular in
Germany where some 300 frames were employed. i

Some ten years after the invention, the first significant
improvements were made to the hand warp frame by Tarrett of
Nottinghamg. These consisted of utilising the pedals, (normally
used for operating the sinkers and the jacks), to perform the up
and down movement of the guides, and simplifying the sinker head
to use one type of sinker only.

It would appear that the hand warp frame was not extensively
used for the production of hosiefy apart from the initial attempts
with the exception of the success in Germany as mentioned above.
It was mainly used for the plainer types of fabric and it is
fairly certain that the production of the hand warp frame was in
excess of either the hand frame or the weaving loom. The hand
frame required time to make the "draw", (sink and divide), while
the warp frame only required to lap. The weaving loom could only
insert a pick at a time, a smaller unit than a course, and although
the flying shuttle was invented, the power loom was not in general
use before 18059. Also of note, from the point of view of speed
of the hand warp frame, was the introduction of a moveable needle
bar by Robert Barber of Bilborough, Nottinghamshire1o. This
maéhihe was also used for the first production of double looped

framework. (See Chapter I).
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In 1797, Barbar took out a further patent11 for the
improvement of double looped framework and for the production of
pile fabrics made on this principle, being either cut or looped
pile. The common term at that time for long loop pile was "shagg'.
The following is an interesting quotation from page 7 of this
patent:-

"There is a known practice in the common warp work of laying a
thread across the frame, under the needles, to serve the threads
over, vhich I recommend to be used in making some kinds of my long-
looped or shagg manufacture, especially for carpets'.

So, in 1797, weft insertion was known and practised as was warp
knitted carpet manufacture, two fields of technology in which warp
knitters are showing great interest at the present time.

Also in Barber's patent is reference to the introduction of
the Derby Rib machine to his frame, the first reference to warp
knitted rib work. It is fairly evident that the lay-out of the
knitting eclements would be such that the guide bars lapped the
horizontzl needles, which on withdrawing to form the stitch, drew
loops round the vertical needles which then descended to knock-over.

The above, and other patents, show that fabrics suitable for
a variety of end.uses from bedding to wearing apparel were produced,
and it is fairly evident that large quantities of these goods were
made in wool and heavily fulled. An extract from Felkin indicates

the importance of this work - "and larger contracts were entered

into from time to time with the government, for the supply of
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woollen Jjackets and trousers. Our sailors fought for years
clothed in Nottingham manufactures, for the supply of which 500
machines were employed, made from fine frames and good materials;

this webbing formed an excellent article for gentlemen's pantaloons"ja.

The trade, thus prosperous and with markets for its productions,
stimulated an interest and many de.velopments and inventions were
introduced, Worthy of note are the placing of the needles in an
upright position by Brown and Pinder in 179612, 120 such frames
béing employed, and the claim to the first two guide bar machine
by Brown in 180414.

Two major developments around this time which shaped the
destiny of the trade were the inéroduction of Dawson's Wheel for
guide bar control in 1791, and the introduction of the first warp
lace frame in 17957 & 16. By 1810, some 435 lace frames were in
use, It is interesting to note that the virtues of warp knitting
were expounded as often and loudly at the turn of the 18th century
as they are today. At this point in time, Felkin say517'

"Thus the warp frame was found capable of competing in the woollen
and cotton cloth markets with the common loom, and with a variety
in its productions beyond its rival at that and even up to the
present time (1867). 1Indeed it is impossible to describe all the
methods and uses of this frame; no other machine is so universally
applicable. Every kind of thread may be used; silk, cotton, linen
and animal wool., Its speed is also unequalled, as it loses no time

in passing weft threadsj; only one gait or thread to the next is
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required, each thread being looped through a steél guide to its
neighbour; all the series thus operating together across the loom.
The cloth when made will not tear out, it must be cut. Velvet has
been made on warp machines 150 inches wide, without using wires for
raising the pile.

The number of warp machines making cloth in the early part of
this century was very large in England. Its great usefulness and
rapid power of varied production caused it to be used abroad
extensively, it having found its way into France, Spain, Italy and

Germany.'"

II. ROTARY WARP FRAME - INTRODUCTION OF POWER

The invention of the pattern wheel by Dawson in 1791 as
mentioned above was probably the most significant developnent of
the period as it paved the way for the introduction of power, a
feat attributed to Orgil in 1807'C.

The Dawson's wheel was a simple wheel of irregular periphery
which pushed the guide bar to the correct position for the overlap
and underlap, the same as today's pattern wheel. It is interesting
to note that for ten years prior to this, the organ barrel was used
for this purpose. The invention of the jacquard and its introduction
in Paris and Lyons occurred ten years after the introduction of
Dawson's wheel. It was not in fact applied for guide bar control
on warp frames until some ten years after its introduction in Paris.

Power was applied to warp frames before it was applied to weft

frames owing to their simpler construction and the fact that no
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fashioning action was required. It allowed frames to be built
72 inches wide and often two frames were coupled together to be
operated at 30 c.p.m. by one man. Before this, a hand frame was
bl inches wide and was operated at about 10 courses per minute.

Warp knitting had thus established itself as a major fabric
. producing section of the trade during and at the end of the
Napoleonic Wars. However, keen competition from the power loom
caused warp knitters to turn to more lucrative markets, mainly on
open-work fabrics, braids, sashes, tattings, galloons, etc., the
plainer nets being the largest market using mainly cottoq with some
silk.

At this stage, the twist lace frame was invented in 1802 by
R. Brown to be followed by Heathcoat in 1808 and Leavers in 1813.
Both the latter were concerned with developments in twist lace,
This led to severe competition between "twist" and '"warp' lace, a
battle which has raged within the trade right up to the present,
each taking its turn as the leader. The first effect of this battle
was to cause the plain warp net to be driven out by the twist
counterpart forcing the warp knitter to develop fancy effects and
in 183119 warp knit production under the patronage of the Court
became very large and many rotary frames were built, but depressed
times again came in 1835 when twist lace producers developed fancy
fabrics of similar type.

In 1839, Draper applied the jacquard to the warp lace frame,

(individual guide control), for the production of elaborate designs
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in shawls, scarves, falls, laces, etc. which, together with mitts,
gloves and gimps gave a fillip to the warp lace trade, but these
in turn were superceded by their twist lace counterpart and the
warp lace trade fell on hard times once more,.

The severe competition from twist lace once again forced warp
- knitters to change their products and various patents were taken
out around this time for such fabrics as elastic woollen cloth, hat
bands, gloves, pile cloths, velvet and combinations of velvet and
lace. One of the most interesting patents about this time was
that taken out by Messrs. Whiteley & Co.20 for the production of
taffeta, which is today referred to as milanese and was subsequently
improved by other patents in 1851 and 185421.

Circular milanese was also first produced around this time.
Felkin attributes this to Messrs. Ball & Co. of Ilkeston, Nottis.
at the Paris Exhibition in 1855. It is most probable that latch
needles were used in this machine,

Little is said in the literature available around this time
of the gauge of warp knitting machines, whether rotary or hand warp
frame, although Reisfeld22 suggests 18 to 20 gauge, but fails to
sfate vhether this is needles per inch or per one and a half inches
as is used on the hand frame. It is, however, reasonable to assume
that fairly coarse gauge machines were used to accommodate the
available yarns. Of particular interest from this point of view,

is an invention by Dunnicliff and Dexter in 184523 for making

'velvet pile ornamentation wrought in lace" using a number of guide
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bars some with individual spring guides controlled from a jacquard,

and with independent pressers for each needle also controlled from

a jacquard and at 28 needles per inch, which must have been a mechanical

feat for that tine.

Wilkomm refers to fine gauge machines at 4O gaugezu, but again
‘does not state whether this means needles per inch or needles per
one and a half inches.

The production of machinery then was obviously very pedestrian
compared with modern standards, but nevertheless showed great advances
on the original inventions as illustrated by the following ef%ract
from Felkin25:

"As a striking example of the progress of this class of machinery,
it may be stated, that the average width of warp blonde machines
was 54 inches in 1830, and the production 80 racks, or 50 square
yards per week. But Messrs, Ball of Ilkeston and Nottingham placed
in the Exhibition of 1851 a power warp machine, which if worked
twelve hours per day would ﬁréduce 800 racks, equal to 1200 square
yards in a week, or 60,000 square yards in a year. A square yard
of silk blonde sold in 1830 for 2s and in 1851 had become reduced
to 6d.".

X The latch needle was invented by M, Townsend of Leicester in
1847 and was not used in the hand warp frame, but was used in the
rotary warp machine, but only to a small extent at first in

circular and double rib machine526 & 27.

‘
Redgate, an Englishman, was the first to attempt the production
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of roiary rib work in 1855 using bearded needles, but this
arrangement was obviously clumsy, reguiring the use of two pressers
and two sets of sinkers. The horizontal needles were lapped, drawing
loops round the vertical needle as they withdrew to knock-over.
The vertical needles then descended to knock-over. It is presumed,
therefore, that this arrangement was soon superceded by a much
simpler construction, the double rib loom, using latch needles, the
two sets of needles plaéed Back to back each rising in turn to be
lapped. This machine was known as early as 185928 by various names,
Fang Kettenstuhl Raschel Machine and Polker Machine in Germany, and
as the Double Rib Loom in England.

The double needle bar Raschel machine thus described appears
to have been little used. The only fabrics which were made were a
few fancy constructions suitable for jackets and shawls the most
popular of which was the Raschel equivalent of 1 x 1 weft knit, but
this had the appearance of the weft knit polka rib and for this
reason was named the Polka Rib Machine,

The lack of popularity of the Raschel machine seems to be
borne out by the fact that both Willkom29 and Merrill, Murden
& RowanBO give a list of common warp knitted fabrics, but neither

mention Raschel fabrics.

III. WARP KNITTED FABRICS 1870 - 1925

The common warp knitted fabric over the period 1870 to 1925

would appear to have been as follows:=
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a)e

b).

c)e

d).

e)e
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Single Bar Constructions

Plain Tricot (Plain Warp, Denbigh, or One and One)

1 x 1 Closed lap, produced in cotton, woollen and worsted

for light linings, shawls and rugs, and for a base fabric for

fancy constructions. (Fig.33a).

Plain Cord (Warp Cloth)

2 x 1 Closed lap, made in woollen yarn in medium gauges, (about
30), then dressed in the same way as a woven fabric, milled,
dyed, stretched, teaseled, sheared, and pressed and used for
gloves, gaiters and occasionally for coatings, suitings and
trouserings. (Fig.33b).

Single Vandyke (Single Lap Loop, Single Guide Satin or Single

Atlas)

Single bar atlas open lap closed on the turn, generally made
in silk or fine cotton for summer gloves. The most common

constructions were 4, 8, 20, and 24 courses lapping in one

direction before the lap was reversed. It was necessary to

"put a cross in" to produce this fabric. The fabric was
occasionally made in closed lap in which case "putting a
cross in" was unnecessary. (Fige33c)e

New Milanese (Back Lap Warp Knit)

Single var atlas open lap closed on the turn, lapping alternate

needles, (Fig. 32d).

Diagonal English Leather (Stout Berlin)

Made generally of carded wool, but occasionally of cotton and

used for riding breeches, heavy gloves and shoe linings., It
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was a thick fabric, soft in handle, The lapping movements
were as shown with knock-off laps on alternate courses,
(Fig. 33%e). The fabric had a diagonal appearance as the
knock-off lap Qas always made in the same direction, the
direction of the diagonal depending on the position of the

knock-off lap,

Straight English Leather (Stout Berlin)

This was the same as the previous fabric except that the
knock-off laps were made alternately to the right and the
left s0 that the fabric appeared straight and the knock-off
laps were raised and stood erect in the fabric thus forming
a pile surface., (Fig. 33f).

Double Cloth

A solid fabric made from soft yarns using a double needle
overlap to obtain a thick material. The fabric was produced

with minimum knock-over. It could also be manufactured with

a half set threading, in which case the fabric was thinner

and of an open nature., (Fig. 33g).

Two Bar Constructions

In the fabrics listed below the guide bars are called 'front
bar! and 'back bar'! as with a conventional machine using a
vertically positioned needle bar, These fabrics were,
however, generally made with a horizontally positioned needle
bar in which case the front bar would be eguivalent to the

bottom guide bar and the back bar would be equivalent to the

tO ide baro
p gu LEEDS UNMENSITY LIRRARY
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a)e Double Denbigh (Plain Tricot, Single Rib or Single Tricot)

Produced in silk or cotton and used for summer gloves.

Front bar 1-2/1=0

Back bar 1«a0/1=2 (Fig. 34a).

b). Double Bar Cord (Doppel Tricot, Double Tricot)

Same yarns and use as double denbigh.
Front bar 1-0/2-3

Back bar 2-3/1-0 (Fig. 34b).
¢). Back Lap Tricot

Front btar 1-0/2-3

Back bar 1«2/1=-0 (Fig. 3he).

d). Woollen Velvet (Plush, Woollen Plush)

Front bar b-5/1-0
Back bar 1«0/1-2/2=3/2=1
Tﬁe front bar threads were made of wool and the back bar of‘
cotton, The long wool underlaps of the bottom bar were cut
with special knives in the finishing process and subsequently
brushed to give a pile fabric and used for linings. The atlas
movement was used on the back bar as it required the least
"run-in", but the denbigh stitch was sometimes used. The
fabric was made in all wool when used as the main material in
a garment and could be ornamented by different coloured warps
or part set threadings to give stripe effects. (Fig. 34d.)
e). Double Vandyke (Diamond Fabric)

This fabric was made from silk or cotton and used as a glove



Fig. 31}
‘wo bar constructions
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cloth, It was made with two guide bars full set threaded
producing normal atlas movements. If the traverse of the
bars was only for a small number of courses before the
return, it was often referred to as Satin Tricot. Willkomau
refers to the use of fine gauge machines for this fabric, and
states that 24 courses is the maximum traverse used, i.e. 43

courses per complete repeat. (Fig.3le).

f). Double Milancse
MADE FRoM

ATWwo bars which produced atlas movements working in opposition

lapping on alternate needles often for 2l courses and then
returning., (Fig.34f).

g). Lined Cloth (Cloth with Lining or Lining Cloth)
This was produced with two guide bars, one making a 2 x 1
closed lap and the other laying-in over three needles moving
with the knitting bar. .
The laid-in threads lay on the technical back of the fabric
and were subsequently brushed in finishing to give a soft
fibrous pile; the fabric was sometimes used to produce garments
but more often for a lining, particularly for gloves. A

number of variations of the structures were made as follows:-

Name Front Bar (Ground Yarn) Back Bar (Pile Yarn)
Cotton Lining Hard cotton Soft cotton

(Cotton with lining)

Double Cloth (Camlet) Wool Wool

Lined Cloth Wool Cotton

Plush Lining Cotton Wool

(Fig.3hg).
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3, Three Bar Constructions

a). Plush

WOolien three bar construction produced by the front bar
making a &4 x 1 closed lap and the remaining two bars meking

1 x 1 in opposition. The wool pile was cut and brushed and
the ground, in general, was cotton. (Fig.35a).

Silk Velvet (Silk Plush) was a variation using the same
lapping movements as plush, but the front bar used silk yarn.
It was not generally used as a fabric but in strips for
trimmings.

b). Lined Single Rib (Lined Tricot)

Front bar 2x1

Middle bar laying-in over three needles moving with front bar.

Back bar 1 x 1 in opposition to the front bar.

Generally mude of cotton, silk or a combination of both

materials and raised during finishing. The fabric was used

for the production of garments, the pile normally being used

inside. The back bar sometimes made an atlas movement. (Fig.35b).
¢). Lined Satin (Lined Atlas)

The front and back bars moved in an atlas manner, the middle

bar laying-in and moving with the front bar over two needles.

(Fig.35¢).

Willkom continues to list other fabrics produced on warp

knitting machines, These are fancy fabrics and jacquard constructions
produced by guide deflection. The only group of fabrics in these

1432432
of interest from the point of view of wool is cut presser work3 3 ’Bj.
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A presser with a serated pressing edge is used in conjunction
with a part set threéded guide bar and only those needles which
are lapped are pressed giving characteristic work referred to in
the latter part of the nineteenth century as imitation crochet.
On early machines, the presser was traversed by a direct connection
with the guide bar, a connecting lever having one needle play to
allow for the overlap. It is not known at what time this type of
fabric was introduced, but it was an established type at the time
Willkom wrote his book and was produced mainly in wool and cotton
as an ornate fabric being used for dresses, jumpers, shawls, baby
blankets, etc. )

From the period of about 1870 to the outbreak of the First
World War (1914), the warp knitting trade appeared to be small but
viable, wool being one of the main fibres used and the constructions
were as outlined above. However, possibly the main section of the
trade was that of glove manufacture for which cotton and silk were
extensively used. Various constructions were made from plain
denbigh, atlas and milanese to thick 'duplex' constructions made
by pagting two atlas cotton fabrics together with their technical
faces outermost and then finishing the fabric to give an imitation
chamois leather or suede appearance. Also very fancy Jjacquard
constructions were made including elbow length dance gloves.

IV, WARP KNIT & RASCHEL MACHINERY 1914 - 1925

During this time, steady development was made in the warp

knitting field both in machine construction and in fabric
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development. Worthy of note is the invention of the Simplex

machine in 1915 by E. E. Preston of Leicestequ. This was a fine
gauge double needle_bar machine using bearded needles with two

guide bars., It produced a double faced fabric for glove manufacture
causing the duplex construction to become obsolete. The machine's
mechanical construction was the bearded needle equivalent of the
Raschel machine in that each needle bar rose, lapped and fell, to
knit alternately, thus having a different knitting action to earlier
bearded needle rib machines. Machines of this type are still in

use for the manufacture of glove fabrics.

It is difficult to trace the development of the Raschel
machine around this time, but the omission of reference to it in
publications of the period indicates that it was used only to a
small extent and it would appear that this was for fancy coarse
gauge work which could not be done on bearded needle machines, for
example such fabrics as fall-plate, crepe, double needle bar and
speciality work on jacouards. The machine was often fitted with a
fringing motionBs.

After the First World War, the warp knitting trade continued
in its steady state of development. Great effort was placed in
the production of glove fabrics36 & 37. The production of other
fabrics remained much as described previously. The most common
machine gauges were 12 to 18 needles per inch38. The use of

bearded needles mounted vertically in a moveable needle bar was

now becoming common and these were known as Atlas looms or fast
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warp frames. Sinkers were fitted to Raschel machines when

producing single needle bar work39.

Quilter and Chamberlainuo give the following as a list of
machinery available at this time -

Bearded Needle Machines

Flat looms -~ plain type machines with provision for knock-
off laps, horizontal fixed needle bar and some-
times referred to as the chain loom.

Fast looms - vertically mounted moving needle bar

Milanese

Double warp machines - for the production of warp lace fabrics.
Double bar warp machines - Simplex

Latch Needle Machines

Sinker looms - single vertical needle bar with sinkers.
Double rib loom or Raschel loom - two needle bars, creping
mechanism, fringing apparatus.
.Special machines - jacquard looms, picker looms, (presumably
weft insertion), plush looms, and small diameter
- eircular machines for the production of gas

mantles and neck ties,

V.  INTRODUCTION OF CONTINUOUS FILAMENT YARN

In 1921 the first commercial batch of continuous filament
acetate was producedl+1 for the warp knitting trade and was an
immediate success. This was to be the most significant development

of the decade. Continuous filament materials and the warp knit
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structures' inherent resistance to laddering gave an excellent
combination for the greater expansion of this means of fabric
production, Continuous filament materials are smooth and will,

therefore, run on warp knitting machines without the accumulation

of lint and at a low fault rate. The material can be spun fine

yet sufficiently strong to withstand knitting strains and more=-
over, at economical prices, thus enabling the production of a new
range of light-weight fabrics, and allowing two, three and four
bar fabrics to develop which otherwise would be too heavy and
expensive for general use, Fine yarns and lighter fabrics soon led
to the use of finer gauges and 28 needles per inch became standard.
The widths of machines also became established at 84 inches and
wide width machines were introduced. Various widths were used but
the standard wider machine was 168 inches.

Under these new conditions, the warp knitting tricot trade
developed at a considerable rate, locknit being the main fabric
produced. The majority of the machines were two bar machines and
speeds of production developed from 200 c.p.m. in 1924 to 510 c.p.m.
in 1939, A number of 3 and 4 bar machines were also used, but
these were small in comparison to the number of 2 bar machines,

<§énsiderable nechanical development was made in machine construction’+2

but mainly in the interests of speed and efficiency rather than in

new fabric structuresl+3 .>

The use of fine gauges and higher speeds had a disastrous

effect on the use of wool and fibrous yarns in general as they

SRR T e, P -
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were unsuitable for fine gauge work in that they could not be spun
fine enough or at an economical price, and the fault rate when
using such yarns was high. WVool, therefore, assumed a minority
role and was used for speciality fabrics both in coarse gauge
Raschel and tricot, mainly in ladies wearing apparel for outer-
wear, dresses, blouses, jumpers, etc.

The Second World War caused a temporary halt in warp knitting
development, but afterwards manufacturers tackled the future with
renewed vigour,

Two significant developments were introduced;

first the increase in knitting speeds to twice that of the pre-

war level and second, the use of thermo plastic yarns, nylon and

férylenehh & 45.

VI. HIGH SPEED KNITTING

L6
In 1945 F.N.F. Ltd. of Burton-on-Trent, England ~ introduced

to the trade a new machine which doubled the speed of knitting
maintaining a cruising speed of 1,000 c.p.m, This machine
embodied a number of new features and paved the way for the

development of tricot and Raschel machines to the high speed

precision instruments as we know them today. The new features were -

(1) The use of a compound needle

(ii) The use of eccentrics as a means of driving
the knitting elements,

(1iii) The use of a positive warp let-off motion

(iv) Improved machine design to achieve static

and dynamic balance

(v) The use of better engineering techniques to achieve
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more accurate movement at higher speeds with less
wear, etc.
The compound needle was not new, but represented an improve-

ment on existing types. The true origin of the compound needle
X
is somewhat obscure. Some attribute it to Lembeke and Gottlebe 7,
. L8 . . 1858
but Willkom = states that an attempt was made in Germany in 135
to use a pipe needle, (the drawings’of which show this to be
virtually the same as a compound needle), and he comments - "This

needle is exactly the same as one formerly made in Leicester by

Jeacock, and known as Jeacock's needle'l,

However, the use of the compound needle in the F.N.F. machine

was the first practical industrial use of this type of needle.

VII. MODERN MACHINES AND FABRICS

Around 1950, nylon and later polyester, became available to
the warp knitting trade for commercial use and this gave the trade
its final boost to enter markets which had not been previously
available to the warp knitter. This set off a chain re-action with
machine builders to develop machines suitable for these new end
markets,

The main property which makes nylon so suitable is its
thermoplaSticity enabling structures to be made which would not
be stable in themselves but which can be set to the required
dimensions by passage through a stenter during the finishing

operations, sometimes with the addition of a resin, (Raschel laces).

A second important property 6f nylon is that it is a strong yarn



47

so that finer yarns and fabrics may be produced. The spinning
limit of acetate for example in yarns intended for warp knitting
is 55 denier while 20 and 30 denier nylon are used in considerable
quantities. .

The main use of warp knitted fabrics is in lingerie followed
by shirting fabrics. Other large markets are dress materials,
linings, glove fabrics, blouses, working smocks, bed sheets, etc.

Raschel fabrics show their biggest potential in laces and nets
for curtaining, dress nets and edgings, and for the production of
elastomeric constructions for foundation garments and swimwear,
Other uses are fishnet stockings, vegetable bags, shoe linings,
wearing apparel, dress fabric, costumes, etc. References to modern
fabrics and machine mechanisms may te found in Palingh9.

Although the use of nylon and polyester have without doubt been
responsible for the growth of the warp knitting trade, this expansion
could not have taken place without a parallel development of warp
knitting machinery and, although the F,N.F. machine set the
standards and made the initial move, the majority of growth
subsequently has come from German machine builders.

In the early 1950s, two bar bearded needle machines were
introduced with a commercial knitting speed of 1,000 c.p.m. by
K. Mayer of Germany and from this firm followed a formidable
development in warp knitting equipment; high speed 3 and 4 bar

tricot machines soon followed with special mechanisms for tulle

50

nets” . In 1956 the first true Raschel lace machine was made using
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twelve guide bars. In 1963 warp knitting machiz;es were introduced

with 12 bars and Raschel lace machines with 20, the latter being

increased to 42 by 1968. Other significant machinery developments

include high speed Raschel machines for power net51, plain nets

and outervear, general purpose Raschel for outerwear and industrial

fabrics, fish-net Raschel, carpet kaschel, double needle bar

Raschels and machines for pile fabric production. This is not a

éomplete list, but it may be summarised by saying that tricot machinery

has developed into a high speed unit, generally of 28 gauge and of

varying widths up to 260 inches. Two bar machines are the most

common, but large numbers of three and four bar machines are used.

The majority of machines in industry today are bearded needle machines
OF THE CoMPraw0d ABEOME MAWNE

and although the initial development,was by F.N.F. Ltd., the Company

went out of business in 1965. A new cohpound needle machine was

introduced at the Basle Textile Machinery Exhibition in 1967 and a

number of these have been installed within the industry. It is too

early at this time to judge how this machine will compare with

its bearded needle counterpart, but it looks most promising.

Since the early 1950s, the Raschel machine has shown the
greatest development in its history. The main reason for this is
that instead of building multi-purpose machines as was the early
tendency with this type of equipment, machine builders have

concentrated on building a Raschel machine for a specific purpose

to develop fabrics for a particular end use.

From the point of view of wool, the development of this



&x

. . : Ty el
machinery is of little consequence as 95% is concerned with

continuous filament materials for reasons outlined above.

Wool is still used to a small extent for ladies' apparel,
dresses, skirts, costumes, etc. and can be knitted on a commercial
basis at relatively low speedssa, (up to 200 to 300 c.p.m.), and
on relatively coarse gauge machines, (up to 16 needles per_inch).
Although production would appear to be low in terms of courses,
production in terms of linear yards per hour is commercially
acceptable as the courses per inch used in the fabric are
relatively low.

From the foregoing, therefore, it may be concluded that at the
beginning of the warp knitting trade, wool was in great demand as
a raw material for this type of knitting. It is obvious that the
quantities used rose and fell with fluctuation in trade and
fashion requirements. However, it held its place as a major fibre’
used until the introduction of continuous filament materials when,
as with all natural fibres, its consumption fell. Today, in
general, only fabrics having a special effect or aesthetic appeal
which cannet be obtained in another manner, are produced. These
then stand in their own right as a fabric and have little
competition from other fabrics produced. They have, however, only
a small market as they tend to be speciality fabrics fluctuating
‘with fashion demands and made in relatively small quantities. Examples
are knop and shell fabrics made on cut presser machines, various
forms of laid~in fabrics produced on Raschel machines, Raschel

fall-plate fabrics and some carpets53 & 54.
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CHAPTER ITI

PREVIOUS WORK ON THE PHYSICAL AND GEOMETRICAL PROPERTIES OF

I. INTRODUCTION

KNITTED FABRICS

All knitted fabrics change in dimensions on leaving the

knitting machine. In the past, it has generally been considered

that the factors affecting the change in dimensions are many and

include the following -

Yarn:

Machine:

Type of fabric:

Relaxation:

Finishing:

Yarn count, type, single or twofold,
twist and fibre content.

Type of machine, type of needle, stitch
length, setting of sinkers, needles and
other knitting elements and the timing
of the various motionse.

Weft knitted, warp knitted, plain, rib,
ihterlock, double jersey, etc.

The way in which the fabric has been
relaxed after knitting.

The various dyeing, finishing and drying

- treatments given during the finishing

operation.

It is evident that some of the above factors have a major

influence on fabric shrinkage and others have a very marginal effect.

It is only by systematic study that the importance of the various
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parameters can be ascertained.

Types of Shrinkage

The actual shrinkage which takes place in a fabric can be
divided into three categories, -

a). Relaxafion Shrinkage - that shrinkage which takes place after
knitting and during subsequent processing, either dry or wet and
is caused by the fabric recovering from the strains imposed during
knitting.

b). Consolidation shrinkage - that shrinkage which takes place
after relaxation shrinkage, often during further wet processing,
particularly in fabrics other than wool.

c). Felting shrinkage - that shrinkage which is peculiar to wool
fabrics and caused by the special properties of the wool fibres.

Generally, relaxation shrinkage is large, consolidation
shrinkage is small and both shrinkages take place up to the
finished fabric stage. In the case of a fabric which is being
fulled, the fabric is made to felt, when some additional felting
shrinkage will occur.

If a fabric is produced in which a large amount of relaxation
shrinkage is still dormant, and the garment is made from the fabric,
then on the first wash the fabric will shrink, rendering the
garment useless, Similarly, if a fabric is set to dimensions
‘greater than its truly relaxed dimensions and that set is temporary,

then the fabric will again shrink if this set is released on washing,

also giving an unserviceable garment., It is, therefore, essential
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that if a fabric with satisfactory stable dimensions is to be
produced, it should be finished to conditions close to its fully
relaxed dimensions or it must be effectively set in its distorted
state. The object of fabric geometry is to predict accurately the
dimensions of a piece of fabric in its fully relaxed condition.

II. GEOMETRY OF PLAIN STITCH WEFT KNITTED FABRICS

1. Experimental Findings

Work on fabric geometry was first undertaken on weft knitted
structures and more work has been done in this field than in warp
knitting.

Possibly the first account of the systematic study of the
dimensions of a knitted fabric were recorded by Tompkin555 in 1914
in his book "The Science of Knitting". He states that the product
of w.p.i. and c.p.i. is a constant irrespective of the distortion
of the fabric. He also found that for a plain fabric and a rib
fabric the linear dimensions were dependent on yarn diameter.

At that time, the trade apparently controlled fabric production
in one of tw§ ways, either by coantrolling the number of courses per
inch on the machine or, by controlling stitches per foot of yarn.
Chamberlains states that "the former was more popular in Britain,
but the latter méthod is a more'accurate means of quality control.”
Thus, at this point in time, the concept of stitch length as a
parameter of the fabric structure was appreciated, but the effect of

this parameter on the fabric dimensions was not understood. It is
also of interest to note that the Nottingham & District Technical

College taught as basic knitting technology that an important factor
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in the reproduction of fabrics was stitches per foot of yarn and
all students unroved fabrics for this purpose and made the
corresponding stitch cam settings during practical classes.

In 194k, Dutt0n57 published his results from a large amount

of experimental data in which an attempt was made to relate the
dimensional changes observed in knitted fabrics with the knitting

and production conditions. He concluded that the regularity and
quality of plain weft knitted fabrics were dependent upon many
factors, e.g. machine type and speed, temperature and humidity of
storage and knitting room, type of yarn, type of yarn package, etc.
This work also showed that relaxation shrinkage and felting shrinkage
were critically dependent on knitiing conditions.

" The first significant step which was taken in the concept of
modern fabric geometry was that by Doyle58 who wzs the first to
observe that the area dimensions of knitted fabrics were solely
dependent on the length of'yafn knitéed into the stitch, (‘l), in

a relationship of the form -

5. k%

2
where S is the number of loops pﬁi square inch or stitch density.
He proposed, therefore, that stitch length was the most
accurate means of controlling knitting quality since, unlike
measurements of a linear nature, i.e. c.p.i. and w.p.i., it is not
gffected by fabfic strains, (S6robed).
Although it was known that the stitch length was a major

parameter controlling fabric quality, this work can still be

considered a major step forward as it gave a relationship between 4£
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and S and formed a scientific foundation for the study of knitted
geometry and a more fundamental understanding of the structure.

It was also a major step forward in that it made possible the wider
appreciation of the importance ofaz within the trade.

In 1959 Munden5 ? emphasised the points made by Doyle and
further he showed, that when the fabric was relaxed and was free
from the strains imposed during its comstruction, the loop took up
a unique shape independent of the yarn, count, knitting conditions
or knitting construction (stitch length), such that the dimensional

properties were related in the following manner -

s x£° = constant (k)
CePoio x 4 = constant (kc)
w.p.i. x § = constant (k)
C.p.i. _ k.

e i, " = constant (kr)

Munden pointed out that the value of the constants varies

according to the relaxation state of the fabrics and increases as

the fabric becomes more relaxed, He investigated two relaxed

states as follows =~

Dry relaxed - fabrics measured after standing for several
weeks in a dry state.

Wet relaxed - fabrics immersed in water for at least two/three
hours, often overnight, and then laid flat on a
suitable surface and allowed to dry, all
measurements being taken when the fabric is dry.

It was considered at this time that the wet relaxed condition
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represented the completely relaxed state. The k values obtained

were as follows -

Dry relaxed Wet relaxed
ks 19,0 21.6
kc ‘ 5'0 5'3
k, 3.8 ko1
k, 1.3 1.3

In a further paperso, Munden went on to show that the
shrinkage vhich did take place was not associated with yarn shrinkage,
but solely with a change in the configuration of the yarn in the
loop, In fact, it was shown that with light washing procedures
fabric shrinkage of up to 30% could be obtained where the yarn
shrinkage was less than 2%.

To summarise at this stage, it is convenient to quote
Natkanski®’ who, on talking of the constants, (k_, k 1 K, kr)’
states, "These formulae can be considered as the basic laws of
knitted structures in that they indicate the dimensions which any
plain knitted structure tends to in order to reach the state of
equilibrium or minimum internal energy when knitted and removed
from the machine., Further, they indicate that there is only one
factor which governs the dimensions of the knitted fabric and that
is the length of yarn knitted in the stitch.

These experimental relationships have been accepted by

subsequent researchers in this field and used as basic principles

for further investigations,"
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In 1968 Knapton, Ahrens, Ingenthron and Fong62 produced a
significant piece of work which stated that the wet relaxed
condition does not give the fully relaxed state of the fabric,
and it is necessary to tumble dry the material after wet
relaxation in order to achieve a fully relaxed state. This in
itself is important, but a more interesﬁing statement claimed
that the product of loop length and c.p.i. or w.p.i., andzea and
stitch density, are not a constant in the dry relaxed state or

the wet relaxed state, but only when the fabric is truly relaxed,

i.e. after tumble drying.

2e Loop Models

Many attempts have been made in recent years to construct
loop models in order to explain the practical results already
outlined above in order to obtain a more thorough understanding
of the factors affecting fabric dimensions.

The first of these attempts was made by Chamberlain63 who
proposed a loop model to give maximum cover by suggesting that
the needle loops touch at the sides and the sinker loops touch
the needle loops at the top and the bottom to give maximum cover,

From this model, Chamberlain was able to show that the following

relationships should apply =-

1 K3
WeD.l. = ha (where 4 = yarn diameter)
RS
C.p.i. -2 w.p.i.
_ 3w+ 2,73
£ } h‘w'pOio
CePoi. -

w.p.i. - ;) = 1'15
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Remarking on the accuracy of his model, Chamberlain concluded -
"In practice, however, there are so many other factors involved
that the results obtained theoretically do not agree with those
obtained practicallyeeececes"

One limitation of Chamberlain's model was that he considered
a two dimensional model only. P:'.erce6l+ made a generalisation of
Chamberlain's model and extended this to a three dimensional
arrangement by bending the loops over a cylinder running in a
course-wise direction and by suggesting alterations in the loop
length due to yarn diameter by adding straight sections in the loop.
As a result of this analysis, he showed that a formula linking

courses, wales and loop length on the plain knitted stitch could

be derived as follows -

I = -2 + ] + 5.94d

CePele W.Dele

In 1955 Shinn65 considered a two dimensional model basically
similar to that of Chamberlain's. Also in that year, Leaf and
Glaskin 6 criticised Pierce's model on the ground that it was
physically unrealisti. suggesting discontinuities in curvature at
points in the structure where no external forces were acting. They
proposed a model .which did not include these physical limitations,
but the model was found to give results which did not agree accurately

yith the practical results already established.

Further models of the plain loop of varying degrees of complexity

have been proposed at various times by Leaf67, Munden68, Mundea

and Postle69, etc.
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111, GEOMETRY OF WEFT KNITTED CONSTRUCTIONS OTHER THAN PLAIN

Similar work on the dimensional and geometrical properties of
other constructions has been attempted, although these other structures
have not been investigated to the same degree., This work has
concentrated on dry relaxed, wet relaxed and, more recently, tumble
dry ;onditions obtzining various k values and investigating the
effects of stitch length ratio and yarn count, This work includes
1 x 1 ribbed studies by Smirfitt7o and Natkanski61, interlock by
Hurt71 and various double jersey constructions by Knapton72.

Very limited work has been done on the models of the loop
configuration of these more complicated structures.

Iv. FELTING

Untreated wool fabrics felt when washed and many workers
have investigated the felting properties of weft knitted structures73’74’75
The important feature which determines the felting rafe of the
fabric is the tightness of the structure which may be conveniently
described algebraically by the formula Af?%g or ldrlﬁb-(where
N equals the indirect count),

It has been shown that for an extreme range of tightness of
any knitted construction, the ks values aftervdry, wet and tumble
dry relaxation, are independent of the fabric tightness. However,
if felting of the fabric occurs, the ks value of the fabric after
any washing treatment is critically affected by the tightness73.

(To obtain this value for k_y the c.p.i. and w.p.i, of the fabric
are as measured after the washing treatment, the value of 2 is

as measured when knitted into the stiteh,)
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It has been suggc—:sted'?l+ that the ks value measured in this
way is an accurate manner of expressing the degree of felting of
any piece of fabric.knitted from wool, as it has been established
that shrinkage which takes place to bring the fabric to its fully
relaxed condition is attributed to loop configuration changes
untii a ks value of 23.6 is obtained., True felting shrinkage is,
however, associated with actual yarn shrinkage. Thus if the ks
Qalue is calculated using a value corrected for yarn shrinkage,
the k_ value will remain constant, (somewhere between 23 and 24),

at its fully relaxed value giving no indication of the magnitude
of the felting.

V.  WARP KNITTED CONSTRUCTIONS

Although a considerable amount of work has been undertaken in
the investigation of the geometry of warp knitted structures, it
is by no means as large as that in the weft knitting sector of the
industry. The reasons for this may be attributed to the fact that
warp knitted fabrics are not as extendible as weft knitted
constructions and therefore do not suffer from variations in
dimensions to the same extent. In addition, the following features
of warp knitting and warp knitted fabrics reduce the magnitude of
fabric dimensional changes.
1. Fabrics are generally constructed from thermoplastic yarns

and heat set during the finishing process.

2, Continuous filament yarns are generally used which suffer less

from relaxation shrinkage than fibrous yarnse

3, Stitch length has always been the controlling parameter of

fabric properties,
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k, Positive feed has been used for many years.

. 6
The first written research appears to be that by Stlmmel7 177

who investigated the effect of structural variables, run-in,

run-in ratio and courses per inch on fabric dimensions in order to

predict the properties of locknit fabric.

"He produced a range of locknit fabries from 55/14 denier
acetate yarns knitted at various run-ins, run-in ratios and courses
per inch on the machine, He then measured the c.p.i. and Q.P-i-
off the machine in th? grey state together with the bursting
strength and yield, plotting this data graphically and drawing a
number of conclusions which were not related to any theory and
which were, generally speaking, accepted knowledge within the trace.
However, his work was a valuable contribution as it drew conclusicns
from experimental data rather than repeating trade know-how and it
drew attention to the importance of runner ratio, as Stimmel
pointed out that there is an optimum distribution between back and
front bar run-in when each underlap will take equal strain and so
gi§e maximum bursting strength.

The next published work was that by Fletcher and Roberts78 who
also investigated the locknit structure by producing 97 fabrics of
various deniers 6f acetate and viscose. These fabrics were studied
in the grey state and also scoured, being set on a pin stenter.

In an attempt to discover the relationship between stitch length

and fabric parameters, they found that an equation similar to

that derived by Pierce6u for weft knitted fabrics could be used by

"y
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varying it according to yarn type; The expressions obtained were -

L
4

wheref is the total stitch length (back bar plus front bar)

Le 4+ 3.5w + 11.75d for acetate

be + 3.5w + 13.52d for viscose

¢ = course spacing, w = wale spacing and d = diameter of the yarn.

"They pointed out that in addition, the numerical factor by
which d is multiplied, (namely, 11.75d for acetate and 13.52d for
viscose), increased with increase in runner ratio if the fromt bar
stitch length was considered separately and decreased with increase
in runner ratio if the back bar stitch length was considered
separately. However, if the sum of the stitch length of both bars
was coasidered,lthen the coefficient of 4 was a constant. They
also demonstrated that the fabric changed considerably in dimensions
during laundering unless previously relaxed to remove knitting
strains. They noted too that the changes which did occur were a
geometrical re-arrangement of the yarn within the loop and that
yarn shrinkage was no more than 2% They also established that the
average % values were 0.854 for viscose and 0.7555 for acetate.
The data for relaxed and laundered fabrics was not given in the
paper.

The next published work was that by Alli.son79 who constructed
a loop rlodel by splitting the loop configuration into four basic
parts, an underlap, two arms and a semi-circle and showed that the

stitch length was the addition of the components as follows -
_e = Mca + n2w2 +ad + 21,025 A/dz + 02) +7r2d

underlap arms of loop head of loop
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vhere 4? = stitch length, ¢ = course spacing, w = wale spacing,
. d = yarn diameter and n ; needles traversed on the underlap.

This model did not take into consideration the three
dimensional shape of the loop, nor did it make any attempt to
differentiate between the length of yarn in the back bar and the
front bar. It applied only to the machine state fabric.

(:‘xrosberg80 was next to publish a loop model and in this case,
he pointed out that the front bar yarn is more prominent ou the
front and on the back of the fabric so would use more yarn than
the back bar. Secondly, he considered the underlap and loop
separately, classifying the underlap as a straight line in the dry
state, but as an arc of a circle after relaxation, and the loop as

an elastica, (constant relationship between the length of yarn in

the loop and the loop height, L = 2.543b where b = the loop height).

The formulae given are =~

Machine state fabric

Front bar ‘(f = /ca + nf w + 2.54% + 7.124

Back bar ‘eb ='/c N A 2.543¢c + L4.683d

underlap loop factor for plating

yarn thickness etc.

Relaxed fabric

Front bar lf = ‘1.29'J<:2 + nafw2 + 2.503¢c + 7.72d
Back bar Ib = 1,29 Jca + nabwz. + 2.543¢c + L4,683d

where X f is the loop length of the front bvar, 1 b = loop length

of the back bar, ¢ = course spacing, w = wale spacing and n =
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number of needle spaces moved on the underlap.

Grosberg found that his formulae held true for the total
run-in, i.e. back bar plus front bar, but the individual values
of back bar and froﬁt bar stitch length were often inaccurate.
Also, if the calculation was reversed to obtain values of c.p.i.
and w.p.i., these were also inaccurate.

In their second paper, Fletcher and Robert881, in 1961
extended their work to include cotton and to investigate the effect
of twist. They used Allison's formula for the finished fabric and
Grosberg's formula for the relaxed fabrics and reported good
correlation between the experimental and calculated values of
stitch length in each case. They also applied Munden's equation

for the stitch density of weft knitted fabrics, viz @

where S = stitch density, £ = stitch length and k = a constant
dependent on the actual configuration of the loop and applicable
to a wide range of fabrics with constant runner ratio.

They also found that % = 0.91 for a wide range of fabrics
which is at variance with their previous work.

Smirfitt's workS2 performed the detailed study of the effect
of run-in ratio of the back and fromtbars on fabric dimensional
properties and undertook emperical corrections to Grosberg's
formula stating that corrections were required for =-

1. Variation in plating
.2s Inclination of locrps to the vertical

3. Curvature of the underlap.
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Later work by Grosberg83 divided two bar full set warp knit

structures into two classes -

(a) Semi stable - e.g. locknit, three needle satin, etc.
Those structures which are relatively elastic and change
in dimensional properties on relaxation.

(b) Stable constructions - e,g. sharkskin, queenscord, etc.
Those fabrics which are rigid and exhibit little change in
dimensions on relaxation,

He improved his original study by taking into consideration
loop inclination, the curved underlap and the three dimensional

form of the loop., Grosberg's final formula was as follows =

é = K% {-3.057 + 2.857 4/1.145 + 2.856 [1 + (%)2 (%)2)} +

\ 2
A{(n + %(2.802 - 0.749) 1.5 + 2,856 (1 . (:’-')2 (‘-3)2)) 2., (%)} %

where ¢ = course spacing, w = wale spacing, £ = loop length,

d = diameter of yarn, n = number of needle spaces moved on the
underlap, k = a factor for the bending of the loops out of fabric
plane and interlacing with other loops, a = constant for
curvature of underlap having a value of 1 for the machine state

fabric in which the underlap is straight and varies in relaxed

fabrics with 25

PROVIDEer o W, L DErmumven
Grosberg celeuteted the values of o coutd be -fomrrd graphically.

-This proved useful for machine state fabrics where the value of w
is given by the needle spacing. To use these graphs to predict

the dimensions of the fabric in the relaxed state, a number of
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assumptions are necessary, the validity of which are of
considerable doubt.

Tiryaki84 progressed on Grosberg's work by investigating
the dimensions of two bar full set fabrics in their relaxed states
deriving a method of determining the relationship between loop
length and the physical dimensions, in which he assumed that a
fabric was relaxed when the loops touched. This gave a further

condition to Grosberg's work and resulted in the following

equation -

A

L,08kc sec © + A {k(n +2)d + (n - 1) 1,07c sec GJZ ¥ cz :
ul

o bs

4,08k sec 6 + A {((n ¢ )3+ (a - 1) 1,07 sec e)a . 1}

2
On plotting graphs é-, é and f% against é, Tiryaki

observed that for a wide range of é values, constants were

obtained as follows -

(a) S was a constant ke and equal to 5.7

(b) é was a constant kw and equal to 4.3
2
) &

& was a ccistant ks and equal to 2k, 6

These values were checked with a large range of stable and semi-
stable constructions made from 40 denier nylon on a 28 gauge
machine, He found that for the semi-stable structures good
agreement was obtained with the theoretical values if the X value

used was that of the bar which made the shortest movement.,

Further work showed that the best run-in ratio to obiain
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maximum stability and strength when yarns from both bars took
equal strain was locknit 1.2k and 3 needle satin 1.57.

