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FOREWORD 

This publication is the third of a series devoted to textile engineering and closely 
related fields. It is part of the Training for Industry Series published by the United 
Nations Industrial Development Organization (UNIDO). 

Rapid world-wide increases in population and industrialization are reflected in 
the textile and allied industries. In any ranking of human needs, fibres and textiles 
for clothing and industrial purposes are second only to food-stuffs. The continuing 
quantitative and qualitative changes in textile production require the broadest and 
most complete dissemination of information in this important area. 

The purpose of the present series is to make available to the developing countries 
the most recent scientific and technical information in order to help them to 
establish textile industries or to improve the effectiveness and economic viability of 
existing textile industries that are still in the earlier stages of economic development. 

At the suggestion of UNIDO, with the support of the authorities of the Polish 
People's Republic, a post-graduate in-plant training course in textile industries was 
held in Lòdi from May through September 1967. The course was repeated from May 
through October 1968, and its content was modified and up-dated on the basis of 
experience and new information. It was repeated again in 1969 and it is planned to 
continue this programme, up-dating its subject matter and improving its usefulness to 
the textile industries of the developing countries. It is on these courses that the 
present series is based. 

The courses were organized by the Textile Research Institute in tódz with the 
object of training a group of already highly qualified specialists in all branches of 
industry relating to textiles. Under normal conditions, such training would require 
work in mills and in research and development over a period of several years. 

The courses give the participants an opportunity to become acquainted and to 
do actual work in conjunction with some of Poland's leading research centres and 
industrial enterprises, and to discuss with experts problems connected with 
techniques, technology, economics, organization and research in the field of textiles 
In organizing the courses, the Textile Research Institute endeavours to coordinate 
the content of theoretical lectures, technical discussions and practical studies in 
laboratories and mills, covering all the fundamental problems of textile industries. 

The main object of the seminars is to adapt the broad range of problems 
presented by Poli* specialists to the direct needs of the developing countries. 
Lectures by the research workers of the Institute formed the core of the programme. 
The lectures do not review or repeat the basic problems usually studied at technical 
colleges and high schools in the course of normal vocational training; rather, they 
deal with subjects most often of concern to the management and technical staff of a 
textile enterprise. 



The lectures, as presented in this series, have been grouped in eight parts: textile 
fibres; spinning; knitting; weaving and associated processes; non-conventional 
methods of fabric production; textile finishing; testing and quality control; and plant 
and power engineering. 

It is hoped that the experience gained from these courses, as presented in this 
series, will contribute to the improvement of textile industries everywhere, and 
particularly in the developing countries. 

The views and opinions expressed in this publication are those of the individual 
authors and do not necessarily reflect the views of the secretariat of UNIDO. 
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EXPLANATORY NOTES 

References are indicated in parenthesis in the text, by name of author and year of 
publication. The full references are Usted, atphibctkally by author, at the end of each article. 

References to "tons" indicate metric tons and to "dottar*" ($), United States dolars, unless 
otherwise stated. 

The following abbreviations have been used: 
cpi means "courses per inch". 
Denier (den) is the weight in grams of 9,000 metres of yarn. 
gg is "gauge". 
kcal is kttocaiorie. 
Metric count (Nm) is the number of kiomctrcs of yarn per kilogram. 
A nanometer (nm) ii 10"^ mm. 
rev/min is revolutions per minute. 
Tex is the weight in grama of 1,000 metres of yam ; miHitcx (mtex) to 0.001 tex. 
wpi is "wales per inch". 
Worsted count is the number of 5é0»yerd lengths pet pound of yarn. 
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THE STRUCTURE OF KNITTED FABRICS 

by 

K. Natkanaki 

This paper presents a brief description of theoretical investigations on knitted 
fabric structures. Particular attention is given to work carried out in the last two 
décades. 

kni..1?/!!1- aCCOUní Ü. ? 'yltematic study of *« Properties and dimensions of 
knitted fabrics was published by Tompkins (1914). He proposed the first law of 
knitted-fabric geometry, which states that the product of the number of wales and 
courses per inch of a fabric is a constant and is independent of the distortion of the 
fabric He also found that the linear dimensions of plain-knit and rib-knit fabrics are 
dependent on yarn thickness. 

• .«„I!* T* "ïf05ta,nt contribution to knitted-fabric research was made by Dutton 
l^A *h

k° PuWwhed the ««"Its of a large number of experimental observations on 
knitted fabrics concerning their dimensional changes after knitting. These results 
indicated that the quality and regularity of a plain-knit fabric are dependent upon 
many factors, for example, the type of yarn and its package; the type of machine 
usedI and its speed; fabric storage conditions, such as the temperature and humidity 

Í A ff" St0?ie r^°m' knitting room and fabric stora«e room' »"d »he nature of the finishing and washing treatments. 
Dutton suggested that dimensional changes in knitted fabrics are caused bv 

recovery from strains imparted to the fabric during knitting. He also found that the 
differences in fabric dimension recovery are not equal and depend upon the type of 

£5ta°n tltatment *Pp,ied and the degree of Portion of the fabric before 

. .- J1? ""ï" °f '"«"investigations suggested that it was necessary to create a 
satisfactory physical model of the knitted fabric structure in order to explain the 

STÜT ïïS ! AZ íe ÍTn,k>nal changei ob,erved- From wch " model « might be possible to predict the final equilibrium state of the knitted structure. 

Geometrical analysis of the plain-knitted structure 

Ch JÍLÍn?^ Ü"?* i•*'1 of *• PW»*«*tod structure was made by 
Cnamberiain (1926), who found that a theoretically balanced loop (figure 1) is 
compoaad of an upper curved circular portion, two lower curved, also circular, 
portioni and two diagonal straight portions that link the upper and lower curved 
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1 
cpi 

Figure I.     Chamberlain's plain ititeli model (see text) 

portions, one on either ade. In Chamberlain's model, the loops of adjacent courtes 
and waies are in contact, and the position of the maximum width of one loop 
coincides with the position of minimum width of the interlocking loop. By means of 
geometry, Chamberlain determined some characteristic values according to his model 
(cpi is "courses per inch"; wpi is "wales per inch"; d is the diameter of the yarn). 

1       y/T 
cpi   2wpi 

and 

Further, 

and 

 • 
wpi 

Ad. 

cpii 

wpi •VTM5 

cpi r 3ir • 2 V3 

wpi 4 wpi 
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It can be concluded from Chamberlain's equations that any change in loop 
length will involve a change in length of the fabric. The width of the fabric will not 
change, as it is governed by yarn diameter (</) only. 

Chamberlain concluded his theoretical considerations in a very pessimistic vein: 
"In practice, however, there are so many other factors involved, that the results 

obtained theoretically do not agree with those obtained practically ...". 

Chamberlain considered only the case of a two-dimensional model of a knitted 
fabric of maximum cover. In fact, however, a plain-stitch loop is a three-dimensional 
structure, and fabrics with different covers can be obtained. Chamberlain's formulae 
did not consider these cases. 

Peirce (1947) tried to generalize Chamberlain's loop model. Peirce created a 
three-dimensional model of a plain-stitch loop by laying it on the surface of a circular 
cylinder whose generators were parallel to the line of courses. Peirce's model also 
took into account changes introduced by changes in loop length for a given yarn 
diameter by adding extra straight portions across the top and bottom of the loops 
and in the diagonal straight portions. 

The geometry of Peirce's loop was expressed by the following equations: 

Wale spacing is 

— - <*4+2e); 
wpi 

Cour se spacing is 

cpi 
•<f(3.364 + 2*) 

where ed and id are the added straight sections inserted in circular and straight 
sections. 

Thus, loop length (I) is 

cpi   wpi 

Dalidovitch ( 1949) published the results of theoretical investigations of various 
knitted structures. He considered i two-dimensional and a three-dimensional 
plain-stitch model (figure 2) and obtained the following expressions for stitch length: 

For the two-dimensional model, 

wpi   cpi 

and for the three-dimensional model, 

'-yST^'^iíF*'' 
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Figure 2.     Dalidov'tch 's plain stitch model (see text) 

Moreover, Dalidovitch distinguishes between the different states of loop shape, 
according to the type of fabric-finishing treatment. 

Shinn ( 19SS) considered a two-dimensional plain-stitch loop model, which led to 
the same loop-characteristic values as those of Chamberlain's model, the basic 
principles of his considerations being the same. 

Leaf and Glaskin (195S) criticized Peirce's model. These investigators showed 
that, in reality, Peirce's model could not represent a stable fabric. According to their 
calculations, there were discontinuities of torsion at certain locations in Peirce's 
model that would cause the loop to change its shape after relaxation. 