Tiryaki further investigated stable constructions and found
that the linear dimensions of the fabric were not in agreement
with the theory due to the inability of the cloths to relax fully
under any normal relaxation treatment. However, the area dimensions
were found to be predictable from the stitch length but the

following relationships obtained experimentallye.

Machine state

Full tricot S = 1-8—.-2 or ..1_8.:2. (using whichever
! Zf /e Zb value is the shortest)
Reverse locknit S = 1—3;2
)
Locknit s = lgzl
%
3 needle satin S = lgiz
£
After relaxation
Full tricot S = ggié- or 246 (using whichever
f £ 12 b value is the shortest)
Reverse locknit S = 3&12

r
3 needle satin S = 2,2
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r

Shinn and El-Arefg) investigated a series of two bar full
‘set fabrics including tricot, locknit and satin in order to
derive a formula to. predict the run-in of two bar fabrics for a

given c.p.i. and w.p.i. The suggested formula for lapping move-

ments with an underlap is -

d = M1Od2 + c2 + N 18d2 + c2 + /\[c2 + (nw - Zd)2 + 2,57 d

and that for the chain stitch is =

A= A10d° + 4+ J18d +c + 4/4d2 + 02 ; 2.57 ¢

Good correlation between the experimental results and those

predicted by the formulae was reported.

Darlington86 investigated the validity of Tiryaki's work
when extended to a wide range of fabrics produced from wool
using a larger range of run-in ratios and a number of different
structures, namely, tricot, locknit, reverse locknit, sharkskin
and queenscord., He gave a formula for the length of yarn in the
chain stitch as follows -

L = l+.08k£ sec 6 + Ac
He also investigated different states of relaxatien and found
difficulty in obtaining stable constructions in a fully relaxed
condition,

This work showed that good correlation with Tiryaki's
results existed only when the run-in ratio values were similar

to those investigated by Tiryaki.

Darlington also showed that -

(i) The run-in ratio varied with courses per inch in the fabric,
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thus giving a direct relationship between ks value and the

runner ratio.

(ii) The dimensions of the fabric were not determined by the
shortest lapping movement, but by the lapping movgment wpich
had been run-in tighter than that required for both yarms to
take equal strain to give maximum bursting strength.

(iii)The value obtained for yarn diameter varies according to the
method of measurement and the actual diameter of yarn varies
according to the space available in the fabric. He concluces,
"These results suggest that no fixed value can be given to
the diameter of a wool yarn; the actual diameter of the yarn
in the fabric being critically dependent upon the fabric
structure and also upon the relaxed condition of the fabric.
This fact has not been taken into account in previous work on

the geometry of warp knitted fabrics, all of which have assumed

a fixed value for yarn diameter,"
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CHAPTER IV

'DETAILS OF MACHINE USED FOR EXPERIMENTAL WORK AND INITIAL

INVESTIGATION INTO EFFECTS OF MACHINE VARIABLES ON THE

DIMENSIONAL PROPERTIES OF THE FABRIC

I. CHOICE OF MACHINE

It is generally accepted in the warp knitting industry that
a Raschel machine is more versatile than a tricot machine for
the knitting of fibrous yarns and since this thesis is concerned
with the knitting of wool, a Raschel machine was chosen for the
production of the samples,

The type of Raschel machine used was the Karl Mayer‘RML.6,
(Photograph &), This is a bench top model, ideal for research
and sample work as it operates from small warps produced by hand,
The warps are made on 6 inch diameter by 6 inch wide spools on a
special hand warper, (Photograph ‘), the spools being mounted
onto a common spindle or beam for placing in the.machine.

Thus the ekperiment can be decided upon, the warps made and
placed on the machine in a matter of hours rather than weeks as
would be experienced on a full sized machine, Furthermore, small
samples can be produced from small lots of yarn which would be

.impracticable on full size equipment,

II, MACHINE DETAILS

1. Gauge
32 gauge (16 needles per inch)

2, Number of Guide Bars eee  Bix




1

Photograph



2 udeaxfozouyd




-70-

3. Knitting Action

This is basically similar to that described in the
introduction, the timing diagrams being illustrated in Fig.36.
The only difference is that on the RML 6 machine, the needle bar
is given a horizontal movement in exact opposition to the guide
bars, (derived from the guide bar cam), to reduce guide bar swing,
80 diminishing machine vibration and easing tension control.
k., Cams

This machine ié intended for the production of a variety of
fancy fabrics and is, therefore, equipped to take one of three
different sets of cams =~

(i)  To knit on two bars

(i1) To knit on four bars

(iii) For use when using the fall-plate mechanism.
The differenee between these cams is concerned with the needle bar
vertical movement and the relative movement with the guide bars in
a horizontal direction, (swing), the latter is the same for cams
(i) and (ii) above, the difference being concerned solely with
descent of needles. In the first instance (i), the needles descend
as the éecond guide bar is level with the needles on the return
swing so that it is only possible to knit on the first two guide
bars, the remainder being used to lay-in. The second set of cams
(11), allows the needle to descend when the fourth guide bar is

level on the return swing and it is, therefore, possible to knit

on the first four guide bars., As it is also possible to lay-in on
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these bars, this arrangement is the more versatile. The third s;t
of cams (iii) allows all bars to perform the return swing before
the needles descend, but also the guide bars dwell on returning to

the front of the machine while the fall-plate is lowered. These
'cams are, in the main, suitable for fall~plate work only.

The cams chosen were, therefore, those which enable knitting
on four bars, as they offer greatest scope should the work require
it, or should the machine be needed for more complex work at a
later date. Furthermore, this type qf camming is the easiest to
set for knitting as the tolerances between guide bar and needle bar
" movement are greatest.

5 Pattern Drum Mechanism

The pattern drum mechanism used on this machine is of the;iever
type illustrated in Fig.37. The principle involved is that the
pattern drum itself operates on a lever fulcrummed at its lower end
to the top of which is aftached the guide bar push rod. The point
at which the pattern drum links bear upon thé levér is dependent on .
the gauge of the machine,

The advantages of this kind of mechanism are that the same type
and gauge of link can be used on all gauge machines, and the gauge
of the machine may be changed if required for the éost of a new
inside, (needles,.guides and sinkers), a nominal cost compared to
that of a completely new machine,

6. The Fabric Take Up Motion

The fabric is removed from the needles by a set of three take-up
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rollers situated as close to the knitting point as practicable,
Fig.38. One roller (a) is driven by means of a ratchet from the
main cam shaft of the machine via an eccentric. The second roller
(b) is driven from (a) at the same surface speed by means of a
chain connecting the two rollers. The third roller (¢) is driven
by frictional contact with the fabric, the tighter the fabric is
pulled, the tighter the grip provided by this roller.

The take-up motion on a warp knitting machine governs the
courses per inch in the fabric on the machine., The method of
changing the ¢.p.i. on the machine under discussion is by means of
the stroke of the ratchet lever driven from the eccentric. Two
ecceﬁtrics were used which, in conjunction with the leverage
available, gave a range of 10 to 40 courses per inch.

The take-up motion thus described does differ somewhat from
that employed on a full size machine in that the take-up rollers
are driven direct from the main cam shaft via a gear box, this
gearing being changed to alter the courses per inch in the fabric
when on the machine.

7. Warp lLet-off Mechanism

This consists of two essential parts, (a) the yarn take-up
section which was a spring ;oaded bar oscillating up and down
against the sprirgtension to take up cyclic variations in yarn
1ength during the formation of each course due to the swing of the
guide bars and the rise and fall of the needles, and (b) the warp

control mechanism which holds the warp firm until yarn is required
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when it allows the needles to pull the required amount of yarn
forward.

This latter part consists simply of a brake comstructed of a
"v!' belt mounted in the groove of a "v" pulley positioned on the
end of the beam bearing., This "v" belt is anchored at one end and
tensioned by means of a spring at the other. (Fig. 39).

The mode of operation is as follows:- As the machine rums,
the tension bar moves up and down accommodating cyclic variations
in warp tension until the temsion reaches a peak at which point
the tension rail is depressed further than usual and a casting
mounted on the end of the tension rail raises the 'v" belt, thus
releasing the braking force on the beam and allowing the yérn to
be pulled forward by the knitting elements. As soon as yarn is
delivered, the tension is obviously reduced, allowing the tension
rail to rise, so re-applying the brake, Generally speaking, if
correctly set, this type of let-off motion will allow yarn to be

taken once per course when tension is at its highest, i.e. at the

overlap.

IIXI. STITCH LENGTH CONTROL

A prelimina?y glance at the knitting actign will suggest
that only three things can affect the stitch lengfh on a Raschel
machine, (1) the fabric tension, (2) the knock over setting,
(3) the warp tension,

1¢ The Fabric Tension

The fabric take-up mechanism on a Raschel machine is generally

a positive direct drive from the main cam shaft with change gears
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to alter the courses per inch. The fabric is taken away at

- inches per course
CePele P ¢

N.B. There must be no slippage between fabric and roller otherwise
uniformity of fabric cannot be guaranteed.

The fabric will be under constant tension and stretch so that this
movement, although continually occurring in the fabric, will take

place at the knitting point as each loop is formed as the needles

rise from knocking over.

2. The Knock Over Setting

It may be considered that the depth to which the needle
descends below the top of the trick plate, (xnock over setting),
will influence the length of the stitch., This, however, is not so
because the yarn is "live' during loop formation, ome end of yérn
passing direct to the tension rail. As the needles rise from the
knocking over position, yarn is pulled back out of the loop by the

tension rail until equilibrium is reached with the take-up tension,

3. The Warp Tension

For any given setting of the take-up rollers, it is possible
to produce fabrics under a variety of warp tensions. If the warp
tension, however, is set "too slack" there will be a tendency for
the fabric to rise with the needles and for the ascending needle
to rise through the old fabric loop. If the warp tension is set
too high, yarn breakage will occur. Also, the fabrie loop will be

too tight, sticking on the latch as the needles rise, Under these

_ two extreme conditions, it is impossible to knit, but between these
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two points a limited variety of stitch lengths may be produced.
IV. QUALITY CONTROL

It is generally accepted within the warp knitting trade that

the ultimate dimensions of the fabric are determined by the stitch
length, the courses per inch on the machine being of secondary

| importaﬁce. The stitch length is controlled by keeping the machine
knitting at a constant "run-in". This run-in is defined as the
amount of yarn knitted in one rack, i.e. 480 courses. The length
of fabric is measured on the machine in the grey state in racks.

Thus, if a piece of fabric requires 48 c.p.i. finished, the
length of fabric to be knitted on the machine for 100 yards is

8 xigox LU 360 racks. The courses per inch in the grey

state is not considered, and the'stitch length required to obtain
" these finished courses is obtained from past records, or in the
case of a new fabric, industrial "know how", or trial and error.
Some firms consider, that owing to the fabric's distorted
condition, a grey fabric has no physical dimensions other than

weight.

V. PRELIMINARY EXPERIMENT TO DETERMINE EFFECT OF MAiCHINE VARIABLES

ON_FABRIC DIMENSIONS

During preliminary running of the machine, it was noticed that
if excessive tension was placed on the warp let-off motion, it
appeared to hold the take-up rollers back, and it was thought that
this may adversely affect the‘results unless its effect was

completely understood. Consequently, it was decided to run a
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preliminary experiment to ascertain if in fact the rollers were
being held back and if so, what effect this had on the resultant
fabrics.

In order to determine the effect of the various mechanisms on
the fabric properties, it was decided to produce fabrics at five
settings of the take-up rollers, (nominally five c.p.i. on the
machine), and at each setting to use three different warp tensions,
slack, medium and tight.

To ascertain if the take-up roller was in fact being held back
by the warp, the machine was set so that it was knitting with the
minimuﬁ tension which when tested with the M.A.N.R.A. tensometer
proved to be 9 grams per ernd. The c.p.i. on the machine was 2k,
The run-in per rack was 94,6 inches.

A free piece of yarn was then placed round the rollers and the
surface speed of the rollers obtained by measuring the length of
yarn moved by the rollers. This was found to be 20" per rack.

The tension was then increased to its maximum, (25 grams),
without altering the setting of the take-up roller and ig was
found that the run-in was reduced to 84.5 inches per rack, the
surface speed of the take-up rolleré was reduced to 17 inches per
rack and the c.p.i. measured on the machine was 28.

The c.p.i. on the machine was dependent on the let-off motion.
The ratchet drive on the take-up rollers proved to be negative if
the warp tension was high, iés effectiveness as a drive being

subject to the balance between warp tension and fabric tension.
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Thus it is not possible to perform experiments isolating the
e‘ﬁof e::ﬂm i?ﬁf él;a’r’;;:‘?‘r:?: O’r‘luocr“f&'igrz.g l’tia’kﬁed;?g. WERE PRer Weve YARNS
The fabrics were now relaxed by wet relaxation and tumble
drying, the dry relaxed state being ignored as it is known that
fabrics in this condition are distorted.
The results obtained in the tumble dry state are shown in
Table 1 and graphs in Figs. 40 and 41,
It will be observed that for all practical purposes the
results fall on a straight line according to stitch length and

do not group themselves according to warp tension or take-up

roller setting.

These results indicate that :=-

(a) The fabric properties and dimensions are only determined
by the stitch length, as has been established for weft
knitting.

(b) The fabric take-up setting does not affect the final fabric
dimensions, only the ease of knitting.

(c) Warp tension does not affect the final fabric dimensions
unless it changes the stitch length.

(d) The RML 6 table top model machine is perfectly adequate to
perform scientific investigations. Although the ratchet
take-up motién is not truly positive, it does not affect

the fabric dimensional properties in the relaxed state.
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TABLE 1

Relationship between stitch length and fabric dimensions after

relaxing by tumble drying for fabrics knitted at

different tensions

. . Relaxed
Fabric ’l C.p.lt on Tension Relaxgd Relax?d siizzi
group machine CePels | WePele density
0,267 15 T 32.73 | 3.2k | b33.21

1 0.300 13 M 30,00 12.00 360.00

0.312 12 s | 28.80 | 11.71 | 337.16

0.203 21 7. 42,86 15,74 67447

2 0.219 19 M 40,00 15,24 609,52

0.257 16 S 33,49 13,74 459,27

0.167 25 T 49,66 18,46 916,71

3 0.183 23 M 48,00 17.78 853.33

0.215 20 S k1,43 15.48 637.05

0. 148 36 T 59,02 20.87 | 1231.64

L 0.162 31 M 53.33 19.59 | 1044,90

0.181 26 S 48,00 17."6 837.82

0.143 T T 62,61 20,43 | 1278.81

S 0.15% 41 M 59,02 19.59 | 1156,24

0.165 37 S 53433 18.46 | 984,61

T = Tight (25 gnm.)
M = Medium (16 gn.)
'8 = Slack (9 gm,)




PRELIMINARY EXPERIMENT TO INVESTIGATE THE EFFECT OF DIFFERENT

RELAXATION CONDITIONS ON THE DIMENSIONAL PROPERTIES OF 1 X 1

CLOSED LAP FABRICS

I. INTRODUCTION

Numerous relaxation procedures have been adopted by various
research workers in order to relax fabrics and it is evident that
each procedure gives a different relaxed condition. The object of
these relaxation treatments is to remove all relaxation shrinkage
s0 that the fabric assumes a stable state and no further shrinkage
occurs on subsequent washing or treatment. This is then considered
to be the "fully relaxed condition",

The "fully relaxed condition" is difficult to establish,
particularly in fabrics which felt, (i.e. wool fabrics), and
different fabrics such as rib, plain, tuck, double jersey, etc.
require different treatments to obtain the fully relaxed state.
There is, therefore, .0 certainty that a relaxation procedure used
to fully relax weft knitted or other warp knitted constructions
would be suitable for the warp knitted fabrics under investigation.

The following experiment was conducted, therefore, to
;nvéstigate the effect of various relaxation treatments on the
dimensional properties of the 1 x 1 closed lap warp knitted
éonstruction and to investigate whether relationships between the

fabric dimensions and the knitted stitch length, similar to those
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observed in weft knitted structures, exist and are constant in
the various relaxed conditions.

II. EXPERIMENTAL DETAILS
woo L.
For this work, 1§Asamp1es were produced consisting of four

different stitch lengths of 4 yarn counts. Each fabric was made
240 wales wide and approximately 500 courses deep.

For measurement purposes in the length direction, two
coloured yarns were laid across the needle bed, (laid-in), 360
courses apart, Similarly, for measurement in a width direction,
marker threads were introduced into the warp 180 wales apart.

1e Machine Control

The c.p.i. were measured on the machine with a piece glass
at a point between the trick plate and the take-up rollers when
the needles had reached their highest position and before the
guide bars commenced their swing movement. The amount of yarn
required to produce 360 courses was measured by marking a spare
end from the warp at the commencezment and the completion of
knitting the 360 courses. The distance between these two marks
was measured on a H,A.T.R.A. Course Length Tester.

2. Measurement of Samples

The width and length of each sample was ascertained at each
stage of relaxation by measuring between the'marker threads.
Both width and length were determined in three different places
and the average taken. The use of marker threads in this manner
reduces the problems of measuring due to edge curling and is

more accurate and quicker than the use of a piece glass.
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3., Relaxation Treatments

The following relaxation treatments were used in the

experimental work -

a). Dry relaxation

The fabrics were allowed to stand on a flat surface'for
48 hours and then measured,

b). Wet relaxation

Overnight soaking in water with wetting-out agent; fabrics
allowed to dry on flat smooth surface and then measured dry.
c). Dry tumble

The fabrics, after wet relaxing as (b) above, were tumbled
in a dry state for a total of 60 minutes and were removed and
measured on a flat surface at intervals of 5, 10, 15, 20 and
60 minutes tumbling.
d). TPumble dry

The fabrics previously wet relaxed as (b) above were
re-wetted out with wetting agert for 15 minutes, hydro extracted
for 15 minutes and tumble dried at 70°C for one hour in a Kamsin
hot air tumble dryer. The fabrics were then laid flat and measured.

L, Measurement of Fabric Parameters

a). Courses per inch and Wales per inch
From the two measurements of width and length, the average

‘WeP.i. and c.p.i. were calculated as follows:-

. 180
WePel. measured width
c.p.i. 360

measured length
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b) Stitch density

The stitch density (S) was calculated as the product of

W.P.i. and c.p.i.

ioeo S = V.p.i. X cop-io

¢) Course/Wale ratio (kr)

This is the ratio of the course spacing to wale spacing and
is calculated from the formula -

Kk = C.p.i.

r Wopuio

d) Stitch length (£)

The total length of yarn required to form one stitch was
calculated, the stitch being defined as a loop and an underlap
and was calculated from the total length of yarn required to

produce the sample between the two coloured markers using the

following formula -

_ Yarn len th
L = o

e) k s k, and k_ values

These values were calculated for each of the samples at all

stages of relaxation using the following formulae:-

kc = CePele X L

kw = w.p.io X I
2

kB = Sxf

'f)  Cover factor

This was intended as a means of measuring cover in a knitted

fabric as in a woven fabric and is proportional to -:j:;.
N
This means of measuring cover factor takes into consideration
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only the yarn count and stitch length and is, therefore, only a
measure of knitting tightness, since, in addition to these
variables, the cover will be determined by the degree of relaxation
of the knitted construction,

For the 16 samples mentioned above, the details of yarn count,
stitch 1ength; WeDeliey CoPei., k values, etc. for each relaxation
treatment are shown in tables given in Appendix I.

III. EXPERIMENTAL RESULTS AND DISCUSSION

1. Preliminary Investigation

As a preliminary investigation, it was decided to plot kc and
k, values for each fabric against the relaxation state, (time), to
ascertain the effect of each relaxation condition and to verify if
a full analysis of each relaxation state was justified.

Each yarn count was plotted separately in this manner and as
a similar set of graphs was obtained for each count, only that for
1/20s is illustrated, (Fig.42). From this information, it was
rossible to ascertain the following facts =

(i) As measured on the machine, a considerable difference
in kc and kw values is observed from the measurements of the
individual fabrics. The kc value decreases with increase in
stitch length and the kw value increases with increase in stitch
length,

(ii) After dry relaxation the k_ values show less spread,
but there is still a signifiéant decrease with increase in stitch

length, However, the kw values are now similar and are not



kc / time

kw / time
[l M | 1 1 yi A 1 [}
on dry wet 5 10 15 20 50m Tumble
machine relaxed relaxed dry tumble : dry

Tig. 42 Effect of Relaxation Treatment on kc and k.w values
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affected by difference in stitch length.
(iii) After wet relaxation, the kc~values are brought even
closer together, but the kw values exhibit a slightly increased

spread compared with the dry relaxed state, the kw value increasing

with increase in stitch length.

(iv) Subsequent relaxation has little effect on the spread
of either the kc or kw values, except in the case of the tumble
dry condition when a reduction in the spread of the kc values may
be observed.

(v) There is a much greater change in k values for slack
stitch lengths than tight stitch lengths during dry and wet
relaxation, This is probably due to the fact that the slack
fabrics are much more distorted on the machine than the tight fabrics.

(vi) Tumbling the fabrics in the dry condition shows little
change in the k value.

The general relationships vetween the dimensional parameters
and the stitch length are observed by plotting c.p.i. and w.p.i.
against %r-and S against-]}i for each relaxation condition. These
graphs for the dry relaxed, wet relaxed, and tumble dry conditions
are shown in Figs, 43 - 48, From these graphs the following
general conclusions can be drawn:-

(a) The points show little spread with no apparent
‘relationship with yarn count. It may be cbncluded, therefore,
that yarn count has no effect on the dimensional parameters of the

fabric. This fact is discussed in more detail in Chapter VI.
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(b) There is a straight line in relationship between the

measured fabric parameters of c.p.i. and w.p.i. against 1 and S

z
L
L2

(c) The best fit line through the points gives an intercept

against

the magnitude and sign of which varies with different parameters
and different relaxation conditions.

It must be realised that if an intercept is present, it means
that the k value, (relationship between the two plotted parameters) ,
is NOT a constant, but will vary with £ .

An alternative way of showing these results is to plot the
k values (determined b.y kc = CoPeie x & kw = WePede x £ and
k. =8x 4 2), against stitch length for each relaxation condition.
The appropriate graphs for the dry relaxed, wet relaxed and tumble
dry conditions are shown in Figs. 49 - 51. Visual observation
confirms that the k values are not apparently constant, but vary

with 2.

2, Statistical Analysis of Results

It is general to analyse experimental resulis of this type
by regression analysis, each relaxation state being considered
separately. Owing to the little change in diménsions obtained
during tumbling in the dry condition, it was decided to omit the
10 minutes and 20 minutes dry tumble tests from regression analysis.
This form of analysis can be used to test if the intercept
obtained is real or if it is one which could be attributed to

experimental and'sampling error. If it is ascertained that it is
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attributable to experimental and sampling errors, the regression
line is recalculated to pass through zero, theAslope of this
line being the k value.

The method uced is to test the significance of the intercept
by the Student's t-test, assuming the correct intercept to be
zero, (null hypothesis), the resultant figures being converted
by probability tables to give the percentage probability.l It
is generally accepted that for values zbove 5%, the null
hypothesis has not been disproved and that in the statistical
sense the intercept is not significantly different from zero,

If the value is below 5% the null hypothesis has not been proved
and the intercept may be truly different from zero.

Care must be exercised in using this test for the
following reasons -

1 If a true intercept is present, this shows that the k
value obtained from the regression line is NOT a constant. 1If
the regression line is then recalculated to pass through zero,
an error will be introduced, the magnitude of which depends on
the size of the intercept,

2, The value of 5%,generally accepted as the dividing line
between an intercept which is statistically different from zero
and one which is not, is not a fixed value but one which can be
;adjusted in the light of the circumstances under consideration,

as Blackhouse87 states,

"Here it is worth adding that the statistician never has
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the last word in a statistical investigation - in any

field such as medicine, economics, psychology, etc., it

is up to the expert in the field to interpret the results
in the light of his special knowledge'.

The results of the statistical analysis of ce.p.i. and wep.i.

against %-and S against ]%E’ are given in Table 2. It will be

observed from these results =-

(i) A high correlation exists between c.p.i. and wep.i.
against % and S against 715.

(ii) The values for ks k and k_ are not all constant in any
one condition, but vary as itemised below =

(a) kc values

The regression line for c.p.i. against % has a
negative intercept in all cases except the tumble
dry condition. The kc value cannot be considered
a constant in the dry state, and after tumble
drying, the intercept becomes such that the kc
value may be considered a constant. In general,
the intercept decreases with increase in
relaxation condition.

(v) kw values

The kw value shows a reverse trend, in that the
intercept is positive and there is a general
trend for it to increase with increased relaxation,

s0 that the 't value can only be considered a



TABLE 2

Relation between stitch length and fabric dimensions - Statistical Analysis

Relaxation Regression Standard error .| Standard Correlation t-test
treatment equation of deviation |coefficient of ¢
about %
m c regression probability
line
_9.09 4 8
C.P.i. = =7 - 7.290 0.4802 | 2.3360 2.3480 0.981 0.7
Dry
Relaxation | w.p.i. = -2-'}26- + 0,627 | 0.0975 | 0.b732 |  0.4779 0.990 20.0
s = 224;,?0 - 35.500 | 0.6455 [16.8310 | 28.2831 0.994 7.0
CoPeis = -9-701 - 3.550 | 0.3458 | 1.6811 1.690k4 0.990 6.0
Wet 2.75 ’
Relaxation | Wep.i. = -/—r- + 0.492 | 0.0571 | 0.2774 0.2794 0.997 10.0
s = 2‘}?" - 17.200 | 0.4153 |10.8178 | 18.1965 0.998 15.0
CoPeie = %72 - 1.250 | 0.2100 | 1.0222 1.0273 0.996 26.0
TuD:gle WePoi. = %782 + 0.819 | 0.0681 | 0.3298 0.3326 0.996 3.0
S min.
s = 2 2:22 + hbho | 0.4276 {11.0118 | 18.738h 0.998 60.0

~g8~



TABLE 2 (Continued)

Relaxation

Regression Standard error | Standard Correlation t-test
treatment equation of deviation |coefficient of ¢
‘ m c about %
regression probability
line
Cepei. = %—,'-72 - 1.050 0.2100 | 1.0222 1.0276 0.996 35.0
Dry
Tumble Wepoi. = 220 | 1,240 0.0666 | 0.3237 0.3257 0.996 0.4
15 mins. £
s = -2-%;%9 +15.000 | 0.3595 [11.0943 | 18.667 0.998 20.0
CePeiom= 8-72 _ 5.788 0.2093 | 1.0172 1,0226 0.996 40.0
Tg;gle wep.i. = 2202 4 1,180 0.0581 | 0.2821 0.2839 0.997 0.1
60 mins. L
s = -2-% +15.100 | 0.4276 |11.1391 | 18.7373 0.998 20,0
cePei. = §—}'-7-1- - 0.347 | 0.2335 | 1.1367 | 1.1419 0.995 70.0
Tumble | wep.i. = 255% + 1.660 | 0.0764 | 0.4oBk | 0.373h 0.99% 0.1
Dry £
s = 361;;;2. +29.600 | 0.4496 [11.7128 | 19.7542 0.998 2.5

-6g~
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constant in the dry and wet relaxed condition.
On subsequent dry tumbling and on re-wetting
and tumble drying, the intercept becomes

increasingly large so that the k value is not

a constant,

(c) ks values

The ks value is a constant in all cases except
the tumble dry condition., The dry relaxed and
wet relaxed conditions show a negative intércept,
aﬁd other conditions a positive intercept.
This is only to be expected as the kc value
shows a negative intercept and the kw a positive
intercept, the ks value being a combination of
the two.
3«  Summary
The results obtained from these experiments, (see Fig. 42),
suggest that the dry relaxed and wet relaxed conditions do not
represent the fully relaxed condition of the fabrics and that
tumbling in the dry state has little effect on the fabric
dimensions. The condition investigated representing the most
completely relaxed state is the tumble dry condition in which the
fabrics were wet out for a second time and then tumbled until dry.
It is interesting to compare the k values obtained from these
fabrics in the various stages of relaxation with those obtained

by previous workers in weft knittin362 where it has been reported

that the constancy of all k values is increased with increase in
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relaxation of the fabric.

In the case of the 1 x 1 closed lap warp knit construction,
whilst the kc value is constant, kw varies with f to an increased
extent as the relaxation becomes more complete.

The ks value which, it has been suggested, is of value since
it ic less affected by fabric strains, exhibits its greatest
constancy after 5 minutes dry tumbling, With greater relaxation
than this, the intercept increases to such a magnitude in the
tumble dry condition that the ks value cannot be considered to be

a constant, but varies with stitch length.
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CHAPTER VI

MORE DETAILED INVESTIGATION INTO THE DIM=NSIONAL PROPERTIES AND

FELTING BE4AVIOUR OF 1 x 1 CLOSED LAP FABRICS

INTRODUCTION

In Chapter V, the effect of relaxation‘treatments on the
dimensional properties of the 1 x 1 closed lap structure has been
described. One of the major objects of the present investigation
was to establish the felting characteristics of wool warp knit
fabrics under standard washing conditions and to do this a further
larger set of samples was produced from a greater range of yarn
counts., |

The opportunity was taken to verify the surprising results
obtained in Chapter V, namely, that with complete relaxation, the
k values did not acquire a constant value and also to verify that
yarn count had no effect on the fabric parameters.

The results in Chapter V had indicated that to obtain a fabric
in its relaxed state, wetting of the fabric was essential and,
therefore, the relaxation treatments studied on this wider range of

fabrics were confined to the wet relaxed and tumble dry conditions.

PART I RELAXATION R=ZSULTS

I. EXPERIMENTAL DSTAILS

For this work a total of 57 samples was produced from 12

)

different yarn counts,
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The experimental details of sample size, marking and

measuring of samples, machine control, etc., were all as used in

Chapter V.
T1e Yarn Counts
A range of yarn counts was used from 1/28's to 1/l4's in

steps of 4 counts with their equivalent two fold yarns. It was
found that 1/4's and 2/8's gave considerable trouble in knitting
due to limitation of gauge and, therefore, they were omitted from
the experiments, The following yarn counts were used -

2/56's and 1/28's (31 Tex)

2/48's and 1/24's (37 Tex)

2/bO's and 1/20's (44 Tex)

2/32's and 1/16's (55 Tex)

2/24's and 1/12's (7% Tex)

2/16's and 1/8's (95 Tex)

e Relaxation Treatments

dried treatments were as described in

Chapter V.

a) Wet Relaxed Details of the wet relaxation and tumble
b) Tumble Dry

3. Measurement of Fabric Parameters

All fabric parameters were measured in the manner described

II (4), Chapter V.
For the 57 samples produced, the details of yarn count,.

‘stitch length, w.p.i., c.p.i., k values, etc. for each relaxation and

felting treatment are shown in Appendix II.
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II.. DISCUSSION OF RESULTS - RELAXATION

Te Effect of Relaxation on k Values

The results for the wet relaxed and tumble dry.cOnditions
were analysed by regression analysis. The graphs for w.p.i. and
c.p.i. against % and S against /%E for the tumble dry
condition are shown in Figs. 52 to 55.

The regression equation, slope (m), standard error of slope
and intercept (c), standard deviation about the regression line,
correlation coefficient and Students' t-test of the intercept for
all graphs relating to all yarns are given in Table 3.

From these graphs and this analysis, it will be observed
that the conclusions drawn in Chapter V are endorsed by this
information. In neither the wet relaxed nor the tumble dry
conditions are all paranmeters, k. L and k_ constant. The two
conditions may be considered as follows -

a) Wet relaxed

In the wet relaxed condition, the kc and kw values are not
constant but the k_ value has a probability of 237% by the Students'
t-test and, therefore, may be considered to be a constant., This
is'not surprising as the kc value has a negative intercept and

the kw value a positive intercept.

b) Tumble dry

In the tumble dry condition, the k, value can be considered
to be a constant. A small intercept is obtained, but the Students'

t-test gives a probability of 80%, The kw value, however, is not
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TABLE

3

Relation between stitch length and fabric dimensions - Statistical Analysis

Relaxation Regression Standard error | Standard Correlation t-test
treatment equation of deviation | coefficient of ¢
about e s
m c probability
. regression
slope inter- 14
ine
cept
] . 10.2
CeP.i. = 7 - 6.390 0.1380| 0.6332 1.3370 0.995 0.05
Vet > 66
WePele = == + 1.520 0.0518 ] 0.2340 0.4949 0.990 0.07
Relaxation £
s = :"-‘_?.é_%'i - 10.500 0.3652| 8.7760 | 32,5450 0.995 23,00
CePois = 8.96 , 5.210 0.1080| 0.4220 1.0510 0,996 80.00
Tumble Dry WePol. = 37(’—6- + 2,240 0.0883| 0,405 0.8560 0.971 0.03
s = %Tﬂ’ + 54,200 | 0.3778] 9.1290 | 33.8580 0.99% 0.07

~56-
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a constant, the intercept being of a higher value than that
obtained in the wet relaxed coadition. .As would be expected,.
therefore, the ks value is not a constant in this case.

As the k values are not generally constants, their dependegce
upon,f may be observed by plotting graphs of k value, (where kc =
Cepoi. x £ N kw = wopei. x £ ’ ks = S.x‘la), against stitch length.
The graphs confirm the results from the statistical analysis and
show as follows =
(i) The kc value decreases with increase in £ in the wet relaxed

condition, but is constant in the tumble dry state.

(ii) The kw value increases with £ in both relaxation conditions,
the tumble dry condition showing the greater increase.

(iii) The k_ value is constant in the wet relaxed condition, but
increases with increase in value of A in the tumble dry

condition,

The graphs for the tumble dry condition are shown in Fig, 56.

c) kr values

The kr value (%f%féf) in the tumble dry condition is shown
plotted against,f in Fig. 57. Statistical examination shows

that the ratio of courses to wales per unit area is not a constant
in the wet relaxed or tumble dry condition, (Table 4), In the wet
.relaxed condition the value varies from 3.2 to 2.4 decreasing with
increase in stitch length, In the tumble dry condition, the

variation is less, being from 3,0 to 2.6 decreasing with increase

in stitch length,
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TABLE 4

Regression Analysis - k. against /£

Standard Standard %
Relaxation Regression deviation Correlation probability
error of
about of
Condition Equation 0 R regression ccefficient correlation
line coefficient
Wet Relaxed k, =-3.22 + 3.65 0.3213 | 0.1117 0. 1873 -0.804
Tumble Dry k, = -1.61 + 3.22 | 0.2808 | 0.0343 0.1634 -0.611 bl
*** _ Significantly different from a horizontal line at the 0.1% level

-66-



TABLE 5

Count Analysis ~ Wet Relaxed Condition
All yarns separately
1 1 1
,c.p.i. /—— W.p.i. /2" S / 2
Yarn £ £
Corr. Inter-‘ Corr. Inter- |Corr.

Count Slope |Intercept| . % | Slope cept | Coeff. | SioPe cept |Coeff.

1/8 10.60 | =7.91 0.982 3.12 | 0.461 | 0.996 30.1 |-37.60 {0.995

1/12 9.67 | -4.18 0.997 2.87 | 0.383(0.998 26.4 [-13,.12 1 0.999

1/16 11.01 -9.48 0.997 2.59 | 1.910 ] 0.993 28,2 | =27.50 [ 0.999

1/20 10.10 | -7.38 0.999 2.71 | 0.628 | 0.999 25.9 {-36.71 | 1.000

1/24 9.86 | -L4.21 0.999 2.72 | 0.467 | 0.999 26.1 | -20.44 | C,999

1/28 10.70 | -7.44 0.995 2.81 | 0.433| 0,997 28.3 | -44.50 | 0.999

2/16 10.50 | =7.75 0.997 2.87 | 1.020 | 0.996 28.5 |-26.91 | 0.999

2/2h 9.41 | -3.88 0.999 2.68 | 1.682 | 0.999 25.9 3.97 | 0.999

2/32 10.50 | -8.09 + 0.999 2.75 | 1.260 | 0.999 28.2 |-35.33] 0.999

2/40 9.60 | -2.73 0.997 2.59 | 2.01 | 0.998 26.2 | 20.22 | 0.999

2/48 10.54 | -6.22 0.998 2.81 | 1.47 | 0.998 28.8 |-2.30 | 0.998

2/56 10.00 | -7.38 0.998 2.55 | 2.40 | 0.998 26.5 |-8.23 | 0.998

-g6-




TABLE 5 (Continued)

Resultant counts
: 1 . i 1

, C.p.i. /L]?~ Wep.i. /Lzr- S /%?—é

arn Corr. Inter-~| Corr. Inter- | Corr.

Count Slope |Intercept Coeff. Slope cept | Coeff. Slope cept | Coeff.
1/8 + 2/16 §10.50 | -7.73 0.991 2.92 | 0.969| 0.992 28.9 1-28.50 | 0.997
1/12 + 2/24) 9.54 | -3,98 0.997 2.80 | 0.910| 0.991 26.2 |- 5.97 [0.998
1/16 + 2/32)110.60 | -8.21 0.997 2.70 | 1.b711 0.997 28.1 |- 2.96 {0.999
1/20 + 2/L0) 9.69 | ~4.24 0.993 2.58 | 1.64 | 0.991 25.1 | 12.90 {0.994
1/24 + 2/48[10.10 | -5.04 0.997 2.73 | 1:.15 | 0.999 27.0 |- 2.81 {0.989
1/28 + 2/56(10.33 | -6.63 0.9% 2.73 | 1.70 | 0.994 27.4% | -28.70 | 0.998
Single Yarns
Singles 10.30 | -6.60 | 0.995 ﬂ 2.61 | 1.42 [0.991 || 26.5 [-16.22 | 0.996
Folded yarns
Two-fold 10.20 | =6.11 0.995 2.69 | 1.66 | 0.997 27.2 |- 5.01 | 0,996
Allyarns
All yarns }10.2 -6.39 0.995 2.66 | 1.52 | 0.990 26.8 | -10.50 | 0.995

_66-



Count Analysis

All yarns separately

TABLE 6

- Tumble Dry Condition

. 7 1
- .. Cep.i. /—1—- w.p.i. /—/e- S /—2-2
Count | Slope |Intercept| G 7% | stope |Tter= [Corrs [ gope [Tnter- | Corr.
1/8 9.1 | -0.98% | 1.000 3.06 | 1.13 | 1.000 30.4 | 7.95 |1.000
1/12 8.97 | -0.113 | 0.998 2.70 | 1.89 |0.999 26.6 |26.64 |0.999
1/16 8.96 0.995 0.999 2.51 | 2,73 | 0.994 26.3 [45.84 10.999
1/20 8.64 1.123 0.998 2,68 | 1.43 | 0.999 2h.7 (31.43 |1.000
1/24 8.31 | 3.531 | 0.999 2.60 | 1.41 | 1.000 2%.5 |55.02 |0.999
1/28 9.58 | -1.442 0.999 2.83 | 0.66 |1.000 27.3 | 3.98 |1.000
2/16 9.12 | =1.083 0.999 3.01 | 1.10 |0.995 28.1 |13.90 |0.998
2/2h 8.44 | 0,761 0.999 2.76 | 2.20 |0.999 21.7 [124.00 |0.996
2/32 9.17 | -0.510 | 0.997 2.54 | 2.81 [0.996 26.2 |44.32 10,999
2/40 8.40 2.870 0.999 2.61 | 3.08 |0.997 25.5 [81.71 [0.999
2/48 9.11 | O.474 | 0.997 2.79 | 2.35 |0.997 27.8 [48.60 |[1.000
2/56 8.82 | -0.024 |0.998 2.45 1 4,59 0.9k 2k.7 187.30 [1.000

2




Resultant counts

TABLE 6 (Continued).

) 7 7 7
CePeio fmm WePele /— S /
Yarn C Int 4?0 Int tz?éc
orr. nter- OIre nter- orr,
Count Slope fIntercept Coeff. Slope cept Coeff, Slope cept | Cceff.
1/8 + 2/16 | 8.99 | -0.119 | 0.99% | 2.99 | 1.27 | 0.996 | 28.3 |20.50 |0.994
/12 + 2/24] 8.70 | 0.385 | 0.995 2.7% | 1.98 | 0.992 24 {70.11 ] 0.990
1/16 + 2/32] 9.03 | 0.411 0.997 2.55 | 2.64 | 0.995 26.2 |46.02 }0.999
“11/20 + 2/40] 8.50 2.114 0.998 2.51 | 2.87 | 0.977 24k.0 [81.30 [0.993
/24 + 2/48] 8.68 2.113 | 0.996 2.64 | 2,12 | 0.962 25.1 [62.91 [0.982
1/28 + 2/56] 9.12 | -0.402 | 0.994 2.78 | 1.86 | 0.946 26.2 {38.02 {0.999
Singles yarns
Singles 8.97 | o.s12 | 0.996 2.55 | 2.21 | 0,991 | 25.1 [46.20 [0.996
Two-fold yarns
Two-fold 8.97 | -0.060 | 0.995 2.76 | 2.30 | 0.973 25.9 | 62.30 | 0.996
All yarns
All yarns 8.96 | 0.210 | 0.996 2.66 | 2.24 | 0.971 25.5 | 54.20 | 0.994

=LoL-
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2o Yarn Count

Although there was no apparent efféct of yarn count on the
knitted para@eters, some workers in the weft knitting field62
have suggested from time to time that count may have an éffect.

thoroushly :
To thoroughly investigate,this fact, regression analysis of
c.p.i. and w.p.i. against 1 and S against ,22 was performed as
follows -

a) On each yarn separatel&.

b) On resultant counts, i.e. on each singles yarn with

its equivalent two-fold yarn,

¢) On all singles yarns

d) On all two-fold yarns.

This analysis was performed in both the wet relaxed and tumble dry

conditions and is shown in Tables 5 and 6 from which the following

conclusions can be drawyn: -

a) Each yarn separately

A high correlation coefficient was obtained for each

yarn showing that a definite relationship existed with
1 . 1

¢c.p.i. and w.p.i., with = and S against +x .

Observation of both the slope of the regression line

and the intercept revealed that a variation in their

individual values existed, but this variation was very

scattered and showed no relationship with count,

b) Resultant counts

These results also gave high correlation coefficients,
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showving again a good relationship betweeﬁ the two
parameters for each regression equation.

The values of both slope and intercept contained a
variation in value, but this variation was again
scattered and showed no relationship with count.

c) & d) Singles and Two-fold yarns

A high correlation coefficient was obtained both for
the singles and the two-fold yarns.

A small difference exists between the slopes and intercepts
of the two regression lines and, since Knapton62 drew his
conclusions from a singles and two-fold yarn, it was decided to
analyse if, in fact, any difference did exist between these two.

This was performed by analysing the slope and the intercept
of each parameter in each relaxation condition. This analysis is
shown in Tables 7 and 8., It will be noted that in all cases the
Students! t-test gives a value well in excess of 5% for both slope
and intercept. |

From this analysis, it can be concluded that count and ply of
yarn have no effect on the k values as calculated in the wet
relaxed and tumble dry conditions, i.e. for a given value of £ the
fabric parameterg, ;;p.i., w.p.i. and stitch density are not

affected by yarn count or ply.

‘3. Comparison of Results with those given in Chapter V

The values obtained for the slope and the intercept of the

regression equation for c.p.i. and w.p.i. against 1—-and S against

y4



Slope Analysis -

TABLE 7

Difference between Singles and Two Fold

Standard error "Average" Variance Students 'T¢
Relaxation Regression of slope variance of Test %
about difference probability
Condition Equation Singles Folded regression between that slopes
line slopes are same
Copei. / } 0.0627 | 0.0634 0.4319 0.0896 30
Wet 1
WePele / — 0.0679 0.0410 0.3950 0.0818 99
Relaxation A
s / /;—2 0.4580 | 0.4790 | 29.6000 0.6648 35
CePoi. /} 0.1550 0.1690 1.2206 0.2292 100
Tumble 1
WeDele / — 0.066k 2.1290 0.6775 0. 106 12
Dry £
s / i}é— 0.4328 0.4560 28.0900 0.6307 2l

—ﬁOL -



TABLE 8

Intercept Analysis - Difference between Singles and Folded

Standard error Variance Students 'T!
Relaxation ‘Regression of Intercept of the Test %
difference probability
Condition Equatic1 Sineles Folded between that intercepts
& Intercepts are same
: c.pei. / } 0.2840 | 0.2910 0.5086 26
Wet 1 ’
WePole / — 0. 3084 0.1883 0.2494 605%
Relaxation !
s / :}5 11.0240 11.4920 1.8134 907
c.p.i. / j,l 0.7037 | 0.7757 0.8155 300
Tumble 1
WeP.ie /‘;- 0.3015 0.5908 0.6317 90%
Dry
s / %5 10.4260 | 10.9452 1.7622 80%

-GOoL~
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’(2 for the set of 57 samples are different from those obtained

for the set of 16 samples in Chapter V. This comparison is

shown in Table 9,

a) Vet relzxed condition

These two sets of results can be shown to be statistically
different, so that they must be treated separately. It will be
noted from Table 9 that the significance of the intercept for the
c.p.i. and w.p.i. against %—-was very much less in the case of 57
samples than for the 16, Whereas in the case of the 16 samples the
level of significance was in the 55 to 705 range which suggests
a 1 in 20 chance of being different froa zero, the level for the
57 samples is such as to indicate that the intercept is not
significantly different from zero., This illustrates the point
that a probability in the 5% to 105 ranzge should be treated with
caution. Since the second set is obtained from 57 samples, as
opposed to 16, these have been accepted as the more accurate.

The intercept obtained from S against 1,2 is not significantly
different from zero and therefore may be recalculated to pass
through zero.