This criticism holds for other loop models. There are no physical reasons for 
some parts of the yarn in a loop to remain straight. The curvatures of the yarn would 
therefore change and, consequently, the shape of the loop would alto change. 

Leaf and Glaskin proposed another three-dimensional plain-stitch loop model. 
Its central axis in the plane of the fabric lies on the surface of three cylinders, which 
are perpendicular to the plane of the fabric. This model is satisfactory with respect to 
strain continuity. 

Doyle (1953) had observed, when investigating the dimensional properties of 
plain-knitted fabrics, that, for a wide range of fabrics, the product of the number of 
courses and wales in unit area is dependent solely upon loop length, the relationship 
being of the form 

*,       where S • stitch density, 

¡2 I »length of yarn knitted in the stitch, 

ks~ constant. 
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Subsequently, it was shown that when fully relaxed, a plain-knitted structure 
alio obeyed the following relationships: 

cpi= — 
/ 

wpi«— 
/ 

Hence, 

k      k      k 
st itch density * cpi X wpi « — X — =—. 

IIÍ1 

Also, 

ÜEÍ-*£ 
wpi   kw 

where kc, kw, ks and kr are constants called "fabric dimensional parameters". 

These formulae can be considered as the bask laws of knitted-fabric structure, in 
that they indicate the dimensions towards which any plain-knitted structure tends 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 that 
governs the dimensions of a knitted fabric, namely, the length of the yarn knitted in 
the stitch. These experimental relationships have been recognized and accepted by 
subsequent researchers in this field and used as basic principles for further 
investigations. 

Munden's investigations on knitted fabrics and their tendency to reach a 
characteristic state of energy equilibrium have led to the realization that there are 
two bisk equilibrium states for the knitted fabric, depending upon the treatment of 
the fabrics after knitting (Munden, 1959). These two states are known as the 
dry-relaxed state and the wet-relaxed state. 

If, after knitting, a fabric has been allowed to lie freely for a sufficient length of 
time,( it may reach a stable state of equilibrium. This state is called a "dry-relaxed 
state". The state of equilibrium reached by a fabric after statk relaxation in water 
and subsequent drying is called a "wet-relaxed state". 

Munden estimated the ¿-values for both dry- and wet-relaxed states of a plain 
fabric as follows: 

TABLE 1. 

k-Vtku J Dry-relaxed stele Wet-relaxed state 

kc 5.0 5.3 
*w 3.8 4.1 
*» 19.0 21.6 
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From these values it is clear that the cpi/wpi ratio or kc/kw ratio is 1.3 for both 
dry- and wet-relaxed fabrics. This *,-value may be looked upon as a loop-shape factor. 

Leaf (1960) proposed a different geometrical loop shape foi the plain-knit loop 
structure. The knitted loop in the fabric plane was considered to be composed of two 
joined, identical elásticas (figure 3). He adopted the elastica because its shape is 
mathematically determinable and because its configuration is similar to that of a 
knitted loop. 

The model was made three-dimensional by causing the elásticas to be bent out of 
the plane of the fabric into two different surfaces. In the first model, the elásticas 
were placed on the surface of a cylinder, as Peirce did. It was found that this model 
could be fitted to Munden's experimental results for wet-relaxed fabrics but not to 
the dry-relaxed fabrics. 

In his search for another model that would fit both the wet- and dry-relaxed 
states, Leaf proposed a second model. The third dimension was assumed to be a sine 
wave. The second model is more complicated mathematically, but it provided a 
model that would fit the experimental relationship between cpi, wpi and stitch 
length for both the wet- and dry-relaxed states. However, both of Leafs models are 

(•) 

(dl tASO 
Figure J.    Leaf's pkinstitch moérí (t) orijml ekrtkm, (b) hop model in pirn* 

projections (ite text) 
(ci. (é) iti 
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physically unrealistic, because the proposed elásticas would only be produced if 
external forces acted on the yarn at those places on the knitted loop where there are 
no external forces. In addition, these models take no account of the effect of a given 
loop on its neighbouring interlocking loops. 

It is to be noted that the loop shape of these models is determined by the 
experimental values obtained by Meiden. They can thus be considered only as 
possible models that fit the observed experimental results. 

Munden (I960) created a plain-knitted loop model by assuming a simplified 
two-dimensional system of forces in which he considered the interaction of 
neighbouring loops on the configuration of the individual loop. He suggested that the 
knitted loop was held in a loop configuration by forces acting upon it by 
neighbouring loops. In its simplest form, these forces could be represented by forces 
P acting on the loop at its widest and narrowest portions, as shown in figure 4. 

Pi J*   A/ .P 

C 

Figure 4.    Munden 's plain-stitch model: (a} loop tnodel, (bj forces and toupies layout (see text) 

Munden's main assumptions in analysing this model were as follows: 
(a) The narrowest portion of a given loop coincides with the widest portion of 

the subsequent loop. 

(b) The external forces act horizontally; that is, they have no vertical 
components and act on the vertical portions of the loop only. They are also 
considered to act at the widest and narrowest portions of the loop. 

(c) A two-dimensional model only was considered. 

In the mathematical analysis of this model, the loop was divided into sections, 
and the forces acting on the sections were as shown in figure 4. Thus, the eentrai 
section of the loop took the form of a semicircle, and the vertical sections were 
elásticas. 

An infinite range of loop shapes was obtainable with this model, differing in the 
ratio of the widest to the narrowest part of the loop. For each loop shape, the 
appropriate ¿-values could be calculated, and Munden found that *-valu»i in 
reasonable accord with those obtained experimentally were obtained for loop shapes 
when the yams at the narrowest part of the loop touched each other. For this caw, 
the ratio of the widest to the narrowest part of the loop was 3:1. 
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These findings suggest that a loop can be considered as a force-determined 
configuration in which the forces are applied at the loop-interlocking points and that, 
to a reasonable approximation, these forces can be localized at these interlocking 
points. 

In the years 1963 to 1965, Postle (1965) tried to generalize Munden's model and 
used two basic geometrical parameters in his analysis; namely, the loop angle and the 
interlocking angle (figure 5). The latter is a parameter that indicates a lack of 
coincidence of both the widest and the narrowest parts of the loops. 

(a)       V 

Figure Ü.     PostU's plain-stitch models: (a) special model (ß=0),(b) general model [ß>0) 
a = loop angle, ß * interlocking angle  (see text) 

Applying forces acting perpendicularly to the plane of the fabric, Postle created 
a three-dimensional model. He found that, with this method (that is, independently 
considering the bending of the loop tai the two planes at right angles to each other), it 
was impossible to relate the loop structure to a condition of minimum bending force. 
In his general summary, he suggested that, to achieve this, a more general approach 
involving a one-stage analysis of a three-dimensional loop would be required. 

Geometry and atructure of 1 X I rib fabrics 

The theoretical investigations of the 1 X 1 rib bask structure are not as rich tai 
the variety of conceptions as those of the plain-knitted structure. Here, also, the first 
recorded systematic investigation of the factors affecting the dimensions of 1 X 1 rib 
fabrics is that of Tompkins (1914). However, his results were empirics!, and he did 
not propose a geometrical model to fit the experimental findings. 

Dalidovitch (1949) proposed a 1 X 1 rib structure model, built on the 
assumption that a loop made from an elastic yam such as wool had the asms radius 
of curvature in every part. He thus assumed that the loop shape could be considered 
as a circle that had been cut at the bottom and the two cut ends twisted out of the 
fabric plane. 
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In the general case, 

— = £> + </, 
wpi 

where D and d are loop and yarn diameters, respectively. As D in this formula is 
equal to l/n where / is the loop length, 

1 

wpi 

I 
= — + J. 

g is assumed to 

J_ 
cpi 

= D d. 

J_ I 
m— — d. 

thus, 

cpi     n 

Alio, 

cpi     D + d 
wpi    D-d 

Dalidovitch suggests that, for an elastic thread, the specific loop configuration is 
given by 1/wpi -4d; thus D + d*4d; and D • 3d. 

DtUdovitch alio states that the loop shape it different when made from lets 
elastic yarn and changes during wearing and, especially, washing, with an increase in 
length until both faces of the 1 X 1 rib structure resemble the face side of the 
plain-knitted structure. Therefore, under these circumstances, the following formula 
for the plain-knitted structure applies: 

.     1.57      2 
wpi     cpi 

and the cip/wpi ratio is 1.156. in practice, the most common value obtained is 
approximately 1.4 for dry-relaxed fabrics. 