The final relationships between the knitted parameters and

the stitch length in the wet relaxed coandition are -

o2

Y
(@

CQPQio = T - 6039
WePele = %}66 + 1.52
g . 2525
= /[2
Cep.i.

w.p.i. - 3.22[* 3065



TABLE 9

Comparison of Results of the two Experiments -

16 _samples and 57 samples

Student
Relaxation Slope Intercept Tt Test
Condition 6 57 16 57 y 57
C.p.i. / -;- 9.07 10.20 -3.550 -6.39 6.0% 00.05%
Wet 1
WeDols / = 2.75 2.66 0.492 1.52 10.0% 00.07%
Relaxation 11
s / }j—é 24,60 | 26.80 | -17.200 | -10.50 | 15.0% | 23.00%
Copoic / }- 8.71 8.96 0.347 0.21 | 70.0% | 80.00%
Tugble 1
WeDei. / = 2,84 2.66 1.660 2.24 0.1% 0.03%
Dry £
s / %é- 26.60 | 25.50 29.600 54 .20 2.5% 0.07%

=L0L =
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Some small differences are to be expected due to the different
number of samples used in the experiments. Also it was shown in
Chapter V that the wet relaxed condition, consisting only of a
static soak, is not the completely relaxed condition which

accounts for the discrepancy between the two sets of results in

the wet relaxed state.

b) Tumble dry condition

Observation of Table 9 shows that the slope and intercept
obtained in the regression analysis of the set of 57 samples is
very similar to those obtained for the set of 16 samples.
Analysis of the two sets of results, (Table i0), shows that
statistically they are the same, therefore, they may be added

together to give a final result from 72 samples. The results

obtained from this addition are -

. 8.88 -
copclo = w4 0.)3
£
. 2,70
w.polo = —— o+ 2013
£
s = 2?(;2"‘ + 52,46
c:pede _ _ 4 6144 3,22
° WQpnlo i
’ . . 1.
It can be shown that the intercept of c.p.i. against 2- is

not significantly different from zero and, therefore, the slope

may be recalculated to pass through zero. The intercevts for

' i e ps
w.p.i. against %r-and S against/zz are, however, statistically

different from zero. Therefore, the final relationships betweea



Intercept and Slope Analysis -

TABLE

10

16 and 57

samples

Intercept Analysis

A

Slope Analysis
A,

/4 N/ ™
New ?tedents Standard error
Intercepts T' test of slope
Relax- ‘ prob- "Average''| Variance|{ Students 'T!
ation |Regression | New ability variance |of diff-|test probab-
Cond- | equation |Slope 16 56 that 16 56 about re-| erence [ility that
ition ) samples| samples inter- samples)samples|gression |between |slopes are
cepts are slopes same
same
c.p.i. / 7 | 8.909] 0.59 | o.b2 | 38 0.2336| 0.1090| 0.790 | 0.1820 Lo,
Tumble
w.p.i./} 2.690| 2.35 2.13 0% 0.0836( 0.0890| 1.075 0.2476 300
Dry -
S /-215 25.710| 49.50 | 49.10 90% 0.4498( 0.,0120| 31.700 0.8030 15%
I

-60L -
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the knitted parameters and the stitch length in the tumble dry

state are -
C.P.i- = é}—g—i
. 2.70
WeDPole = == 4+ 2,13
i y;
25.60
S = 5 + 52,50
AL

C.VD.1.
e )

- = -1.61 4 + 3,22
W.P.1.
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PART II FELTING RESULTS

I. EXPERIMENTAL DETAILS

For this work, the same 57 samples were used as in Part I of
this chapter and the experimental details of sample size, marking

and measuring of samples, machine coatrol, etc. were as used in

Chapter V.

1e Yarn Counts

These were as in Part I of this chapter.

2, Felting Treatments

a) Half hour Cubex

The fabrics were washed in a Cubex Washer in order to assess
the felting characteristics of the fabrics. The test consisted of
treating a 1 kilogram load, (500 gram. samples plus 500 gram,
make-weight), in a 25 litre solution of 4.5 grams/litre Sodium
di-hydrogen phosphate and 9 grams/litre of Di-sodium phosphate at
40°c,

b) One hour Cubex

This treatment involved a further half hour Cubex as (a)

above,

¢) One and a half hours Cubex

This treatment involved a further half hour Cubex as (b)

above,

d) Two hours Cubex

This treatment involved a further half hour Cubex as (c)

above,
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The samples were hydro-extracted for 15 minutes and then
tumble dried after each Cubex operation at 70°C for half an hour
and the fabrics measured dry on a flat surface.

3. Measurement of Fabric Parameters

All fabric parameters were measured in the manner described
in II (&) Chapter V.
For the 57 samples produced, the details of yarn count,

stitch length, w.p.i., c.p.i., k values for the various felting

treatments are given in Appendix 2.

II. DISCUSSION OF RESULTS

e« k 4 k¥ and k_ Values
c’ w s

. . 1
By plotting the graphs of w.p.i. and c.p.i., against Vi and

S against ]%5 in the same manner as for the unfelted fabrics, it
is possible to see the effect of stitch length on the fabriec
dimensions after felting. Similar relationships were obtained for
each of the washing treatments and as an example graphs are shown
in Figs. 58 to 60 for the one hour Cubex treatment only. It may
be seen from these graphs that the results separal: themselves
according to count., This separation increases with increase in
washing time. It is also apparent that the kc, kw and ks values
vary greatly with / because very large intercepts are obtained

_and that these values, (kc, kw and ks), will theumselves be count

dependent as each count has a different intercept. This is
illustrated in graphs of kc, kw and ks plotted against,f s

Figs. 61 to 53, showing that the k values vary vastly with £ anad
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that they are, in fact, count dependent,

These results are in general accord with similar investigations
conducted on weft knitted wool fabrics.

2o k Values
X

Once the fabrics have become felted, the kr value becomes
constant. This is shown in Fig. &4 which illustrates the
relationship between kr and A in the half hour Cubex and the two
hour Cubex conditions. Table 11 shows the regression analysis
for these parameters in all felting conditions and it will be
seen that in fact there is no correlation between the two
parameters in any of the felting states. Thus, the average kr
value may be taken as the operative value.

Further analysis of the kr values shows that there is no
statistical difference between the largest and smallest average
value, Thus, it may be concluded that once the fabric has

become felted, its kr value is constant and that value is 2.99.

3, Cover Factor

73

Marfatia’” states in his study of the plain w:ft knitted

construction that the felting properties are dependent on the
cover factor rather than an individual effect of stitch length

or count., To investigate this, the k values were plotted against
_,IAET: (i.e. the reciprocal of cover factor). The resulting
graphs for the two hour Cubex are shown in Figs. 65 to 67. It

will be observed that the points now fall in a single line for

all the yarn counts showing that after each felting treatment the
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TABLE 11

Regression Analysis - kr agalnst

Standard Standard %
Relaxation _ Error deviation Corr. probability | Average
Regression equation of about of kr
Condition regression | Coeff. corr. value
m c line coeff.
3 hr. Cubex kr = -0.664 4 + 2.83 0.577 | 0.068 0.337 -0.241 n.s. 2.706
17 hr. Cubex k, = -0.607 2 + 2.81 [0.9%2 | 0.099 0.549 -0. 174 n.s. 2.711
13 hr. Cubex I, = -0.040 4 + 2.81 | 0.775 | 0.085 0.452 -0.202 N.6. 2.699
2 hr. Cubex | k_ = -0.5604 + 2.75 |0.578 | 0.069 0.337 -0.204 n.s. 2.658

n.s. = Not significantly different

from a horizontal line

-WLL-
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k values are indecpendent of the individuzl count and are

related only to the cover factor of the fabric. Table 12 gives
the regression ecuation of the k values against.dy/n, and from
this, it will be noted that the positive slope of the graph
indicates the k value increases with decrease in cover factor;

(k increases with increase of reciprocal of cover factor, see
grapas). It will be noted that the slope of the line increases
with increase in felting treatment. The angle of this slope,
therefore, will give an indication of the amount of felting
treatnment a particular set of samples have received, but it will
not indicate the degree of felting of any particular fabric. As
Marfatia suggests, it is the ks value which gives the best
indication of the degree of felting of any particular fabric. It
will be observed from the graphs that after each treatment, the
slack fabrics have a high ks value, while the tight fabrics have
a low ks value, indicating the increased felting of the slack
fabric in comparison with the tight one. This effect may also be
observed in Fig, 68 where the change of kg with time of washing
is plotted for a selection of the fabric samples. It will be
noted that the individual curves separate on washing according to

the reciprocal of cover factor, (i.e. M1 value),
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TABLE 12

Regression Eguation of kc, kw and ks against A Ju

Condition Parameter | Slope | Intercept gggf
k, /2N 0 | 7.653 2.399 | 0.968
% hr. Cubex k, YONES 2.641 1.522 | 0.916
k_ /0. n | 65.430 | -16.900 | 0.899
k, IE | 10,433 1.834 | 0.974
1 hr, Cuvex | k/f./0 3.719 0,894 | 0.955
k /A n 5 105,100 -4, 828 0.931
k, /A | 11,460 1.621 0.977
1% hr. Cubex | k_ /A n 3,950 1.014 | 0,934
kg /4 n | 128.740 -59.817 | 0.980
k. /47 | 12.038 1,747 | 0.935
2 hr. Cubex | k /AA/H | 4467 0.814 | 0,977
ks‘/[A/E ‘146.050 -67.940 | 0,991
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CHAPTER VII

INVESTIGATION INTO DIMIWSIOIAL PROPERTIES OF 2 x 1, 3 x 1 AND & x 1

CLOSED LAP AND T x 1, 2x 1, 3 x 1 AD & x 1

OPE{ LAP CONSTRUCTIONS

1. INTRODUCTION

The basic constructions used in the production of warp
knitted fabrics are simple regular lapping movements repeating on
two courses in a manner similar to the 1 x 1 construction
previously discussed except that the length of the underlap is
changed to be 2, 3 or 4 needles. Such fabrics are known as 2 x 1,
3x 1 and &4 x 1, A further means by which the basic construction
is varied is to make the underlap in the same direction as the
preceding overlap so that open lap constructions are formed. It
is the object of the work in this chapter to investigate the
dimensional properties of 2 x 1, 3 x 1 and 4 x 1 closed lap and

1Tx 1, 2x 1, 3x 1and 4 x 1 open lap constructions,

II. EXPERIMZNTAL DEAILS

For this work, a total of 84 samples was produced, 7?2 fabrics
of each construction. ZEach set of 12 samples consisted of three
stitch lengths of four yarn counts.

The experimental details of sample size, marking and

measuring of samples, machine control, etc. were all as described

in Chapter V.
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1. Yarn Count
The yarn counts used for the 2 x 7, 3 x 1, & x 1 closed lap

constructions were 1/72's, 2/32's, 1/20's and 2/48's worsted. (‘”{ U”L)
The yarn counts used for the 1x i, 2x 1, 3 x 1 and 4 x 1

open lap constructions were 2/16's, i/ 5's, 2/48's and 1/28'8.(’”% V"L)
It was imperative that all fabrics were produced from the

same batch of yarns as those used for the 1 x 1 closed lap

constructions so that all results would be comparable.
As there was insufficient yarn to produce the open lap and

closed lap samples required for the work in this chapter from the

same counts, different counts were used, it beihg anticipated that

this would have no effect on the results to be investigated as

shown in the case of the 1 x 1 closed lap construction, (Chapter

VI). It was necessary to use different ccunts however to verify

this,

2. Relaxation Treatment

Three relaxation treatments were investigated as follows -

a) Dry relaxed
b) Wet relaxed
¢) Tumble dry relaxed

Details of these relaxation treatments were as described in

Chapter V,

3. Measurement of Fabric Parameters

All fabric parameters were measured in the manner described

in II., 2 Chapter V.
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For the 84 samples produced, the details of yarn count,
stitch length, w.p.i. and c.p.i., k values, etc. for each
relaxation treatment are shown in Appendix 3.

III. DISCUSSION OF THE RESULTS FOR 2 x 1, 3 x 1 AND 4 x 1 CLOSED

LAP CONSTRUCTIQNS

1 . 1
The results of c.p.i. and w.p.i. against 7 and S agalnst‘zg
for the dry relaxed, wet relaxed and tumble dry conditions for
each separate fabric were analysed by regression analysis and the

results for the slope and intercept are shown in Table 13,

The graphs for each construction in the tumble dry condition

are shown in Figs. 76 to 80.

Te General Discussion

From the graphs and Table 13 it will be observed that the
behaviour of the 2 x 1, 3 x 1 and 4 x 1 closed lap constructions
is, in general terms, the same as that for the 1 x 1 closed lap
construction, the following points being of note:-

Each graph consists of 12 points which represent three
stitch lengths of four yarn counts. It will be observed that in
all cases for a single construction all the points fall in a
single line and there is no separation of the results in terms of
yarn count. Thus it may be concluded that yarn count has no
effect on the dimensional properties of these constructions, nor

‘on the resulting parameters of c.p.i. and w.p.i.
The scatter of the points about the regression line decreases

with each subsequent relaxation process showing that the fabrics



TABLE

13

Slope and Intercept for 2 x 1, 3 x 1 and 4 x 1 Closed Lap

Structures in each Condition of Relaxation

Relaxation c.p.i. against } WepP.1i. against :;— S against 51
Condition 2 x 1 3x1]’+x’l 2x’113x1 hx 1 2 x 1 3x1yl+x’l
Dry Relaxed 7.64 7.64 9.37 | 4.48 | 4.97 | 6.73 32.8 | 39.3 60.8
Slope Wet Relaxed 7.4 7.24 8.21 | k.54 | 5,59 | 7.78 35.7 | 44,2 65.4
Tumble Dry 7.15 | 7.49 | 8.77 | 5.4 | 6.11 | 8.29 | ho.k | 52.1 | 78.8
Dry Relaxed | -3.06 | -1.76 | -5.57 | o.4h | 3.23 | 2.93 | -19.8 | 29.3 | -27.4
Intercept | Wet Reluxed | -2.61 | =1.60 | =3.73 | 3.01 | 5.15 | L.41 10.6 | 42.7 | - 9.0
Tumble Dry 0.97 | 0.45 | =2.2k | 2.72 | 5.50 | 5.27 | 41.3 | 75.3 | 19.0

-0cL-
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are becoming more relaxed and reaching their state of eguilibrium,
Examination of the slope and inter§ept relating to the graphs
of c.p.i. against‘% reveals three facts.-
i) As the relaxation of tﬁe fabric increases, the slope

of the line decreases.

ii) A negative intercept is obtained in the dry relaxed

and wet relaxed condition.

iii) The magnitude of the intercept decreases with each

relaxation treatment,

The graphs of w.p.i. against 1 show that, as the relaxation

£
increases, the slope of the line increases and a positive intercept
is obtained which increases with the relaxation treatment.

. 1
Observation of the regression analysis of S against —

2
reveals that both the intercept and the slope of the liné[
increases with increase in relaxation. This is not surprising as
the S value is the product of c.p.i. and w.p.i.

The graphs of kr against £ show that the kr value decreases
with increase in the value of /.

Thus it can be concluded that in general behaviour the 2 x 1,
3x 1 and 4 x 1 closed lap constructions are the same as the 1 x 1
closed lap. Differences do exist, however, in the actual value
of the slopes of all graphs and the intercept for w.p.i. against
I-and S against/%z. These differences are discussed below,

Examination of the specific values of the slope, and the

intercept for each parameter and in each relaxation condition
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reveals two interesting facts -

, -
i) That the value of the slope of c.p.i. against z‘ls
similar irrespective of the structure and the intercept

is almost zero in the tumble dry condition.

- . . 1 .
ii) The value of the slope w.p.i. ageinst 7 varies
according to the structure, the slope increzsing as the

length of the underlap increases in the structure.

2e Detailed discussion of ¢.v.i. V=zlues

L]

Table 14 shows the results of a complete regression analysis
of c.p.i. against %-, listing the regression equation, the
standard crror of the slope, standard deviation about the
regression line, the correlation coefficient and the rercentage
probability obtained from the Students' t-test of the intercept
for all structures at each stage of relaxation.

From these results, it will be observed that in the tumble
dry condition the intercept is not significantly different from
zero except in the case of the 4 x 1 closed lap. Exzamination of
the 4 x 1 results, (~ee graph, Fig. 78), indicates that the
results for this structure are confined to a very narrow range of
stitch lengths._ There is no physical reason why this structure
should be exceptional. It is reasonable to assume, therefore,

that if samples could have been made over a wider ranze of stitch
lengths, results similar to those obtained for the other structures

would have been estabdlished.

The regression line for this construction was recalculated to



Relaxation | Structure Regression Standard Standard Correlation | t-test
Condition Equation Error Deviation | Coefficient | of
About Intercept
m c Regression %
(slope)| (inter) | Line Probability
2x1 cp.d. = La84 _ 306/ 0,617 | 2.121 1.528 0.969 n.s.
Y ed 3x1 copod. = 128 _ 1 761 0.53 | 1.581 | 1.075 0.976 n.s.
4x1 copd. = 22 _ 5.57) 0.843 | 2,055 | 0.972 0.962 n.s.
2x1 copod. = L8 _ 5 610,317 | 1.090 | 0.785 0,991 .
Wet = La24 -
Relaxed 3x1 c.p.i. = 1.60| 0.584 | 1,720 1,166 0.969 n.s,
4x1 c.p.d. = 82 _ 3.93] 0,738 | 1.802 0.851 0.962 n.s.
2x1 c.p.d. = 143 4 0,97/ 0.269 | 0,926 | 0.667 0.993 n.s.
g"r;bh 3x1 cop.d. = 142 4 0,450 0,572 | 2.843 | 1.147 0.972 n.s.
4x1 cop.d. = 2L _ 2241 0.395 | 0.962 | 0.455 0.990 .

n.s. — not significantly different from zero

* — significant at the 5-1% level

~¢2L-
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pass through zero in the same manner as that for the 2 x 1 and

3 x 1 closed lap fzbrics, The values thus calculated in the

tumble dry condition are as follows -

2 x 1 closed lap CePole = Zigﬁ
.

3 x 1 closed lap ¢opei. = 7:;2

b x 1 closed 1lap CoPoi. = 7.88

3 Detailed Discussion of w.v.i., Values

Examination of the dimensionzl properties in a wale
direction is made by observing tae grapas of w.p.i. against‘% R
(Figs. 76 to 78), and the regression analysis in Table 5. This
gives the regression equation, standard error of the slope,
standard deviation about the regression line, correlation
coefficient, and Students! t-test of the intercept.

These show that in the majority of cases, the intercept is
significantly different from zero; thus the product of w.p.i. and
A is not a constant. In each case, the intercept tends to
increase with relaxation treatment but there appears to be no
relationship between intercept and fabric construction. The slope

increases with increase in relaxation treatment.

The appropriate ecuations relating wep.i. with stitch length
‘are therefore as given in Table °5, the relatioanship for the

tumble dry condition being as follows :-

. 5,14
2 x 1 closed lap WeDel. = -;;—- + 2,72
3 x 1 closed lap WeDols = OJ;1 + 5.50

oo
.
n
O

b x 1 closed 1ap weP.1. + 5.27

]




TABLE

Regression Analysis of w,p,i, Against 1/% For 2x1, 3x1 & x1 Closed Lap

Relaxation { Structure Regression Standard Standard Correlation| t-test
Condition Equation Error Deviation | Coefficient | of
About Intercept
m c Regression
(slope)| (inter) | Line Probability
2x1 | wopud. =88 040213 | 0731 | 0.527 0.989 n.s.
Dry = 4.7 a 0.96 -
ReS axed 3x1 wopud. = 2520 4+ 3,23 10,440 | 1.298 0.883 .963
4x1 wpt. =203 4 203 0,752 | 1.832 | 0.867 0.943 n.s.
2x1 w.p.d. = 5}54 +3.01]0.334 | 1.48 | 0.827 0.974 .
Wet = 2.52 0 78 1.21 0.946 .
Rl axed 3x1 w.pdl. = 2422 4 5,15 0,605 | 1.784 3
4x1 w.pod. = z?zg +4.41]1.033 | 2.519 | 1.191 0.922 n.s.
2x1 w.p.d. = 5-'}4 + 2,72/ 0.330 | 1.136 | o0.g18 0.980 .
ﬁbk 3x1 w.p.d, = '6"}71'1 + 5.50| 0,770 | 2.270 | 1.544 0.929 .
4x1 wopd, = 24224 5.27) 0,906 | 2.209 | 1.044 0.945 .

n.s., - not significantly different from zero

* -~ significant at the 5-1% level

~GeL-
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Lk, Detailed Discussion of Stitch Density Values

Examination of this data, (Table 16) reveéls that the
intercepts are not significantly different from zero in the wet
relaxed and tumble dry conditions, but the intercepts for the
3x 1 and 4 x 1 closed lap constructions are significantly
different from zero in the dry relaxed state.

The actual value of the slope increases both'with the
relaxation treatment and the length of the underlap.

The values of the slopes which have intercepts which are not
significantly different from zero may be recalculated to pass
through zero and the appropriate values thus found give the

relationships between stitch density and stitch length in the

tumble dry condition as -

2 x 1 closed lap S = EEL%
!

3 x 1 closed lap S = 224%
1.

4 x 1 closed lap s = §1.7

N
WY

5. Detailed Discussion of *the Course/.ale Ratio Values

Examination of the data in Table 17 indicates that with tre
exception of the 2 x 1 construction in the tumble dry condition,
the relatioﬁshié between kr and / is not a constant but varies
with ,?, the kr value decreasing with increase in the value of L.

The appropriate relationships between the kr value and the
stitch length are given in Téble 17. The relationships in the

tumble dry condition being as follows -



TABLE 16

R ssion_Analysis of s nst 1/¢* For 2x1, 3x1 & 4x] Clos
Relaxation | Structure Regression Standard Standard Correlation| t-test
Conditicon Equation Error Deviation | Coefficient| of

About Intercept
m c Regression %
(slope)| (inter) | Line Probability

2x1 s=228 _19.8 | 106 | 17.89 | 22.81 0.991 n.s.
Dry = 0.0 0. -

4x1 s=%8 _27. | 1.720 | 10,60 9.42 0.996 .

2x1 s =234l + 10,6 | 1.666 | 2119 | 27.02 0.989 n.s.
Wet = 44;3 1 6 . 0.950 n.s.
Het o 3x1 e=4ha2 27 | 4591 | 42,65 | 53.53

4x1 s= %4 _ 8.9 | 2463 | 158 | 1349 0.993 n.s.

2x1 s =484 4 1.3 | 2.005 | 25.52 | 32.53 0.988 n.s.
Tumble 3x1 e=Bd 753 | 5.699 | 52.97 | 6.6 0.945 n.s.
ry . »

41 a=248 +19.0 | 3.733| 23.00 | 2045 0.989 n.s.

n.s. - not significantly different from zero

» . gignificant at the 5-1% level

«* _ gignificant at the 1-0,1% level
+++ _ gignificant at the 0.1% level & lower

={eL-
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KEY TO TABLE 17

not significantly different from a horizontal line
significantly different at the 5 ~ 1% level
n " "o 1 20,1 level

" " "o 0,1% level and lower



Regression Analysis of kr against

TABLE 17

for 2x 1, 3x 1 and 4 x 1

Closed Lap Constructions

Standard %
Relaxation Regression Standard deviation | Corr. probability
Structure error of about of
Condition Equation regression | Coeff, correlation
m c line coefficient
Dry Relaxed = -0.558 f + 1.628 | 0.354 | 0.103 0.142 -0.296 .
2 x 1 Wet Relaxed = =1,902/ + 1.802 | 0.684+ | 0.193 0.0756 -1.408 kX
Tumble Dry = -0.3534 + 1.355 | 0.922 | 0.193 0.050 -0.240 n.s.
Dry Relaxed = =0.3530 + 1,456 | 0.1%32 | 0.298 0.048 -0.808 »*
3x 1 Wet Relaxed = -0.850/4 + 1,203 | 0.19% | 0.061 0.078 ~0.870 *es
Tumble Dry = =0.5684 + 1.155 | 0.119 | 0.085| 0.048 ~0.676 o
Dry Relaxed = =1.0304 + 1.321 | 0.392 | 0.103 0.077 -0.655 *x
L4 x 4 Wet Relaxed = =0.694 4 + 0.985 | 0.325 | 0.111 0.004 -0.571 *
Tumble Dry = -0.58820 + 0.995 | 0.188 | ©.096 0.037 -0.698 -

A
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2 x 1 closed lap k, = -0.3534 + 1.356
3 x 7 closed lap k, = -0.558 ¢ + 1,755
4 x 1 closed lap k. = -0.583% + 0.995

Note: The value for the 2 x 71 closed lap construction is not
significantly different from zero and could, therefore, be
substituted with the average value of kr. This, however, has not
been done because the significance level is almost 55 and the
point is given more consideration in Chapter VIII,

IV. DISCUSSION OF RESULTS ™OR % x 1, 2x 1, 3 x 1 AlD &4 x 1

OPEN LAP COISTRUCTIONS

The results for the dry relaxed, wet relaxed and tumble dry
conditions were analysed by regression analysis in the usual way
and the results for the slope and intercept for each construction
and at each stage of relaxation are shown in Table 18 and the

graphs for these structures in the tumble dry condition are shown

in Figs. 81 to 86.

Te General Discussion

In general terms the behaviour of this set of fabrics is

similar to that of the previously considered closed lap

constructions as follows -

by

i) The slope of the regression line for c¢.p.i. against

2]

is less after tumble drying than after dry relaxation
for the 1 x 1 and 2 x 1 open lap constructions.
ii) The intercept of the regression line for c.p.i. against

7 in general decreases with increase in relaxation.



TABLE

18

Slope and Intercept for 1 x 1, 2x 1, 3 x 1 and &4 x 1 Open Lap

Structures in each Condition of Relaxation

1

Relaxation Cc.p.i. against ?j- w.p.1l. against } S against 7z
Condition |4y qlax 13 x b x 1|1 x 1[2x 1(3x 1[bx1]1x 12 x 1|3 x1|bx 1
open| open| openj open openlopenjopenjopen open| openiopenjopen
Dry Relaxed | 8.52| 8.20{ 7.93| 8.13 | 3.23|4.51{#.91|6.63 | 25.8( 35.0{43.3(58.3
Slope Vet Relaxed { 7.89| 7.65| 6.61| 6.32| 4.03%|5.13[6.85]10.1 | 30.2] %9.8[50.3|68.3
Tumble Dry 7.26) 7.7 8.29| 3.18 | L.13|4,8816,02(9.45 ) 31.3| 41.9]55.8(80.7
Dry Relaxed | -3.70|-5.85|-4.03|=4.00 | -0.67]|2.24)6.33|6.,0%3 | =31.5|=-16.2]|2k.5] 1.9
Intercept | Wet Relaxed { 0.30(-1.81( 1.A%| 1.69 | =1.49[2.20{3.31{1.27 | =13.9| 16.3{59.9(36.0
‘fumble Dry 4,05 1-0.08|=1.45|=0.72 | =0.2914.28|6.02[%.07 | %6.7| €0.k|5(0.5]21.0

-0¢L~
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iii) The slope of the regression line of Ww.D.1., against }
and that for S against %E-has an ovefall increase from
the dry relaxed condition to the tumble dry condition.

iv) The intercept of the regression line of w.p.i. against

1
— and that for S against l—-increases in the tumble dry

2

condition compared to théldry relaxed condition.

v) The results obtained are independent of yarn count

| because the individual points show no separation

according to yarn cbunt. Figs. 81 to 86 show the
tumble dry graphs for c.p.i. against %—, WeDele
against %3 5 against‘%g and k, against f with each
count marked differently., No separation according to
count is visible;

vi) The regression equations of kr against .f‘show that the
relationship between these two parameters is not

generally a constant, the k_ value varying with L.

A more detailed consideration is given in the following notes

pointing out the diff»rences which do exist.

2. Detailed Discussion of c.v.i. Values

Table 19 shows a complete regression analysis of the results
for c.p.i. against %-giving the regression equation, standard
‘error of slope, standard deviation about the regression line,
correlation coefficient and percentage probability calculated from

Students' t-test of the intercept,

Examination of this analysis in conjunction with an



TABLE 19

S8 sis of n 2_F &
Relaxation Structﬁre Regression Standard Standard Correlation | t-test
Condition Equation Error Deviation | Coefficient | of
About Intercept
m c Regression y 4
(slope) |(inter) | Line Probability
1x1 et = 5}53 - 3.10 | 0.506 |1.037 | 2.404 0.983 n.s.
2x1  |e.pd. = 5;;2—9 -5.85 | 0.&49 |2.375 | 1.445 0.970 .
Dry
Relaxed- 3 fepd. =L o403 |10 3200 | 1772 0.920 n.s. !
N
n
4x1  |ec.pd. = §}n - 4.00 | 1.914 | 4.699 | 1.727 0.801 n.s. '
Ixl | e.p.i. = 7—},52 +0.30 | 0.374 | 3.283 | 1.780 0.989 n.s.
2x1 | c.pode = 1765- -1.81 | 0.288 | 1.054 | 0.730 0.993 n.8.
Wet
Relaxed 3x1 | c.pets = -‘31,-‘21 +1.6 | 0.51 | 1.541 | o0.851 0.971 n.8s
4xl | eopode = 9233 +1.69 | 1.139 | 2.797 | 1.028 0.869 n.8.

Continmued ...



TABLE 19 (Contimed)

Relaxation | Structure Regression Standard Standard Correlation | t-test
Condition Equation Error Deviation | Coefficient | of
About Intercept
m c Regression $
- (slope) ((inter) | Line Probability

11 |epd. = D228 4 405 | 0,390 | 1890 | 1.856 0.986 n.s.

2x1 |e.p.d. = 1/;7l - 0.08 | 0.366 | 1.337 | 0,926 0.989 n.8.
Tumble
Dry 3 fepd. =82 145 | oun | 1233 | o8 0.988 n.s.

4xl et =818 _ 072 | 050 | 1.692 | 0.605 0.968 n.s.

n.s. = not significantly different from gero

* - significant at the 5-1% level

—<gL-
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examination of the graphs in Figs. 81 to 84 shows that for the

1 x 1 open lap construction the slope of the liﬁe decreases
gradually as the relaxation increases,.but with the remaining
structures, 2 x 1, 3 x 1 and 4 x 1 open laps, the slope decreases
in the wet relaxed condition, but then increases again in the
tumble dry state, the amount of decrease and subsequent increase
increasing with the length of the underlap. It is suggested

that this may be due to the fact that the long lap constructions
are less stable in a single bar fabric than the short lap
constructions,

A similar phenomenon is present in the intercepts for these
constructions, being more marked in the 3 x 1 and 4 x 1 open lap
constructions, However, the Students' t-test shows that in the
tumble dry condition the intercepts for all constructions are not
significantly different from zero, thus the regression lines may
be recalculated to pass through zero. In this respect, therefore,
these structures reacf in the relaxation process in the same
manner as 211 other :iructures investigated. The final values

in the tumble dry condition are -

1 x 1 open lap CePei. = 8.062
2 x 1 open lap | c.p.i. = 2.976
3 x 1 open lap Ce Poile= %—7&
4 x 1 open lap ‘ c.p.i. = 2.887

yd
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3 Detailed Discussion of w.p.i. Values

Table 20 shows the complete regression analysis for w.p.i.
4

agaiDSt,f in all stages of relaxation for all the open lap
constructions investigated., Observation of this table, together
with the graphs, Figs. 81 to 84, shows that for all structures
except the 1 x 1 open lap, the slope of the regression line
increases from the dry relaxed to the wet relaxed conditions and
then decreases from the wet relaxed state to the tumble dry
condition., However, the overall effect is to show an increase
from the dry relaxed.state. In the fumble dry condition the
intercept for 2 x 1 and 3 x 1 constructions are statistically
different from zero,

The 1 x 1 open lap construction must be treated separafely
as the slope shows a gradual increase and the intercept is not
significantly different from zero in any relaxation state.

In the tumble dry condition, the relationship between w.p.i.

and stitch length for each structure is as follows -

1 x 1 open lap WePole = &jlz - 0.29
2 x 1 open lap WePole = Ej?é + 4,28
3 x 1 open lap WeDPel. = ‘éjgg + 6,02
4 x 1 open lap | WepPei. = 9:15 + 3,07

'4. Detailed Discussion of Stitch Density Values

Table 271 shows a complete regression analysis of S against
»

Ve for all opeﬁ lap structures and for each state of relaxation.




Relaxation | Structure Regression Standard Standard Correlation | t-test
Condition Equation Error Deviation |Coefficient | of
About Intercept
m c Regression v 4
(slope) [ (inter) | Line Probability
1Ix1  |wip.t. = 3-:,33 -0.67 | 0.186 | 0.900 | 0.884 0.984 n.s.
231 |w.p.d. =422k o 204 | 0426 | 1.557 | 1.079 0.958 n.s.
Dry £
Relaxed 3x1  |w.pd. = 479; +6.33 | 0.757 | 2.211 | 1.253 0.920 .
i |wpd. =282 4603 | 1764 | 4331 | 1592 0.765 n.s.
11 |w.pd. = 4}93 -1.49 | 0.388 | 1.879 | 1.85 0.975 n.s.
2x1  |w.p.d. = 5—};3 +2.20 | 0472 | 1724 | 1,195 0.960 n.8.
Wet ,
Relaxed 31 [wepete = &2 0331 | 0.853 | 2.559 | 1.423 0.971 n.s.
=10,10 1.1 0.930 s
m V.poio - Z + 102'7 10261 30094 [ 37 ° n. Y

Contimied ... |

-9¢L-



TABLE 20_(Contimmed)

Relaxation | Structure Regression Standard Standard Correlation| t-test
Condition Equation Error Deviation |Coefficlent| of
About Intercept
m c Regression y 4
(slope) | (inter) | Iine Probability

1x1 | w.p.d. = A‘}n -0.29 | 0,309 | 1497 | 1.470 0.973 n.s.

2x1 | wepel. = 4}5—‘5 +4.28 | 0,480 | 1.755 | 1.215 0,955 .
Tumble
bry 3l | wpd. =224 6,02 0,614 [1.82 | 1.006 0.988 .

4xl | weped. = 9:-(,55- +3,07| 1.429 | 3.500 | 1.289 0.902 n.s.

n.s., - not significantly different from zero

* = significant at the 5-1% level

L

LA 2

- significant at
- gignificant at the 0.1% level & lower

the 1-0.1% level

-LEL-



TABLE 2]

An. nst 1/¢“For 1x1 1, 3x1 & n
Relaxation| Structure Regression Standard Standard Correlation | t-test
Condition Equation Error Deviation | Coefficient | of
About ‘ Intercept
m c Regress.on y 3
(slope)| (inter)| Line Probability
1x1 s = 3}} - 31,5 | 1.227 | 32.93 | 55.69 0.989 n.s.
2x1 s = %a& -16.2 | 1.410 | 20,5 | 25.11 0.992 n.s.
Dry .
Relaxed 3xl s=422 o5 | 3uz | 3225 | 320 0.970 n.s.
4x1 s=Fd+ 19| 3.903 | 2.08 | 17.06 0.978 n.s.
1x1 s=22 19 | o960 | 2577 | 43.59 0.995 n.s.
2x1 o= v163 | 2.053| 2033 | 36.56 0.987 n.s.
Vet -
Relaxed 3x1 s=202 +50.9 | 3.611| 33.95 | 3.2 10.975 n.s.
411 8= 1& + 36.0 4.792 29.56 20094 00976 n.s,

"Continmued ...

-|¢L-



TABLE 21 (Contimied)

Relaxation | Structure Regression Standard Standard Correlation | t-test
Condition Equation Error Deviation | Coefficient | of
About Intercept
m ¢ | Regression %
(slope)| (inter) | Line Probability
1x1 s = 32e2 4 36,7 1.339 | 35.91 | €0.%% 0.991 n.s,
21 | s =%+ 60 3.073 | 43.89 | 54.70 0.9% n.s.
Tumble _
Dry 3x1 s = 2.8, ¢0,5 3.509 | 33.10 | 33.25 0.981 n.s.
4x1 o=l 5.98 | 32.07 | 22.72 0.980 n.s.

n.s. - not significantly different from zero

-6¢1~



- 140~

From this and the graphs in Fig. 85, it will be observed that the
slope increases for all sfructures throughout the relaxation
process.

In the case of the intercept, it will be néted that in
general the value of the intercept becomes more positive with
increase in relaxation and with increase in length of underlap.
Again, it is to be observed that the 4 x 1 open lap structure
does not conform to the general relationships, presumably largely
due to the narrow range of stitch lengths produced for this
sfructure.

However, in the tumble dry condition, the ihtercepts of all
regression lines are not significantly different from zero, the
Students' t-test value being greater than 5%, therefore the
values may be recalculated to pass through zero, the results for

the tumble dry condition being as follows -

1 x 1 open lap S = 25%%
2 x 1 open lap S = &if%
3 x 1 open lap S = -6?2(7'-2-
'4x1open1ap s=§/—%'—;-.

5. Detailed Discussion of the Course/Male Ratio Values

Table 22 shows the complete regression analysis of kr against
£ for all open lap constructions in each relaxation state and it

Al

wili be observed that each structure behaves differently.

The 1 x 1 open lap construction shows a decrease of kr with



TABLE 22

Regression Analysis of k against £ - 1 x 1, 2 x 1,

3x 1 and 4 x 1 Open Lap

Standard %
Relaxation Regression Standard deviation| Corr. probability
Structure error of about of
Condition Equation regression| Coeff. [ correlation
m c line coefficient
Dry Relaxed | k = -0.527/0 + 2.669 | 1.023 | 0.106 0.263 -0.163 n.s.
1x 1 Wet Relaxed kr = 2.0160 + 1.694 | 1.088 | 0.106 0.280 0.380 **
Tumble Dry kr = 1.91%10 + 1.690 1.039 0. 103 0.267 0.425 b
Dry Relaxed | k_ = -1.4050 + 1.681 | 0.597 | 0.082 0.134 -0.624 o
2x 1 Wet Relaxed kr = =0.6190 + 1.417 | 0.504 | 0.263 0.113 -0.563% *»
Tumble Dry k. = -0.4864 + 1,400 | 0.744+ | 0.208 * 0.166 -0.723 **
Dry Relaxed kr = =1.3864 + 1.412 | 0.661 Q.096 0.124% -0.584 **
3 x 1 Wet Relaxed | k= -0.0688 + 0.928 | 0.369 | 0.111 0.069 -0.077 N.S.
Tumble Dry kr = -0.8594 + 1.250 | 0.199 0.064 0.037 -0.819 *e




TABLE 22 (continued)

_ Standard %
Relaxation Regression Standard deviation | Corr. probability
Structure error of about of
Condition Equation regression | Coeff, correlation
. - m c line coefficient
Dry Relaxed | k_ = -0.521f + 0.959 | 0.924 | 0134 0.134 0.191 - n.s.
L x 1 Wet Relaxed | k_ = 0.1654 + 0.595 | O.416 | 0.131 0.060 0.127 n.s.
n.s. = not significantly different from a horizontal line

rs

*e %

significantly different at the 5 - 1% level

"

" "

1 - 0.1% level
0.1% level and lower

-24L-
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an increase in £ in the dry relaxed conditibn, but on wet
relaxation and tumble drying the reverse is true, i.e. the kr
value increases with increase in the value of /. This is the:
only structure which behaves in this manner in these conditions
of relaxation,

Of'fhe remaining structures, 2 x 1, 3 x 1 and 4 x 1, the
2x 1 and 3 x' 1 constructions show a relationship between k  and
? in which the kr value decreases witn increase in value of £,

The 4 x 1 construction is also an exception to the general
rule in that, from a statistical point of view, the k_ value is a
constant in all conditions of relaxation.

‘The final relationships in the tumble dry condition between
the kr value and the stitch length are given by the following

equations -

1 x 1 open lap 1.5 £ + 1,690 .

2 x 1 open lap = -0.4864 + 1,400

3 x 1 open lap -0.8594 + 1.250

k
T
kr
kr
4 x 1 open lap k, = -0.193L + 0.875
Note: As the value for the 4 x 1 construction in the tumble dry
condition is not significantly different from zero, it could be
replaced by the average value for kr' This has not been done es

the point is given more consideration in Chapter VIII,
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CHAPTER VIII

SUMMARY OF THE EXPERIMENTAL EVIDENCE CONCERNING THE DIMENSIONAL

PROPERTIES OF SINGLE BAR OPEN AND CLCSED LAP STRUCTURES IN THE

TUMBLE DRY CONDITION

I. INTRODUCTION

The dimensional characteristics of single bar constructions in
the tumble dry condition, (given in Chapters VI and VII),
indicate the following general relationships applicable to all
constructions,
i) The dimensional properﬁies of all structures are
independent of yarn cc.mnt.
ii)  The product of c.p.i. and / is a constant for
any given construction. |
iii) The product of w.p.i. and £ is not generally a
constant and varies considerably according to
the construction,
iv) The product of S and ,(2 is generally a constant,
its value depending on the structure.
v)  The k. value is not generally a constant but

varies with £ .

II. SUMMARY OF RELATIONSHIPS BETWEEN THE DIMENSIONAL PROPERTIES

AND THE STITC’H LENGTH

The relationships between the various parameters of c.p.i.,

WeP.ie, stitch density and course/wale ratio with the stitch

e g e
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length are shown in Table 23 for comparison purposes. From fhis
table it is evident that similarities exist between various
structures. The object of this chapter is to draw together those
relationships which are similar and thus simplify the results. As
detailed in Chapter VII, eight different constructions have been
investigated which form the base structures used in the formation
of warp knitted constructions. It is more convenient to consider
these relationships in groups rather than to consider each
construction in isolation if at all possible.

From Table 23, it will be observed that the relationships of
C.P.i. against‘%u WePol. against:}-and S againsé;%i are similar
for the open and closed lap construction for the 2x 1, 3 x 1 and
I x 1 constructions, but the 1 x 1 closed lap and 1 x 1 open lap
are completely different from each other and from all other
constructions. It was decided therefore to statistically analyse
if, in fact, there was any difference between the open and closed
constructions in the 2 x 1, 3 x 1 and 4 x 1 lapping movements.

The following results were obtained.

III. ANALYSIS OF OPEN AND CLOSZD LAP STRUCTURES FOR 2 x 1, 3 x 1

AND &4 x 1 CONSTRUCTIONS

Te Course Values

It has been shown in the regression equation of c.p.i. against
- that in the tumble dry condition the 2 x 1, 3 x 1 and 4 x 1
open and closed lap constructions have intercepts which are not

significantly different from zero and, therefore, may be



TABLE 23

Structuie C.P.i. against ;- WeP.i. against } S against /-3—2- kr against _{
1 x 1 Closed 8{& %29 v 2.13 2[5(50 + 52.5]| =1.6104+ 3.220
1 x 1 Open 871% '*7‘@ %‘i 1.51 4 + 1.690
2 x 1 Closed Z# 5—]&’- + 2,72 %—5- -0.353f + 1.356
| 2 x 1 Open ;?QQ %?&i + 4.28 %f%g -0.486 4 + 1.400
3 x 1 Closed ?-:?GE ﬁ% + 5.50 -5},9-55 ~0.568 0 + 1.155
3 x 1 Open 7—:,;?- -6'702 + 6.02 f—;-é—o -0.859 ¢ + 1.250
Ik x 1 Closed ngﬁ §j§2 +25,27 %%523 -0.588 £ + 0.995
4 x 1.0Open 77§2 -9—,—;'2 + 3,07 %—21 -0.193 4 + 0.815

Relationships between c.p.i., w.p.i., stitch density and course/wale ratio with

stitch length as discussed in Chapters VI and VII

Shi-=
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considered to be zero, the following values were obtained.

Closed lap Open lap
7442 7.576
2x 1 _c
* 7 7
3 x 1 7.;18 7.;94

'TT"— ‘i;‘“

It will be observed that for each construction the value of
kc is similar for the closed and open laps. Comparison of the
two sets of results, (Table 24), shows that the Students' t-test
indicates that there is no statistical difference between the
slopes, It follows, therefore, that these values may be combined
giving the following results -

2 x 1 open and closed laps

7.509

c.p.i. = el

A

3 x 1 open and closed laps

7.699
CePel, = —==
P 1

4 x 1 open and closed laps

copoio = '7_.'8_8-3-

2. Wale Values

It has been shown that the intercepts for these open and
closed lap constructions are significantly different from zero
and that the regression slope is different for each construction.

The relationships between w.p.i. and stitch length for each

construction are as follows -
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TABLE 24

Students' t-test for c.p.i. against }-for difference between slopes

for open and closed lap 2 x 1, 3 x 1 and 4 x 1 constructions.

Students'! t-test
Structure Regres§ion Varianc§ abogt % probability that
Equation regression line slopes are same
2 x 1 Closed 7442 0.0025
4 n.s,
2 x 1 Open 2.576 0,0042
V4
3 x 1 Closed Zj§1§ 0.0297
N.S.
3x 1 Open Z:-;iu- 0.0041
4 x 1 Closed Zj§Z§ 0.0046
n.s.
4 x 1 Open 7—')-;8—7 0.0035

n.8., = Slopes not significantly different
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Closed lav Open lap
2x 1 WOpoio = 2"’;& + 2.72 ll'.;8 + I+928
3% 1 Vop.i. = 6-!“ + 5.50 -6-'}’3 + 6,02
L} x 1 w.p.i.- = §£2 + 5.27 90""5

] T+3.07

It will be observed that for each construction, the value of kw

is similar for the closed lap fabric and for the open lap
construction. Comparison of the two sets of results, (Table 25),
shows that the Students' t-test indicates that there is no
statistical difference between the slopes or the.intercepts in

the tumble dry condition. It follows, therefore, that the
experimental values may be combined giving the following results =

2 x 1 open and closed lap

Vep.i. = 23?1 + 3.24
3 x 1 open and closed lap

WePele = +
4L x 1 open and closed lap

WePele = -87-?2 + 5.5

3« Stitch Density Values

It has been shown that the intercepts for the regression
slopefin the tumble dry condition of relaxation for each
and
construction is not significantly different from zero and the

slopes, therefore, were recalculated to pass through zero.
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TABLE 25

Students' t-test, of difference between slope and intercept of

open lap and closed lap constructions for 2 x 1, 3 x 1 and 4 x 1

Slope Analysis

movements in the tumble dry condition

Standard | Variance of | Students' t-test
Construction| Slope |error of |diff. between|5 probability that
m slopes slopes are same
2 x 1 Closed 5. 14 0.3302
1,036 n.s.
2 x 1 Open 4,88 0.4798
3 x 1 Closed 6.11 0.7700
1.307 Ne8Se
3 x 1 Open 6.02 0.6140
4 x 1 Closed 8.29 0.9057
1,174 n.s.
L x 1 Open 9.45 1.4293
Intercept Analysis
Standard | Variance of | Students' t-test
Construction|Intercept| error of | diff. between|’ probability that
Intercept| Intercepts |intercepts are same
2 x 1Closed| 2.72°%| 1.1361
2.073 n.s.
2 x 1 Open L, 28 1.7548
3 x 1 Closed 5.50 2.2325
- 3.053 N.8, .
.4 x 1 Closed 5.27 2.2095
L, Oldy n.s.
l" x 1 Open 3007 305097

n.s., = Slopes not significantly different
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The value of the regression line through zero is similar
for the open lap and closed lap of each construction. The
Students' t-test reveals that in a statistical sense each pair is

not significantly different, (Table 26), therefore they may be

combined, The final values are as follows -

2 x 1 closed and open lap

o oo
ST
3 x 1 closed and open lap

60.95
JE

k x 1 closed and open lap

.s _ 82.32
A

S =

L, Course/Male Ratio Values

The kr ageinst [ relationship for the open and closed lap
constructions was analysed in the same way as that for the CoPoi.
and w,p.i. against } and stitch density and /%—2-. It was found that
there was no difference between the open and closed lap fabrics in
a statistical sense as shown in Table 27. Therefore, the
regression equation was calculated for the total 24 samples for

the fabrics in the tumble dry condition. The following results

were obtained.



Students! t-test of S agains
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TABLE 26

02

t - for the difference between open

and closed laps for 2 x 1, 3 x 1 and 4 x 1 constructions in the

Tumble Dry Condition

Students! t-test
Constructions | Regression | Variance about % probability that
Equation Regression line | ° slopes are same
2x 1Closed | §=22:21 8.39
} n.s.
2 x 1 Open S = 45,91 13.87
f2
3 x 1 Closed S = 29.80 29.53
] 2 NeSe
3 x 1 Open S = 6;;2‘ 15,12
L x 1 Closed S = 81,74 10,40
/ e .8,
px 1 Open S = %%’-;—2- 9.08

n.s. = Slopes not significantly different
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TABLE 27

Slope and Intercept Analysis of k, against { - 2x 1, 3x 1 and

L x 1 Open and Closed Laps

Slope Analysis

Standard | Variance of | Students' t-test
Construction| Slope |error of |diff. between|% probability that
m slopes slopes are same
2 x 1 Closed | -0.353 0.122
2.727 n.s.
2 x 1 Open -0.486 0, 74k
3 x 1 Closed | -0.568 0.085
1,064 n.s.
3 x 1 Open -0.859 0.199
2,222 n.B,
Lk x 1 Open -0.193 0.315
Intercept Analysis
Standard | Variance of | Students' t-test
Construction |Intercept|error of |Diff. between|% probability that
Intercept| Intercept |[intercepts are same
2 x 1 Closed| 1.356 0.193
0.313 n.S.
2 x 1 Open 1.400 0,208
3 x 1 Closed| 1.155 0,085
: 0.2 n.s,
3 x 1 Open 1.250 0,064
| 4 x 1 Closed| 0.995 0.096
0.413 n.s.
L x 1 Open 0.815 0.131

n.s8, = Not significant}y different
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%

ErOb . of
Construction Regression Eguation Corr. corr.

Coeff. coeff,

2 x 1 Closed and open lap k_ -0.536 0+ 1.413 0,626 n.s.

3 x 1 Closed and open lap k. -0.572 f+ 1.189 0,731 n.s.

-0.1'-17,( + 0.915 001*21 NeSe.

Ik x 1 Closed and open lap k.

It will now be observed from this regression analysis that
none of the constructions exhibit a course/wale ratio which is

constant but in each case the kr value decreases with increase in

value of stitch length,

IV. 1 x 1 CLOSED LAP VALUES

From observation of the values of the regression equations of
the various parameters for the 1 x 1 closed lap it is evident that
these values are different from those of all other constructions,

they must, therefore, be considered separately. The values are -

1e Course Values

The regression equation of c.p.i. against‘%vshows no
significant intercept in the tumble dry condition und gives the
following relationship -

8.95

Va

Conio =

2. VWales Values

1
= ghows a

£

significant intercept in the tumble dry condition in the relation-

ship -

The regression equation of w.p.i. against

voped. = 200 L 2.13

N2
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3. Stitch Density Values

The regression equation of s agaiﬁst‘%z in the tumble dry

condition shows a significant intercept in the relationship

%iﬁgg + 52.5

4, Course/Wale Ratio Values

The regression equation of 9421%3 against { in the tumble

eDe

dry condition shows that the relationship between the two

parameters is rot a constant but kr decreases with increase in £

in the following relationship -

CePele _ 41,614 + 3.22

w.p.l. ’

V. 1 x 1 OPEN LAP VALUES

From observation of the values of the various parameters of
the stitch length shown in Table 23, it is evident that the values

of the 1 x 1 open lap are different from all the other constructions

investigated and are as follows =-

1. Course Values

1
The regression equation of c.p.i. against < shows no

£
significant intercept in the tumble dry condition and gives the

following relationship -

copoi.. = §="o-§"2'

£

2. Wale Values

1
The regression equation of w.p.i. against = shows no

X

significant intercept. This differs from other constructions and,

therefore, merits separate consideration.
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The final relationship in the tumble dry condition is =
4,08

£

Wonio =

3. Stitch Density Values

The relationship between stitch density and stitch length is

as follows -

Stitch density = 22

4, Course/Wiale Ratio Values

The regression equation of Pw_.%% against X shows a positive
value for the slope showing that the course/wale ratio increases
with increase in stitch length., This is the only structure to

behave in this manner, the relationship between course/wale ratio

and stitch length being -

SePele _ 4 5wuf+ 1,690

Wonio

VI. RECONSIDERATION OF THE 1 x 1 OPEN LAP CONSTRUCTION

The 1 x 1 open lap construction shows surprising results
compared with all other constructions in the following manner -
a) The 1x 1 open lap is completely different from the 1 x 1

closed lap while in the 2 x 1, 3 x 1 and & x 1 constructions

the relationships between stitch length and the various
fabric'paraheters is the same for the open and closed lap

variations of the construction.

‘b) The kv value has no intercept, whereas all other structures

have, ¥

¢) The k  value increases with increase in stitch length while

all other constructions show a decrease in kr value with



-157-
increase in /£ .

These results are surprising as it was anticipated that the
dimensional parameters for the 1-x 1 open lap construction would
be similar to that for the 1 x 1 closed lap construction. As
there appears to be no obvious reason why these variations exist,
it was decided to perform a short repeat experiment to verify the
results obtained for this structure. The details for this
experiment are given in Appendix 4 where it is shown that these
results are not statistically differenf from those obtained in
Chapter VII, The opportunity has therefore been taken to combine
these results with those obtained in Chapter VII to give a total

of 24 samples. The final values are -

copoio = 7)7
. 4,02
WePede = —p—

£

stitch density =

CePele _ 4 4840+ 1,646

w.p.i. .

ViI. DISdUSSION OF THE RELATIONSHIP BETWEEN THE DIMENSIONAL

PROPERTIES OF SINGLE BAR CONSTRUCTIONS AND THE STITCH LENGTH

From the above analysis of the relationship of stitch length
and the dimensional parametérs of single bar warp knitted

«constructions produced from worsted yarns, a number of

'peculiarities! in the dimensional parameters become apparent.

These are -



1e The
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1 x 1 Closed Lap

a)

b)

2o The

Tne kc value is different from all other structures
being a significantly higher figure.
The relationship between the stitch density and —3

has an intercept and in this way differs from &1l other

constructions,

1 x 1 Open Lap

a)

b)

3. The

% has 4©® intercept

and in this way differs from all other constructions.

The relationship between we.p.i. and

The relationship between E—Rilf and stitch length shows

a positive relationship, the ratio increasing with
stitch length., In all other constructions, this

relationship decreases with increase in stitch length.

2x 1, 3x 1 and 44 x 1 Constructions

The

relationship between the physical parameters and the

stitch length is shown to be the same for the open and closed

laps in each construction.

4, Final Values

The

against

A

. . 1 .
final regression equation of c.p.i. agalnst‘zg WeP.1.

s 5 against Xa and w..‘.'.".:.}' agalnst.e for 1x 1, 2 x 1,

3x 1 and 4 x 1 open and closed lap constructions produced from

worsted yarns are shown in Table 28.



TABLE 28

Statistical relationships between the dimensional

parameters and stitch length for fabrics in the tumble dry state

. . 1
c.pP.i. against —

LeD-2s against j

3tructure w.p.i. against — against %—5 eyl
1 x 1 Closed lap| c.p.i. = %—92 WePols = —2-:-}9 + 2,138 23;20 + 52.50 :—;:—%:—i—: = =1.610+ 3,22
1 x 1 Cpen lap CeDele = 177—9- WePele = i}g% S 5(/)/‘20 g—i—g:—i—: = 1.48 7 + ’i.65
S ool ceped. = z}_si Wwep.i. = 5:;7 + 3,248 “i"/;go SeBrir = 054 M+ b1
; :)z :: g;gieia;ap CePoele = Zj?-q WePele = 5179—9- + 5.80|8 6;’20 S—:-gf-;;: = -0,670 + 1.19 i.
Z i :1] g;:iegi.a;l.)ap C.p.i. = %‘;ﬁ WeDele = 87§£ + 5.54|S '775%._;02 V%-:-—;—:—i—: = =042 4 + 0.92

-65L-
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CHAPTEZR IX

NE4_LOCP “ODZLS FOR SIUGLE BAR WARP KNITTED CONSTRUCTIONS IN THE

TUMBLE DR/ CO.IDITION PRODJCED FRQM JORSTED YARIS

I. T:HTRODUCTION

In order to explain the relationships between the
dimensional paraneters of single bar warp knitted constructions
and the stitch length, it was decided to establish a loop model.
This was considered necessary as all existing loop models used
yarn count as a basis for calculation at one stage or another
and it has been shown conclusively in the experimental results
that yarn count has no effect on the relationship between stitch
length and the dimensional parameters of single bar warp knitted
structures produced from wool yarns in the wet relaxed and tumble
dry conditions.

Only the most relaxed condition investigated, (i.e. the
tumble dry condition), was considered in this investigation as
all other relaxed states represented only conditions through which
thé febric passed to achieve the most relaxed state, Further,
the tumble dry condition is the most stable form of the fabric
representing the condition to which the fabric will return after

‘any distortion which has occurred during manufacture has been

removed,
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II. PRELIMINARY INVESTIGATION USING A TW/O DIMENSIONAI, MODEL

The method of investigation used to observe the detailed
path of the yarn in the fabric was to take photographs of the
fabrics and to measure the various components of the structure

to establish the distribution of the yarn within the construction.,

1. Experimental Details

Photographs were taken with a 35mm. single lens reflex camera
using a bellows extension and then enlarging the resultant
negatives to give a gotal magnification of 17 times, Owing to
the difficulty of following the path of one thread due to the
density of the structure, transmitted light was used mounting the
samples on a glass sheet between light source and the camera,
As the results separated themselves into groups, it was
decided to consider the proposed loop model in the following groupingé.
i) 2x 1, 3x 1 and 4 x 1 closed lap coﬁstructions |
ii) 2x 1, 3x 1 and 4 x 1 open lap constructions
iii) 1 x 1 closed lap constructions

iv) 1 x 1 open lap constructions

2.. Observation of Photozraphs for 2 x 1, 3 x 1 and 4 x 1 Closed

Lap Constructions,

Photographs were taken of a range of stitch lengths and yarn

counts in these constructions, Three of these are shown in

1)

Photographs 3 to S.

From general observation of these photographs it can be

established - -
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i) e loav oTten tuists cnd lies out of the rlane ol tne

fooric, in sorne cnaes cdd courscs nny serently twisting

differertly from even coursa

9]

ii)  As would be cxmnected the loown liec inclined, the loors
in odd coursss 1ring in the ovposite direciion to these
in even courses,

iii) Tie fact that the loop is inclined and that it twists
end lies out of the planc of the fabric maxes it
difficult to observe the chupe of the loop.

iv) It is not possible from these paotograpas to estublich

if the size of the head of the loop is related to tne

yarn count, or to establish if yarn coupression occurs

PO |

at this point.

These observed features of the structurce nay be used to
construct the dicgranm shown in Fig.27, where the sha;e, the size
and positioning of the loops are given as established from
observation of the photograpns of the 2 x 1 construction., In
order to establish a loop nodel based on tais structure, tne
stitch was considered in two separate parts in the coaventionzl
manner, i.e. the.underlap and the loop. Trom tais detziled
observation of the photogravhs, the following features of a two
dimensional model were established.

a) Underlan

The length of the underlap is a straight line, or nearly so,

and may be considered as the hypotenuse of the right angled
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vicing BJL0 due to the inclination of the loop, the bose isc less

[}

than the wele spocing miliinlied by the ncedle, (spzces nowved),

As o result of mecsurencats of o numboer of smumles, the averoc

figures for

i

soe length of the underl.m in the course diraction is

. e . -~ - N . - . . IR B S
500 for a Do omovesent, 2.3%w vor a 3 x 1 wovenent and Seotw

~

for a b x 1 movement, (where w = wal

o

2 spacing).

(

The lensth of the underlap can therefore be calculuted o5

' (&%

follows -

U :/\/ca + (m:)ﬁ

Where.n = 1,36 for 2 x 1
2.36 for % x 1

3,35 for b % 7

w = wale spacing

c

[

course spncing

The v=lues for the underlap were calculated according to the
avove formula and compared with measurenments telien on the
paotographs, These a

By

re shown in Table 29 and it will be observead
that a good correlation between the calculated 2na measured value

is obtained.
b)  Loop
The height of the loop is egual to the length of the
.hypotenuse of the right angie triangle RST in #ig.S57. Due to lood
inclination, the base SR is egual to 0.9w and, sinmilarly, because
of the overlup of the loovs, the neight is equal to 7.25¢c.

Therefore, the height of the loop h may be calculated as follo:

o= e+ (0.0

75 -




TARLE 29
Commaricon o7 ihs ¢crlenl ted rmias and morsarad velue
of the lonaoti o tie unierlan
Teosurea W
Structure undorion | Difisesagn
2 x G 0.G355 2.2
0.5157 NS
0.259 0.00232 0. 0046 Pher
5x D527 0,078 ORUEN #7100
fa) -~ - o e M
0,.b4h O, 451 0. 477 -7.0
0.3%9 0,725 0.%°.93% 15,8
b x ; 0,335 0, 7%% 0. 7325 0.7
— _
0.473 0. 499 0. 455 +24%

TABLE

30

Compzrison of the calculazted valucs and nmensared voalue

of the heizht of the loon

titeh | Caleuloted | Meuwsured of
Structure | length Loop 1oop Diffgrence
an | g | "
55 0.402 0.08%2 0.0335 +1.%
- 0476 0,009 0.099" +1.8

0.259

0.0502

0.0627

0.327

0.0590

0,00655

0.448

0.0970

0.0939

0.369

0.050"

0,052k

0.386

0.0£39

0.069%

0.473

0.0804

0.0799

+0.3




e velues Jor thie loov neisnt vere calculated for the 7

illustrated in tne nhotorrevis ond

vzlucs in tne vhoboorarvic,., It will be noted tnst 2 zood

15 obtained botween the two seis of resulis and is shoun

Table %0,

¢) Relatlounsiin Letweon the lencstn of yarn in the lood

ADTL

O
i

1d comvared witnh the meazsured

- ES
e caveATIAY
coreanent
RS

heicht

If the amount of yorn in the underlap is subtracted
stitch lensth to give the amount of yarn in the loov and
figure is divided by the loop height, then the relationsh

between loop heignt and length of yarn in the loow» can de

established, This is shown in Toble 31,

TABLE 37

fronm tne
if this

ip

Relationshin between lenctn of vorn in loon and loeyn

height

Stiteh Yarn in Height of g
Structure | lenczth | loop (y) | lood (h) n
N Ny M

1 ] 7 r,-.
5% 0.402 0,306 0.08356 3,5

0.416 0.3749 00,0991 3.5%

0.259 0. 1644

.
O
ON
[RY]
o
.
N
N

3x A 0.327 0.2202

Ol C |O
L]
O

O

G

o | —
W

L]
Y

o

.
O
\Q
(@]
AN
o
.
o

0448 04300%

0.3%9

2498 0.0525 4,00

4976 0.0692 3,55

Q'
L x 1 0.33% O.
0.473 O.

2
3205 0.0799 4,03

Averace 3.5%




e reosalis soovm in Tohle 30 indicote that the ratio of the

iy

lernptna ol ™ in tie loov to the loop neipht is a coanstant but

this constont hns on wveramgs value of %.57%, rather thua that of
‘,D'-)

. A -, \ S

2.5% suzgested by CGrosberz .

Considerriion of the value ot 3.5%1 reveals, houvever, that
tnis figure cannot bte correct because Lf the loop were a true
cirele, the ratio would be eccurl to -7f (3.143). The ratio 3.5
being graster tnon J suggesis that the loop hus o greater widin
than heigit, a fact which is obviously incorrect from visual
examination of thz samples. 1In fact the loop height is greater
than its width so that the ratio must be sacller thon 3.5%%, 1%
is clear that the estimation of the length of yarn in the under-
lap from this model has not been sufficient, so that the lengtn

of yarn left for the loop has been greater than that which cen
occur in practice. The obvious cause of this error is thnat no
allowance has been made for the fact that the underlop and loon
may be curved out of the fabric plane. Thercfore, to assess
more accurately thc vath of the thread in the {abric, it is
necessary to examine the three-dimensionzl shape of the underlap

and the loop.

I1TI. IOVESTIGATION OF THE TIRER DINEISICN

AL SHAPE O T 1.00P

1.  Dxverimentzl Procedure

In the previous work, the ease with which the path of an
individual thread could be traced in the fabric denended on the

tightness of the construction znd the particulsr construction



under iuvestiaootion.  Siluple cousiruciions with lorae

lenpths, eome G 7ot 2o Gy vroconted little difficulty, but

in mediwn wid fight conmtructions it wac

......

to estsblizii the poth of the y-orn even thougnh . tracer thread of

c¢ifferent colour had been introduced for this vurpose. This
difficuliy wnd exverienced with botl viswd exaninution under the
microscope wnd with close-up protosravhy, altioush incidentol =ad

transmitted ligat were used, The latter was found to be vore

seful as shown by Paotosravas 3 to 5. Ihiven so, the patnh ol the
individual threzds was hard to follow on the more dense constructionn
and measuretients difficult to nake.

a) Meero-mhotosranny

It was decided to increase the magnification of the inage

obtained in 2ll further photorraphs and in order to do this macro-

photograpay was used, (i.e. o protorraph in which the imace on the

negative is larger than the object). This was obtained by using

en Olympus FIL 35mm, comera with a bellows extension and a 395am.

lens in reverse. (A normal lens is designed to produce an inage

on the negative smaller than the object, Since the reverse is

true of m°crO~D10tO”r“DQJ, better definition is obtained if normal

lenses are rcversed. In the work described, o special macro lens

was not available, so a normal 35ui. lens was used in reverse).
The degree of magnification from image to negative depends

on the extension of the bellows and the focal length of the lens

vis:-

extension of Yellows

Magnification = : .
a focal lennin or "ens




-~ [al
- f‘, Cmm

P . . - 4. . 4 ,(’) i "l. -
The experineninl conditions vere 1=  ————" = 3.7
: >0 Tl

The object wos focuzed by adjusting the camera-objeect distance, Go

keeping magnificotion constunt,.
During eanlargement in tae dark room, further enlarsement wes

ootrined to give o total of 35 t{imes mornification,

b) ounting soonles in linuid

In order to follow thie path of the thread more accurately,
various arrangements of lighting were tried with the increased
magnification, but none were found to give significantly better
results than ovtained previously. It was decided, therefore, to
immerse the fobric in liquid of a similar refractive index to the
white wool so that this would '"optically disappear' and leave the
tracer thread in isolation. A suitable liquid was found to be
liquid paraffin,

The path of the tracer thread was observed under the micro-
scope while immersedin liquid paraffin and also photographs were
taken of fabrics thus mounted.

The effectiveness of this arrangement may be judged by
observation of Pnotographs 6 and 7. Photograph 6 shows the effect
of incidental lighting and photograph 7 shows the effect obtained
with the fabric mounted in liquid paraffin.

.c) Cross section

To investigate the three dimensional shape of the knitted
loop it was decided that the most suitable aporoach was to immerse

the fabric in molten paraffin wax, then allow it to solidify and
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size of the loop unid vnldarian,  Tnis would also affor
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pel
ot
W

oprortunity to tilie vhoior Tron

ns ot the various vorts of th2 loob
with subsesuent more nccurate measurernents to ectablish the
cmount of yarn in each zection of the structure.,

In order to examine both the underla

Rl

and the loop, the wux
vas cut to expese the tracer thread being carved away alorng the
toread in the manner showa in the isometric view in Photographs &, 9
and 10,

In order to investigate and photograpn the yarn in the loon
eénd the underlap, the sample was mounted on a ball-mounting so thnot
it could be moved to any place and the loop and underlap
positioned at 90 degrees to the axis of the camera. By this
means it was possible to photograph, and ultimately measure, the
amount of yurn in each section of thz structure.

Ixanple: Photographs 1% and 42 show the loop e¢nd underlap
respectively of the sample whose isometric view is shown in
Photogravh 8. From these photographs, the length of yarn in the
loop and underlap can be measured by placing a piece of string on
the centre of the yarn in the photograph and following the contour.
d) Samnles

Pnotographs were taken of three constructions in each
grouping representing a slack, medium ond tight fabric in cach
case. The samples were also selected so that a number of yarn

counts were represented in each group as follows -
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Y R A e
Stracture

Straciure Uount  c¢.m.i. Y

T x 7 Closes 0.%%2 252 2hohn g5
L H 0.270 2/48 30,20 15.20
" " G300 /20 55.55 18,49

7% 1 Ovpen 0.359 2/ 22,73 11,79
o " ¢, 205 /29 h0.CO 19,28
" n 0.154 /20 48,37 &7.2%

2 x 1 Closed Q. k2 /2 174 h L ,03
" B 0.287  -1/20 25,00 19.75
u " 0.23%3 2/L8 31,30 2540

5 x 1 Closed  0.4%  2/32 15.93% 13,15
" " 0.356 /12 2°.82 27.92
" " 0.313 2/32  25.5% 25.0%

4 x 1 Closed 0.497 1/20 1, 52 27.92
" n 0.419 /42 19,46 2k 2l
" i 0.349 2/32 27,82 28.07

2. Discussion of Desults for 2 x 7, 3 x 1 and 4 x 1 Closed Tav

The actual shape of the stitch formed in the fabrics under
investigation was studied under the microscope and in the
photographs and was found to be of a shape as that shown in Fig. 83.
The yarn enters the stitch at point (a) and forms the loop,
returning to run parallel with the yarn entering the loop at (b).
On emerging from this loop the yarn passes uv and over the

incoming yarn to form the underlep (c). Thae underlap passes over

one, two or three loovs, (depending on wiuether a 2 x 1, 3 x 1 or
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by 7 consirastion in considersd), wefore enterins tha loow (&)

to Toryr vvo voxwt coursoe.

oo sine ontd cnaoe ol Ui loon wos studied {ron the
paotorrorinice evidoenon aad it wes found thot it wos difficult to

Lot ey M
Teasur

¢ the loop neisut aceur-iely, it beling

the point at wnicn the height could be coasidered to terninate
I1f the point was teken at which the two crms appeared to cross,
the sinre was not that of an elastica. o extend the leop nel it
beyond this point brings the parallel section of the crms into
consideration at wnich point the yarns bend to for: the corve
at the commencesent of the underlap so thut no discarnudle noint
representing the limit of the loop neight could be established.
Observation of the photosraris, however, sugnested tnut it
was relztively easy to measure the loon width at its widest point
and from this it is possible to calculate the loop neigh

assuming that the loop shape is that of an elasticu as 2ll visuzl

and photogruvhic evidence indicates. The relationship between
S > h - N\ o ke
S is - = = 2,08 - 2,722 (Scc

1

7

D

height and width of on elastic

©

Fig. 39).

It will be noted from the photogravhs that where the two
arms of the loop become parallel, they are positioned one on top
of the other. Thus, the loop may be represented as an clasticw,

h 2
where a = o Hence =~ = 2.08 or h = 2,0%

Teble 32 shows the results obtained,



-— = 2,08 - 2.728.

If a=0, %=2.08
W
Therefore h = 2,08

Fig. 89 Elastica
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A2 3d

Strvciure s:ltf} }goéj L?opaﬂliq¥t Yir%;:? %%op
an-th | Wjasn ) (2,03 wiakh) 2.50(2,0%0)
(i) L) (1) W)
0,142 .75 %, Gl 9,25 |
2% 5 .57 1.;; 2,00 £.57
0.2%% 1:10 2,79 5,3"
020 .75 3.6 9.25
3% 1 C.355 1. 710 2.29 5,81
0.%%% 1,10 2.29 5.87
0.497 1.90 3.95 10,05
L x 1 0.419 1035 2.81 7.0
0.%49 1,30 2.50 5.87

b) The wvnderlan

To investigate the three dimensional shape of this part of
the stitch, the amount of yarn in the underlap was measured by
placing a string on the curved path of the underlap and also the
straight path of the underlan was measured, the yarn in the curved
path being expressed as a ratio of the yarn in the straignt path.
This is shown in Tab e 33,

From this table, it will be observed that a variation exists
in the difference between the curved and straight underlap, but

this variation is only small and scattered. It is of considerable

interest to note that the value does not change with stitch

.

length or with structure and, therefore, the average value may be

taken, This is 1.20.
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TABRLE 3%
ey Stiten Strai~nt unrved .
Structurs | - LT o dar] Ratlo
LORITN WIGY L N PAOC, LT
B A Y 'K Yl N 73
O.'].“I‘r? b SO0 YL.'DV\ 1620
A 0.257 2,95 5055 o e
0.2%% .90 250 e
0450 h,95 .55 (PN
3% p—
5 O, )“)/) /.‘_}0 (\,()O l ot
0.313% 4,90 L, 20 Te08
0.497 5.80 5.89 1,70
L x 1 C.419 4,75 5.90 1.2k
0.359 .50 5.5 1o
lierage G20

c¢) Comvarison of the calculated stitch lenzth with the actual

stitch lensth

The stitch length was calculated from the above values

obtained for the loop and the underlap and compared with the known

stitch length. Results obtained are shown in Teble 34,

From this table, it may be obscrved that the calculated stiteh

length is less than the actual velue., This may be explained

vhen it is appreciated that in this model no allowance has been
made for tne fact that the underlap does not lie in a single plane

but takes a threc

an allowance were

dimensional shape where it joins the loop. If
made for this, the ratio of straignt to curved

underlap would be greater than that given by the 1 to 7,20 ratio.



TABLE

34

Difference between calculated stitch length and actusl stitch lenrth

N

Structure ?titf? Calculaffd Calculated ?otal sti?ch Lctund stit?q Bitfarana
lenpth | loov x 35 underlap x 35| lensth x 55 lencth = 55
fin ) (™) () Un) (n)
O k2 9.75 4,85 b, 65 R Y -2.79
2 x 1 0.237 5.61 3.73 9.7k 0,05 | =03 |
0.2%3 5.8 2.30 3.7 26 f 2.0
0.430 3.25 6.55 .96 65450 |- <5 !
3 x 1 0.356 5.3 6.00 11.8 2,40 | -C.655 ’
0.%13 5.81 L L5 10,27 10.95 ~0.75
0.497 10.05 5.85 75.90 1739 -1.49
L x 1 0.479 7.0k 5.90 53,0k i, 64 ~1.E62
0.369 .87 5.15 12,02 2.91 -0.89

e

17(__. -
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In order to nase: precise relationshin

between the vertical and norizontal ocites of the two richt-cngled

triangles and the course znd wale somcing, measurcments were mnde
of the various piotozgravhs of the nine construciions described in
Part III. 7 (d) of this chapter, vis. three stitch lengths of cach
3% 7 and 4 x 1 closed lap constructions.

Bxamples of the manner in which the two triungles were
constructed on each structure are shown in Photograpas 13, "4 wnd
15.
a) Loop

Owing to the fact that the loons twist and lic partially out
of the plane of the fabric and due to the fact that they lean in

alternate directions so that odd courses lean to the ripght and

even courses lcan to the left, the space occupied by one loop is

less than one wale and greater than one course. Further, in some

cases, the loops on odd courses are different to those on even
courses so thc following values of width and depth of the loop,
(lable 35) are average values and show the width of the loov

relative to the wale spocing and the height of the loop relative

to course spacing.

From Teble 36, it will be noted that whilst a variation

exists in the value of the height and base of the triangle, this

.

variation is only small and completely scattered which sugpests

that this relationship is independent of the stitch length and the

construction, - It is, therefore, possible to talie the avercre
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TABLE 36

Relationship of width and height of loop to course and wale spncing
(CAsurnn (~ venas)

Structure Stitch Measuremen? Measuremen? . Mcasuremen? of Measuremcn? of .
length | of 1 wale in{ of 7 wale in | Ratio 1 course in 1 course in Ratio
fabric photo. fubrie photo.
0.442 2.49 2.00 0.80 2,03 2.50 1023
2 x 1 0.287 1.77 1.58 0.89 1.40 1e65 1.18
0.233 1.38 1.45 1.05 1412 .55 1,353 4
0.430 1,90 1.60 0.83 2.20 2.50 4 1.8 v
3x 1 0.356 1.60 1.45 0.91 1460 2435 147
0.313 1436 1.15 0.85 1437 1.85 1,35
0.497 1,60 1,10 0.69 2.7 3,25 1.35
L x 4 0.419 Tl 1oLtk 1.00 1.80 2.60 T 40
0.369 1.25 1.25 1.00 1.60 2e70 1.32
Average 0.59 Averace 1,32
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value of tre height and bose of the trinngle for the thrce

constructions 2 x %y 3 x 1 and 4 ¥ 1 in which case the height of

the triangle may be s:2id to enual 1.32¢ and the base ecual to

0.89w, therefore the hypotenuse is equal to -

A)(7.320)2 + (0.89w)2 .o .o ()

The values of the loops were calculated for each of the sumples

and compared with the values obtzined in the photograpis, These

are shown in Table 37 and it will be noted that a good ogreement

is obtained.
TABLE 37

Comparison of calculzted and measured thoto-

grapiiic values of loov heirht
(MEAsugro /4 /nenas)

struoture | $11E01 | OO | TR | orvor
0.4h2 3.52 3.50 o)

2x 1 0.237 2.43% 2.52 +2.9

0,233 1.92 %90 -0

0.480 3637 3.40 +0.5%

3 x 1 0.356 2.55 2.50 -2.0

0.313 2.18 2.20 +0.9

0.497 3,37 3.0 +0.8

b x 1 0.419 2,70 2.80 +3.5

0.359 2.39 2.40 +0.4
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Allowance for three dimensional shave

It has been shown that the loop twists and lies into the
third dimension, the fabric thickness, and that it curves

at its base to commence the formation of the underlap. Thus
the actual height of the loop, (assuming it to be an
elastica), in the three dimensions is greater than that for
the two dimensional value calculated from ecuation (1), The
figures for the actual and calculated heights for the nine
samples are compared in Table 38 as a ratio. From this table
it will be observed that this ratio remains constant and is
independent of the ﬁightness of the construction and the
structure, therefore, the average value may be taken. Thus

the loop height is 1,09 times greater than the loop height

calculated by equation (1),

Hence loop height = 1.09/¢(1.320)2 + (O.89w)2
The amount of yarn in the loop is 2.5+ times greater than

the loop height, therefore, yarn in loop -

= 2,54 (1.o9ﬁ](1.32c)2 + (0.89)° )

or 2,78 J(1.32¢)° + (0.89w)°

The underlap

The underlap may be considered as the hypotenuse of a right-~

angled triangle whose depth is proportional to the course spacing

and whose width is provportional to the wale spacing. The nine

samples were examined and measurements taken from the photographs

in a similar manner to that used to determine the loop size,



Relationshin hetueen the “vvo dimensionnl znd three dirensionnl

loon heicng
(MeaAsuamo 7n Inenes)
Structure ]S_zlﬁ(é ,J(’i.B?.c)2 + (0.89..-:)2 x 35 :lei;;i . Ratio
2.0 % ow
O.4h2 0.099 3,49 | 3.74 1,07
2x 0.287 0.070 2.43 2470 o1
0.2%3 0,055 .92 2e59 NS
0.430 0.095 3,37 2,72 0.99
3x 1 0.355 0.073 2.55 2.50 1,02
C.%%3 0,062 2,57 2.49 PO
0.497 0.09¢ 3.37 1 2.95 17
b x 1 0.419 0.077 2.70 2.30 (e
0.369 0.0%8 2,39 | 2.49 1,04
Average 1.09
TABLE 39
Relationship between heisht and width of the underlao to the
course and wale Spocing
(MEASutA) /N /vengs
Structure Stitc? Wlidth One Ratio Depth One Ratio
length vale = Course
0.bhk2 ] 32,50 2,50 “ 140 2.20 | 2,04 7,08
2 x 1 0.287 1 2,50 ~,77 | .40 “WHO | G.L0 | 1,00
0.233 ] 1.90] "o37 | “.37 .00 | 1,72 | 0.39
Average | ".39
0,430 4,50 7.93| 2.33 2.k0 | 2,20 | 7.09
3x 1 0.356| 3.50| .60 | 2.79 1.70 | 7.50 | .05
0.3131 3,25 1.35| 2439 1080 | .37 | .37
Aversge | 2.30
0.497 S.20| 3,60 3.25 1.70 | bt | sL20
b ox 1 0.419| 4,60} 1,44 | 3,79 1,80 | .30 | 1.00
0.389) 4,20] 1.25| 3.3% .80 1 .80 | 7.2
Average | 3.27 Average of 3| 1,03
structuras
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The measurcments arc shown in Table 39 and from this table it will

be observed that the height of the right angled triangle under

consideration is a little greater than one course. It will also

be observed that this value is similar for each construction
irrespective of the tightness of the stitch, therefore, it is
reasonable to take the average of the nine samples which is 1,08c.

Examination éf the values for the width of the base of the
triangle under consideration reveals that the width of the
triangle is dependent on the construction. This is not surprising
as the length of the underlap increases from structure to
structure. The 2 x 1 movement has an underlap of two needle
spaces, the 3 x 1 three needle spaces and the & x 1, four needle
spaces. The fraction by which this figure is greater than a
whole number decreases with increase in lapping movement and it
is suggested that this occurs because the loops become

successively more vertical as the length of the underlap increases.

Thus, the length of the underlap may be calculated as

follows -

Underlap = AJ(1.08c)2 + n2w2
‘where n = 1.39 for a 2 x 1 structure
2.30 for a 3 x 1 structure
3,27 for a 4 x 1 structure
Values for the nine constructions were calculated and

compared with the actual values measured from the photographs.

This is shown in Table 40 where it will be observed that a good
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TABLE 40

Comparison of calculated and meéasured ohotogravhic

values of underlap
(Measunno /x  (netes)

stracture | 10 0| Mdertap | undoriap | ¥ BFTOF
0.4k42 3.96 5.90 +1.5
2x 1 0.287 2.79 2.75 =15
0.233| 2,18 2.15 ~1.b
0.480 5.06 5.10 +0.8
3x 1 0.356| 4.09 4,00 -2.3
0.313 | 3.48 3.50 +0.6

0.497 5.91 6.00 +1.5 |
L x 1 0.419 5.17 5.10 ~1.4
0.369 4,49 L.60 +2.4

agreement is obtained between the two sets of figures.

Allowance for three dimensional shave

It has been shown at III 2 (c) above that the curved path of
the underlap results in a length 1.364 times greater than the
straight path, The length of the yarn in the underlap may,
therefore, be calculated as follows -
u = 1.36 A)(1.O8c)2 + (nw)2
c¢) Complete loop model

L X L X J (2)

The complete formula for the calculation of stitch length

from equations (1) and (2) above is, therefore, given by -
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j = 2.78 A/(’l.szc)?‘ v (0.89w)° & 1.36 Af(q'ogc)2+(n,d)a
where n = 1,39 for 2 x 1 C e ee (3)
2.30 for 3 x 1
.27 for b x 1

L,

2x 1, 3x 1 and 4 ¥ 1 Open Lan Constructions

It has been shown in Chapter VIII that there is no difference
in the relationship between the knitted parameters and fhe stitch
length for the open and closed lap versions of the 2 x 1, 3 x 1
and 4 x 1 constructions. It is suggested, therefore, that the
same loop model may be used to predict the stitch length -

viz, J = 2.78 J(1.3zc)2 + (o.89W)2 + 1,36 ,./(1.o8c)‘2 #(nw)°

A spot check was taken for three samples, the theoretical stitch
length being calculated according to the formula and compared with

the actual value. A good agreement between the two sets of

results was obtained as follows =

Structure Actual Calculated ¢% Error

) £

2x 10pen 0,302 0.299 -1.0
3 X 1 Open 00369 0036l'|’ "101
bk x 1 Open 0.430 0.431 +0,2

5. The Introduction of the Course/Wale Relationship

It has been shown in Chapter VII and VIII that a definite
relationship exists between the wales and the courses in the
single bar warp knitted constructions investigated., This

relationship was investigated by analysis of the kr values where
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it was shown that the 2 x 1, 3 x 1 and % x 1 constructions each
possess a different kr value, but that there is no difference in
a statistical sense between the closed andAopen lap versions of
each construction.

It follows, therefore, that for any given value of course
spacing, there is a definite and fixed value of wale spacing which
rust be used in the formula given at 3(c) and 4 above in order to
calculate the stitch length. This relationship must be introduced
into the formula so giving a complete relationship between the
courses per inch and ‘the stitch length, or alternatively, the
wales per inch and the stitch length.

Although the relationship bétween courses and wales was
analysed in the form of the kr relationship, this cannot be used
in the formula as kr varies with stitch length. Also, the value
- required is the relationship between course and wale spacing
rather than that of c¢.p.i. and w.p.i. It was, therefore,
necessary to obtain the relationship between course spacing and
wale spacing by regression analysis. This, together with the
relevant graphs, is shown in Appendix 5. The relationships

obtained were as follows =

2 x 1 Open and Closed Lap w = 1.096c + 0.006
3 x 1 Open and Closed Lap w = 0,728¢ + 0,010
L x 1 Open and Closed Lap w = 0.56kc + 0,009

These results may be substituted into formula (3) above together
with the value for the number of spaces moved on the underlap, (n),

to give the complete relationships between course spacing and
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stitch length as follows -

2 x 1 Oven and Closed Lzp
D = 2.8 ,/(1.32::)2 + (0.89 (1.096¢ + 0.005) )2

-+

1.36 A}(1.080)2 + (1.39 ('].0960 + 0.006’ J2

or

D = 2.8,/ (1.32¢)?

-+

(0.975¢ + 0.005)°

1.36J(1.080)2 + (1.523¢c + 0.003)'2

-+

3 x 1 Open and Closed Lap
f=2.78,)(1.32c)% « (0.89 (0.728¢ R 0.010) )°

1.36 /\j(1.08c)2 + (2.30 (0.728¢c + O.O’lO))2

-+

= 2-784/(1.32c)2 + (0.648c + 0.009)2

1.36/«/(1.080)2 + (1.67%4¢c + 0.023)2

+

L x 1 Open and Closed Lav

£ = 2.784(1.32¢)% . (0.89 (0.564¢ + 0.009))°
1,36 J(1,08¢)% + (.27 (0.56kc + 0.009))°

+

L= 2.78,F(1.32c)2 + (0.502¢ + 0,008)°

¢ 1,360 (1.08¢)2 + (1.844c + 0,029)°

IV. VERIFICATION OF THE THREE DIMENSIONAL LOOP SHAPE AND THE LOOP

MODELS FOR THE 1 x 1 OPEN AND CLOSED LAP CONSTRUCTIONS

1. Introduction

It has been shown in Chapters VII and VIII that the 1 x 1
closed lap and the 1 x 1 open lap possess different relationships

between the dimensional parameters and the stitch length from
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those for the 2x 7, 3 x 1 and 4 x 1 open and closed lap
constructions.,

Visual examination of the 1 x 1 open and closed lap
constructions under the microscope and the photographs suggested
that this difference was due to the angle at which loops lay in
the fabric rather than the three dimensional shape of the loop.
It was proposed, therefore, to investigate the two dimensional
shape of the loop and its relationship with the course and wale
spacing only, and to ignore the three dimensional effect. Then,
by substituting the values obtained for the 2 x 1, 3 x 1 and
L x 1 closed lap constructions, it would be possible to verify
the results obtained for the three dimensional Shape of the loop.

2. 1 x 1 Closed Lap Construction

a) Two dimensional shape

Observation of the lay of the yarn in the loop from
photographs, (photograph 16 illustrating one example), led to the
development of the loop structure shown in Fig.90 from which it
may be seen that the height of the loop may be considered to be
the hypotenuse of a right angled triangle which is related to the

course and wale spacing as follows -

h = J(1.53c)2 ¢ (0.60)°

The underlap (u) is equal to the hypotenuse of a right angled

‘triangle which is related to the course and wale spacing by the

relationship u = k}?o.95c)2 + (0.5w)2

The appropriate values of loop height and underlap were calculated
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and compared with measurements on the photogravhs. A good

agreement between calculated and measured values was obtained as

may be seen from Table 41.

TABLE 41
Stitean Loop Underlap
Length Measured | Calculated % Measured | Calculated %

H 1 ht, ht. D > ] : derla E
(N) O?II}N ’t loop ht Lrror undzﬁ}ap un ng P rror
0.3%62 3.25 3,26 +0.3 2.40 2.32 ~3.4
0.210 2.00 2,04 +2.0 1.40 1.40 zeYo
0,160 1.60 1.56 +2.5 1,10 1. 12 +1.8

b) Three dimensional shape

Allowance for the three dimensional shape of the loop was
made in the same manner as described for the 2 x 1, 3 x 1 and
Lk x 1 constructions in part III of this chapter. The resultant

relationship between the w.p.i. and c.p.i. and the stitch length

is as follows =~

2 2 2
L = 2-78;/(1.530)2 + (0.64w)" + 1.36A/(0.950) + (0.50w)
The values of £ were calculated for the three samples used in the
analysis and good agreement was obtained between the actual and

calculated Qalues as shown in Table 42,

TABLE 42
Actual Calculated %
st;fjkb}ength st1tc2;%ength Error
00362 00349 -305
0.210 0,211 | +0.3

00160 0.165 +3.l+
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¢) Relationshiv between course and wale spacing

The relationship between the course and wale spacing as
obtained by regression analysis and shown in Appendix 5 is =
w = 2,507 + 0.0
This may be included in the formula for the 1 x 1 closed lap to

give the complete relationship between course spacing and stitch

length as follows -

2.784/(1.530)% + L0.64 (2.507¢ + 0.011) )

+ 1.36J(0.95c)2 + {0.50 (2.501c + 0.017) Ja

or

= 2.78a/i1.53c)2 + (1,60%¢ + 0.007)2

+ 1.361/(0.95¢)% + (1.25%c + 0,006)°

3 1 x 1 Open Lap Construction

a) Two dimensional shape

The 1 x 1 open lap construction was examined in the same
manner as all other constructions in order to determine the two‘
dimensional shape of the loop., Omeof the photographs used is
illustrated in Photograph 17.

From this work, the loop construction in Fig. 91 was evolved
and from this the following relationships between the loop height

(h) and the underlap (u) were obtained -

N/zéc)a + (O.7w)2

J0.762 4+ (0.250)

Values of loop height and underlap were calculated and compared

h

u
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with the photographs, a good agreement being obtained as shown in

the following table 43,

TABLE 43
Stitch Loop Underlzap
Length | 1 asured Calculated % Measured | Calculated %5
loop ht. loop nt, Error | underlap| underlan | Error
0.359 3.80 377 ~0.8 1430 1633 +243
0.205| 2.10 2.16 +2.8 0.75 0.76 +1.3
0.15% |  1.65 1,70 +3.0 0.€0 0.60 Zero

b) Three dimensional shave

Allowance for the three dimensional shape of the loop was
made in the same manner as that for the 2x 1, 3 x 1 and 4 x 1
constructions,

Thus, the resultant relationship between stitch length and

the w.poio a-nd CQPQio iS as f°llows -

A = 278202 + (0.70m2 + 1.36,/(0.706) + (0.250)°
The value of £ was calculated for the samples and good

agreement was obtained between the calculated and actual values,

as shown in Table L4,

TABLE 44
Actual Calculated %
stitch length| stitch length | Error |
0.359 ' 0.351 -2.2
0.205 0.202 =1.5

0.154 0.159 +3.0 l
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c) Relationshin between course and wale spacing

The relationshiv between course and wale spacing as obtained
by regression analysis and shown in Appendix 5 is as follows -~
w o= 2,36kc - 0,011
This may be included in the formulae for the 1 x 1 open lap to

give the complete relationship between stitch length and ccurse

spacing as follows =~

X

2.78,/(&:)2 + 0,70 (2.364c - 0,011 V)

+ 1,36 (0.70c)‘2 + (0.25 (2.36% - 0,011 ))2

or

= 2.784[(&:)‘2 + (1.655¢ - o.ooS)2

s
i

+ 1.36,/ (0.70¢)2 + (0.597¢ = 0.003)°

4, Comparison of Actual and Calculated Values

The above formulae were used to calculate the stitch length
for two values of c.p.i., one at each end of the experimental
range of results for each construction. These values are shown
plotted on the relevant graphs of c.p.i. againstlgy i,e, Figs. 52a,
76, 77, 78, 81, 82, 83 and 84 from which it will be observed that
a good agreement with the experimental values is obtained. The
actual values calculated are shown in Appendix 5.

V. CONCLUSIO.JS AND DISCUSSION OF RESULTS

From the work in the chapter, it has been shown that the
single bar warp knitted constructions investigated namely, 1 x 1,
2x 1 3x 1and &4 x 1 closed and oven lap constructions

produced from worsted yarns behave in a systematic manner
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according to the way in which the loops lie relative to the
course and wale svacing and are not influenced by the three
dimensional shape of the loop which remains constant irrespective
of the construction and the tightness of knitting.

In the 1 x 1 open lap coastruction, the loops twist and lie
at 900 to the fabric plane so occupying a position in the
thickness of the fabric., This is due to the fact that the loops
in two adjacent wales produced from the same yarns twist towards
each other. This results in a large loop and small underlap, the
loop occupying the séace of two courses and approximately three
quarters of a wale resulting in a fairly upright loop.

In the 1 x 71 closed lap the loops lie in an entirely
different manner; the crossing of the yarns at the base of the
construction prevent the loops twisting in their entirety into
the fabric thickness and only partial twisting occurs. The
direct connection of the dnderlap from one wale to the adjacent
wale causes the loop to lean at a much shallower angle, (nearer
the horizontal), giving a smaller loop in a course direction than
the 1 x 1 open lap and resulting in a larger underlap.

The remaining constructions, (2 x 1, 3 x 1 and 4 x 1 open and
closed laps), behave in a similgr manner to each other because
the underlap of any one thread in these constructions passes
over one, two or three wales between the points at which it

knits. This prevents the loops from twisting out of the fabric

plane in either the open or closed lap versions of the



construction when compared with the 1 x 7 open lap.
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The loops

take up a more vertical position than in tae 1 x 1 closed lap

again due to the fact that the underlap crosses a number of

wales between the points at which the yarn knits.

The conclusions drawn from this chapter may be summarised as

follows -

1.

2.

3.

The fabrics group themselves according to the amount the
loop is free to twist out of the fabric plane and the angle
which the loop and underlap occupy in a two dimensional
manner which influences their relationship of the course and
wale spacing, resulting in three different groupings.

1 x 1 ¢closed lap

17 x 1 open lap

2x 1 3x 1and & x 1 open and closed

lap constructions,
The loop takes up the shape of an elastica irrespective of
the construction considered, or the tightness of knitting.
The ratio of the yarn in the three dimensional shape of the
loop, (thickness), in relation to the two dimensional shape,
(wales and courses), is the same irrespective of the
structﬁre or the tightness of the construction.
The ratio of the yarn in the three dimensional shape of the
underlap, (thickness), to the two dimensional shape, (wales
and courses), is the saﬁe irrespective of the construction

and the tightness of knitting.
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The results are independent of yarn count.

Since there is a definite relationship between the course

spacing and the wale spacing, this fact has been incorporated

into the loop model to give the following complete

relationships between the course spacing and stitch length,

Similar relationships may be calculated for

and the stitch length,

1 x 1 Open lap

/g = 2-78A/Q20)2 + (1.655¢ - 0.008)2

the wale spacing

+ 1.364/26.7Oc)2 + (0.591¢
1 x 1 Closed Lap

/[ = 2-78A}(1.530)2 + (1,60 + 0.007)2

- o.oos)2

+ 1.36A[EO.950)2 + (1.25%¢
2 x 1 Open and Closed Lap

/e = 2-78A[(1.32c)2 + (0.975¢ + 0.005)2

+ 0.006)2

+ 1.364[25.08c)2 + (1.523¢
3 x 1 Open and Closed Lap

£ = 2.78,/(1.32¢)% + (0.648¢ + 0.009)°

+ 0.008)2

+ 1,364 (1.08¢)° + (1.67kc
b x 1 Open and Closed Lap

/e = 2-78A/(1.320)2 + (0.,502¢ + 0.008)2

+ 0.023)°

+ 1.364/E%.O8c)2 + (1.84k4e

+ 0.029)
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CHAPTER X

CONSIDERATION OF THE DIMENSIONS OF SINGLE BAR WARP KNITTED FABRICS

ON THE MACHINE

INTRODUCTION

It has been established throughout this work thét the
dimensional parameters of single bar warp knitted fabrics after
thorough relaxation are dependent entirely on the length of yarn
knitted into the loop. It is essential, therefore, for this loop
length to be set accurateiy on the machine in order to produce a
fab:ic to any required finished dimensions. From a practical point
of view when setting up the maq?ine, it is necessary to adjust
the fabric take-up motion so that the knitting elements can
accommodate the desired stitch length. Thus the relationship
between stitch length and c.p.i. on the machine is particularly
important. It was decided, therefore, to investigate this
relationship on the 1 x 1 closed lap construction.

A preliminary e periment of the relationship between c.p.i.
and 4( on the machine can be obtained by plotting c.p.i. against
%‘, (see Fig. 92). It will be observed from this graph that the

relationship between c.p.i. and %-is a complicated one and varies

with yarn count.

The work discussed in Chapter IX has established that the

relationship between stitch length and the knitted fabric



C.p.i.

40

30

20

10

1/28

1 1 2 1 [} ya )
1.0 2.0 3.0 4,0 5.0 6.0 7.0 8.0
Fig. 92 Relationship between c.p.i. and 1?- for fabrics on the machine



-196~

parameters in the relaxed condition are independent of yarn count
and the formulae evolved which appropriate to these conditions,
therefore, ao not involve yarn count, Thus they are not suitable
for the fabric measured on the machine.

However, the models proposed by Allison and Grosberg, (see
Chapter III), indicate that the c.p.i. of a fabric is dependent
on yarn count as well as stitch length.

It was, therefore, considered worthwhile to investigate how
closely the models proposed by these previous workers fitted the

experimental results of the fabrics when on the machine.

PART ONE -~ 1OOP MODELS

I. COMPARISON OF EXP=RIMENTAL RESULTS WITH EXISTING LOOP MODELS

1e Allison's Formula

Allison's formula was used to calculate the appropriate
values of stitch length for each value of yarn count and c.p.i.
and these values may be compared with the practical results in
Fig. 93. It will be observed that there is an approximate agree-
ment between the practical values and those obtained from the
formula, However, whilst this agreement is good for the 1/8's
count at the lower c.p.i., the practical values differ from the
calculated values above 20 ¢,p.i. For the 1/28's yarn, however,
there is not such a good fit between the practical values and the
theoretical values for any given stitch length, the discrepancy

increasing with increase in c.p.i.
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2. Grosberg's Formula

The accuracy of Grosberg's formula, (see Chapter III) for
machine state fabrics was then investigated in the same way. In
his work, he gives two relationships between stitch length and
yarn diameter and c.p.i., one for back bar and one for front bar
yarns, the former being shorter as no allowance is made for
plating. Tor a single bar fabric, therefore, the back bar formula
is more appropriate. It will be seen, (Fig. 94), that this
relationship fits the experimental points less accurately than
that of Allison,

Thus the loop models proposed by previous workers do not
offer formulae which are sufficiently accurate to predict the
machine state of single bar Raschel knitted wool fabrics. This is
not altogether surprisiné since they were developed for use with
two bar constructions made from continuous filament materials and,
therefore, do not take into consideration the collapse of the
loop or the loop inclination present in single bar constructions.

II. PROPOSED NEW LOOP MODELS AND CCUPARISON WITH EXPERIMEUTAL

RESULTS

It was decided to investigate whether a more accurate loop

model could be established suitable for single bar constructions.

Te New Loop Model No.1

As a starting point for the shape of the loop on the machine,
it was decided to consider the shape of the first loop free of the

needles, The characteristic features of this loop observed by
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visual examination ars that (a) the loop is erect, (b) no waisting

of the fabric has occurred, therefore, tne wale spacing is the

same as the needle spacing, and (¢) the loop is held in an open

. ) wiers op THE
position, (i.e. lies to the plane of the fabric), the,head of the

EQuat L
: to three yarn diameters. Thus it is

loop being
possible to construct a loop model as shown in Fig. 95 by
considering the loop in three parts: (i) the underlap 'u', (ii) the

head of the loop 'h', and (iii) the two arms 'al' and ‘'a2',

For all calculations, the following symbols are used -

g = needle spacing or rp.t.

¢ = course spacing or op. L.
W = wale spacing or vop.i
ns=

length of underlap in needle spaces

Therefore, the underlap will be ”[02 + nzwa'
L] 2 2
The length of the yarn in the arms = 2,¢” +d

The length of the yarn in the head of the loop =—E;21
2

Hence total stitch length = ,,/c2 + n2w2 + 2Mc 4+ d2 +iﬂ%§i

The accuracy of this formula was checked by comparison with

the practical values,
The appropriate values were calculated for the formula and
plotted as c.p.i. againstj} for comparison with the practical

values, (Fig. 96). The value used for d was obtained from
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1 90
Ashenhurstt's formul =
ormula, d yards per pound X =00°

~ observed, a poor fit was obtained, particularly with the fine

As will be

counts.

2. New Loop Model No.2

Further examination of fabrics on the machine indicated that
loop inclination takes place on the machine immediately after
knitting. It was considered, therefore, that perhaps the
conditions used to give loop model 1 were not truly representative
of the structure. Hence, a second model was proposed which
accommodated the sugéestion that loop inclination takes place on
the machine to the extent that the base of the loop occupies a
position one third of the needle space distance from the head of

the loop.

This gives rise to the loop model 2, (Fig. 97), as follows -
Length of underlap

‘[(0.663)2 + 02 eessecee (1)
The length of arms will be

2//(,](0,335)2 + c2)2 v a° cecacees (2)

The amount of yarn in the head of the loop will be

T34
T2

L4 ®ooe0se0 0 (3)

Therefore, from (1), (2) and (3) above, the loop length is
j =//(O.66g)2 + 02 + 2ﬂ,[(o,33g)2 + 02)2+d2+-7-—%£

The appropriate values were thus calculated for this formula

and these may be compared with the practical values as shown in

Fig. 98,
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It will be realised that this formula fits the practical
values obtained little better than the previous model or that of
Allison, and that reasonable agreement with the practical results
is only obtained over the lower range of c.p.i.

3. New Loov Model No.3

Further examination of the fabric on the machine suggested
that the head of the loop may be of smaller diameter than
considered in the previous two models. To meet this requirement,

a third loop model was proposed in which it was suggesfed that the
two arms of the following loop pass through the head of the loop
under consideration, one above the other, as opposed to side by
side in a horizontal plane as suggested in the previous two models.
As a result, the diameter of the head of the loop will be equal to

2d. (Fig. 99).

Therefore, the stitch length equals -

[ =n/(°-66s)2 v oo 4 2,/(7/(7;,;;@2 R c2)2 +d2+/72<1

2
The results of the model are shown in Fig, 100 and it will
be observed that, although this model gives results in agreement
with the practical results for the fine counts, it does not
satisfy the coarse counts,

ITI. COMPARISON OF LOOP MODELS

Of the three new proposed loop models, number 3 was the worst
fit as, although it provided a good fit for the fine counts, it

possessed a narrow spread, resulting in a poor fit for the mediunm

and coarse counts,
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Model number 1 provided a good fit at the lower count range
but although it possesses a greater spread than model number 3, a
poor fit is obtained for the fine count range.

Model number 2 fits the centre range of the practical results
and is, therefore, better suited for development than the other
two models and gave very similar results to that of Allison.

Of the existing loop models, Allison's provides a better fit
to the practical results than Grosberg's,

It was decided, therefore, to dispense with Grosberg's model
and the proposed new loop models 1 and 3 in further studies and
to use only model number 2 and comparison with Allison's.

Iv. SUMMARY ON THE ACCURACY OF THE SIMPLE LOOP MODELS

It can be seen from the above that simple loop models of the
type investigated are not suitable in their present form to predict
accurately the expeiimental results obtained for the c.p.i. on
the machine and the stitch length.

It will be realised that for each model examined and for a

. . . 1
given c.p.i. value, the difference in the calculatedlz value,

“allowing for change in count, was not as great as the difference

obtained practically. Hence, it is evident that no simple
modification such as allowing for -
(a) different loop inclination
(b) different diameter relationships in the head of the loop
(q) the three dimensional effect of the yarn within the loop

or (d) values of yarn diameter calculated from formulae other
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than that of Ashenhurst -

will improve the accuracy of the loop model, but merely
"weight! the'results towards one end of the scale or the other.
Therefore, to obtain a more accurate loop model, either (a) some
factor needs to be introduced which varies with yarn count to
increase the spread of the results, or (b) some factor on the
machine may have occurred in the production of the original
samples which may be affected by yarn count and which has not been
taken into consideration in the loop models.,

To investigate éhis more fully, detailed observation of

knitting conditions on the machine was undertaken,

PART TWO - EXPERIMENTAL INVESTIGATION

I. MACHINE COMPARISON

For this investigation,'observations were made on a 24
gauge machine, It was necessary, therefore; to establish if
similar practical results of c.p.i. and stitch length were
obtained, Vorsted yarns of counts 2/16's and 2/56's were used and
fabrics were knitted to a range of c.p.i. from these two yarns,
Details of these fabrics measured on the machine are given in
Table 45. The samples were made on the same number of needles as
for the original samples on the.32 gauge machine,

When these results were plotted graphically and compared with
those obtained on the 32 gauge machine, (see Fig. 101), it will be

noted that the experimental results for the 32 gauge machine are
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TABLE 45

Samples produced on the

2k gauge machine

2/16 2/56
C.P.I. on|Stitch 1 C.P.I. on|Stitch 1
machine le%gth stitcih length machine leggth stitcn length
(. . (A7)

10 0.3792 2.637 10 0.3458 2.892

17 |o.2750]  3.636 18 |o.2188]  w.571

30 0.2229 4,406 31 0.1583 6.316

35 0.2125 4,706 35 0.1520 6.575

L2 0.1437 6.956

-¢0e-
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the same as those for the 2l gauge machine with a small exception
of the results for the 2/16's yarn above 20 c.p.i. This
discrepancy can be explained by the fact that the coarser gauge
machine has greater space between the knitting elements for the

accommodation of yarn so allowing a greater number of c.p.i.
before jamming occurs. However, the similarity between the two
sets of results below 20 c.p.i. on the coarse counts and for the
whole range of fine counts is surprising, as for any given c.p.i.
a larger stitch length would have been anticipated on the 24
gauge machine than the 32 gauge, because the difference in needle
spacing, consequently the difference in length of underlap, would
have been expected to require a different stitch length. This
fact is reflected by comparing the practical results with the
theoretical results calculated by the formula for the new loop
model 2 given in Part One of this chapter. This comparison is
shown in Fig.102. It will be observed that a worse fit is
obtained for the 24 gauge samples than the 32 gauge results in
that the coarse counts show a greater discrepancy between the
calculated and experimental values but a similarity exists in that
the fine counts are more in error than the coarse counts.

These observations suggest that the results from the two
machines are comparable but that some factor not taken into
‘consideration in the formula must have influenced the results.

Although all the earlier experiments on the 32 gauge

machine had been conducted at a constant warp tension, the
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magnitude of this tension had been considered unimportant as it had
been established in Chapter IV, that the knitting tension did not
influence tﬁe dimensional parameters of the 1 x 1 closed lap
construction produced from wool yarns when the fabric had been
relaxed- in the tumble dry conditién. However, the results quoted
above suggest that it is possible lor the warp tension to affect
the relationship between the stitch length and the c.p.i. of the
fabric when measured on the machine,

As the 24 gauge machine was equipped with a positive gear
take-up mechanism, ii was suitable for experiments involving warp
tension and take-up setting while the original 32 gauge machine
was not. The following experiments were undertaken to establish
the effects of tension on the relationship between the‘c.p.i. of
the fabric measured on the machine and the stitch length,

II. EXPERIMENT TO INVESTIGATE THE EFFECT OF WARP TENSION ON THE

RELATIONSHIP BETWEEN C.P.I. AND STITCH LENGTH ON THE MACHLUE

A set of samples were produced consisting of two yarn counts,
2/16's and 2/56's, and three different courses per inch of each
‘count. Each setting of“c.p.i. was produced at two different yarn
tensions approximately 10 grams per end and approximately 30 grams '
per end. The following results were obtained as shown in Table 46,

Frém these results, it is ﬁlear that for the same reading of
C.p.i. by‘piece glass on the machine there is a range of stitch
lengths which can be obtained according to the warp tension. It

is also clear that this variation will be dependent on yarn count



TABLE 46

Effect of Warp Tension

2/16 2/56
Stitch 1 Stitch 1
C.P.I. |,Tension | 1lrngth | stitch length C.P.I. ension | length | stitch length
(Cgams) |~ @) (@A) | 155)
34.0| ¢ 30 0.208 4,800 36.0| .30 0.152 6.575
34,0 10 0.235 L4, 247 326.0 10 0.179 5.581
22.0 30 0.254 3.937 22.0 30 0.198 5.050
22.0 10 0.270 3.692 22.0 10 0.208 4,800
9.5 30 0.401 2,404 9.5 30 0.564 2.7
9.5 10 0.416 2.403 9.5 10 0.372 2.681

=502~



TABLE 47

Effect of Warp Tension on Yarn Count

2/16 2/56
Tight | Slack % Tight | Slack %
C.P.I. {Stitch AStitch Difference | Difference C.P.I. | Stitch | Stitch | Difference | Difference
ng th Iﬁﬁﬁth () . L%wg?l IfZé;h (Zvj
34,0 ] 0.235 0.208 0.027 13.0 36.0 | 0.179 0,152 0.027 17.8
22.0 | 0.270 0.254 C.016 6.3 22.0| 0.208 0.198 0.010 5.0
9.5 | 0.416 0.401 0.015 3.7 9.5 | 0.372 | 0.364 0.008 2.2

=L02-
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and c.p.i. as shown in Table 47,

If these rescults are now plotted and compared with the
theoretical values from loop model 2, (Fig. 103%), it is
immediately obvious that the calculated values for the loop model
are a good fit for the fabrics produced at the low warp tension,
i,e. those produced at 10 grams per end. The experimental results
are in good agreement with those predicted from loop model 2 and
Allison,

The results obtained for those fabrics produced at a high
warp tension of 30 grams per end, however, do not agree with the

loop model. These results are very similar to those of the

original fabrics,

It was known that the original fabrics, (i.e. both those
produced on the 32 gauge machine and the first fabrics produced
on the 24 gauge machine), were produced at a high tension because
the fabrics were only 120 wales wide, this being a narrow width
for the size of the machine.

It is clear from these results that the proposed loop model
will accurately predict the relatioanship between the dimensions
of the fabric and the length of the yarn in the stitch on the
machine if the wérp tension conditions are slack, whereas under
these high tension conditions the proposed model does not apply,.
: This is not surprising since, as the warp tension is

increased, the stitch length'of the fabric will change without any

corresponding change in ¢.p.i. as measured by a piece glass.
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Obviously, one formula cannot fit both these cases.

For a complete understanding of the problem, it is necessary
to explain the cause of the disagreement between theoretical and
practical results obtained under these high warp tension conditions.

ITI. INVESTIGATICN TO ESTABLISH THE CAUSE OF THE LACK OF

AGREE!ENT BETWEEN THE EXPERIMENTAL RESULTS AND THEORETICAL

MODELS FOR FABRICS PRODUCED AT HIGH WARP TENSIONS

1. Introduction

By careful examination of the fabric on the machine it was
observed that fabrics produced at low tensions were uniform in
construction but that those fabrics produced under high tension
conditions showed considerable distortion. This distortion,
caused by the fabric "waisting-in', gave a variation in course
spacing from the point at which the fabric was formed to the
point it passed onto the take-up roller.

This variation is important because the course spacing used
in the calculations was obtained from a piece glass reading and
if this is at variance with the course spacing at the point where
the loop is formed, an error could be introduced which could
account for the lack of agreement between the experimental values
and the theoretical values at high warp tensions.

2, Variation in Course Spacing

*a) Record of variation in course spacing

In order to record this variation in course spacing between

tight and slack fabrics, photographs were taken of the fabries

T a2 SAMASE:MIS ISTEENE
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for record purposes by mounting a camera on a tripod in such a
manner that the whole of the fabric from the trick plate to the
take-up roller could be shown on the photograph. The camera
used was a 35mm, single lens reflex using a standard SOmm. lens.
The film was Ilford Pan F with an A.S.A. rating of 32 and
illumination was by electronic flarh positioned at 45 degrees to
the plane of the fabric.

Photograph 18 shows the effect of variation in course
spacing on a tight fabric produced from 2/56's yarn with a piece
glass reading of 40 é,p.i., The course spacing at the trick plate
is equivalent to 46 c.p.i., while fhat at the take-up roller is
equivalent to 34 c.p.i. . |

Photograph 19 shows a slack fabric produced from 2/56's with
a piece glass reading of 36 c.p.i. This shows a more uniform

fabric with the course spacing the same at the trick plate as at

the take-up roller.

b) Relationship of variation with c.p.i. and count

To investigate the above further, a piece of paper was
marked with two marks 4" apart. This was placed on the machine
as close to the trick plate as possible and the courses per "
counted. It was then placed as close to the take-up rollers as

possible and again the courses per " counted. The following

results were obtained:-
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C.P,I. by C.P.,I. at C.P.I. at

Count piece trick take-up
glass plate roller
2/56 4o L6 3k
2/56 10 10 10
2/16 34 36 32
2/16 10 10 10

Thus it can be established that the variation in course spacing
between the trick plate and the take-up rollers varies with c.p.i.
and with the yarn count. At 10 c.p.i. piece glass reading, no
variation was shown on 2/{6'5 or 2/56's count, but at higher
c.p.i. both yarns displayed a variation., At the point where the
loop is formed, the course spacing is 15% less than that indicated

by piece glass on the 2/56's and 6% less on the 2/16!'s,

c) Substitution of modified c.v.i. in loop model

From the above results a graph was constructed, (Fig. 104),
of c.p.i. by piece glass against c.p.i. by measurement near to the
knitting point, (i.e. the first " from the needles), it being
assumed.that a straight line relationship exists between the two
parameters., From this, modified values of c.p.li. against %- were
calculated and plotted to compare with the practical values.

This is showh‘in.Fig. 105.
From these graphs it will be observed that only a small

hifference is obtained between the original calculated values for

model 2 and those corrected for c.p.i.,
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This correction, however, represents a considerable
improvement at the lower c.p.i., but not such a marked degree of
improvement above 25 c¢.p.i. It is evident, therefore, that some

other factor must be influencing the practical results in the

tight fabrics.

3. Yarn Diameter

a) Introduction

The remaining factor which has been used in the calculation
of loop length in the loop models which may be subject to error
is yarn diameter., The yarn diameter is, however, not used in
isolation but in the calculation of the size of the head of the

loop by the assumption that the head lies in a shape predicted by

3

the formula, 5

In order to investigate the effect of yarn diameter and to
establish the shape of the head of the loop, éhotographs were taken
of the first few courses of fabric off the needles. This was
performed with the same photographic.set up as described
previously except that to obtain the required degree of magni-
fication, a 135mm, lens was used in conjunction with a 3 diopter
close-up lens, mounted on a bellows extension,

b) Observation of photographs

No attempt was made to measure the diameter of the yarn from

"the photographs as it was considered that no reliable results

could be obtained because =

4

(i) The diameter of a fibrous yarn varies greatly due
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to its inherent irregularity and the outstanding

surface fibre,

(ii) fhe only use of yarn diameter is in the calculation
at points where the yarn crosses and therefore is
compressed at these points., The yarn cannot be
measured at these points as the loop twists and lies
out of the plane of the photograph.

(iii) The diameter used in the calculation is that
suggested by Ashenhurst and is an empirical value
suitable for use in the calculation of maximum set
simple woven fabrics.. Under the compression
conditions present in a knitted construction, these
vaiues need not necessarily apply.

It was considerd that a more practical approach was to
obtain the length of yarn in the head of the loop and hence from
this the effective diameter of the yarn. |

The loop model used has three parts, (1) the underlap,

(2) the arm and (3) the head of the loop. The first two can be
measured accurately from the photographs. If these correspond to
the calculated values, then it may be assumed that the method of
calculating these is suitable. The sum of the length of yarn in
these two parts of the loop may then be subtracted from the known

stitch length so indicating the amount of yarn in the head of the

loop.
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¢) Measurement of loov varts on photogravhs

It was considered that the various parts of the loop should
be measured on the photographs on the first loop free of the
needles, but examination of the photographs revealed that the
length of the various components measured on this course varied
considerably according to the position in the knitting cycle at
which the photograph was taken. In fact, variation occurred over
the first three courses; If measurements were taken on the 5th,
6th and 7th courses, however, a constant figure was obtained.
This variation on courses:-1, 2 and 3 may be demonstrated by the
simple example of measuring the course spacing on photographs 20,
21 and 22 all of which show a fabric with 36 c.p.i. by piece glass
but at different positions in the knitting cycle. The average

course spacing over the first three courses is as follows -

Course
%22222% £ Equivalent
Potograph S, 4 5y Top.
20 0.018 N 55
21 0,027 v L6
22 0,039 ¥/ 76

If, however, the average course Bpacing is measured on courses 5,

6 and 7, then the following results are obtained -
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Course
Svacing
Photograpn (averaze of - Touivalent
— ————rr e
courses 5, & % 7) CoD.is
20 0.023 1o/ b2
21 0.023 &/ 42
22 0,023 {~/ 42

This shows that the fabric is subject to change over the first
' three courses and that uieasurements cannot be taken from the
photographs on these courses which could be used in the
calculations outlined above to obtain the amount of yarn in the
head of the loop. All following measurements were, therefore,

taken on courses 5, 6 and 7,

d) Length of yarn in head of loop by subtraction

The following results were obtained by this approach from
Photograph 21 showing a fabric produced from 2/56's with 36 c.p.i.

knitted tight, i.e. 30 grams per end,

C.P.I. C.P.I.  Calculated Calculated ,,

by plece  Ifrom nderlap gl gy feasured
glass photograph at 2 c.Peie ~————=  at 42 cpi. —_—
36 42 0.060 0,060 0.037  0.037

Therefore total yarn in the two arms and underlap =

0.075 + 0,060 = 0.735 /w
Known stitch length = 0,156
Therefore yarn in head of loop = 0.156 - 0,135 = 0,021

Thus the amount of yarn in the head of the loop is

considerably less than that allowed for in the loop model. It is
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not possible from the available evidence to separate the two

factors affecting this, i.e. yarn compression and shape of the

head of the loop; possibly both are responsible in part for the

effect. Thus, by substituting the new value of 0.027 for the

length of yarn in the head of the loop in the formula, the

follewing values were obtained:-

1
C.P.I. stitch length
(I“")
10 2.910140
20 4,730570
30 5.739177
ks 6.493422

It will be noted that the amount of yarn in the head of the loop

is 50% of that allowed for in the original loop model. Therefore,

7 34
12 is assumed, the yarn diameter would be

if a loop shape of

0.0044+ inches, as opposed to 0.0089 as used in the calculations.
The same procedure was now repeated for the 2/16's count

using Photograph 23 and the following results were obtained.

c.P.I1, Underlayp
C.P.I. by measured Calculated Measured Calculated Measured
plece _ from at Underlap arm at arm
glass photo 35 c.Dp.i. 35 c.p.i.
34 36 0,062 0.062 0.0k44 0.0l
Therefore total yarn in the two arms and underlap = 0O.151
Known stitch length ‘ = 0,208

Therefore yarn in head of loop 0,208 - 0,151

= 0,057 (wenks
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This value of 0.057 is smaller than that used in the proposed
loop model which was 0.078 representing a loss of 27%.

By substituting the new value, the following results were

obtained.
c.P.I. stitch1length
10 2.61949%
20 3.984222
30 4, 654930
ko 5.004353

The new results were now plotted and compared with the practical
values obtained from the tignt fabrics and it will be observed
that a much better fit is achieved, (Fig. 106).
IV. CONCLUSIONS

It has been established that the relationship between the
c.p.i., and the stitch length can be fairly accurately predicted
for the 17 x 1 closed lap construction by the loop model No.2
provided that the warp tension is low, in the region of 10 grams
per end or lower, and that this prediction is more accurate than
the relationship suggested by Grosberg, but similar to that
suggested by Allison,

At warp tensions in the region of 30 grams per end, however,
the prediction is not accurate for the following reasons -
‘ i) The course spacing varies from the point of loop

formation at the trick plate to the point at which the

fabric passes onto the take-up roller. Therefore, a



C.Poi.]
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«n == o= — New loop Model No.2 corrected for
C.p.i. 2and yarn diameter
1
o) 1 i i 1 i 1 ' IN-'
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Fig. 106

Comparison of Model No.Z2 correct for c.p.i. and yarn diameter with practical values
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reading taken by piece glass is an ‘'average' value and
not comparable to that used in the loop model.

This course variation is not constant but varies with
count and courses per inch., No variation was shown on
any count at 10 c.p.i. but at high c.p.i. the 2/76's
showed a course spacing of 1/36 inch at the trick plate
and 1/32 inch at the take-up roller with a piece glass
reading of 32 c.p.i., while the 2/56's showed a
variation of 1/46 inch at the trick plate to 1/34% inch
at the take-up roller with a piece glass reading of

4o c.p.i.

ii) At high warp tensions, the amount of yarn used in the
head of the loop is less than that predicted by the
loop model and this varies according to yara count, the
1/16's showing 27% less, while the 2/56's show 50% less.
This is no doubt due to the compression of the yarn at
the head of the loop where the yarns cross but the loop

- twists and lies out of the plane of the photograph, so

that it is impossible to see the actual lay of the yarn

at this point.
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CHAPTER XI

SUMHARY, CONCLUSIONS AND SUGGESTIONS FOR FURTHER WORK

Summary
S ——————n

This thesis is an account of an investigation into the
dimensional parameters of single bar warp knitted constructions
produced from worsted yarns and their relationship with stitch
length,

The constructions investigated are the open and closed lap
versions of 1 x 1, 2—x 1, 3 x 1 and & x 1 lapping movements. Each
construction is produced in a number of stitch lengths and a
range of yarn counts from 1/8's to 1/28's and their equivalent
two-fold yarns,

The first three chapters form an introduction to the subject,
Chapter I explaining the baéic principles of warp knitting and
fabric construction with reference to trade‘practice to sufficient
depth to afford understanding of any technical terms used in this
work.,

Chapter II traces the history of warp knitting from the
introduction of the hand warp frame through the application of
power to the specialised high speed units used in modern industry
today. The development of fabric structure is also outlined with

the transition from natural fibres, such as wool and cotton, to

the fine denier man-made yarns.



-220-

A review of the previous work by researéhers in the field,
both in weft knitting and warp knitting, is given in Chapter III.

The type of machine used for the production of the samples
was a bench top Raschel machine, capable of making fabrics from
small hand wound warps being ideal for research work as samples
can be produced from small lots of yarn quickly with ease. This
machine and its associated mechanisms are described in Chapter IV,

From the work in Chapter III it was not clear which
relaxation treatment may give the most relaxed state of the warp
knitted fabric and since other workers on warp knitted fabrics
had experienced difficulty in relaxing fabrics, it was decided to
perform a short experiment to evaluate the effect of various
relaxation treatments., This is described in Chapter V.

Chapter VI contains a thorough investigation of the
dimensional properties of the 1 ¥ 1 closed lap construction. As
this construction is considered the basic single bar construction,
a detailed investigation was undertaken into the effects of yarn
count, the relationship between the parameters and stitch length,
and the felting properties of the fabric when treated in a
Cubex washing machine,

Investigations into the dimensional properties by observing
the dimensions of the fabriés during relaxation of the 2 x 1,

% x 1 and & x 1 closed lap constructions and the 1 x 1, 2 x 1,

3x 1and 4 x 1 open lap constructions were undertaken in

Chapter VII with a summary of the work conducted on these
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constructions in Chapter VIII.

Chapters IX and X conclude the work by the construction of
Yoop models.to investigate the yarn in the two and three
dimensional shape of the loop. A number of loop models were
suggested to fit the various fabric groupings discussed in the
thesis, A separate loop model is proposed for fabrics on the
machine and the effect of knitting tension is discussed.
Conclusions

From the investigations conducted in this work, it is shown
that for the relaxation of single bar warp knitted constructions
produced from worsted yarns, it is necessary to wet out the
fabrics and to dry them while tumbling to achieve the most
thorough relaxation. Fabrics wet-out and left to dry on a flat
surface do not relax to the same extent and tumbling in the dry
condition has little or no effect on the relaxation treatment.

The dimensions of single bar warp knitfed constructions
investigated in the tumble dry condition are dependent solely on
the stitch length and it has been shown by detailed investigation
that count and ply of yarn have no effect on this relationship.

It is shown that a good correlation between the knitted parameters

of ¢c.p.i., Ww.p.i. and stitch density with the stitch length exists,

The results were analysed in tefms of kd’ kw, kS and kr but th@se
ARE

‘relationshipsis not necessarily a constant and the actual value

varies according to the parameters, the construction and the

state of relaxation,



~222-

In the tumble dry condition, the most relaxed condition

investigated, the fabrics group themselves according to the

freedom of the yarn to move within the construction. The

following table shows the grouping and the values for the various

parameters investigated,

Structure {c.p.i. against %- w.p.i. against }- S againSt’%E
1 % 1 Closed| c.p.i. = 8:;35 Wepei. = 2:ZO ¢ 2,135 = 2320 + 52.50
1 x 1 Open CePoie = Zigg WeDole = ?jgé S = 33?20
S5 oomedl e = 775—1 w.g;i. < 27 4 3.2k|s = “}'20
; i 1 g;:ied CePele = Zigg- WePoles = 6}?9 + 5.80[8 = é;'zo
M 1 g;Zied Cep.l. = Z)@&% Wep.i. = %3-2- 5.548 = 72'(2)0

On felting, the 1 x 1 closed lap construction behaves in

similar manner to the plain weft knitted construction, and on

analysis by plotting c.p.i. and w.p.i. against
%Ey the results separate themselves according to yarn count and,

%-and S against

accordingly, the kc' kw and kS values are count dependent, The
kr value, however, is a constant once the fabric has become
felted, with a value of 2.69,

When analysed in terms of cover factor, however, by plotting
the k values against the reciprocal of cover factor, (i.e.f J ),
the k values of the felted fabrics fall in a straight line

indicating that the rate of felting of these fabrics is independent
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of yarn count and stitch length and related only to the cover
factor in the fabric.

The models proposed for the tumble dried condition suggest
that in this state of relaxation the loop takes up the form of an
elastica irrespective of its construction and the threev
dimensional shape of the structure is also constant irrespective
of the construction. The different groupings of the fabrics
investigated occurs because of the menner in which the loop and
underlap lies in relation to the course and wale spacing and not
the three dimensional configuration of the construction. If the
course/wale relationship observed on the relaxed fabrics is also
applied, the following relationships between stitch length and

course spacing are obtained -

, 1 x 1 Closed Lap
£ = 2.784/(1.536)2 + (1.601c + 0.007)°

+ 1.36A/ZO.950)2 + (1.257¢ + 0.006)2

1 x 1 Open Lap

A = 2.'78,/(2::)‘2 + (" 655¢c - 0.008)‘2

+ 1.36,)(0.706)% + (0.597¢ - 0,003)°

2 x 1 Open and Closed Lap

£ = 2.78,/(1.32¢)% + (0.975 + 0.005)°

+ 1.36A/(1.080)2 + (1,523¢ + 0.008)2
3 x 1 Onen and Closed Lav
0 < 2,78,/(1.320) + (0.648c + 0,009)

+ 1,36 (1.08c)2 + (1.67hc + 0.023)2
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4 x 1 Open and Closed Lap

[ = 2,78 ,/(3.32¢)2 4 (0.502¢ + 0.008)°

+ 1.36,/(1.08)% + (1.844c + 0,029)°

A different loop model is propoéed for the fabrics on the
machine since in this state it has been found that the relationship
between c.p.i. and £ is (a) count dependent and (b) affected by
warp tensions. These experimental results have been explained by
suggesting that (a) with high warp tensions the yarn becomes
compressed giving an effective diameter which is tension dependent.,
and (b) the fabric is distorted resulting in a variation in the
size of the loop from the knitting point to the take-up roller.

Suggestions for Further VWork

This work has been concerned with the production of single
bar fabrics from worsted yarns in order to establish the basic
fundemental relationship between the knitted parameters and the
stitch length, but as single bar fabrics are not used industrially,
an obvious continuation of this work would be in the use of two
bar constructions, in which both bars knit and in which one bar
knits and one bar lays-in, It would also be interesting to apply
the stitch length and c.p.i. relationships established in this
work to two bar constructions to see if the values indicated
gave a balanced construction,

Further and deeper investigation into the loop model would be

of considerable usefulness in establishing the lay of the yarn

in two bar constructions, Tne technique described here could be
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extended by marking the yarn or wax to give datum points for
measuring the various sections of the construction to relate one
photograph with another,

Although the loop model gave good correlation between the
calculated and actual values, it was noticed that the short
stitch lengths tended to be undervalued and the larger stitch
lengths over-valued, and an investigation into this aspect could
well prove worthwhile,

It is generally accepted in the trade that the bench top
model is not suitable for producing samples for weight and
finished courses and w.p.i. and it is necessary to use a large
scale trial on full size machines to obtain these values. An
investigation into the effects of tension and their comparison
with full size machines could well suggest the importance of
establishing knittirg tension as a means of sémple production. A

fact on which little is known at the present time,



In the following appendices, the stitch length ( A)

is measured in inches.



APPENDIX ONE
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SAMPLE 1

Count: 1/12 wor. Structure: 1 x 1 Closed Lap

2 1
= 0,186 = 0,03k = =5,376 -—--29 b L - g «555
£ £ A e P
Condition CeDeie kc WeDele kw S.D. 'ks kr
On Mazhine | 40,00 7.44 116,00 2.984 640.,0 [21.76 | 2.50
Dry Relaxed 43,63 8,12 {15.09 [2.81 |658.4 122.38 |2.89
Wet Relaxed 45,00 |8.37 |15.53 {2.79 [698.8 |24.17 |2.90
5 min. Dry Tumble} 45,28 |8,28 [16.22 |3.02 |734.4 |24.97 |2.79
10 min. Dry Tumblef 45,74 [8.51 |16.41 |3.05 [750.6 [25.52 |2.79
15 min. Dry Tumblef 45.85 {8,53 |16.32 |3.04 |748.3 125.4h |2.81
20 min. Dry Tumblefl 45,85 (8,53 [16.32 [2.93 |748.3 [25.44 [2.87
60 min. Dry Tumblef45.60 |[8,48 [16.35 [2.94 |745.6 |25.34 |2.79
Tumble Dry 46,75 |8.70 [16.49 |3.07 |770.9 |26.60 |2.84
SAMPLE 2
Count: 1/12 wor. Structure: 1 x 1 Closed Lap
2 1
= 0.199 =0.039 = =5,025 = 25,64 ————1166

Lo £ JUOE RS g
Condition CePei. kc w.p.i. kw S.D. ks kr
On Machine 30,00 [5.97 [16.00 |3.18 |480.0 |18.72 {1.88
Dry Relaxed 36.54 (7,27 [14.22 |2.70 |519.6 (20,26 |{2.57
Wet Relaxed 40,81 |8.12 [14.54 [2.76 [593.3 [23.40 |2.81
5 min. Dry Tumblefi41,14 (8,19 [45.09 |3.00 |620.8 |24,31 |2.73
10 min. Dry Tumblefi41.86 {8,323 |15.20 |3.02 |636.3 [24.81 |2.75
15 min. Dry Tumblegiuq,sq 8.28 115.31 3,05 [637.1 [2k.85 |2.72

' 20 min. Dry Tumbleli 41,37 8,23 [15.23 |2.89 |630.1 l24.57 |2.72
60 min. Dry Tumblef.41.86 (8,33 [15.35 (2,91 |6b2.6 [25.12 |2.73
Tumble Dry 43,10 |8,60 [16.41 |3.27 {707.3 {28.01 {2.63




SAMPLE 3

Count: 1/12 wor.,
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Structure: 1 x 1 Closed Lap

/@:0.232 22:0.053 143 13:18.86 A o1.2uy
L A LA
Conditien CeD.i, kc WeDoi. kw S.D. kS kr
On Machine | 20.00 |b.64 |16.00 |3.70 |320.0 |16.96 |1.25
Dry Relaxed 28.45 16,60 [12.20 [2.82 |349.9 [18.54 {2.31
Wet Relaxed 34,95 (8,11 (12,30 |2.82 |429.8 [23.13 |2.84
5 min, Dry Tumble}| 35.12 [8.15 [13.09 |3.04 |459.7 |2k.37 |2.68
10 min. Dry Tumblef 35.12 |8.15 |13.2L [3.07 |465.0 [24.64 |2.65
15 min. Dry Tumblej 35.64 |8,27 [13.22 |3.07 |471.2 |2k.97 |2.70
20 min. Dry Tumblef 35.72 |8.15 |13.15 [3.02 |461.8 |24.50 |2.67
60 min. Dry Tumblef 35.50 [8.24 {13.30 |[3.05 [472.2 |25.00 |2.67
Tumble Dry 36,36 |8 4k [14,22 [3.30 |{517.0 |27.82 |2.56
SAMPLE &4
Count: 1/12 wor, Structure: 1 x 1 Closed lap
) = 0365 20,133 la2.% oo A _o0.79
2
£ VAR, T
Condition C.p.i. kc W.p.1i. " S.D, ks kr
On Machine 10.00 |3.65 | 16,00 |5.84 |160.0 21,28 | 0.63
Dry Relaxed 17\.34 6.33 | 7.71 |2.77 [133.7 [17.78 ] 2.25
Wet Relaxed 21,75 |7.94% | 8.23 |2.96 [179.0 {23.84 | 2.64
5 min., Dry Tumble} 23,25 8.49 | 8.74 13.19 |203.2 |27.03 | 2.66
10 min. Dry Tumbleli 23,07 |8.42 | 8,90 |3.25 |205.3 |27.31 | 2.59
15 min, Dry Tumbley 23.45 |8,56 | 8.93 |3.26 |209.4 |27.85|2.63
20 min. Dry Tumblefl 23.52 {8,59 | 8.83 |3.17 |207.7 |27.62 | 2.66
60 min. Dry Tumblef 23.52 |8,59 | 8.74% [3.14 |205.6 |27.33 |2.69
Tumble Dry 25.25 9'20_1 9.52 13,48 {2404 |31.92 | 2.65




SAMPLE 5

Count: 2/32 worsted
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Structure: 1 x 1 Closed Lap

1

2 1 1
= 001 = - - . —— T ol" el 1"4

| }2 72 /e 0.029 )2-'5 814 ,,Qa 34 = 53
Condition cepoio | k. |wepei. | Kk S.D. ks k,
On Machine 40,00 |6.88 [16.00 {2.75 |640,0 {18.56 | 2.50
Dry Relaxed 48,00 |8.26 |15.60 [2.65 |748.8 [21.7 | 3.08
Wet Relaxed 49,45 18,51 | 16,66 |2.83 |823.8 |24,37 | 2.97
5 min. Dry Tumble]l 50.1% |8.62 {17.35 |2.98 1869.8 }25.22 | 2.89
10 min. Dry Tumblel 50.00 (8,60 |17.50 |3.01 |875.0 {25.36 | 2.86
15 min. Dry Tumblej 50.00 |8.60 [17.39 |2.99 |869.5 |25.23 | 2.88
20 min, Dry Tumblef§| 50.42 {8.67 {17.35 |2.9% |874.8 125.36 | 2.91
60 min. Dry Tumblef 50.00 |8.60 |17.56 |2.98 |878.0 |25.46 | 2.85
Tumble Dry 50.70 |8.72 |18.08 |3.11 {916.7 |27.04 | 2.80
SAMPLE 6 |
Count:2/32 worsted Structure: 1 x 1 Closed Lap

= 0.188 2 .0.035 1 .5.319 1. 28,57  —— - 1,333

L= X 77" iy
Condition copei. |k, |wepei. | k, | S.D. L_ks ke
On Vachine 30.00 |5.64 116,00 |3.00 | 480.0 |16.81 ] 1.88
Dry Relaxed 38,70 {7.28 | 1454 [2.61 |562.7 [19.72 | 2.66
Wet Relaxed Lo bl 18,36 [15.38 [2.76 |683.5 |24.15 | 2.89
5 min. Dry Tumblel 45,00 |8.46 |16.,12 |3.03 |725.4 |25.39 | 2.79
10 min, Dry Tumblel 45,00 {8,46 |16.24 |3.05 |730.8 |25.58 | 2.77
15 min. Dry Tumblel 45,00 |8.46 |16.16 |3.0h4 |727.2 [25.45 2.78
20 min, Dry Tumblefl 45,00 |8,46 |16.14 |2.90 |726.3 125.42 | 2.79
60 min., Dry Tumblel 45,00 |8.46 |16.21 [2.91 |729.5 |25.53 | 2.78
Tunble Dry | 45.57 8,57 {16.97 |3.19 |773.3 L?7.3h 12'69




SAMPLE 7

Count: 2/32 worsted
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Structure:

:+ 1 x 1 Closed Lap

Count: 2/3%2 worsted

§ = 0.361 Zz = 0.130

1

Structure: 1 x 1 Closed lap

1

2 1 1 1
= 0.219 = 0,047 = = h,566 = =21.27 = 1.2
A £ i 2 G
Condition CePeie | k Wepels | k S.D. | k k
C v S r

On Machine 20.00 |4.39 | 16,00 3.50 |320.0 [15.04 | 1.25
Dry Relaxed 21,30 |6.86 |12.80 [2.68 [401,0 [18.83 | 2.45
Wet Relaxed 37.89 8,20 |13.33 |2.79 |505.0 |2k.22 | 2.8k
5 min. Dry Tumble§l 38.09 |8.34 |14.09 [3.09 |536.7 |25.50 | 2.70
10 min, Dry Tumblef 38.58 |8.45 [14.15 |3.10 |S45.9 [25.66 | 2.73 |
15 min. Dry Tumblej 38.50 |8.43 |1k.22 3.7 547.5 [25.73 | 2.71
20 min. Dry Tumblef 38.13 |8.25 |1k.22 |2.98 |542.0 {25.50 | 2.68
60 min. Dry Tumblef 38.70 [8.48 {14.22 [2.98 |550.0 125,86 | 2.72
Tumble Dry 38,10 |8.33 | 14.91 |3.27 |568.0 |27.21 | 2.56
SAMPLE 8

1.2 1 _7.69 1 -0.69
Rz W

Condition CeDoi. kc WePele kw s.D. ks kr
On Machine 10,00 | 3,61 | 16,00 |5.75 | 160.0 |20.8010.62
Dry Relaxed 22.16 [8.00 | 7.4k |2.67 |165.0 {21.43 2,98
Wet Relaxed 23.6 |8.52 | 8,00 }2.88 {188.8 i2Lk,60|2.95
5 win, Dry Tumblel 24,16 |8,72 | 8.69 |3.14 |210.0 |27.29|2.78
10 min, Dry Tumble|i 24,57 |8.87 | 8.83 |3.19 |216.9 |28.20 |2.78
15 min, Dry Tumblej 24,22 |8,97 | 8.88 |3.21 |216.,0 |28.08 |2.74
20 min, Dgy Tumbled 24,48 {8,84 | 8.88 |3.19 |217.0 |28.25 |2.76
60 min. Dry Tumblef 24,65 |{8.90 | 8.83% |3.17 |218.0 |28.25 |2.79
Tumble Dry 25.00 19.02 | 9.82 |3.54 |246.0 |31.99 L2.55




SAMPLE 9

Count: 1/20 worsted
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Structure:

a

1

1 x 1 Closed Lap

Q=007 pf o2k Lo6.369 Toski6 -l s .ker
L & i
Condition CoPels | k| WeDeds | Kk S.D. | k_ I
On Machine 40,00 }6.28 [16.00 [2.51 | 640.0|15.36 | 2.50
Dry Relaxed 50.56 |7.94 |16.32 |2.44 | 825.0{19.80 | 3.10
Wet Relaxed 56.25 18.83 |17.58 |2.63 | 988.8|24.37 | 3.20
5 min. Dry Tumble}| 55.21 {8.67 {18.22 {2.86 {1005.9}24.10 | 3.03
10 min. Dry Tumblef 56.07 |8.80 [18.329 [2.89 |1031.1|24.75 | 3.05
15 min. Dry Tumblefi 35.81 |8.76 |18.28 |2.87 |1020.2{24.50 | 3.05
20 min. Dry Tumblef§l 56.16 [8.,82 {18.28 |2.74 {1026.0|24.60 | 3.07
60 min. Dry Tumblef] 55.81 [8.76 [18.32 |2.74 [1022.0|24.50 | 3.05
Tumble Dry 57.14 [8.97 118.93 |2.97 |1082.0(26.61 | 3,02
SAMPLE 10
Count: 1/20 worsted Structure: 1 x 1 Closed Lap
2 1 1 1
= 00175 = 0.030 Lodl | 5.71"" o—— = 33.3 hasunsemnlit— 1.279
2
L= L 2™ W
Condition CeDolo kc WeDPol. kw S.D. ks kr
On Machine 30,00 |5.25 | 16.00 |2.80 4362; 440 1.87
Dry Relaxed 43,11 [7.54 | 15.09 |2.56 | 650.0{19.51 | 2.86
Wet Relaxed L8.64 18,51 [15.71 2.67 | 764.1123.40 | 2,10
5 min, Dry Tumblel 48.12 |8.42 [16.56 [2.90 | 796.9{23.90 | 2.91
10 min. Dry Tumble} 48.25 [8.44 |16.66 [2.92 | 803.8 24,12 |2.90
15 min, Dry Tumblej 48.51 8,49 [16.56 [2.90 | 803.3|24.10 |2.93
20 min. Dry Tumblel| 48,12 |8,42 {16.56 |2.81 | 797.0123.90 {2.91
60 min. Dry Tumblefl 48.12 {8.42 |16.64 {2.82 | 801.0|24k.00 |2.89
Tumble Dry 51.42 19,00 [17.78 |3.11 | 914.027.98 {2.89
|




SAMPLE 11

Count: 1/20 worsted
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Structure: 1 x 1 Closed Lap
2 - 0.217 '/ea -0.047 X _1u.648 -L 221,27 - 21,032
Y N
Condition C.p.i, kc Q.p.i. kw S.D. ks kr
On Machine 20.00 |4.3h |16.00 |3.48 |320.0 |15.0k | 1.25
Dry Relaxed 33,48 7,27 112.19 |2.55 |408.0 [19.17 | 2.75
Wet Relaxed 33.87 |8.44 |12.95 |2.71 |503.3 |23.70 | 3.00
5 min, Dry Tumblel| 38.50 |8.36 |13.73 [2.98 |528.6 |24.80 |2.80
10 min. Dry Tumblejl 38.50 |8.36 {13.99 |3.03 |538.6 |25.30 | 2.75
15 min. Dry Tumblej| 38.91 |8.4k [13.97 |3.03 |543.6 |25.55 | 2.78
20 min, Dry Tumble§l 38.70 |8.40 |13.91 [2.92 |538.0 |25.30 | 2.78
60 min. Dry Tumblell 38.70 [8.40 |13.99 [2.93 |541.0 |25.k0]2.77
Tumble Dry 40,45 |8.78 [1h.41 {3.13 |583.0 {27.40} 2.81
SAMPLE 12
Count: 1/20 worsted Structure: 1 x 1 Closed lap
) = 0.356 /@2 _0.126 1 2.812 L _7.911 A _ 0.629
2Ll
Condition CePeie kc W.p.i. kw S.D. ks kr
On Machine 10.00 | 3.56 | 16,00 | 5.70 | 160.0 | 20.16 | 0.62
Dry Relaxed 19.20 | 6.72 | 7.61 |2.66 | 146.0 [18.40] 2.52
Wet Relaxed 23,58 | 8,25 | 8.04 |2.81|189.5 |2k.00| 2.93
5 min, Dry Tumble}l 24,98 |8.74| 8.22 |2.92|205.3 |25.95| 3.0k
10 min, Dry Tumblej 25,08 18,77 | 8.83% | 3.14|221.5 |27.90] 2.8h
15 min, Dry Tumble}l 24,96 |8.73| 8.83 | 3.1k |220.4 [ 27.86| 2,83
20 min. Dry Tumblel| 24,91 |8,71| 8.76 | 3.06 | 218.0 | 27.50| 2.8k
60 min, Dry Tumblefl 24,94 |8,72| 8.83% | 3.09 | 220.0 | 27.70| 2.82
Tumble Dry 26.2 {9.20| 9.16 | 3.25 [240.0 l30'24l,2°86




SAMPLE 13

Count: 2/48 worsted

232-

Structure: 1 x 1 Closed Lap

2 1 1 1

= 0.156 =0,024 - = 6.1 —_ = }1,66 —— = 1,311
Lo L TR A
Condition ic.p,i k, |w.p.i. | k| S.D. 'ks k_
On Machine 40.00 | 6.24 | 16.00 | 2.50 | 640.0} 15,36 | 2.50
Dry Relaxed 54,54 | 8,51 | 16.41 [ 2.56 | 895.0]21.50| 3.32
Jet Relaxed Sh.13 | 8,44 | 18,18 |2.84 | 984,01 23.60| 2.98
5 min, Dry Tumble| 56.25 |8.78 | 19.04 |2.97 | 1071.0|25.70| 2.95
10 min. Dry Tumblefl 56.25 |8.78 | 17.27 |2.69 | 971.h4 23,31 2.26
15 min. Dry Tumblej 55.81 |8,71 [19.0k |2.97 |1062.6|25.50 | 2.93
20 min, Dry Tumblej 56,25 |8.78 | 19.04 |2.97 |1071.0/25.70| 2.95
60 min. Dry Tumble}l 56,25 |8,78 | 19,04 |2.97 | 1071.0}25.70| 2.95
Tumble Dry 57.14 [ 8,90 | 20.00 | 3.12 | 1143.0} 27,77 | 2.86
SAMPLE 14 |
Count: 2/48 worsted Structure: 1 x 1 Closed Lap

2 1 1

= 0,175 = 0,030 = wu 5.7% =5 =333 —— = 1.169
£ £ 7T g Ty
Condition CePeie kc WePolo y S.D. ks kr
On Machine 30,00 | 5.25 | 16.00 | 2.80 480.0-14.40 1.87
Dry Relaxed L5.56 | 7,97 | 14,98 | 2.62 682.5120.50 3.0k
Wet Relaxed 50.00 | 8,75 | 16.41 | 2,78 | 820.5{25.14| 3.05
5 min. Dry Tumble}l 49,58 |8.68 | 17,27 |3.02  856.6|25.69 | 2.87
10 min. Dry Tumbleli 49,79 | 8,71 | 17.46 |3.06 | 869.326.08| 2.85
5 min, Dry Tumblel 49.65 | 8,69 | 17.bk | 3.05 | 865.9]25.98| 2.85
20 min, Dry Tumblel 49,79 8,71 |17.39 |3.04 | 865.0/25.97| 2.86
60 min. Dry Tumblef 50,00 |8,75|17.4k2 | 3.0k | 871.0|26.13| 2.87
Tumble Dry ‘ 50.70 | 8.90 | 18.18 |3.18 922.0128.20 2.79




SAMPLE 15

Count: 2/48 worsted

-233.

Structure: 1 x 1 Closed Lap

= 0. pe -o0. U 1. .21, . 0,952
/@ 0.215 /e 0.046 /Q~+651 5 21.73 - 95
Conditiox;x CeDei. IS WeDolo y S.D. ks kr
On Machine 20,00 |4.30 | 16,00 |3.42 |320.0 |14.72 | 1.25
Dry Relaxed 34,28 {7,237 [12.62 {2.70 [433.0 [19.90 | 2.72
Wet Relaxed 39,34 |8.46 | 13.55 |2.84 |533.00|24.60 | 2.90
5 win, Dry Tumble{| 39.77 {8.55 | 14.67 |3.15 |583.4 |26.84 | 2.71
10 min. Dry Tumble] 40.00 |8.60 | 1k.67 |3.03 |586.8 |26.99 | 2.73
15 min. Dry Tumblef| 40,44 |8.70 | 14.74% |3.17 |596.1 {27.42 | 2.74
20 min. Dry Tumble;g 40,44 8,70 | 14,67 | 3.10 {593.0 |27.27 | 2.76
60 min. Dry Tumblef L4O.44 |8.70 | 14,67 |3.10 | 593.0 |27.27 | 2.76
Pumble Dry 40.77 18.77 | 15.39 | 3.31 | 628.0 {28.99 | 2.65
SAMPLE 16
Count: 2/48 worsted Structure: 1 x 1 Closed Lap
J = 0.325 [2 - 0.105 1 . 3,077 lé- - 9.5 1 . 0.629

V4 2k

Condition c.pei. | k |Wepei. k, SeD. | k_ -k,

On Machine 10.00 | 3.25 | 16,00 | 5.20 | 160.0 | 16.80| 0.62
Dry Relaxed 20,57 | 6.69| 7.85 |2.55| 161.0 | 16.,95| 2.62
Wet Relaxed 22,36 | 7.27| 8.79 |2.90| 196.5 | 21.08} 2.54
5 min, Dry Tumblel 24,16 | 7.85| 9.38 | 3.05| 226.6 | 23.79| 2.58
10 min, Dry Tumble|| 24,48 )|8,00| 9.46 | 3.07 231.6 | 2,32 2459
15 min, Dry Tumbleﬁkraq,oo 7.80| 9.34% | 3.06| 22k.2 | 23.54] 2.57
20 min, Dry Tumble|| 24,48 18,00| 9.41 | 3.10] 230.0 | 24.80| 2.60
60 min. Dry Tumble[ 24,65 | 8.01| 9.58 | 3.10| 236.0 | 24.79| 2.57
Tumble Dry \ 26.70 | 8.67| 9.82 | 3.19]| 262.0 | 27.69| 2.72




APPENDIX TWO



~234-

SAMPLE 17

Count: 1/8 worsted

p = 0.408 £2=onw

Structure: 1 x 1 Closed Lap
2 - 2.449 A - 5.999 N = 1.155
2 Iz 2

Condition CeDei. kg WwePeia | k S.D. Tk k
W

0]

L
-

On Machine 10,00 4.08] 16.00 [6.53 | 160.00 | 18.09 p.62

Wet Relaxed 18.46 F 7,541 8,14 [3.32 | 150.19 | 25.042.27

Tumble Dry 22,151 9,04l 8.65 |3.53 | 191.60 31.9412.56

1 hr. Cubex 31.58 | 12.89] 13.04 |5.23 | 411.90 68.6612.42

1 hr. Cubex 36.55] 14.92{ 14.29 |5.83 | 522.12 87.0412.55

1% hrs. Cubex | 38-71] 15.80f 15.38 {6.28 | 595.53 | 99.27}2.51

2 hrs, Cubex 40.00} 16.33] 15.89 {6.49 | 635.76 | 105.98]2.51

SAMPLE 18

Count: 1/8 worsted Structure: 1 x 1 Closed Lap

Q= 0.328 £2 = 0.107 %=3.051 21.. = 9.320  pF - 0.927
Condition CeDol. kc VeDel. kw S.D. ' k, kr
On Hachine 13.00{ &.26] 16.00 |5.25 | 208.00 | 22,26 {0.81
Wet Relaxed | . 24.00| 7.86] 9.80}3.27 | 235.10 | 25.23 |2.4b
Tumble Dry 27.69] 9,071 10.4k4 | 3.42 | 288,96 | 31.01 [2.45
.% hr. Cubex 31,91} 10.46] 12.87 | 4.22 | 410,70 | 44.07 |2.47
1 hr, Cubex 36.55] 11,98 1454 | 477 | 531.61 57.04 }2.51
13 hrs. Cubex | 38.50] 12.62} 15.335.02 | 590.45 | 63.36 |2.51

2 hrs. Cubex 41,86 13.72] 16.0115.25 | 670.21 | 71.91 |2.61




SAMPLE 19

Count: 1/8 worsted

£ = 0.290 ,82 = 0.084

- 255~

Structure: 1 x 1 Closed Lap

1

:Z—: 3,445 7 =11.876 g JN = 0,821
Condition C.p.i. k, Wepsio | Kk S.D. ko k.
On Machine 16,00 | 4.6k | 16.00 |u.641 256,001 21.50 {1.70
Wet Relaxed 27.17 | 7.88 111.43 ]3.32 | 310.51 | 26.14 [2.37
Tumble Dry 31.30 | 9.08 {11.71 |3.40 | 366.49 | 30.86 {2.67
% hr. Cubex | 34.29 | 9.95 {13.41 |3.89 | 459.70 | 38.71 |2.55
1 hr. Cubex 37.50 110.88 | 14,54 {4.22 } 545,45 1 45,93 (2.57
1% hrs. Cubex | 39.69 |11.52 | 15.34% |4.45 | 609.07 | 51.28 }2.58
2 hrs, Cubex | 41.86 |12.18 | 16.45 |4.77 | 688.59 | 57.98 |2.54
SAMPLE 20
Count: 1/8 worsted Structure: 1 x 1 Closed Lap
{ = 0.268 [2 = 0.072 /% = 3.731 é-a- = 13.926 g - 0.758
Condition cepei. | k. juwepei.} k1 S.D. kg k.
On Machine 22.00| 5.90] 16,00 | 4.29| 352,00] 25.34 | 1.37
Wet Relaxed 32,731 8.77112.00 | 3,22 | 392.73| 28.20] 2.72
Tumble Dry 34,291 9.191 12.63 | 3.38| 433.08] 31.09| 2.71
2 hr. Cubex 4,88 9.35] 13.56 | 3.63| 472.99] 33.96] 2.57
471 hr. Cubex 37.81] 10.13] 14.03 | 2.76| 5320.73| 38.11] 2.69
1% hrs. Cubex | 38.96| 10,44 | 15.45 | 4,14 ] 602.10| 43.23{ 2.52
2 hrs, Cubex ‘ 41,10} 11.01] 16.17 | 4.33| 664.62] 47.72] 2.5k




SAMPLE 21

Count: 1/12 worsted

£ =o.k23 p 2 - 0.9

-236-

Structure: 1°x 1 Closed Lap

i—: 2.365 53 = 5:59 VALERRYS
Condition C.D.i. kc V.pPo.i. kw S.D. _ks kr
'On Machine 9.00 | 3.81| 16,00 |6.77 | 144.00 | 25.78 |0.55
Wet Relaxed 18.70 | 7.91 7.11 13.01 }132.99 23.78 |2.62
Tumble Dry 21.18 | 8.95 8.28 1 3.50 {175.25 3133 |2.55
+ hr. Cubex 36.73 115.53 | 14.12 |5.97 |518.60 | 92.73 {2.£0
1 hr. Cubex L2.35 17,91 | 16.22 {6.86 |686.80 |122.80 [2.61
13 hrs. Cubex | 44.44 [18.80 ] 17.14 | 7.25 | 761.90 |136.23 |2.59
2 hrs. Cubex | 46.75 }19.77 | 18.04 |7.63 | 843,67 |150.857]2.59
SAMPLE 22
Count: 1/12 worsted Structure: 1 x 1 Closed Lap
£ =085 p° - o0.081 ,% 23512 252,346 PR 0,956
Condition CePeia | k_ fweped.f k| S.D. | kg k|
On lachine 15.00 | k.27 | 16.00| 4.56] 240,00 | 19.44 | 0.94
Wet Relaxed 30,00 | 8.54| 10.55} 3.00 | 316.48 25.63 | 2.84
Tumble Dry 31.30 | 8.91| 11.43] 3.25 | 357.96 28,98 | 2.73
3 hr. Cubex boLs | 11,521 15.481 4.4 | 626.31 50.73 1 2.67
"1 hr. Cubex | u4.44|12.65) 17.14| 4.88} 761,90 | 61.71 ) 2.59
13 hrs. Cubex | 48.65 | 13.85| 18.60| 5.30 | 905.09 | 73.31] 2.6
2 hrs. Cubex [ 50.70 | 14,53 | 19.51| 5.55 | 989.34 | 80.14] 2.59




SAMPLE 23

Count: 1/12 worsted

- 237~

Structure: 1 x 1 Closed Lap

£ =0.233 £ 2 = 0,054 %: 4,299 %—2- = 18,484 [,ﬁi': 0.806
Condition CeD.i. kc VePols kw SeD. ks kr
On Machine 21.00 | 4,89 | 16.00 {3.73 | 326,00 | 18.14 |1.31
Wet Relaxed 36,00 | 8.37 { 12.80 |2.98 | 460.80 | 24.93 |2.81
Tumble Dry 37,50 § 8.72 | 13.33 [3.10 | 499.99 | 27.05 |2.81
% hr. Cubex 40.91 | 9.51{ 15.69 |3.65 | €41.71 | 34.72 |9.52
1 hr. Cubex | 4h.4h4 10,34 { 16,90 |3.93 | 751.17 | 4O.64 [2.62
1% hrs. Cubex | 48.32 | 11.24 | 18.48 [ 4,30 | 892.78 | 48,30 |2.61
2 hrs, Cubex 51.43 1 11,96 | 19.83 | 4.61 | 1020.07 | 51.19 | 2.59
SAMPLE 24
Count: 1/12 worsted Structure: 1 x 1 Closed Lap
f = 0.225 22 - 0,051 A _ b bkk 21__ - 18,763 frﬁ-= 0.779
Conditiog CePels kc VeDPole kw S.D. k. kr
On lachine 32.,00{ 7.20| 16.00] 3.60| 512.00] 26.11{ 2.00
Wet Relaxed 38.92| 8.76] 13.33| 3.00| 518,92} 26.26) 2.91
Tumble Dry 40,00 9.00{ 13.91| %.13| 556.52] 28.16{ 2.87
3 hr. Cubex 41,381 9,31] 15.89] 3.58] 657.68] 33.22] 2.60
1 hr. Cubex 45,00 10,121 16.78] 3.78] 755.2k| 38.21} 2.6§
1% hrs. Cubex | 48,00} 10,80{ 18.18| 4.09| 872.73} u4h.16] 2.63
2 hrs, Cubex | 50.25] 11.32} 19.50] 4.40]| 930,00} 50.00] 2.62




SAMPLE 25

Count: 1/12 worsted

-238-

Structure: 1 x 1 Closed Lap

Q=025 p?.oous 1.heso Lo 21739 pJi- 0.7
£ £

Condition c.poi. | k  fuw.pei.| k | S.D kg k.,

On Machine 27,00} s5.80f 1A.00] 3.441 432,00} 19.87 | 1.89
Wet Relaxed 41,14 | 8.821 13.52|2.90| 556.30| 25.59 | 3.0k
Tumble Dry 41,86 | 8.98{ 14.54]3.12| 608.88] 28.01 | 8.983
+ hr. Cubex 43,37 | 9.30{ 16.55| 3.50| 717.90§ 33.02 | 2.62
1 hr. Cubex 46415 | 9.90( 14.67] 3.78 ) 814,48 | 37.47 | 3.1k
1% hrs. Cubex | 48.65] 10.43] 18.75| k.02 912.16 41,96 | 2.59
2 hrs. Cubex | 50.00] 10.72| 19.40| 4.13| 975.00| 44.60 | 2.50

SAMPLE 26

Count: 1/16 worsted

2

Structure: 1 x 1 Closed Lap

£ = 0372 p° < 0.1385 % =2.687 j.. = 7.220 g JW = 1,489

Condition ICaPoie kc WeDedle kw S.D. ' ks kr

On kachine 10,00} 3.72| 16.00| 5.95| 160.00| 22.16 | 0.62
Wet Relaxed F 20.281 7.55 8.89] 3.33] 182.68] 25.24 | 2.15
Tumble Dry 25.26| 9.10 9.60] 3.571 242.53] 33.59 | 2.63
% hr. Cubex 41,861 15,58 14.86] 5.53] 622.07) 86.16 | 2.81
1 hr. Cubex 48,001 17.871 16.78] 6.25] 805.59]|111.57 | 2.86
13 hrs. Cubex ‘ 50,00| 18.61f 18.60] 6.92] 930.23]128.84 | 2.69
2 hrs. Cubex “ 52,94 | 19.70| 19.51] 7.26] 1032.99}143.07 | 2.7




SAMPLE 27

Count:

1/16 worsted

- 239~

Structure: 1 x 1 Closed Lap

£ = 0.264 ,€2 = 0.070 )—2—:3.789 e 14,388 j,ﬁ: 1.055

Condition CeD.i. kc WeDels kw S.D. ks kr

On Machine 16.00 | 4.22| 16,00 | 4.22} 256,00} 17.92 | 1.00
Wet Relaxed 32,00 | 8.4k} 11.56]3.05] 370.12|25.72 |2.76
Tumble Dry o299 | 9.04| 12.15] 3.21| 416.63 | 28.96 |2.82
% hr. Cubex 45.57 1 12,02 16.90 | k.45 | 772.50) s4.10 | 2,70
1 hr, Cubex b9.31 113,011 17.92 | k.72 | 882.50) 61.70 |2.76
1% hrs. Cubex § 53.73 | 14.17| 19.90 | 5.25 | 1007.20 | 74.90 | 2.70
2 hrs. Cubex | 57.14115.07| 20.60 | 5.42|1172.01} 82.30 |2.78
SAMPLE 28

Count: 1/16 worsted Structure: 1 x 1 Closed Lap

£ = 0.23 fa = 0.053 %: L, 324 2—— = 18,727 JZANN = 0.925
Condition copede | ko fwepedo| k| S.D. 7 kg k.

On lkachine 21,001 4.85| 16.00] 3.701 336.00] 17.817 | 1.31
Wet Relaxed 37.89] 8.76 1 12.97]| 2.99 | u491.60| 26.25 |2.92
Tumble Dry Tuo.oo 9.25| 13.15] 3.0k | 526,02 { 28,09 | 3.04
% hr, Cubex k.23 110,22 | 16.24] 3.75 | 718.15]38.35 |2.72
1 hr, Cubex 51.43 111,89 | 18.87| 4.36 | 970.35 | 51.82 | 2.72
1% hrs. Cubex‘ 5h,54 112,611 19.87| 4.59 | 1083.68 | 57.87 | 2.74
2 hrs. Cubexvf7.32 13,25 { 20.98| 4.85 | 1202.62 | 64.22 | 2.73




SAMPLE 29

Count:

1/16 worsted

= 20-

Structure: 1-x 1 Closed Lap

Q= 0.210 p?-o.0m %: 1,768 %3 = 22,779 PN = 0.839
Condition CeP.i. kc Vep.i. kw S.D. ks kr

On Machine 28.00| 5.83| 16,00 3.36} u448.,00] 19.7111.75
Wet Relaxed o311 9.291 13.91|2.92| 616.45) 27,06 | 3.18
Tumble Dry b3.64 1 9,15 14,77 13,10} 6bk.b7 | 28.29 {2.95
% hr. Cubex 46.75 1 9.801 17.42 |3.65| 81,28 35.75 | 2.68
1 hr. Cubex 50.70 [ 10.63 | 18.24 { 3.82 | 924.69 | 40,59 }2.78
17 hrs. Cubex | 53,73 111,28 19.83 | 4.16 | 1065.74 | 46.79 | 2,70
2 hrs. Cubex | 57,14 [11.98 | 21.29 | 4.47 | 1216.88 | 53.42 |2.68
SAMPLE 30

Count: 1/16 worsted Structure: 1 x 1 Closed Iap

£ =0.204 22 = 0.0416 %= 4.898 fla- = 24,038 Z,JI_“—-"— 0.816

Condition C.P.i. kc WeDele kw S.D. ks kr

On lachine 34.001 6,94 16.00| 3.26] S5kk.00| 22.€3} 2.12
Wet Relaxed | 43.64| 8,91 15.00| 3.06| 654.54] 27.23 2.90
Tumble Dry | 45,00 9.18| 15.24] 3.11}| 685.71| 28.53| 2.95
% hr. Cubex | 46,15 9.42| 17.52} 3.57| 808.53| 33.631 2.63
1 hr. Cubex 50.00 | 10.20] 18.60| 3.80| 920.23| 38.70} 2.68
1% hrs. Cubex | 53,73 10,9% 20. 74| 4.23| 1114.56] L46.37| 2.55
2 hrs. Cubex J{ 57,14 | 11,66 22.00| 4.50 | 1254.21] 52.22] 2.60




- 21‘}1-

SAMPLE 31

Count: 1/20 worsted Structure: 1.x 1 Closed Lazp

R = 0.3611 /62 = 0,130 %: 2.769 el 7.675 jﬁ: 1.615
Condition C.D.1i. kc WeDele kw S.D. _ ks kr
On Machine 10,00 | 3.61{ 16.001} 5.781 160.00| 20.801 0.62
Wet Relaxed 21,18} 7.65] 8.00]2.89} 169.41] 22.07|2.64
Tumble Dry 25,711 9.28| 8.89| 3.21} 228.57} 29.7812.89
%+ hr. Cubex 43,01 15.53| 17.33] 6.26 | 745.31{ 97.11| 2.48
1 hr. Cubex 51.43 1 18.571 20.55| 7.42 | 1056.75{ 137.69 | 2.50
1% hrs. Cubex | 56.69 éo.w 22.64 ] 8.18 | 1283.611 167.25 ] 2.5C
2 hrs, Cubex 58.351 21.07| 22.97| 8.29{ 1340.02 | 174,60 | 2.5k
SAMPLE 32

Count: 1/20 worsted Structure: 1 x 1 Closed Lap

p = 0.2u3 )ez = 0.059 /%: k. 11h 21- = 16,949 SV = 1.087
Gondition copeio| ko fwepeio| k| s.D. S
On Hachine - 16.00| 2.89| 16.00| 3.89| 256.00] 15.10} 1.00
Wet Relaxed | 33,491 8,14 12.00| 2.92]| 401.88] 23.71] 2.79
Tumble Dry' 36.00| 8.751 12.31] 2.99| &k3.07{ 26.1k 2.92
3 hr. Cubex 52.17 | 12.68] 18.68| h.st| o7k.us) s57.49] 2.79)
1 hr, Cubex 57.14 1 12,891 20.78| 5.05| 1187.33] 70.06} 2.74
13 hrs. Cubex | 62,07 15.08| 22.73| 5.52| 1410.65| 83.23] 2.7¢
2 hrs, Cubex l 65.45] 15,901 23.97] 5.83} 1569.34} 92.59] 2.72




SAMPLE 33

Count: 1/20 worsted

- 242~

Structure: 1 x 1 Closed Lap

£ = 0.19k ,32 = 0.038 %: 5.161 2—2 = 26.667 )N = 0.8°%
Condition CePei, kc VeDPeds kw S.D. : ks kr
On Machine 22,00 4,27} 16.00 | 3,10] 3%2.00] 13.28 |1.37
Wet Relaxed h3,64] 8,451 k.5 | 2.82) 634.71) 23.80 [2.99
Tumble Dry 45.00| 8.72f 15.24 | 2.95}] 6835.71] 25.71 [2.95
%+ hr. Cubex 51.431 9.961 19.51 | 3.78] 1003.46} 37.63 |2.63
1 hr, Cubex 58.06| 11,25 22.22 | 4.20] 1290.32| 48.39 [2.61
17 hrs. Cubex | 63.16| 12.23{ 2b4.49 | 4. 74| 1546.72] 58.00 |2.57
2 hrs. Cubex 67.92] 13.16] 26.37 | 5.11] 179141} 67.18 |2.57

SAMPLE 3k

Count: 1/20 worsted

Structure: 1 x 1 Closed Lap

1

£ = 063 p° = 0.026 2—:6.154 737308 4T 07
Condition cePee | k. |vepedo| k| SDo |7 kg k.
On liachine 31,00 | 5,04 16.00] 2.61] 496,00 12.90 | 1.94
Wet Relaxed | 55.38 { 9.00| 17.14| 2.79] 949.4s5| 25.06 |3.23
Tumble Dry 53.33 | 8.67] 18.11 ] 2.94] 966.04} 25.50 | 2.9k
3 hr. Cubex 56.25 | 9.14] 19.67 ] 3.20] 1106.56] 29.21 |2.85
1 hr, Cubex 58,06 9.43 20.98 | 3.41 1218.13] 32.16 }2.7¢
1% hrs, Cubex | 62,07 | 10.09] 21.82| 3.54| 1354.22] 38.75 |2.84
‘2 hrs. Cubex ] 65.45 | 10.64] 23.69| 3.85] 1550.75] LO.94 |2.76
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SAMPLE 35

Count: 1/20 worsted Structure: 1 x 1 Closed Lap

£ = 0149 p 2 . 0.022 %.;6.698 2}5 = b5.045 g N = 0,508
Condition copei. | ko |w.p.i.| k | S.D. b k_
On Machine b2.00| 6.41| 16,00 | 2.38| 688.00| 15.14 [2.69
Wet Relaxed €0.00| 8,961 18.82 | 2.81} 1129.41] 25.07 |3.18
Tumble Dry 60.00] 8.9€} 19.20 | 2.87} 1152.00] 25.57 |3.12
+ hr. Cubex 60,501 9.031 21.68 | 3.24| 1311.74| 29.12 [2.79
1 hr. Cubex i 60.50} 9,03| 22.37 | 3.34| 1353.20| 30.04 |2.70
1% hrs. Cubex | 65.45| 9.771 22.92 | 3.42| 1500.39] 33.31 |2.85
2 hrs. Cubex 66.751 10.00| 24.79 | 3.70| 1622.83} 26,03 |2.63
SAMPLE 36

Count: 1/2k worsted Structure: 1 x 1 Closed Lap

£= 034 p%. 0.z Zj.=2.869 2‘-—- = 8.2304 pJi = 1.708
Condition %c.p.i. ko |vepedo| k| S.D. k, k
On lachine 10,00{ 3.49| 16,00 | 5.58| 160,00} 19.52 |0.62
Wet Relaxed 2k,00] 8.371 8.28 | 2.88] 198.62] 24.13 {2.89
Tumble Dry 26.671 9.20f 8.89 | 3.10| 237.03] 28.80 {2.99
3 br. Cubex | 51.43| 17.93| 15.00 | 5.23) 771.43] 93.73 |3.40
1 hr, Cubex 61.02] 21,27{ 18.25 | 6.36| 1113.61{135.30 |3.34
1% hrs. Cubex | 64.29| 22,41| 19.62 | 6.84| 1261.53[153.28 |3.27
2 hrs. Cubex ‘l_66'67 23.241 29.94 | 7.320] 1396.16]169.63 |3.18




SAMPLE %7

Count: 1/24 worsted

2l

Structure: 1 x 1 Closed Lap

p =028 p?2-0.058 % - ba62 %_2_ 21361 p T 1.977

Condition cepeio |k fuw.pii.| k| S.D. b k.

On Machine 17.00 | L.08 | 16.00 | 3.84} 272.00 { 15.78 11.06
Wet Relaxed 36.92 | 8.87 | 12,00 | 2.88| 443,08 | 25.52 |3.07

Tumble Dry 38.92 | 9.25 | 12.31 | 2.96| 478.99 { 27.59 |3.16
3 hr. Cubex | 56,69 |13.62 { 18.39 | k.lk2}1042,63 | 60.05 |3.08
1 hr. Cubex .63.72 15,30 | 21.50 | 5.1711370.25 | 78.93 {2.96
¥ hrs. Cubex | 71.57 117.19 { 24,91 | 5.97}1780.C0 | 61.45 }2.87
2 hrs. Cubex | 76.11 |18.28 | 25.18 | 6.05{1916.72 {110.40 |3.02
SAMPLE 38

Count: 28 Structure: 1 x 1 Closed Lap

£ = 0.196 [2 = 0.038 ’% = 5.106 e 26.110 QT = 0.959
Condition copeio |k {wepeii| k| S.D ko | k.
On riachine [23.00 b,51 ] 16,00 3.14 368,00 | 13.93 | 1.4k
Wet Relexed 45,00 | 8.81 | .12 | 2.76] 6325.29 | 24.33 |3.18
Tumble Dry 46,15 9.04. 1.5k | 2.85] 671.32 | 25.71 | 3.7
% hr. Cubex | 53,93 |10,52 | 18.90 | 3.70{1015.39 | 38.89 |2.84
1 hr. Cubex 63.16 {12,37 | 21.72 | 4.25{1371.75 | 52.54 }|2.90
1% hrs. Cubex | 9,77 113.66 | 23.53 | u.62|1641.58 | 62.87 |2.96
2 hrs, Cubex ,72.00 14,10 | 26.09 | 5.11}1878.26 | 71.94 {2.75




- 2LE-

SAMPLE 39

Count: 1/2k4 worsted Structure: 1 x 1 Closed Lap

£ =071 p%=0.029 i-: 5.854 %—2- = 34364 N = 0.837
Condition C.Pol. k. WePels | Kk SeD. kg k.
On Machine 720,00} 5.13] 16.00] 2.74| 480,00} 13.92 | 1.87

Wet Relaxed 53.33] 9.11] 16.27| 2.78| 867.79] 25.25 | 3.27

Tumble Dry 51.43] 8,78} 16.55] 2.83} 851.23| 24.77 | 3.10

% hr. Cubex 56.69| 9.681 19.92] 3.40] 1129.15| 32.86 | 2.8¢

1 hr. Cubex 63.16| 10.79| 22.60] 3.86] 1427.29{ 41.53 | 2.79

1% hrs. Cubex | 68.83| 11.76] 24.00| 4.10| 1652.01| 48,07 | 2.8€

2 hrs. Cubex 722.73| 12,42 26.09] 4.46] 1897.23| 55.21 | 2.7

SAMPLE 4O

Count: 1/24 worsted Structure: 1 x 1 Closed Iap

g = 0.153 [2 = 0.023 %= 6545 21— = 42,918 QI = 0.748
Condition cepaie | k_ fwepedof k| S.D. | kg k.
On Fiachine 40,00 6.12| 16.00| 2.45{ 640.00} 14.72 12,50
Wet Relaxed 60,00} 9.16] 18.46 | 2.82| 1107.69] 25.81 {3.2h4
Tumble Dry 57.60] 8.80| 18.46 | 2.82} 1063.38] 24.78 |3.1
3 hr. Cubex 61.02] 9.32]| 21.24 | 3.24| 1295.93| 30.19 |2.87

1 hr. Cubex 63.16] 9.64] 21.82 | 3.33| 1377.98} 32.11 {2.89

1} hrs. Cubex §| 66.67| 10.18] 23.76 | 3.63| 1584.15] 36.9% |2.80

2 hrs. Cubex l 70.59| 10.78] 25.81 | 3.94| 1321.63| L2.kh 12.73




SAMPLE i1

Count: 1/18 worsted

- 26~

Structure: 1 x 1 Closed Lap

£ =0.395 pZ - 0.1561 %= 2.531 Zj_a. - 6406 = 2,091

Condition cepeis | k. fuw.p.i.| k| s.D. k k_

On Machine 9.50 1 3.750 16.00| €.301 152.00! 23.73|0.59
Wet Relaxed 18.95| 7.491 8,00] 3.16| 151.58] 23.66| 2.3¢C
Tumble Dry 23.23| 9.18] 7.74] 3.06| 179.81] 28.07| 2.99
+ hr. Cubex 48,001 18.96f 15.48| 6.12] 743.22] 116,02} 3.09
1 hr. Cubex 60.00| 23.71{ 20.00{ 7.90| 1200,00{ 187.32| 3.004
17 hrs. Cubex | 65.45) 25.86] 21.05) 8.32} 1377.99] 215.10} 3.10
2 hrs. Cubex | 69.23] 27.35 2.2.64 8.94| 1567.49] 2uk4,68| 3.0
SAMPLE 42

Count: 1/28 worsted Structure: 1 x 1 Closed Lap

f = 0.257 22 = 0,066 %= 3,892 2}- =15.175 P = 2359

Condition CeD.1, kc WeDele kw S.D. ' ks kr

On hachine 15.5 | 3.98 | 16.00 | L4.11] 248,00 16.37|0.97
Wet Relaxed 34,30} 8.84 | 10.91| 2.80] 374.50] 24.65| 3.10
Tumble Dry 36,00} 9.25| 11.71| 3.011 420,00} 27.80| 3.08
-‘}hr. Cubex 58.73115.09 | 19.80| 4.92] 1162.004 76.70 2.99
1 hr. Cubex 64.00§ 16.90 | 22.90| 5.88] 1468.18 96.75 2.80
13 hrs. Cubex | 68.50117.60 | 26.70]| 6.85| 1811.32] 119.37 2.56
2 hrs. Cubex 72.80{18.70 | 27.90| 7.17| 2020.74 133.8F4 2.6k




SAMPLE 43

Count: 1/28 worsted

- 247~

Strucfure: 1 x 1 Closed Lap

£ = 0.220 ,32 = 0,048 2}= b5 %—2- = 20.66 AN = 1.765
Condition C.D.i. kc VieDels kw S.D. ks kr
On Machine 19.50 1 h.291 16.00] 3,521 212,001 14,981 1.22
Wet Relaxed h2.351 9.321 12.80} 2.82] sSh2.12} 26,241 3.30
Tumble Dry k.14 1 9,06) 13.71] 3.021 564.2k | 27.31 1 2.99
3 hr. Cubex 57.69 1 12,701 20.76 | 4.58 | 1192.76 | 57.97 | 2.77
1 hr. Cubex 68.44 1 15,06 24.24 | 5.34 | 1659.17 1 80.30 1} 2.8z
12 hrs. Cubex | 72.72| 16,01} 26.09) 5.74 | 1897.23 ) 91.83] 2.78
2 hrs. Cubex 74,53 | 16,40 28.23) 6.21| 2104.48 ) 101.86 ] 2.63
SAMPLE hl

Count: 1/28 worsted Structure: 1 x 1 Closed Lap

£ = 0.156 22 = 0.024 %: 6.429 é—-?- = kg PYIT - 0.823
Condition yc.p.i. kc WeDele kw S.D. ‘ ks kr
On Hachine 26,00} S5.62] 16.00] 2.50| 576,00} 13.62] 2.25
Wet Relaxed 57.60f 8.,96] 18.82| 2.931 1084,23| 26.13] 3.05
Tumble Dry €0.001 9.33] 18.82] 2.93| 1129.41{ 27.22{ 3.1¢
% br. Cubex 64.29110.00| 21.43} 3.33) 1377.55] 33.20} 2.99
1 hr. Cubex 72,00 | 11.20] 22.86] 3.55{ 1645.71] 39.66] 3.15
12 hrs. Cubex | 73,47 | 11.42| 2b4.24] 2.77| 1781.07] 42.92] 3.03
2 hrs, Cubex L79.12 12,201 26.37) 4.10] 2086,70} 50.29] 2.9%




SAMPLE 45

Count: 1/28 worsted

- 248-

Structure: 1 x 1 Closed Lap

p =013 p 2_0.020 1_6.99 1 _49.02 ¥ 0.757
L e
Coniition CePois kc VeDel. kw S.D. ks kr
On Machine 45,00 6.43] 16.00| 2.14] 720,00 | 14.40 | 2.87
Wet Relaxed 638.57 | 9.81) 20.00] 2.36} 1371.43] 27.98 | 3.42
Tumble Dry 65.45| 9.36] 20.43] 2,92} 1336.94] 27.27 | 3.20
% hr. Cubex 67,921 9.71{ 23.01] 3.29| 1562.98] 31.88 | 2.95
1 hr. Cubex 70.59 | 10.09{ 23.76| 3.40| 1677.34] 34.22 | 2.97
1z hrs. Cubex | 72.00 10,301 25.00} 3.57| 1800.00{ 36.72 | 2.88
2 hrs, Cubex 73.771 10.55| 27.12| 3.88] 2000.55| 40.81 | 2.72
SAMPLE L6
Count: 2/16 worsted Structure: 1 x 1 Closed Lap
£ = 0.385 £2 - 0.148 ’%= 2.599 - - 6.761  pJT = 1,088
I
Condition lc.p.i. kc VeDele kw S.D. ' kS kr
On iachine 10.00] 3.85| 16.00 | 6.16| 160,00| 23.68 {0,62
Wet Relaxed 19.73] 7.59{ 8.45 | 3.24| 166.50| 2k.62 |2.46
Tumble Dry || 22.50] 8.66{ 8.89 | 3.42| 200.00} 29.58 |2.53
% hr. Cubex 31.30| 12,04} 12.90 | 4.96 403.90] 59.74 }2.h42
1 hr, Cubex 34,610 13.22] 1bh.12 | 5.43] 48B8.68| 72.28 |2.45
1% hrs. Cubex | 35.29] 13.58] 14.86 | 5.72] 52L.49) 77.57 |2.37
2 hrs, Cubex 27,501 14.43] 18.04 | 6.94) 676.69}100,03 }2.07




SAMPLE 47

Count: 2/16 worsted

- 249-

Structure: 1 x 1 Closed Lap

£ =0.290 p - 0.084 % =35 L 211,876 pJW = 0,821

Condition cepedo |k |wepei.| k| S.D. Y k.

On Machine 16,00 | 4.64 | 16.00 4.6k | 256.00 ] 24,50 |1.00
Wet Relaxed 27.69 | 8.03] 10.90 | 3.17 | 310.00| 25.35 | 3.05
Tumble Dry 30,6k | 8.89] 11.71|3.k0| 358.69| 20.20 |2.61
% hr. Cubex 32.73 | 9,50 13.23 | 2.84 | 432,99 36.46 |2.43
1 hr. Cubex 35.29 | 1024 | 14,72 [ h.27 | 519.67 | 43.7612.35
17 hrs. Cubex | 37.50 | 10,88 15.38 | k.46 | 576.92 | 48.58 | 2,43
2 hrs, Cubex | 39.56 | 11.48| 16.33 | b7k | 645,88 | 54.38]2.42
SAMPLE 48 |

Count: 2/16 worsted Structure: 1 x 1 Closed Lap

£ = 0.259 [2 = 0.0674 /—2— 3.850 2—5 = 14,837 ZF= 0.735
Condition ;c.p.i‘ kc WePele | kK S.D. - kg ke

On kachine ' 21,00 | 5.44| 16,00 b2k | 336,00 22.65] 1.37
Wet Relaxed | 32.73| 8.,20| 12.30| 3.20} 402.79{ 27.15] 2.65
Tumble Dry 33,961 8,821 12.801 3.32| 434,721 29.20{ 2.€5
2 hr. Cubex 35.291 9.17| 13.87] 3.60| 489,63} 33.00{ 2.5k
1 hr, Cubex 36,55 | 9.49| .5h| 3.781 531.60 35.83] 2.57
13 hrs, Cubex | 37.89 | 9.84%| 15.20| 2.94| 575.61] 328.80] 2.49
2 hrs. Cubex | L0.00 | 10.39 | 16.00| 4.15| 640.00{ &3.141) 2,50




SAMPLE g

Count: 2/16 worsted

- 250-

Structure: 1 x 1 Closed Lap

Q= 0.257 p® -0.066 %: 3,892 %—2- =15.175 g JN = 0.726
Condition CePei, kc VieD.l, kw S.D. ks kr
On Machine 25.00 | 6.42 | 16,00 [4.11 | 400,00 | 26.40 |1.56
Wet Relaxed 33.49 8.60 12.00 |3.08 | 401.86 26,18 {2.79
Tumble Dry 34,29 | 8.81 | 12.63 |3.24 | 433,08 1 28,54 |2.71
4 hr. Cubex 34.61 | 8.89 | 1h.12 |3.63 | 488.68 | 32.20 |2.45
1 hr. Cubex 35.64 | 9.16 | 14.81 [3.81 | 528.05 | 34,80 |2.40
13 hre. Cubex | 37.50 | 9.63 | 15.29 |3.93 | 573.25 | 37.78 |2.45
2 hrs. Cubex | 39.56 ]10.16 | 16.33 [4.19 | 645.88 | 42,56 |2.42
SAMPLE 50

Count: 2/24 worsted Structure: 1 x 1 Closed Lap

£= 0387 p% - o9 %: 2.585 == 6,684 fITW = 1.339
Condition cepeis |k fwepedo| k| S.D. | kg K.
On liachine 10,00 | 3.87 | 16.00 | 6.19 | 160.00 | 23.84 |0.62
Wet Relaxed | 20.57 | 7.96 | 8.57 |2.31 | 176.33 | 26.38 {2.29
Tunble Dry | 22.50 | 8.70 | 9.23|3.57 | 207.69 | 31.07 |2.43
% hr. Cubex 36.00 [13.92 | 15.89 | 6.15 | 572.18 | 85.59 {2.26
1 hr, Cubex 40.91 |15.82 | 17.52 | 6.78 | 716.65 }107.21 [2.33
1% hrs. Cubex | 42.35 [16.38 | 18.46 | 7.14 | 781.90 [116.97 [2.29
2 hrs. CubefoB.}? 16.78 | 19.35 | 7.49 | 839.48 }125.59 {2.24




SAMPLE 51

Count: 2/24 worsted

~251-

Structure: 1 x 1 Closed Lap

£ = 0.26h ,@2 = 0,069 %= 3.789 72 = 14,388 [JIT: 0.9k
Condition CePoi. kc ViePsie kw S.D. ks kr
On Machine 17.001 4.kol 16,00) 4.22)1 272.00{ 18.77 | 1.c6
Wet Relaxed 31.04] 8,26 12.00| 3.17) 375.65] 26.11 | 2.60
Tumble Dry 32.731 8.63] 12.80| 3.381 418.91! 29.11 | 2.5%
# hr. Cubex 36.471 9.62] 15.09] 3.98) 550.55| 38.26 | 2.4
1 hr. Cubex 39.65 ] 10,46 16.32| 4.30| 645.20] 455 | 1.77
1% hrs. Cubex | 43.37 1'1.14 17.59 | 4ebl | 763.17} 53.04 | 2.4¢
2 hrs. Cubex | 50.491 13,32] 19.20] 5.06{ 969.42| 67.37 | 2.62
SAMPLE 52
Count: 2/24 worsted Structure: 1 x 1 Closed Lap
f = 0.217 22 = 0,047 %: L.615 2—- = 21.322 PZNW = 0.750
Condition  [o.pui. | k. |wepei] &, | 55, | k. | &
On lachine 25.00] s5.42| 16.00] 3.47] 400,00 | 18.80 | 1.56
Wet Relaxed | 40,00 | 8.66| 14.12| 3.06| 564.70| 26.148 | 2.83
Tumble Dry |.l+o.oo 8.66{ 15.00| 3.25| 600.00| 28.1h4] 2.66
# hr, Cubex 41,38 | 8,96] 16.55] 3.58 | 684.90| 32.12| 2.49
" 1 hr. Cubex 42,351 9,171 16.78] 3.63| 710.82| 323.34]2.52
1% hrs. Cubex || 45,00 | 9.75| 18.04| 3.91| 812.03| 38.08| 2.45
2 hrs. Cubex ;UMS 10,13 | 19.20] k.16 | 897.66| L2.10} 2.43




SAMPLE 53

Count: 2/24 worsted

P = 0.213 ,€2 = 0.045

- 250=

Structure: 1 x 1 Closed Lap

:2—:4.706 %—5 = 22,173 JpN = 0.736
Condition cePeio | k. |w.p.i.| k| S.D. kg k,
On Machine 32.00 | 6.82 1 16.00 | 3.h41} 512,00 | 23.04 }2.00
Wet Relaxed 40,00 | 8.50 | 14,12 | 3.00| 564.70 | 25.47 |2.83
Tumble Dry 40.00 | 8.50 | 15.00 | 3.19} 600.00 | 27.06 {2.66
1+ hr. Cubex L1.86 | 8.89 | 16,60 | 3.53| 694.78 | 31.33 |2.52
1 hr. Cubex 41,96 | 8,92 | 16.90 | 2.59| 709.15 | 31,98 |{2.48
1% hrs. Cubex | 43,64 | 9,27 1 17.78 | 3.78] 775.75 | 34.99 {2.45
2 hrs, Cubex | 45,86 | 9.74 | 18.52 | 3.93] 849.25 | 28.30 |2.47
SAMPLE 54
Count: 2/32 worsted Structure: 1 x 1 Closed Lap
Q= 0.369 £2 = 0.136 %: 2.712 £12-=7.36 V7 CERR
Condition CePoi. kc VeDels kw S.D. kg k.
On Fiachine 11,00 4.,06f 16.00 | 5.90{ 176.00 | 23.9% }10.69
Wet Relaxed 21.18} 7.811 8.89 | 3.28} 188.23 | 25.58 |2.38
Tumble Dry 24,831 9,15 9.60 | 3.54) 238.34 | 32.39 |2.58
3 hr. Cubex 38.79| 14.30| 17.39 | 6.41) 674.66 | 91.69 {2.22
"1 hr. Cubex | bbbl 16.39) 19.51 | 7.19{ 867.20 |117.85 [2.27
1% hrs. Cubex | 47.621 17.56| 20.69 | 7.63| 985.22 |133.89 |2.%0
2 hrs. Cubexl 50.70| 18.69| 22.02 | 8.12}1116.42 }151.72 {2.30




SAMPLE 55

Count: 2/32 worsted

R =0.261" Y4

2

~255=

Structure: 1 x 1 Closed Lap

1

= 0.068 % =3.8%0 75 = 14,68k 9 JW = 1.0k
Condition CeDoie kc WeDole k, S.D. ko kr
On Machine 16,00 | 4,18 | 16,00 4.18‘ 256.00 | 17.41 [1.00
Wet Relaxed 31.30 | 8.17 { 11.57 | 3.02] 362.07 | 24.66 [2.70
Tumble Dry 34.29 | 8.95| 12.63 | 3.30! 433,08 | 29.49 [2.71
% hr. Cubex 45,00 111,75 | 17.14 | %.48] 271,43 | s52.53 |2.62
1 hr. Cubex 51.43 [13.43 | 19.67 | 5.14]11011.71 | 68.90 |2.61
1% hrs. Cubex | 53.73 |14.03{ 21.24 | 5.54} 1141.19 | 77.71 |2.52
2 hrs, Cubex 57.14 114,92 1 21.82 | 5.70] 1246.75 | 84.90 {2.61
SAMPLE 56
Count: 2/32 worsted Structure: 1 x 1 Closed Lap
£ =0.208 £2 = 0.043 /—é- = 4,816 [2- = 23.256 QW = 0.8%0
Condition CeP.i. kc WeDele k, S.D. ke k.
On lMachine 23,00 4,781 16.00] 3.34 268,00| 15.821 1.hk
Wet Relaxed k2,35 | 8.79 | 14.33{ 2.97| 606.84} 26,09 | 2,95
Tumble Dry 2,351 8.791 15.00] 3.1 635.29 | 27.32|2.82
% hr. Cubex W12 | 9.16 | 19.67| 3.660 777.50 | 33.422.85
"1 hr. Cubex 418,00} 9.96| 19.20| 3.99| 921.60] 39.63}2.50
1% hrs. Cubex || 52.74 | 10.83 | 20.76| 4.31}1083.19 | 46.58 | 2.54
2 hrs. Cubex ] 54,96 | 11,41 | 22.43] 4.66] 1232.79 | 53.01 | 2.45




SAMPLE 57

Count: 2/%2 vorsted

25 -

Structure: 1 x 1 Closed Lap

p =0.182 2 0.033 i}z 5.496 :;..2. = 30.303 g JW = 0.728
Condition CeD.i. kc Vep.i. kw S.D. ,ks kr
On Machine 31.00 | 5.64{ 16.,00| 2.91 495.00| 16.37 1 1.94
Wet Relaxed k3.65 1 9.03] 16.55| 3.01 821.88 | 27.12 [2.99
Tumble Dry 4b9.65 | 5.031 17.14 | 3.12] 851.23] 28.09 {2.89
# hr. Cubex 50.28 | 9.15| 19.05 | 2.46l 957.70| 31.60 |2.63
1 hr. Cubex 50.28 | 9.15( 19.43 | 3.53 977.08 | 32.2k | 2.58
13 hrs. Cubex [ 52.94 §.65 20,81} 3.79 1101.98 | 36.326 |} 2.54
2 hrs. Cubex | S4.54 | 9.92| 22.21| 4,04 1220,50 | 40,00 | 3.k2
SAMPLE 58
Count: 2/32 worsted Structure: 1 x 1 Closed Lap
£ = 0.173 22 = 0.030 % - 5.783 2}- - 33.557 QT = 0.692
Condition- cepeio |k fweped.f k| S.D. R k.
On Machine 40,00l 6.92| 16.00] 2.74 640.00| 19.201! 2.50
Wet Relaxed 53.33 ) 9.221 17.14} 2.94 914.28{ 27.25{ 3.11
Tumble Dry | 53.33) 9.221 17.14} 2.9 914.28| 27.25| 3.11
3 hr. Cubex S52.44 1 9.151 19.35) 3.39 1024.66 30.531| 2.73
"1 hr. Cubex | 53.89| 9.32| 19.05| 3.2 1026.52| 20.59] 2.82
13 hrs. Cubex | S54.96 9.56 20.69] 3.5 1137.74 | 33.89] 2.65
2 hrs. Cubexﬁ;J‘57.14 9.88 | 22.10| 3.8 1262.82| 27.63] 2.58




SAMPLE 59

Count:

2/40 worsted

~255-

Structure: 1 x 1 Closed Lap

£ =0.350 ,@2 = 0,123 %:2.857 )—2—2- = 8,163 P JN = 1.565

Condition CaDei. k, weped. | ko SeD. kg k.

On Machine 10.00 | 3.50 | 16,00 |5.60 | 160.C0 | 19.68 10.C3
Wet Relaxed 2k.83 | 8.69 9.23 | 3.23 | 229.17 | 28.07 |2.68
Tumble Dry 26,67 | 9.33| 10.43 |3.65 | 278.28 | 34.09 |2.55
T hr. Cuvex | 37,89 |12.26 | 16.45 |5.76 | 623.35 | 76.36 |2.3%0
1 hr. Cubex 48.65 [17.03 | 18.46 [6.46 | 898.13 | 110.02 {2.63
1z hre. Cubex | 51,43 18,00 { 19.83 |6.94 |1020.07 | 124,96 |2.59
2 hrs. Cubex '} 56.25 119.69 | 20.98 | 7.3k | 1180.07 | 14456 2,68
SAMPLE 60

Count: 2/L0 worsted Structure: 1 x 1 Closed Lap

£ = 0.256 £2 = 0,065 %:3.913 1-2- =15.337 SN = 1,43

Condition CoPois k, vepedo} ko S.D. kg k.

On rachine 16,00} 4,10 16.00] 4,10} 256.00]| 16.64} 1.0C
Wet Relaxed 35,121 8.97| 12.30| 3.14| 432.27] 28.18| 2.85
Tumble Dry l 36,00| 9.20{ 13.33| 3.41] 430.00} 31.30} 2.7C
% hr. Cubex 48,00} 12.26] 18.60y 4.75{ 893.02) 58.22} 2.57
1 hr, Cubex 55.38| 14,15] 20.99] 5.37| 1159.00) 75.25} 3.56
1% hrs, Cubex | 58.06| 14.83) 23.19] 5.92| 1346.42] 872.79] 2.50
2 hrs, Cubex‘]Lb0.00 15.33{ 24.00] 6.13] 1440,00] 93.89f 2.5C




SAMPLE 61

Count: 2/40 worsted

- 256~

Structure: 1 x 1 Closed Lap

Q =022k p 2. 0.050 % = L, 472 ek 20,04 1[131 1,000
Condition C.D.1, kc Wepeis § k. S.D. ko kr
On Machine 20.00 | 4.48 | 16,00 |3.58 | 320.00 | 16.00 {1.25
Wet Relaxed 38.92 1 8,70 | 13.71 13.07 | 533.74 | 26.63 |2.83
Tumble Dry 40.00 { 8.94 | 15.00 [3.35 | 600.00 | 29.94 |2.6¢6
2 br. Cubex | 45,00 [10.06 { 18,10 |4.05 | 814,48 | so.64 |2.48
1 hr. Cubex 50.00 |11.18 | 20.34 {4.55 |1016.94 | 50.75 }2.45
17 hrs. Cubex | 54,54 12,20 | 22.30 |4.99 |1216.62 | 60.71 |2.44
2 hrs, Cubex | 59,02 [13.20 | 24,36 |5.45 | 1433,.96 | 71.75 |2.42

SAMPLE 62

Count: 2/40 worsted

£ = 0.199 ZZ = 0,039

Structure: 1 x 1 Closed Lap

a 5.035 = 25,381 [”-IT': 0.888
£ b

Condition C.Peie | k wepeil. | k S.D. k k
(o] i s r
On liachine 26,00} 5.17] 16.00| 3.18} 416.00] 16.22 ]1.62
Wet Relaxed 45,000 8.94| 15.00f 2.98] 675.00] 26.59 |3.00
Tumble Dry Lks,o0f 8.9h! 16.27f 3.23| 732.20 28.85 |2.76
% hr. Cubex 47,061 9.35] 17.78] 3.53| B836.60) 22.96 |2.64
1 hr. Cubex | 51.43] 10.21] 19.35] 3.84| 995.39] 39.22 |2.65
1% hrs, Cubex | 55.38| 11.00] 20.94 4.16] 1159.89] 45.70 {2.6h
2 hrs. Cubex \ 59.011 11.72| 22.64] k47| 1336.22| 52.65 |2.60




SAMPLE 63

Count: 2/40 worsted
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Structure: 1 x 1 Closed Lap

P = 0.186 £2 = 0,035 %:5,373 %é-:zg,goz P JH = 0.832
Condition CeDei. kc wepeds | k SeD. b k
On Machine 32,00} 5.95) 16.00}2.98) 512,00} 17.92 | 2.C0
Wet 'Relaxed 49.65 1 9.241 15.74]2.93| 781.46( 27.04 | 3.15
Tumble Dry 48.00 | 8.93| 16.84| 3,131 808.k21 27,971 2.85
% hr. Cubex 50.28 | 9.361 18.55| 2.75| 934.00| 32.6k4{2.50
1 hr. Cubex 53.97 | 10.04| 20.51 ] 3.82 | 1107.14 | 38.31} 2.(3
13 hre. Cubex | 56.69 | 10.55] 22.75| k.23 | 1289.69 | 4h4.62 | 2.49
2 hrs. Cubex 60.50 | 11.26] 24,59 | 4.58{ 1487.80 | 51.48| 2.45
SAMPLE 64
Count: 2/48 worsted Structure: 1 x 1 Closed Lap
£= 0.382 p° = 0.4 %: 2.618 7= = 6,859 LT - 1.871
Condition ‘c.p.i. k, wepeio | k. S.D. kg k?,
On lizchine 1o.® 3,82 16.00] 6.11} 160.00| 23.36 |0.62
Wet Relaxed 21.181 8.09 8.571 3.27| 181.51] 26.46 {2.46
Tumble Dry | 24.83| 9.48| 9.41| 2.59| 233.67] 34.07 [2.63
2 hr, Cubex 42,531 16,25 15.73] 6.01| 669.24] 97.58 |2.70
"1 hr, Cubex 50.70| 19.36) 18.66] 7.13| 946.271137.97 {2.77
1% hrs. Cubex | 57.14| 21,82 20.98] 8.01| 1198.80 |174.78 |2.72
2 hrs, Cubex 58,06 | 22,171 23.76| 9.07| 1379.75}201.17 |2.4k
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SAMPLE €5

Count: 2/48 worsted Structure:

1 x 1 Closed Lap

£ =0.246 p 2 - 0.060 % = 4,068 %-2- = 16.556 )N = 1,204
Condition cepeio | k. fwepsi.| k| S.D. ke ke,
On Machine 17.00 § 4.18] 16.00 | 3.94 | 272.00 | 16.32 | 1.06
Wet Relaxed 36,00 | 8.85] 13.19 {3.24 | 474,72 | 23.67 |2.72
Tumble Dry 36.92 | 9.08 | 14,12 | 3.47 | 521,26 31.48 }2.61
#+ hr. Cubex 47,00 111.55{ 18.18 | 4.47 | 854.50 | 51.61 |2.58
1- hr. Cubex 54,54 [13.41 1 21.82 | 5.36 | 1190.08 | 71.838 | 2.49
1% hrs. Cubex | 60.91 | 14.97 | 23.62 | 5.81 | 438,90 | 86.91 | 2.57
2 hrs. Cubex | 64.29 |15.80| 25.81 | 6.24 | 1658.98 | 100.20 | 2.49
SAMPLE g6,

Count: 2/L8 worsted Structure: 1 x 1 Closcd Lap

f = 0.196 fa = 0,038 ,% = 5.106 E— = 26.110 g = 0.959
Condition c.peis | k_ Wepedo | kK S.D. kg k.
On kachine 26.00| 5.10| 16.00| 3,14 416,00} 15.31] 1.62
Wet Relaxed L8.98 1 9.59| 16.00| 3.13| 783.67] 30.01 3.04:
Tumble Dry Lo 45| 9.09| 16.55| 3.24| 768.85] 29.45] 2.80
4 hr. Cubex 49,65 9.721 19.58] 3.831 972.0k| 37.23] 2.53
1 hr. Cubex 53.73 | 10,52 21,11} 4,13 | 134,17 ] 43,441 2,54
1% hrs. Cubex | 60.00 | 11.75| 23.08] 4.52 | 1384.61] 53.03] 2.59
2 hrs. Cubex | 64.29|12.59| 25.92] 5.07 | 1666.15] 63.81} 2.48




SAMPLE 67

Count: 2/48 worsted

R =075 p 2 - 0.031

- 250-

Structure: 1 x 1 Closed Lap

= 5.7k

1

32.68

1
E. — = P U = 0.857

Condition CePoie kc VeD.i. kw S.D. ks kr
On Machine 32.00| 5.60( 16.00}| 2.80} 512.00] 15.87}2.00
Wet Relaxed 53.33] 9.33{ 17.45] 3.05] 930.91] 23.49| 3.05
Tumble Dry 51.43] 9,00f 18.46] 3.23] 949.45| 29.05] 2.7¢
% hr. Cubex 54.96| 9.62 20.51] 3.591 1127.42| 34.50{ 2.67
1 hr. Cubex 58.06| 10.16] 21.62] 3.78] 1255.44] 38.44] 2.68
17 hrs. Cubex | 60.91} 10.66] 23.39} 4.09| 142L4.88] 43.60| 2.60
2 hrs, Cubex | 65.45] 11.45] 25.00] 4.37] 1636.36| 50.07] 2.6
SAMPLE 68

Count: 2/48 worsted Structure: 1 x 1 Closed Lap

£ =063 p? = 0.0 '% = 6,128 o= = 37.59% gJT = 0,800
Condition ic.p.i. k. {vwepedof k| S.D. 1 k k
On Hiachine | 40,00| 6.52] 16.00] 2.61] 6hko.00| 17.28 |2.50
Wet Relaxed 57.60] 9.391 18.46] 3.01} 1063.39{ 28.29 |3.11
Tumble Dry 57.60] 9.39] 19.20f 3.13} 1105.92| 29.42 |3.00
% hr. Cubex 57.781 9.42] 21.37| 3.49] 1234.94) 22.85 }2.70
1 hr., Cubex 58.731 9.58{ 22.09 3.59| 1293.08} 3L.40 {2.65
13 hrs. Cubex | 61.02] 9,95 23.41] 2.82| 1428.69] 38.03 }2.60
2 hrs. Cubex 63.83| 10.41] 25.26] L.12| 1612.54] 42,89 f2.%52




SAMPLE 69

Count; 2/56 worsted

2
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Structure: 1 x 1 Closed Lap

Q£ =0.311 p < - 0.09 i.= 3.208 %E - 10309 p TR = 14645
Condition copeio |k |w.p.i.| k| S.D. b k,
On Machine 12.00 | 3.73| 16.00| 4,98 192.00} 18.62 | 0.75
Wet Relaxed 25.26 | 7.87| 10.67| 3.32} 269.50| 26.13 2.35
Tumble Dry 28.80 ] 8.96| 11.71] 3.65} 337.16| 32.37| 2.46
% hr. Cubex 56,25 | 17,531 21,6k | 6.74 | 1217.31} 118.08 | 2.79
1 hr. Cubex 63.16 | 19.68] 25.32] 7.891 1598.93| 155.10 | 2.49
1% hrs. Cubex § 67.54] 21,05 26.67] 8.31] 1801.12| 174.71} 2.53
2 hrs, Cubex | 90.87] 22.08] 28.64] 8.92] 2029.58} 196.87 | 2.47
SAMPLE 70
Count: 2/56 worsted Structure: 1 x 1 Closed Lap
£ = 0.219 22 - 0.048 :{} 4,557 2?— = 20.79 QAW = 1.6
Condition CePoie kc VeDels kw S.D. kg k,
On kachine 19.00{ 4,16] 16.00| 3.50) 304.00| 1459}1.19
Wet Relaxed 37.89] 8.31| 13.91} 3.05{ 527.23} 25.36}2.72
Tumble Dry 4o,00} 8.78{ 15.24] 3.34) 609.52| 29.32|2.62
# hr. Cubex 57.781 12.68] 21.47) 4.,71] 1240.46] 59.67|2.69
1 hr. Cubex 6h.52) 14.15] 2h 7] 5.43| 1596.27] 76.7812.60
" 13 hrs. Cubex | 69.23| 15.19| 26.08| 5.72| 1806.01| 86.87]2.65
2 hrs. Cubex 71.57] 15,701 27.49) 6.03| 1967.57] 94.6k|2.60




SAMPLE 71

Count: 2/56 worsted

0.181

£

£ 2. 0.033

- 261""

Structure:

1

1 x 1 Closed Lap

i— =5.5%0 75 = 30-675 4] =0.957

Condition C.P.i. kc VeDel, kw SeD. ks kr
On Machine 26,00 | 4a71 | 16,00 [2.90 | 416.00 | 13.73 |1.62
Wet Relaxed 50.00 | 9.04 ] 16.33]2.95] 816.32| 26.61 |3.06
Tumble Dry 48,00 | 8.681 17.45]3.16 | 837.821 27.31 {2.7h
3 hr. Cubex 56.25 | 10,171 21.58 | 3.90 | 1214.03 | 39,58 | 2.60
1 hr. Cubex 63.38 1M.461 2b.sh | 4. 44 | 1555.34 | 50.70 | 2.58
1% hrs. Cubex | 70.59 | 12.76] 26.67 | 4.82 ] 1882.35]| 61.36 | 2.64
2 hrs. Cubex | 72.58]13.12| 28.2%|5.10| 2049.33| 66.80 | 2.57
SAMPLE 72

Count: 2/56 worsted Structure: 1 x 1 Closed Lap

£ = 0.148 22 - 0.022 2.= 6.779 l?. - 46.083 g T = 0,780
Condition Cep.i. kc VeDele kw S.D. ' ks kr
On liachine 36,00 5.33] 16.00} 2.37] 576.00] 12.67}2.25
Wet Relaxed 62.07] 9.15] 20.00f 2.95] 1241.38} 26.9413.10
Tumble Dry 59.02] 8.70{ 20.57 3.07| 1231.64] 26.73}2.82
2 hr. Cubex 62.07] 9.15] 22.73] 3.35| 1410.65| 30.61]2.73
1 hr, Cubex 66.67] 9.83] 2k.90] 3.67] 1659.74{ 30.02}2.67
14 hrs. Cubex | 69.23] 10.21} 25.86] 3.81] 1790.44] 38.85{2.67
2 hrs. Cubex ‘L'/}.oz 10771 27.71] 4.09} 2023.71] 43.91|2.63
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SAMPLE 73

Count: 2/56 worsted Structure: 1 x 1 Closed Lap

2 -
2 = 0.3 £ = 0.020 1. 7.017 —1—5 = 49,261 g )N = 0.754
L £
diti Dol feDels .D. v S
Condition CePol kc WePDel kw S.D 5 1r

On Machine Wy,o0l 6.20t 16.00 | 2.29} 704,00} 14,081 2.7°

Wet Relaxed 62.61] 8.921 20.00 | 2.85} 1252.17| 25.42

3
Tumble Dry 62.61] 8.92} 20.43 | 2.91} 1278.81} 25.96] 3.C

1 hr. Cubex 61.33| 8.74| 24,00 | 3.42] 471,891 29.88} 2.5

1 hr. Cubex 66,181 9,431 2h.74 | 3.53| 1637.35] 33.24| 2.67

1% hrs. Cubex | 69.50] 9.90) 25.78 | 3.67| 1791.57] 36.37| 2.9

2 hrs. Cutex 71.571 10,99} 27.71 | 3.95| 1983.48] 40.26] 2.

SAMPLE

Count: Structure: 1 x 1 Closed Lap
/€= £2: %: z}"= [1‘1:
Condition CeDels kc VePela kw S.D. ks kr
On liachine

Wet Relaxed .

Tumble Dry

& hr. Cubex

1 hr, Cubex

1% hrs. Cubex

2 hrs, Cubex
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SAMPLE 74

Count: 1/12 Worsted

Structure:  2x1 -Closed Lap

0 = 0442 9% = 0.1950 /(-} = 2,262 jé- =502 P = 153
Condition CePale k WaDele o SeDe ke kr
On Kachine 10,0 | 442 16,00 7.07] 160 31.2 | 0.62 1
Dry Relaxed 1.3 6,31 10.9 | 4.81 155 30,31 1,31
Wet Relaxed 13,6 6.00 12,6 | 5.57 171 33.4 1,08
Tumble Dry 17.1 7.58 | 14.0| 6,12 240 47.0] 1,22
SAMPLE 75

Count: 1/12 Worsted Structure: 2x1 Closed Lap
=013 Za =0.,0979 /%:3.195 22 =10.22 g JT= 1,084
Condition CeNel, kc VeDol, kw SeDe ks kr
On Machine 17.0 5.32 16,0 5,00 272 26,4 | 1,06
Dry Relaxed 20.1 6.29 15.7 | 4.91 318 30,91 1,28 ¢
Wet Reloxed 20.4 6.40 17.3 ] 5.41 | 353 3.6 1,18
Tunble Dry 23.8 7.46| 18,6 5.82| 443 | 43.4 | 1.28
SAMPLE 76

Count: 1/12 Worsted Structure:

2x1 Closed Lap

=026, 5 =0,0606 =378 =143 2/ o.ou
£ 2

Condition CeDeie k. WePele kw SeDe kg k.
On ¥achine 25,0 6,60 | 16,0| 4.22| 400 27,6 | 1,56
Dry Relaxed 26,5 6,99 17.8] 4.69| 470 32.8 1 1.49
Wet Relaxed | 25 6,79 19.1] 5.21| 507 35,31 1,30
Tumble Dry 28,3 7.48 Q1.6 5,71 612 42,7 1.30.
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SAMPLE 77
Count: 2/32 Worsted Structure: 2x1 Closed Lap
) =002 /€2 -0.1616 j =245 j-i - 618 [T 1.608
Condi.tion CeVele kc WeDoie kw SeDe ks kr
On Machine 9,00 3,62 16.0 | €.43 144, 23.2| 0,56 |
Dry Relaxed| 17,3 €.07 11,0 | 4.43 191 30.9| 1.57
Wlet Relaxed ) 16.7 6.71 1.5 | 5.84 243 39.3] 1.4
Tumble Dry 19,2 7.72 16,2 | 6.49 311 50,21 1,19
SAMPLE 178
Count: 2/32 Worsted Structure: 2x]1 Closed Lap
1 -

J=o02m2 7 0.0 2=3.68 gaciasy g7 - v
Condition C.poio kc "lopoi- k\'/ S.D. ks kr
On Machine | 22.0 5,98 | 16,0 | 4.35 352 5.7 1,381
Dry Rel:axed 25.3 6.87 17.3 | 4.70 436 32,31 1.46°
Vet Reloxed | 25.3 6.87 | 20,2 | 5,50 | 514 38.0| 1,25 |
Tumble Dry 27.5 747 22,2 | 6,04 611 45.1 1.2A|
SAMPLE 79
Count:  2/32 Worsted Structure: 2x1 Closed Lap

2 1 1
Q= 024 j =0,0595 /Z =4.10 7 =16.80 ¢ [i'= 0.976
Condition CeDei. kc WePele kw S.D. ks kr
On liachine 30,0 7.32 16.0 | 3,90 480 28,3| 1.88
Dry Relaxed | 31,0 7.57 | 18,6 | 4.53 511 34,31 1.67
Wet Relaxed | 29 4 7.17 | 22.1 | 5.38 647 38,51 1.33
Tumble Dry 31,3 9,6/ 24,2 | 5.0 758 4ol 1,29}




~c0>-

SAMPLE 80
Count: 1/20 Worsted Structure:  2x1 Closed Lap
0 =016 p% 01730 /%:2.40 1%—2- =5.78 P = 1.860
COZlditiOn Cop'l. I{C \'!-pai. v/ S.D. ks kr
On techire 1C.0 4.16 16.0 |6.€6 160 27.7 | 0.€3
Dry Relaxed | 1¢.7 6.93 10,5 _]4.35 174 30,1 | 1,59
Wet Reloxed | 15,3 6.40 14,5 [6.05 223 38,6 | 1.05
Tumble Dry | 18,2 7.56 1.4 |5.99 262 45,3 | 1,26
SAMPLE 81
Count: 1/20 Worsted Structure:  2x1 Closed Lap
2 1 1

_ - L LI A N o= 1.2
p= 0281 ) 0,083 /8_3.1.8 5= 12,15 p = 1.263
Condition C.p.i. kc \‘J.p.io l;\'! SoDo I{S kr
On Machine 1 17 0 4,88 | 16.0 14,59 272 22,3 | 1,06
Dry Relaxzed | 23,1 6,62 15,5 |4.46 358 29.5 | 1.49
Vet Reloxed | 22,5 6.45 18,3 [5.24 | 412 33,9 |1.23
Tumble Dry | 25.0 7.17 19,7 (5.66 493 40,6 | 1,27
SAMPLE 82
Count: 1/20 VWorsted Structure:  2x1 Closed Lap
YALE ,ZZ - 0,055 /-%-:4.21, 2—2- 17,98 4, [T =1.055
Condition | e.puin | k_ wepeis | k| 8D kg | kg
On liachine 30.0 7.08 16.0 |3.78 480 26., | 1.88
Dry Relaxed | 29,3 6,91 19,0 |4.49 557 31,0 | 1,54
Wet Relaxed | 28,8 6,79 | 20,6 |4.87 596 33.1 11,40
Tumble Dry | 30,2 7.1 | 23.2 15.47 703 39.1 ‘ 1,30
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SAMPFLE 83

Count:  2/48 Worsted Structure:

2x1 Closed Lap

0 =037 p%=oum %: 2.65 é@ = 7,03 g = LoeaT

Condition CaDole k WeDels k ‘ SeD. k k

[} N \Y S r
On Machire | 10,0 3.77 | 16.0 | 6,03 | 160 22,7 | 0,63
Dry Relaxgg‘_}5.l 5.70 13.8 4.82 193 27.5 | 1.18
Wet Relaxed | 17,1 6.46 1.9 5.60 255 36,2 | 1,15
Tumble Dry | 19,3 7.30 | 17.2 | 6.48 | 334 47.5 | 1,13
SAMPLE 84
Count:  2/48 Worsted Structure: 2x1 Closed Lap
Q=025 % = 0.0670 j = 3.86 Zé- 14,92 pJ7 = 1,269
Condition CeDeie k, WePails y S.D. kg k.
On Machine | 37 o 6.99 | 16,0 | 4,14 | 432 28.9 1 1.69 !
Dry Relaxed | 24,2 6.26 17.8 4,60 429 22,7 1,36 |
Vet Reloxed | 25,3 6.56 | 22,1 5.71 | 561 37.6 11,15
Tumble Dry 29.3 7.58 23.5 6.09 689 L46.2 1,24
SAMPLE 85
Count:  2/48 Worsted Structure: 2x1 Closed Lap

2 1

/g = 0.233 /" =0,0542 Z =4.29 ZZ— = 18,45 j.}h 1,141
Condition CeDeis k WePels k SeD. k k

¢ i 1S r
Oh lachine 22.0 5,13 16.0 3.73 352 19,0 | 1,38
Dry Relaxed | 29,5 6.87 19.5 4 .55 575 31.2 [ 1.51
Wet Relaxed | 28,2 6,57 22.9 5,32 646 35.0 11,24
Tunble Dry | 31,3 {7,29 |25.4 |5.91 | 795 |43.1 |1.,23
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SAMPLE 86
Count: 1/12 Worsted Structure: 3x1 Closed Lap
2 1 1 T A
Q) = 0.78 J =0.2284 Z = 2,092 [‘) = 4.37 /ﬁll‘ =1.656
Condition CeDelo k VeDels SeDa k k
(&) = W S r
On ¥zehire | 9,00 | 4.30 | 16.0 | 7.65 | 144 32,8 | 0.56
Dry Relaxed | 14,2 6.80 13.4 6.45 191 91,5 | 1.06
Wet Relaxed | 13,0 €.24 15.7 7.50 20/, 97.8 | 0.83
Tumble Dry 16,4 | 7.86 | 17,2 | 8,22 | 282 64,2 | 0,96
SAMPLE 87 '
Count: 1/12 Worsted Structure:  3x1 Closed Lap
0 = 0.356 22 = 0,1267 /-Z- - 2.809 Zlé =7.89  pJT =1.233
Condition CeDeis kc WePols kw S« D, ks kr
On Machine 20,0 7.12 16,0 5,70 320 40,3 1.25
Dry Relaxed 19,6 7.00 17.6 6.26 345 43,8 11,12
Wet Reluxed 18,8 6.71 19.7 7.03 | 372 47.2 | 0,95
Tunble Dry 21,8 {7,777 21,9 | 7.80 | 478.3 | 60,6 | 1,00
SAMPLE 88
Count: 1/12 Worsted Structure:  3x1 Closed Lap
1 .
J= 0325 4 =0.105 /Z}=3.077 JEoe gz
Condition CeDeio kc WePele kw SeD. ks kr
On Machine 25.0 8.13 16,0 5.20 | 400 42,0 | 1,56
Dry Relaxed | 23,4 7.60 19,4 6.30 453 47,9 11,21
Wet Relaxed | 21.1 6.86 [ 21,9 | 7.12 | 462 48.8 | 0,96
Tumble Dry 2,,0 17,80 23,7 | 7.72 563 0.1 |1.01
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SAMPLE 89

Count: 2/32 Worsted Structure: 3x1 Closed Lap
2

,Z = 0.480 /g =0,2304 /%=2.08 j-é = 4434 jﬂlu = 1,92

Condition CeDels k VeDals k SeDa ke k
vl

On Hachine 8.00 3.84 16.0 7.68 | 128 29.4 | 0,50
Dry Relaxed} 14,5 | 6,98 | 13.3 | 6.30 | 193 bh.5 | 1.09
et Relaxed | 13,6 6.51 16,8 8,08 229 52,8 | 0,81
Tumble Dry 15,9 7.65 18,1 8,72 289 | 66.5 | 0,88

SAMPLE 90

Count: 2/32 Worsted Structure: 3x1 Closed Lap

JALE A o.mo/—“l;: 2.82 5= 7.9 7= 1.42

Condition CeNel, k

\ - . L’ . .
c WePele K, S.D ks kr

On Machine 18 .o 6.39 1600 5.68 288 36.3 1013 ']
Dry Relaxed | 20,0 |7.10 | 18.2 | 6.45 | 363 45.8 | 1.10 °

Wet Relexed | 19,5 6,90 | 21.3 | 7,57 | 415 52.3 {0,901
Tumble Dry 22,1 7.86 | 23,2 8,23 515 64.9 | 0,96

SAMPLE 91
Count: 2/32 Worsted Structure: 3x1 Closed Lap
1 .
/=033 g =0.0m9 j=3.2o gET e 47 v
Condition COp.i. kc ‘-‘Iopcio kw S.Do }:5 kr

On ¥achine | 30,0 |9,39 |16.0 |5.001 | 480 |46.6 |1,88
Dry Relaxed | 23,4 7.32 20,3 6.34 47/, 46.4 11,15
Wet Relaxed | 22.8 7.13 23,7 7.1 540 52,9 | 0.96
Turble Dry | 25.5 |7,99 (25,8 |8.07 | 657 643 10,9
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- SAMPLE 92

Count: 1/20 Worsted Structure: 3x1 Closed Lap

) =0.448 ,/?2 = 0,2007 ;%==2.23 1is 498 PR = 2,003

/£2
Conditior eDeie : i SeDa k
ition CeDel kc WeDels kw l Sl ks r

Oa lMachine 9,00 .03 16.0 7.17 144 23.8 | 0.56

Dry Relaxed ! 14.9 6.69 | 13,4 6,02 201 40.3 | 1,11

Wet Relaxed ! 13,9 6.22 17.3 7.75 240 48,2 | 0,80

Tumble Dry 16.1 7.19 | 18.4 | 8.23 296 59.4 | 0.87

SANMPLE 93

Count: 1/20 Worsted Structure: 3x1 Closed Lap

YARE: x?z = 0,1069 /% = 3,06 7 =935 p W= 1462

Condition CeDole k

\'J.p.i. S-D.

[¢]
R
~
»
-~

On Machine 20,0 | 6.5, | 16,0 | 5.23 320 33.9 | 1.25

Dry Relaxed 21.2 6.92 17.8 5.81 376 40,0 11,20

Wet Relcxed 20,3 6.63 22.1 7.21 |- 449 48.0 | 0,92

Tumble Dry 22,7 | 7.40 ]23,2 | 7.57 | 524 56,0 | 0,98

iy

SAMPLE 94
Count: 1/20 Worsted Structure: 3x1 Closed Lap
2 1 1
[= 0.259 /Z =0,0670 Z =3,86 ,Zé =14,92 /é./N = 1,158
Condition CeDel, kc WePels kw S.D. ks kr

Oh Machine 30,0 777 16,0 4.4 480 32,2 |1.88

Dry Relaxed 25.5 6,61 20.8 5,33 530 35.5 | 1.23

Wet Relaxed 23,6 6,11 2.6 6.37 581 38,9 | 0,96

Tumble Dry 26.9 6.95 26,2 6.79 705 47,2 11,02
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SAMPLE 95
Count: 2//48 Worsted Structure:  3x1 Closed Lap

2 1 1 =
0 = 0u425 [ = 0.18062= 2.35 P = 5,53  Jp N = 2,082
Condition CaDeis k, WeDels K, \ Seb. ke k.
On Hachine 9,00 3.83 16.0 6.80 144 25.9 | C.56
Dry Relaxed 14.8 6.31 14,7 6.04 207 39.3 1,01
Wet Relaxed | 150 14,37 |20.0 |8.50 | 300 54.2 | 0,75
Tumble Dry 17.6 |7.46 | 21.9 |9.31 337 €9.9 | 0.80
SAMPLE 96
Count: 2/48 Worsted Structure:

3x1 Closed Lap

2 1 1 ,

J=0.283 /"= 0,0800 Z = 3.53 Z; = 12,5 JJV = 1,386
Condition CeDele kc WeDole . S.D. ks kr
On Machine | 200 |[5.66 |16.0 |4.53 | 320 25.6_| 1,25 |
Dry Relaxed | 26,2 7.41 20.5 5,81 536 42,9 |1.28 !
Wet Relexed | 257 |7.27 1267 |7.54 | 686 54,9 10,96 |
Turble Dry | 28,6 |8.09 |29.1 |8.23 | 829 |66.3 |0.98 |
SAMPLE 97

Count: 2/48 Worsted Structure:

1.

3x1 Closed Lap

7= 0.219 Zz = 0.07731 3.58 j-g- = 12,85 V= 1.367

Condition CaDeie kc WeDol. kw S.D. l:s kr
On kachine 30.0 |8.37 16,0 | 4.46 | 480 37.0 1,88
Dry Relaxed 26,3 7.33 21,6 6.03 568 LA.,2 | 1,22
Wet Relaxed | 24'7 6,88 26,0 7.25 642 49.9 | 0,95
Tumble Dry 27,7 7.73 29.1 8.11 806 62.7 J70.95
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SANPLE

98

Count: 1/12 Worsted

Structure:

4x1 Closed Lap

2 1 i
4 = 0519 J7=002693 —= 1,927 5= 3.7 fJN = 1,789
AL V4
Condition CaPele k VeDels k SeD. k k
c - v S Y
On Kachine 9.00 4.67 16,0 8.30 144, 38,7 | 0.56
Dry Relaxed 12.6 6.56 15.5 8.00 196 52.8 | 0,81
Wet Relaxed | 12 5 6.49 117.9 19.28 | 223 €0.3 | 0.70
Tumble Dry | 14.9 | 7.72 | 20.4 |10.6 | 303 g1.7 | 0.73
SAMPLE 99
Count: 1/12 Worsted Structure: 4x1 Closed Lap
Q=041 % 0arss j = 2,387 215 = 5.60 o JT=1.451
Condition CoeNele k WeDels k S.D. k k
c VI s r
On Machine | 15,0 |6,29 [16.0 | 6.70 | 240 | 42.0 | 0,94
Dry Relaxed | 17,0 7.12 19,0 7.98 323 56,8 | 0.89
Wet Relexed | 15,4 | 6.47 |22.9 |9.58 | 353 62,0 | 0,66 |
Tumble Dry | 19,5 |8.15 |24.2 |10.2 | 471 | 82,8 | 0.80 |
SAMPLE 100
Count: 1/12 Worsted Structure: 4x1 Closed Lap
2 1 1
/= o8 { =ous 2 = 2,625 [2‘ = 6.89 /Y = 1.320
Condition c.D.i. kc WeDole kw SeD. ks kr
On lachine 20.0 7.62 16.0 6.09 320 L6.4 11,25
Dry Relaxed | 20.3 7.75 20,0 | 7.62 | 406 59.0 |1,02
Wet Relaxed | 19,0 7.26 |22,5 8.59 429 62,3 | 0,85
Tumble Dry | 21,2 |R,07 (25,6 "19.75 | 541 |78.7 [C.83
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SAMPLE 101

Count: 2/32 Worsted Structure: 4x1 Closed Lap

) = 0.516 /?2 =0,2662 j%:: 1.9 j%g = 3,75 JAT = 2,064

Condition CeDeloe kc WeDels L3 SeD. k k

On Fechine 9,00 | 4.64 16,0 | 8.26 | 144 38,3 | 0,56

Dry 3flaxed 13.3 6.85 | 15,8 8.17 210 56,0 | C.824
Wet Relsxed ! 12,5 | 6.46 | 20,0 |10.3 | 250 66.5 | 0.63

Tumble Dry | 15,1 | 7,77 | 21.9 |11,3 | 331 88,1 | 0,69

SAMPLE 102

Count: 2/32 Worsted
2

V= 0430 g% =089 /% 2,33 }ég = 540 ¢ JT= 1,720

Condition Ce

Structure: 4x1 Closed Lap

r3

i ' i k ele
ele kc VeDelo K., S.D ks kr

On Machine

15,0 | 6.45 | 16,0 | 6.88 | 240 Lok | 0,94

Dry Relaxed | 15,7 6.76 19.3 8,29 302 56,0 | 0,82 °
Wet Reluxed | 15,5 | 6,65 | 22.1 | 9.49 | 343 63.4 | 0,70

Tumble Dry | 18.3 |7.88 | 24.6 | 10.6 | 450 83.2 | 0,74

SAMPLE 103

Count: 2/32 Worsted Structure: 4x1 Closed Lap

AKX o.13ea‘;% = 2,7 4%5 =734 V= 1476

Condition CeDole k ‘w.p.i. k \ SeD. k k
. B c W S r

On Machine 22.0 8,12 l 16,0 5,90 | 352 (7.9 11,38

Dry Relaxed | 20.6 7.59 20,5 7.59 421 57,3 11,00

Wet Relazed 1§.2 7.08 25,6 9.44 492 67.0 10,75

Turble Dry 21,8 £,05 28,1 10,3 | 603 83.4 10,78
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SAMPLE 104
Count: 1/20 Worsted Structure: 4x1 Closed Lap
2 1 1

J =0491 J = 0'24702 = 2,01 [2- = 404 JAN = 2,223
Condition CeDele [ kc !w.p.i. kw I Se s I ks I kr
On lachine 9.00 A | 16,0 7.95 144 35.6 | 0,56
Dry Relaxed 13.3 6.63 16,0 7.95 213 52.7 | 0.83
et Relaxed | 139 .01 20,6 10,3 250 61.7 | 0.59
Tumble Dry | 14.5 | 7.21 | 21.9 | 10.9 | 318 78.5 | 0.66
SANPLE 105

Count: 1/20 Worsted Structure: %1 Closed lap

: 1 -

0= 0386 4% =019 j=2.59 JETST LT = 26
Condition CeNels kc WePole y S«De ks kr
On Machine 20,0 | 7.72 | 16.0 | 6,18 | 320 47.7 11,25 1
Dry Relaxed 18,7 7.2, 19,5 7.53 366 54.4 | 0,96
Wet Relexed | 17,1 | 6.61 | 24.6 | 9.50 | 421 €2,7 | 0,70 |
Tuzble Dry | 20,0 | 7,72 | 25.8 | 9.96 | 516 | 76.8 | 0.7 |
SAMPLE 106

Count: 1/20 Worsted Structure:  4x1 Closed Lap

2 1 ‘

J =035 g = 0.12602 = 2.82 VE =7.93 /N = 1.588
Condition CeDols kc WePols kw S.D. ks kr
On kachine 25,0 8,88 1€.,0 5.68 400 50.4

Dry Relaxed 21.9 7.79 21.0 747 LER 58.2 | 1,04
Wet Relaxed | 20,6 | 7,30 | 25.6 | 9.08 527 €6.4 | 0.80
Tumble Dry R | 7.9, |27.8 | 9,87 | €23 78.5 | 0,80
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SAWMPLE 107
Count: 2/48 Yorsted Structure: 4x1 Closed Lap
) = 0473 p% =o0.2237 ézz.n Locaud1 P T 2,307
Condition CeDais K, WeDul, k. SeDe k_ k.
On Machirne 10,0 L.73 16,0 7.57 160 35.8 | 0.63
Dry Reiexed} 13,0 6.14 18,4 8,69 258 53.3 1 0.71
Wet Relaxed} 13,3 | 6,30 | 22.4 | 10.6 | 298 66.7 | 0.60
Tumble Dry 16,1 | 7,73 | 24.2 | 11.5 390 37.2 | 0,67
SAMPLE 108
Count: 2/48 Worsted Structure: 4xl Closed Lap

2 1 1 =
J = 0363 ) =0.1317 ,Z = 2,76 2-2— =7.59 g ¢ = 1778
Condition CeD.oie l';c WePoi. kw S.D. ke kr
On Machine | 22,0 |7.99 |16.0 |5.81 | 352 |46,1 1,38 ¢
Dry Relaxed | 19,3 | 7,02 | 21,9 | 7.96 | 424 55,8 | 0,90 7
Wet Reloxed | 18,0 6.53 26.7 9,68 481 €3.3 | 0.68 f{
Tumble Dry 21.7 7.87 29,1 10.5 632 83.2 | 0.75
SAMPLE 109
Count: 2/48 Worsted Structure: 4x1 Closed Lap

2 . 1 1 ' g
Z = 0,355 /Z = 0,1260 Z = 2,82 2’2‘ =7.93 j N= 1,739
Condition Co.Deis kc WePois kw S.D. k_ kr
On Machine 28.0 9.94 16.0 5.68 LL8 56.4 11,75
Dry Relaxed 19.2 .82 23,5 8.35 451 57,0 10,82
Wet Relaxed | 18,0 (6,39 |27.8 |9.87 | 500 63.0 | 0,65
Turble Dry 22.9 785 130.2 |10,7 ol CE4.4 1 0.7
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SAMPLE 110
Count:  2/16 Worsted Structure: 1x1 Open Lap
g =033t 2= 254 5= 649 f R 101
L L=
Condition CeDele k, VeDedio k, S.D. kg k.
On Fzachine 10,0 | 3,93 | 16,0 | 6.29| 160 [24.6 | 0,63 |
Dry Relaxed 18.0 7,07 8.00 3.14 144, 22,2 2,25
Wet Relaxed 19.0 748 9.09 3.57 173 26,7 2,09
Tumbl.e Dry 20.8 8,20 10,3 4,06 215 33.2 2,02
SAMPLE 111
Count: 2/16 Worsted Structure:  1x1 Open Lap
2 1 -
J =025, ) = 0,08 2 = 3.934 777 15.62 ¢,J% = 0,718
Condition CeDele kc WeDolo kw S.D. ks kr
On Machine 18,0 457 16,0 | 4.06 288 18,4 1 13_§
Dry Relaxed 28,2 | 7,17 | 12,6 | 3,21 | 356 [22,8 | 2,24
Wet Reloxed | 31,3 | 7,95 | 14.5 | 3.69| 455 [29.1 | 2,15 |
Tumble Dry 31,3 7.95 15,7 3.40 492 31,5 1,99 |
SAMPLE 112
Count: 2/16 Worsted Structure:  1x1 Open Lap
1 1 '
7 = 0.209 ,Z Z = 4,768 Za' = 2.8 JAV = 0.593
Condition CeDels kc WeDele kw S.D. ks kr
On Machine 25,0 | 5,23 | 16,0 | 3.3, | 400 |17.6 | 1.56
Dry Relaxed 35.1 | 7,36 | 16,0 | 3.35 561 | 24.7 2,20
Wet Relaxed 36,0 | 7,52 | 18,0 | 3.,77| 649 |27.9 | 1.99
Tuinble Dry 36,0 | 7,52 | 18,4 | 3.94| 678 29,2 | 1,96




SAMPLE 113

Count:  2/32 Worsted Structure:  1x1 Open Lap

) =0.230 /42 = 0,052 %-: 4337 j—a— =19.23 g W= 0,920

A3

Condition CeDele i VeDele SeDa k k
c S r

On Kachine 18,0 VA 16,0 3,68 | 2883 15.0 1.13 |
Dry Relaxed | 16,9 8,49 13,7 | 3.1% 506 | 26.3 2.69
Wet Relaxed 35,3 8,12 17.1 3,94 605 31,5 2.06
Tumble Dry | 34,9 | 8,04 | 18.7 | 4.31] 655 |34 | 1.90

SAMPLE 114

Count: 2/32 Worsted Structure: 1x1 Open Lap

P=o0ase )7 = 0.0 é= 6.315 l-}g - 41,61 pJT= 0.632

Condition CoeDei, kc WePele k, S.D. L kr

On Machine 34,0 5,37 16,0 2.53 544 13.1 2,13 i

Dry Relaxed | 51 4 8,12 20,9 3.30 | 1073 25,7 2.46
Vet Reloxed | 48,8 7.69 25,3 3.99 | 1228 29.5 1.93 §

Tumble Dry 49.3 7,79 26,7 4422 | 1317 31,6 1.85 !

SAMPLE 115
Count: 2/32 Worsted Structure: 1x1 Open Llap
1 .
JAKET j = 0,021 /%:_6.792 I m. g [T o.ss8
Condition c.pei. | ko |Wwepei. | k| S.D. kg k_

On Machine 15.0 6,62 16,0 | 2.35 720 | 15.1 | 2,81
Dry Relaxed 55,4, 8.1/ 21.8 3,21 1208 254 2.5
Wet Relaxed 52,2 7.67 26,4 3,881 1357 28.9 1.98

Tumble Dry 52,4 770 | 27.5 | 4.04 1442 |30.3 | 1,90




SAMFLE 116

Count:

A

2/48 Worsted

- 277~

Structure:

1x1 Open Lap

0.318 X?z = 0,101 ;%== 3.144 j%§ = 9.90 JJN= 1,557

Condition CeDals ke, WaDeie k. S.D. ks k.,
On Machine 11,0 3,50 16.0 5,09 176 17.8 0.69
Dry Relzxed| 21,2 6.73 9,06 | 2.88 191 19.4 .34
et Relaxed | 24,0 7.63 11.4 3,63 274 7.7 2,10
Tumble Dry | 26,7 8.48 | 13,7 | 4.36| 365 1369 | 1.95
SAMPLE 117
Count: 2/48 Worsted Structure: 1x1 Open Lap

2 1 1 —
J= 0221 p=0.05 ;Z = 44,390 J?E = 19,61 Q)T = 1,111
Condition CeDel, kc WeDel, kw S.D. ks kr
On Machine 18.0 4.09 16,0 3.63 288 14.7 lgli_g
Dry Relaxed | 1327 7,43 12,8 2.90 418 21.4 2,56 °
Wet Reloxed | 35,3 8,00 | 17.1 | 3.89| 605 |30.8 | 2,06 |
Tumble Dry 36.7 8.34 | 197 | 4.46) 722 36.8 1,87 !
SAMPLE 118
Count: 2/48 Worsted Structure: 1x1 Open Lap
| 2 1 1 ~
J= 0am2 f =o0.029 JZ = 5,806 727 s AN = o0.842
Co?dition CePoi, k,  |Wep.i. k, | SD. kg k
On Machine 27.0 4,64 | 16,0 | 2.75 432 12,5 1.69
Dry Relaxed | 48,0 8,26 | 17,8 | 3,06| 853 |24.,7 | 2,70
Wet Reloxed | 467 8,04 | 23,1 | 3.97| 1078 |31.,3 | 2,03
Tumble Dry 16,7 8.0, | 25.8 L4 | 1206 L35.0 1.81
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SAMPLE 119
Count: 1/28 Worsted Structure: 1xl Open Lap
0 = 034 g% =08 1%: 2.903 1%5 - 0118 /T = 1.820
Condition CeDaie k, WeDele y SeDe kS k.
On Kachiune 10,0 3.4 16,0 5,50 160 18.9 0.63
Dry Relaxed | », g 8.26 | 8,27 | 2.85 108 ]23.4 | 2.90
Wet Relaxed § 25,7 8.8/ 8.54 | 2.94 219 25.9 3.01
Tumble Dry 23.1 9,67 10.0 344 281 23,2 2,81
SAMPLE 120
Count: 1/28 HWorsted Structure: 1x1 Open Lap

_ 2 1 1 -
J 70236 07 = 0,055 A 44235 2 18,18 p,J5 = 1,28
Condition CeDele kc WeDels kw S.D. k kr
On Machine 18.0 4,25 16.0 3.78 288 15.8 1.13 1
Dry Relaxed | 36,9 8,71 | 12,5 | R2.94| 460 25,3 | 2,96
Wet Relacxed 34,0 8,01 1.8 3,50 503 27.7 2,29 I
Tumble Dry | 36,7 8.67 | 16,0 | 3,78| 587 32,3 | 2,30 ‘
SAMPLE 121
Count: 1/28 Worsted Structure: 1x1 Open Lap

2 1 1 O

J 70155 p=0,02 Z = 6.428 it we 2= 0.820
Condition CeDels kc WePeloe kw S.D. ks kr
On Machine 29.0 4.50 16.0 2.45 L6l 11,1 1.81
Dry Relaxed | 49.6 7.70 | '18.5 2.86 916 22,0 2,69
Wet Relaxed | s 5 8.45 21,2 3,29 1158 27.8 2,57
Tunble Dry | 53,3 | 8,27 | 24,0 | 3.72| 1279 |30.7 | 2.22




~279~

SAMPLE 122
Count: 2/16 Worsted Structure:  2x1 Open Lap
2 1 1 S
= 0.444 = 0,197 —=2.250 —5=5.08 [JJ0=1.255

< £ 2 7

Condition CeDole k., VieDele L Sele k_ k.
hgfuiachine 9,00 .00 16.0 7.10 pAA 28.4 0.56
Dry Relaxed } 13 6 6.03 12,6 5.61 171 33.8 1,07
Wet Relaxed | 16,0 7.10 14,1 6.27 225 44 .3 1,13
Tumble Dry | 18.0 7.99 15.3 6.82 276 545 1,17
SAMPLE 123

Count: 2/16 Worsted Structure:  2x1 Open Lap

f=0319 4= oanm 2-. 3.130 é—a— = 9.0 p JT= 0,902
Condition CeDele k, Wep.i. k, S.D. k k.
On Machine 15,0 4,78 16,0 5.10 24,0 2442 0,94 3
Dry Relaxed | 20,0 6.38 16.5 5,28 331 33.4 1,21 .
Wet Relexed | 22,1 7.0, | 18.3 5.84 | 404 40,9 | 1,20 |
Tumole Dry | 23,1 | 7,36 | 18.7 | 5.95 | 430 143.5 | 1.24 |
SAMPLE 124

Count: 2/16 Worsted Structure:  2x1 Open Lap

2 1 1 '

g = 0302 p" = 0,09 Zé 3.302 JE° 10,9 /= o.854
Condition CeDels kc WePels kw S.D. ks kr
On lachine | 20,0 6.0, |16,0 | 4.83 | 320 1291 | 1,25
Dry Relaxed | 22.5 6,79 | 17.1 5,18 385 35.1 1,31
Met Relaxed | 245 17,39 119.5 | 5.89 | 477 43,5 1 1.25
Tunble Dry | 25,2 7.66 120,2 | 6,09 | 511 46,6 | 1.26
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SiMPLE 125

Count: 2/32 Worsted Strudture: 2x1 Open Lap

J = 0.261 X?Z = 0,068 J% = 3,829 1 - 14.70 Akﬂﬁﬁ = 1.044

‘22
Condition Cebols kc WeDols kw l Sele ks k
On Yechine | 18.0 470 | 16,0 | 4.18 | 288 19.5 | 1.13 |
Pry Relaxed | 24,4 | 6,37 | 20,0 | 5,22 | 488 33,2 | 1,22
Wet Relaxed ) 26,3 6.86 22.6 5,91 | 594 40.4 | 1.16
Tumble Dry 29.0 7.58 23,3 6,08 | 676 46,01 1,24

SAMPLE 126

Count: 2/32 Worsted Structure: 2x1 Open Lap

0= 021 f = 0,063 J% = 3.977 2%5 = 15,87 ¢ JT = 1,004

Condition CeDoie

kc WeDols kw SeDe. ks kr

9.0, | 16,0 | 4.02| 576 36,3 | 2.25 |
Dry Relaxed | 20,0 7.53 | 19,2 | 4.82| 576 36,3 1,56 ¢
Wet Relcxed | 29,5 7.1 | 22.6 | s5.68| 668 42,1 1.30 |
Tunble Dry | 31,3 [ 7.86 | 22,9 | 5.76| 718 | 45.2] 1.36 |

On Machine 36,0

SAMPLE 127

Count: 2/32 Worsted Structure: 2x1 Open Lap

)= 0237 ng = 0,056 /%,:4.210 Q%g =17.86 /¥ = 0,98

Condition CeDel. k WePel, k S.D. k k
' c W s r

On lachine 30,0 7,01 | 16,0 | 3,79 480 26,91 1.88
Dry Relaxed | 30,6 7.26 | 20,0 | 4,74 612 3431 1.53

Wet Relaxed | 31,3 742 | 23,8 | 5.631 743 L1741 1,32
Turble Dry | 31,9 | 756 | 244 | 57l v | 435 131
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SANPLL 128
Count: 2/48 Worsted Structure: 2x1 Open lsp
2 1 1 -

£ =036 /=013 ARSI R I = 1773
Conditior CeDele kc ! VeDele kw \ Selds ks l{r
Oa Fachine 21,0 | 3,08 j 16,0 5.79 176 l 23,1 | 0,69
Dry Reltxed | 16,4 15,92 | 14, |5.11 | 230 |30.3|1.16

Jet Relixed | 19,0 1 6.89 | 16,7 | €.03 317 41,6 | 1,14
Turdle Dry | 22,1 | 7.99 18,9 | 6,04 | 417 54,7 | 1,17
SAKPLE 129
Count: 2/48 Vorsted Strvcture: 2x1 Open Lap
P =026 [2 - 0,068 j: 3,829 212 =14.70  p JT= 1,278
Condition Cepeie | k Wepeie | k S.D. \ k k

[} A\ | r

On M;ﬁ?}ne | 18.0 4,70 16.0 4.18 288 19,6 | 1,13
Dry Relaxcd | 23.2 6,06 | 21.8 | 5.69 | 506 3444 | 1,06 !
Wet Relexed | 26,9 7.01 J 23.5 6.1, |- 632 43.0 | 1,14 |
Tuable Dry | 30,2 7.80 | 24.6 6.42 744 50.6 | 1,23
SAMPLE 130
Count: 2/48 Worsted Structure: 2x1 Open Lap

/g = 0,230

JARRXE

2* 4,337 /ép =19.23 /= 1,12

Condition CeD.i. i K iw.p.l. k,, S.D. i k.
On Hachine | 25,0 i 5.75 J 16,0 | 3.68 | 400 % 20,8 | 1,56
bry Relaxed | 28.5 | 6,62 | 22,8 | 5.26 | 658 | 342 | 1.26
wet Relexed | 21,4 ! 7.%@ l 26,1 \ 6,00 X 823 42.8 | 1,21
Tamble Dry | 34.6 l 7 90 [_27.9 1 6.42 k 965 % 50.2 i 1,2,
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SHMPLE 131

Count: 1/28 Worsted Structure: 2x1 Cpen Lap

0 =031 p% = o2 %= 2,647 é—a«— 7.0, J ¥ = 1.9%

Condition CaDele kc VieDele k, Sele k_ <.
On lachine 10,0 3,77 16,0 €.03 160 22,7 | 0.63
Dry Relaxed 15.3 5.77 13,3 5,03 204 29.0 1.15
Vet Relaxed | 17,7 6,68 14.2 5.35 251 35.7 | 1.25
Tumble Dry | 18,9 7.1 16.4 6.19 311 L4 | 1,15
SAMPLE 132

Count: 1/28 Worsted Structure: 2x1 Open Lap

= 0,261 )% =0,068 -+ =3,429 -
oo feoms

162

=14.70 o J7 4,330

Condition CeDele kc WePels kw S.D. ks kr
On Machine | 17.0 Lodd 1 16,0 | 4,17 | 272 18,5 | 1,06 1
Dry Relaxed | 25,7 6.71 20,0 5422 514 35,0 | 1,28 !
Wet Relcxed | 27,5 717 | 20,2 | 5.26 1 552 37.7 | 1.36 |
Tunble Dry | 29,7 7.76 22,2 5.80 661 449 | 1.34 |
SAMPLE 133
Count: 1/28 Worsted Structure: 2x1 Open Lap

2 1 ' :
J 70208 p=0,043 Z = 4,800 JE° 23,25 J A% =1.100
Condition CeDelos kc WeDelo kw S.D. ks kr
On Machine | 26,0 5,41 16.0 3.33 | 416 17,9 | 1.63
Dry Relaxed | 32,7 6,81 | 22,8 | 4,75 | 748 32,2 | 1.43
wet Releaxed | 34,6 7.20 125,3 |5.25 | 874 37.6 | 1,37
Tamble Dry | 36,1 7.50 26,4 5,28 915 139,3 |1,37




SAMPLE 134

Count: 2/16 Worsted Structure: 3x1 Open Lap

J =CuT6 .X?z = 0.226 j% - 2.099 ,Qz 42 T 14346

k WeDele I3 SeDe k Iz
c v s r

Oa ¥zchine | 9,00 428 1 16,0 | 7,61 | U4 32,5 | 0.56
Dry Relaxed § 12,8 6,12 | 16,0 | 7.62 | 205 46,51 0,81
Wet Relaxed | 15,4 7.32 16,9 8.0/ 260 53,8 { 0,91
Tumble Dry | 16,5 6.90 | 17.5 8.35 | 254 574 | 0.83

Condition CeDele

SANPLE 135
Count: 2/16 Worsted Structure:  3x1 Open Lap
1

f= 0.3 x? 147 A% - 2,608 7 6,81 p JT= 1.084

Condition CeNede k WeDele k S.D. k k
C \Y) S r

rgg_Maggine 14.0 5,36 | 16,0 | 6,13 | 224 32,91 0,88
Dry Relaxed | 17.6 6.73 | 18,5 | 7.08 | 324 47.6 | 0,95 !

Wet Relexed | 18,8 7.22 20,7 7.9§~4 389 5649 0.9}_]
Tunble Dry 20,2 7.75 21.3 8.18 432 L_63.1 0.95 l

SAMPLE 136

Count: 2/16 Worsted Structure: 3x1 Open Lap

J = 0369 Xga = 0.136 ,A% 22,706 52735 g fT= 1043

/82

Condition CeDel. k YePele \ k

SeDe ke k

S r
On Mzchine | 20,0 7. 384_j 16,0 | 5,90 | 320 43.5 | 1.25
Dry Relaxed | 19,4 7.18 | 19,2 7.08 373 50,8 | 1,01
Wet Relaxed | 20,1 2 | 2,8 | 8,05| 43 | 597 | 0.9

Turble Dry | 21,2 7.81 | 22,0 | 8,12 | 4 | 63.4.1 0.96 J

c W

& S
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SAIPLE 137
Count: 2/32 Worsted

J = 0.325 j? = 0,105

Structure: 3x1 Open Lap

= 3,076 5 =952 pfi= 1.300

Concdition CePeloe ic

On Fachire 18.0 5.85 | 16,0 | 5,20 | 283 30,2 | 1,12

Dry Relexed | 20,0 6.50 | 23.4 | 7.61 | 468 | 49.2 | 0.85

et Relaxed 22.8 7.40 26,1 | 8,48 594 62,4 | 0,87
Tumble Dry 25,2 8,18 25,0 | 8,14 630 66,2 | 1,00

SAMPLE 138

Count: 2/32 Worsted Structure: 3x1 Open Lap

JALEY: 22=0.092 /%:3 ZP =10.87 o JiT= 1.216

Condition CeDele k

c \".p.l' 1{\] S.Do ks kr

On Machine 33,0 10.0 16.0 | 4.86 528 48.6 | 2,066 i

Dry Relaxed | 24.8 7.55 | 20.9 | 6.34 | 518 | 47.7 | 1,19 !

Wet Relexed | 24,5 7.44 | 253 | 7.68 | 618 56.9 | 0,97 |
Tumble Dry 25.9 7.88 25.5 | 7.76 662 60,9 | 1,02 ‘

SAMPLE 139

Count: 2/32 Yorsted Structure: 3x1 Open lap

{ = 0302 22 - 0.001 2:3 .302 1--—1099 J T 108

Condition CeDele kc WePoei. kw S.D. \ ks kr

On kacaine 28.0 8,46 | 16,0 | 4.83 448 {/.0.8 ! 1.75

Dry Releved | 24,0 | 7,25 | 21,8 | 6,59 | 523 | 47.6 . 1,13
Wet Relaxed | 23,2 7,01 25,8 | 7,79 | 599 \545 O .20

Dwble Dry | 25,5 | 7.7 | 2.5 7,39 | €25 | 56,9 | 1.04 |




-85~

SAMPLE 140

Count.: 2/L3 Worsted Structure: 3x1 Open Lap

4 = 0391 p% =052 /—%—: 2,553 22 26,58 P = 1.915
Condition CaDele k ‘ VeDela k SeDe. k k

C - \Y4 S Y

(n Fachine 11.0 | 4.30 ] 16,0 | 6.26 | 176 26,7 | 0.69
Dry Relaxed 13,3 5,21 20,0 | 7.82 266 40.5 | 0,67 |
tet Relaxed 16,7 6.55 23,1 | 9,02 386 58.7 | 0,73
Tumble Dry 19.9 78 1 23,3 | 9.11 | 463 70.4 | 0.85
SAMPLE 141

Count: 2/48 Worsted Structure: 3x1 Open Lap

2 1

/g = 0,305 [ = 0,093 Z = 3.2 Za = 10,75 [ﬁ)“ = 1.493
Condition CeDele kc WeDele < S.D. kg kr
On Machine 18,0 5,49 16,0 | 4.88 288 26,8 1.13__%'
Dry Relaxed 20.6 6.27 2,01 7.32 493 45.9 | 0,86 |
Wet Relexed | 22,6 6.90 | 27.6 | 8.1 | 624 58.1 | 0,82 |
Tumble Dry 26,7 8,13 28,2 | 8,61 752 70,0 | 0,94 l
SAMPLE 142

Count: 2/48 Worsted Structure: 3x1 Open Lap
YARED j = 0,085 /Z} - 1-5 - 1,76 g T 1435
Co§dition CeDels k., WePada k, S.D. kg k.
On lachine 25,0 7.33 16,0 | 4.69 | 400 ! 34,0 | 1,56
Dry Relaxed | 22,5 6,59 | 24.0| 7.03 | 540 45.9 | 0,94
Wet Relexed | 24.3 | 7.3 | 27.91 8.18 | 678 L57.7 0.87
Tuble Dry 26./, .70 27,9 | 8,18 1 733 62 3 \ 0.95 ]




SAMPLE 143
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Count: 1/28 Worsted Structure:  3x1 Open Lap

0 = oux pt=oam 1%: 2,368 é-g S 5.2 R 2,232
Condition CeDele k WeDels y SeDs ke kr
On techive | 10,0 | 4.2 16,0 6.75] 160 | 28,5 | 0.63
Dry Rel= yf 13 8 5.84 17.1 ) 7.23 | 237 (2,2 0,81
et Rglaxed ~17.3 7.30 17.8 § 7.50 307 54.8 | 0,97
Tumble Dry 18,2 7.67 | 19.9 | 8.39| 361 6.3 | 0.91
SAMPLE 144

Count: 1/28 Worsted Structure:  3x1 Open Lap

P = 0.0 [2 - 0.09, j: 3,243

1

ng =10,64 /éﬁfﬁ': 1.629

Condition CeNel, k WeDola S.D. k k

C 10/ S r
On MHachine 17.0 5,24 16,0 | 4.93 | 272 25,6 | 1,06 t
Dry Relaxed | 20,9 6.43 | 22.8 | 7.04 | 477 44,8 | 0,92 ¢
Wet Reloxed 23,7 7.29 25,0 | 7.70 592 55.6 | 0,95
Tumble Dry 25,9 7.97 26,5 | 8,18 687 64.6 | 0,97 4
SAMPLE 145
Count: 1/28 Worsted Structure:  3x1 Open Lap
ALK j - é— 3.673 l— 213,70 g VT 1439
Co§d1t10n CeDei. kc WePals kw S.D. kg kr
Or lachine ) 26,0 7.02 16,0 | 4.35 i 416 30.4 | 1.63
Dry Relaxzd | 24,0 6.53 | 22.8 | 6,22 54,8 0.0 | 1,05
.lEF Relaxed 25,2 6,85 | 26,7 | 7,25 671 w”59 0 0.95
Tamble Dry 27.9 759 i 27,6 | 7.50 | 769 ‘ 1,01




- 287~

SAMPLE 146
Count: 2/16 Worsted Structure: 4x1 Open Lap
) = 0.519 [ 1 1.9 —-2- =372 T 1467

Z Y4
Conditien CeMeie k i VeDele k \ SeDe ‘ k k

c < 18] S L
On tachine | 10,0 5,19 | 16,0 | 8,30 | 160 | 43.0 | 0,63
bry Relaxed | 12,1 | 6,28 | 18,5 | 9.58 | 223 | €0.1 | 0.66
Wet Relaxed | 14.0 7.27 | 20.0 | 10.4 | 280 75.3 | 0,70
Tumble Dry | 15.4 | 8.02 | 20.5 | 10.6 | 316 | $5.2 | 0,75
SAMPLE 147
Count:  2/16 Worsted Structure: 4x1 Open Lap

1 -
P=oust p° = 0.203 1—}= 2215 p3= b g7 = 125
Condi tion copeio |k |wepei. | k| S.D. ] ke k_
On Machine | 140 6.31 | 16.0 | 7.22 | 224 45,5 10,88 ¢
Dry Relaxed § 16,0 7.22 | 19,2 | 8.61 | 307 62.4 | 0,83 '
Wet Reloxed | 16,7 7.55 | 22,8 | 10,3 382 77,7 10,73 |
Tumble Dry 17.6 7.93 23,2 | 10,4 407 | 82,7 | 0,76 !
SAMPLE 148
Count: 2/16 Worsted Structure: 4x1 Open Lap
2 1

Z= 0430 p° = 0.18, Z =2,322 ,Zé = 5,43 Z-’ = 1,216
Condition CoDeda | J |WeDei. \ k ‘ S.D. \ i \ k

[od W S r
On lMachine | 20,0 8,60 | 16,0 | 6,88 | 320 |58.9 |1.25
Dry Relaxed | 17.1 7.37 | 19.2 | 8,26 | 329 | 60.5 | 0.89
Wet Relaxed | 17,8 7,66 [ 23,3 | 10,0 | 415 \7§.4 \0.7’7 |
Tusble ry | 18,6 | 8,00 | 23.3 {10,0 | 435 20,0 10.%0 |
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SAMPLE 149
Count: 2/32 Worsted Structure: 4x1 Open Lgp
2 ] o 2
= 0,438 =091 —=2.278 .52 ) fT= 175
Y y 7 )2_
Condition CeDols - lcc \'-"I:{o kw ‘ e De ks kr
Ui dechine | 11,0 | 4.82 | 16,0 | 7.01 | 176 | 33.6 | 0.69 |
| Dy melored | 13,6 | 5,95 | 22,8 | 10,0 | 310 | 9.3 | 0,59
Yet Relaxed | 15,5 80| 25,8 | 11,3 | 400 | 76.5 | 0,60
Tunble Dl"j - 17.9 7 27.3 | 11,9 \ 488 1 93,3 | 0,66
SAMPLE 150
Count:  2/32 Worsted Structure: 4x1 Open Lgp
YARL:: [2 = 0,146 jz 2,608 Zla- - 6,85 p JT=1.532
Condition | civei. | k_ |wepeis | k| S.D. k. |k !
. )
On l-lac‘ninew 25.0 9,58 16,0 | 6,13 400 54&5__{_1456_3
Dry Relaxed | 19,4 7.45 21,8 | 8.36 424 62,0 | 0,89 °
Wet Relexed | 19,8 7.57 | 27,3 [10.4 | 539 | 78.7 | 0.73 |
Tumble dry 21,2 8.11 27.0 | 10,3 571 83,4 | 0,78
SAMPLE 151
Count: 2/32 Worsted Structure: 4x1 Open Lap
yARES j = 0,145 é 2,618 l- 6,90 g fiT= 152
Corndition c.p i, k, YePei. l \ kg k.
.On I.:.:c‘nini 19,0 7.2 16,0 L(, 10 l 30/, \ 41 1 .19
bry Relawes | 17,6 | (.69 | 2.0 | 9.4 | 421 | 6L j 0,73
Wet Relaxed | 18,2 -L 6.93 27.9 | 10.6 \ 507 47_3_._@__\*0.6_5___.
Tamble Dry 20,2 } 7.70 28.9 l 11.0 \ 84, | 84.8 2 0,70 §




SHMPLE 152 |
Count: 2/48 Worsted Structure : 4x1 Open Lap
) = 0.9 [2 = 0.175 % - 2,384 é—é 5L g T 2,052
Cendition c.p.i.“} i l wepeie | k| S.D. \ ke k_
(n lrchine | 11,0 | 4.6l | 16.0 | 6.70 | 176 | 30.8 | 0.69 |
bry Relmxedd 13,1 | 548 | 24,0 10,0 | 334 | 55,0 0,55 |
et Relrxed | 16,0 § 6.70 27,6 1 11,5 441 77.2 | 0,58
Tuable Dry | 19,1 | 8,02 26,2 11,8 | 540 9.6 | 0,73
SANPLE 153
Count:  2/48 Worsted Structure: 4x1 Open Lap
= 0365 [2 -0.133 é= 2,731 152152 p L1787
Condition CeDols k_ WeDele kw S.D. ks kr
On Hachine 18.0 6,57 | 16,0 | 5.84 | 176 23,4 | 1.12 !
Dry Relaxed 17.1 6,26 25,3 | 9.22 433 57.6 | 0.68 !
Wet Relcoxed 18.5 6,77 29.3 | 10,7 | 543 72,2 | 0,63
Tumble Dry l 21.9 8,01 l 29.3 | 10,7 642 85.4 | 0,75 |
SAMPLE 154
Count: 2/48 Worsted Structure: 4x1 Open Lap
JALED! /éz = 0,130 2 - 2,769 -"-- =7.69 g = 1768
Condition CoeDols ‘ k \w.p,i. kw Se.D. ks kr
On lincaine 29,0 1C.5 16,0 | 5,78 { JASA €0,3 % 1,81
Dry Relaxed | 20,0 | 7,22 | 22,3 8.06 | 446 | 58.0 | 0.90
Wet Relaxed 20'0 7.22 | 28.6 10’3 571 }1_4’9_3_-}_93:/__0 |
| _{ese =92 :
Torble Ury | 22,8 | .22 | 28,9 | 10,4 | €58 5.6_1.0.79

oo
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SAMPLE 155
Count: 1/28 Worsted

Structure:

4x1 Open Lgp

1 =
) = 0uss f7 = 0007 1—} 22105 5 < 483 JAT = 20007
Conditi-c:—m CoaMels [ 1:(‘ “\-.-'.p.i. %, ' Selde }:,S kr
Us Lishive | 11,0 | 5.01 | 16.0 | 7.28 | 176 | 36.4 | 0.69
e el t 124 | 5| 209 | 949 | 29 | 53.6| 0.60
deb Relwxed ) 14,8 | 10,4 | 23.1 | 10,5 | 341 | 70.8_| 0.64
Turkle Ty | 16,6 | 7,55 2,2 | 11,0 | 402 | 83,2 0,68
SAPLE 156
Count:  1/28 Worsted Structure: 4x1 Open Lap
/g = 0,413 [2 = 0,170 z: 2.16 Z-é = 5,88 /g ,A = 2,185
Condition Lc.p.i. kc WeDels kw S.D. ks kr
On Hachi'z?e 11.0 L .54 16,0 | 6.61 176 29,9 ,,1.59,}
Dry Relaxed | 13,8 5.72 | 23.4 | 9.67 | 324 55,2 | 0,59
Wet Relcxed 15,6 6.44 26,7 1110 | 415 70,6 | 0,58
Tumble Drv 18,1 747 | 26,7 | 11,4 | 501 | 85,2 | 0,68
SAMPLE 157
Count: 1/28 Worsted Structure: 4x1 Open Lap
= 0.355 ZE = 0,126 j = 2,812 /2—2- 1.9 g JT= 1.878
Condition CaPeis |k Lw.p.i. k, | 8.D. \ X k_
On knchine 19.0 6.75 | .16.0 | 5,68 | 304 1 38,3 11.19
Dry Rel=xec | 18.0 6.39 | 25.3 | 8.97 | 454 |57.3 |0
- _ 1 R
vet Relixed | 18,7 | 6,66 | 28,9 10,3 | 552 |68,3 10,65
[ fwble Lry | g | | | | 107!
ble bry 2L | 7,70 |20 0.4 | o637 leo,n 10.7L
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APPINDIX TFOUR

REPEAT TEST * x 7 OPEM LAP TUMBLE DRY RESULTS

Count /[ %- c.v.i.] ke |wep.i.| kv S ks

0.359 | 2,79 { 22.50 | 8,10 | 11.19 | 4,01 | 255 | 32.84

2/%2 1 0,279 | 4,57 | 33,46 | 7,35 120,33 | L.45 | 731 | 35,0°

0.780 1 5.56 | 45,00 | 8,750 { 24,24 | 4,35 11027 | 33,27

0.336 ] 2,98 | 21.80 | 7.30 | 10.39 | 3.49 | 257 | 28.43

/20 | 0,205 | 4.88 | 35,75 | 7.50

-3
0
-
Y
(@]
N
*
O
\n

771§ 32,38

0.154 | 6,49 [ 46,75 | 7.20

ro
O\
L ]
3¢
\N
£
[ ]
O
N

12k2 | 29,45

0.34%1 ] 2.93 | 24,82 | 8.45| 10.39 | 3.5 | 260 | 30.21

2/48 | 0,152 | 6.58 | 48,54 | 7.40 | 26,23 | 2,98 |4237 | 28,57

0.129 | 7.75| 57,14 | 8,00 |28.57 | 3.65 {1562 25.92

0.408 | 2,45 | 20.34 | 8,30 | 8.94 | 3,65 | 1588 | 28.20
/192 | 0,255 3.92 | 30,20 | 7.77 | 15.33 | 2.9 | 465 30.79

0.204 { 4,90 | 35,36 | 7.42|19.75 | 4,03 | 718




Regression Anzlvsis of

-~ ”

i X 7 Open Lop Repeat Test in the Tumble Drv Condition

i Stendard Error| Standard deviation Student's |
Regression Y ' about Corr. t-testh
Biuation i { c ( Regression line Cocff.J of irtercept
o ] |
C.p.i. = 7}"9 + 2,630 0.470 | 1,781 1,432 0.582 nes. |
L_q; R
WePols 125, 6.761 0.375 | 1.486 T 42k 0.950 n.,s.
ye
S Lfg.?‘*"so + 70,25 1.284 | 34.81 55.%20 0.976 Mo 3.
X = 1,522 4 + 1.586 1,041 0,107 0.276 C.353 x*
; J
- 7 to 0,75 level

N.Se

significant at the

= not significantly different from zero
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. . . i . s |
The intercent velue for c.p.i. against =, we.p.i. againsi 5

, ¢ ¢

and S agaiust == are not significatnly different from =zero. Tne
[

values were, therefore, rccalculated to pass through zero giving

the following results -

iy LD

7.531
CaDois = 2
96
\'Iop-io = 3.509
28,84
g = 28.88

[t is shown in the following table that thece values and

that for the kr are not different from the results ohtained in

Chapter VII and therefore may be corbined to give the results os

[Sve]

outlined in Chapter VIII.

Regression Variation about| Student's t-test
Structure Bauation Regression Provability Slovnes
line are same
. 8.05 )
Ch. VII CePel, = T— 0,007
Revpeat Test NeS.
Cop.i. = ?-—ji 0. 0041
Wep.1, = 4.08 0.,005%4
Ch. VII J ¢
n.Se
Repsat Test 3,97
WeDel. = i?—_' 0.0078
p)
S = 3“25(1 12.5800
Ch. VII £
n ™ 1’1.5.
repcat Test 52 ag
o C\J. 53 ~
= l? - 13,6700




Slope znd Intercept Analysis kr

against

Slope Analysis

l Standard Variance of Student's t-test
Construction Slope error of difference probability
: 3lopec between slope slopes are samoe
Chapter VII. 1,574 1.0%9
1.562 n.s.
Rereat test 1.522 i Ol
: ]
Intercapt
Standard Variance of Student's t-test
Construction [Intercept| error of difference probability
Intercept{between Intercept! intercepis are some
Chapter VII. | 1.690 0.103 N
D.aut4 NeS,
o N A
Repeat test 1.536 0.707
n.s. = not significantly different from zero

_ﬁéa -
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w = 2.,507c + 0,011

R
O
Y
L L L L i I { 1
0.0k 0.06 0.08 0.70 0.2 0. il 0.16  w-p-i.
1 -
107  Relationship between and ——— for 1 x 1 Closed Lan
C.?.l- ‘.“I‘:"}l" .

Fig.



Copoio

o. ’!O"'—
0.08 L
0.06 ¢ w = 2.3%5%¢ - 0,077
]
n
\O
(l?\
0.07 |-
0.024
1 1 Y ( L |- Y.D.l.
0.02 0.0k 0.056 0.08 C.10 0.2 0. 1
1 1
and ~ for 1 x 1 Open Lap
"J‘p’l.

Fig. 108 Relationship between - —



© = 2x 71 closed lap
0.06 - X =2x 71 open lap
w = 1.09% + 0,006
©
0.05 |
0.0k - f
o
S
~J
h
0.03
1
1 1 s 1 i L, WeD.1i.
0.03 0.0 0.05 0.05 0.07 0.08
. 1 ) )
rig. 109 Relationship between ——— and ———— 2 x 1 Open and Closed Lap
C.p.i. WePela



Y

O
»
go!
.
Ll
.

w = 0.728¢c + 0.010
0.0€p = 3 x 1 Closed lap
X =3 x 1 Onen lap
0.05f
O.OL#" 1
n
N
(¢.9]
i
0.05T
1 —
Wel'ela
| 1. 1 1€ 1 - T
0.03 0.04 0.05 0.06 0.07 0.08
AR A4 1 . 1 P -
110 Relationship between - ond ~ for 3 x 7 Open and Closed Tap
i c.v.1l. VeDoloa



0.071
9
©
X
©
0.05F X w = 0,56k + 0.009
X
L
X
0,05k x /o ©
OX e
o O =4 x 1 Closed lap
X
X =4 x 1 Open 1la»
0.0k
0.031
4
J 1 A ) 1 Wob.1i.
0.0B an""' 0.0S OOO;’ O'OV/' ()098
1 1
Relationship between and — for 4 x 7 Open and Closed Lap
c.p.l' w.p.l. +

Fig. 111
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Values of % Calculated from Loop Model

1 Open and Closed Lap

1

1 Open and Closed Lap

1"

7 Open and Closed Lap

1 Closed Lap

1 Open Lap

3}

20
30
20
30
20
15
30
60

20

Sol

2.68
3.9
2.6k
375
2.59
2.00
3.36
6.40
2.27

6.40



~300 -

PESERSICES

e ot | e e

J. Joi son, 'Tricot Fubric Design', MeGraw-i7ill, 1944, p.106.
9 ) *

Knitting', Kerl ilayer, 1965, p.99.

Patent No.1923, 1792,

Felkin, 'History of Machine-‘rougnt Hosier

Chapter 3, p.23.
Felkin, 'History of
Chapter "0, p.1i43,
Henderson, 'History

Trades', p.353,.

1

Hational Xnit. Outerwear

V

r llanufactured,

jachine-\rought Hosiery Manufactured,

of the Frame-work Knitting and Lace

Je. H, Quilter & J. Chamberlain, 'Framework Knitting and

Hosiery lManufacture', Vol. I, p.199,
A. Reisfeld, "Warp Knit Engineering',
Times'", Dec. 23th, 196%. p.17,

Patent No,1923% dated 1792

Patent No0.,2%75 dated *797

"Knitted Outerwear

Felkin, 'History of Machine-Wrought Hosiery Manufactiures !

p.b5.
Ditto
A. Reisfeld, 'Warp Knii Dngineering?,

Times'", Dec. 1964, ».9

"Knitted Cutervear



~‘Q15.
16.

17.
18.

1G.

27
2.

25.

26,

27.
28.
29.

30,

-301-

'Technology of Framework Knitting', Chapter 3, p.292.

ooy
Felkin, 'iistory of MHachine-Wrought Hosiery Manufactures',
Chapter 10, p.ik6.

Ditto.

Wilkomn, 'Technolory of Framework Knitting' Chapter 3, p.292.
Felkin, 'History of Hachine-Wrought Hosiery lManufactures!,

Chapter 10, p.750.

Patent Wo.8252, dated 1839.

Patent No.13635 dated 1851 and 981 dated 1854

A. Reisfeld, 'Hérp Knit Engineering', Part 37, "Knitted
Outerwear Times", Dec. 2nd j96ﬂ, P.9.

Patent No.11020 dated 1845,

Willkomy 'Technology of Framework Knitting', Chapter 2, p.107.

Felkin, "lIistory of Machine-Wrought Hosiery lanufacturcst',

Chapter 10, p.151.

Quilter & Chamberlain, Vol,I p.247, 'Framework Knitting and

Hosiery Manufacture!'.

Wilkomm, 'Technology of Framework Knitting', Chapter 3, p.29%.

" n |1 " n

34P.300.

3,P.300.
Gilbert R. Merrill, E. lurden and J. Rowan, "Jarp Knitting
and Glove Hanufacture'.

D. F. Paling, 'Cut Presser Fabric Production', ‘Jarp Knitting
Technology, p.181.

B. Wneotley, 'Cut Presser Fabric Producticn', Hosiery Times,

Dec. 1955, p.93



380

3%.

. g . ; ‘
. Darlington, "“losiery Trale Journal', Feb. 19%

(\e]

, D.l2,

, british Patent lo.7%9

N
3

Deg, 1971

"Hosier; TIrade Jouranl",

9]
N

Q
7

Gilbert R. Merrill, I, lurden and J. Rowan, "Jury mitting

and Glove lanufacturc!, Chavter 3.
"iosiery Trade Journal'y, Jan. 19792, .15, N2view of Glove

Monufacture,

"Hosiery Trade Journal', Oct. 7919, p.53, Glove Hachinery
Review.

Professor 2. T, J. Davis, 'Yarp Knit Fabrics', Nov. 1920, p.776
"Hosiery Trade Journal''s |

"Hosiery Trade Journal', Review British Patent 132706,

Dec. 1919, p.£98,

OWNMGuilter & Cnamberlain, 'Knitted Fubrics', published 1919,

L2,

43.

Lty

L8,

Yarp Kuit Engineering, "Knitted CGuterwear Times", Dec. 28th 198k,

B. Wheatley, 'Levelovpment of Tricot and Raschel ilachinery!
Knitted Outerwear Times' Year Book, Vol.3?7, No.19, lay 2, 1948,
A. Reisfeld, "Jarp Knit Engineering, part 37!, "Knitted
Outerwear Times", Dec,20th 196k,

R. Peel, 'Mistory and Development of Vlarp Knitting Industry?,

"Knitted Outerwear Times', Sept. 26, 1950, p.0.

‘Developments in Warp Knitting', Hosiery Trade Journal,

(GRS ]

Deceunber, 1944,

T. il. A, Llewellyn, 'High Soeed Xnitting', Journal of the

Textile Institute, August 1947, p.397,

J. B. Lancashire % E. A. Keotes, "losiery Trade Journzal",

G. Willkomm, 'Technolozy of Framework Knitting!, Caspter p33.



3. D. &, Paling, "Waro Knltting Techinolory'y, Columvine Press,

50. MHosi=ry Trade Journal', 19%: Juanc, n.5%.

D, B Wn “~t1e) '"Power Net'!, "Knitted Quterwear Times', Sept 25,

52, "lool Science Review™, I.T.MN.A. 1977, "Wool in Raschel and

-~

Tricot Constructions', p.d2.

\n
(]

"
!

. P. “heatley, 'fme Latest K. Mayer \arp Knitting Developmentis!',
Miool Record", July 11, 1969, p.48.

54, B. Yheatley, "Jool Record", Dec.18 1970, v.2hk.

55. E. Tompkins, 'fhe Science of ¥nitting', Wllay, MNew York 197k,

56, J. Ciuaoberlzin, F.T.I1., anttlno liaths & lechanisms', p,%.

57. U. h. Dutton, "Journal of Soc. of Dyers & Colourists", 194+,

6¢, 1.293.
58. P. J. Doyle, "Journal of Textile Imstitute' 1953, 44, p.557.
59. D. L, Muaden, "Journal of Textile Institute" 1959, 50. T.W48.

60, D. L. Munden, "Journal of Textile Institute" 1960, 51. p.200.

61, Karol B Hatkedski, 'The Geometry and Dimensional Properties
of 7 x % Rib Knitted Structures', Pil.D, thesis, University of
’ ) J

Leeds 19547.

62. J. J. F, Knapton, F. J. Ahrens, W. Y. Ingenthron & W. Fang,

"Pextile Research Journal', Oct. 1968, p.999,
63. J. Cnamberlain,

. F. T.

'Hosiery Yarns and Fubrics', 1926, p.107.

Pierce, "Textile Ressarch Jourazl", 1947, vol.17. p.123.

65, V. E. Shinn, "Jextile Research Jourazl", 1955, vol.25, p.270

66. G. A. V. Leaf & A, Glaskin, "Journal Textile Institute" 1955.

vol.isy 7,977,



=304~

. . ., . PR
A. V. Leaf, “Journul of Texiile Iunstituie" 1920, vol.3% T49.

68, D. L. lnden, "osisry Times", 1950, vol.33, p.35

69. R. Posile, "Ime Geometry of the Relaxed Piain Kait Structure"

Ph,D. tnesisy University of Leeds 1955,

70,  J. A, Smirfitt, 'Research Report', H.A.T.R.A. January 1904, »7

71. F. M. Hurt, 'Qesenrch Repvort'!, H.A.T.R.A. January 19%4 o7l

Gl

72, J. J. ¥, napton & K. K. H. Schwartzkopf, S.A.U.T.R.

Technical Report, No.7 32, April 1970.

7%. Ashwin 1. iarfatia, 'The Shrinkasge

and Extension of icdrics
Knitted from Worsted Yarns', Diploma thesis, Leeds

7%, D. L. lunden & L. A. Kerley, Proceedings of 3rd, Inter. ‘ool

Conference, section 3, p.503-52k, 19065,

75. K. Baird & R. A. Foulds, "Tecxtile Research Journal' vol.38,

P.743-753, 19¢€8.
76. R. Stimmel, "Textile World", Sept. 1951, 101 (9) p.130.

77. R. Stimrel, "EKnitted Outerwear Times", 27st April 1952, p.2

+ .

78. H. M, Fletcher & $. H. Roberts, "Textile Research Journal,

1954, 26, 11, p.889.

79. G. L. Alison, "Silk & Rayon Record", March 195%.

80. P. Grosberg, "Journal Textile Institute", Jon. 1550, 51 (1) 139

81. H. M. Fletcrer & S. H. Roberts, "Textile Research Journall,

1961, 37, 2, p.151,

82, J. A. Smirfitt, M.Sc. thesis, Textile Dept. Teeds Univorsity

’ 19561,

P. Grosbcrb, "Journsl of Textile Institute", o

Jan 1994, 55 (1) 77

University 1920,

o2



s . « . . ) ~ 2 s
S. T. Tiryoki, M.Sc. thesis, Uriversity of Leeds 1966,

We I Shinn & I, El-Aref, 'The Geometry of Warp Knit

) vt - . L
Structures', "initted Outerwear Times', Oct.’7. 10065,

K. Darlington, 4.7.I. .Ph. tnesis, University of Leeds 1977.
[ ] ?

J. K. Blackhouse, 'Statistics - An Introduction to Test
of Sigrificunce!', Longnans. r.79.
G. A. V, Leaf,"Britisa Journal of Applied Physics' vol.9,

Teb, 1958, p.77.