Srmrfitt (1964) described the results of a taries of experiments designed to 
determine the factors controlling the dimensions of relaxed 1 X 1 rib fabrics. Using 
worsted yarns and the following range of wonted counts-2/10*s, 2/16's, 2/20's, 
2/24's, 2/32't, 2/40's, and 2/56's-he showed that the geometrical properties of 
wonted 1 X 1 rib fabrics can be described by means of ¿-values similar to those used 
for plain-knitted fabrics. Smirfitt found that ¿(-values for a wide range of fabrics 
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made from these yams were independent of yarn count and had the following 
numerical values: 

Für dry-relaxed fabrics 

For wet-relaxed fabrics 

measured after drying 

measured under water 

tumble-dried 

*$ - 15.0 

*, - 16.3 

*, - 16.2 

*, * 16.5 

However, when considering the influence of number of ends of yarn knitted into 
a fabric, Smirfitt mentioned mean Rvalues as follows: 

For 1/12's (one end) 

For 2/24's (one end) 

For 1/24's (two ends) 

For 2/48's (two ends) 

*, m 17.0 

*s 
m 17.2 

*, m 17.0 

*, m 17.6 

These figures refer to the wet-relaxed state but "are similar to those obtained in 
other relaxed states" (Smirfitt, 1964). 

Smirfitt advocates using ks • 16.0 for the wet-relaxed condition. It is surprising 
that the results for the single yarns mentioned above were not included in 
experiments aimed at obtaining the average *,-value. Smirfitt did not comment on 
these differences, but it has been suggested that these were probably caused by 
inexact and inefficient relaxation techniques. Thus, Nutting (1961) stated that 
standard wet relaxation did not produce complete relaxation of the fabric and that a 
better result can be obtained by more intensive treatment. 

Smirfitt attempted to explain his results in terms of a geometrical model of the 
1 X 1 rib structure based on Leafs model of the plain-knitted structure (figure 3). In 
accordance with this assumption, he considered a 1 X 1 rib structure to consist of 
two adjacent loops, meshed in opposite directions and linked by short lengths of 
yam that pass through the fabric. The assumption is that the adjacent loops along the 

Figure6.    SmtrfUft lxl rtb-ttitckmoM 
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Mme courte are not in contact, nor are the individua] loops closed at their necks. 
Smirfitt found that this model would produce results in accord with those observed 
experimentally when the length of yarn passing through the fabric was inclined at an 
angle 9 • 23° (figure 6). However, this model is subject to the same criticisms as 
those previously levelled against the Leaf model of the plain-knitted structure 
(figure 3). 

From 1965 through 1967, Natkañski (1967) investigated the 1 X 1 rib-knitted 
structure. He corrected the experimental ¿-values found by Smirfitt for this stitch 
and gave the dimensional parameters for four different relaxation states of 1 X 1 
rib-knitted fabrics. 

When analysing the results of investigations of the actual fabrics, he found that 
the linear dimensional properties of 1 X 1 rib fabrics and the appropriate dimensional 
parameters kc and kw are affected by the loop length and yam thickness (yarn 
count). Only the *s-va)ue can be considered as a factor independent of the yarn 
thickness, for its effect on the number of loop per unit area is so small as to be 
negligible. 

Natkanski has also shown that, in a simplified analysis of the 1 X 1 rib structure, 
it is possible to obtain the dimensional relationship in the form of cpi • kc/l and 
wpi • kw/l, and to neglect the yam count effect. Nevertheless, in a general case the 
yam-count effect must be considered in any analysis of the linear dimensional 
parameters of a 1 X 1 rib structure. 

Natkanski has given two theoretical models of 1 X 1 rib-knitted fabrics. One of 
them applies to the knitted fabrics after dry-relaxation treatment (ordinary drying or 
tumble-drying), and the second model applies to the fabrics after wet-relaxation 
treatments (wetting or washing). 

(•) (b) (0 

Flturt 7.    Nêtkamtkit I X I rtb-Mitek pkm motti (t) dry rekued. (b) wet rekxtd, (c) im the 
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The dry-relaxed structure mode) has been assumed tu be similar to an elastic rod 
bent by a plane system of forces and couples applied to its ends (figure 7a). The 
shape of the second model was obtained by means of a plane system of forces and 
couples acting at the widest and narrowest dimensions of the bend formed, which has 
the shape of a knitted loop (figure 7b). 

The plane models obtained in this manner can be made thre^-dimensional by the 
application of forces acting in the plane perpendicular to that of the fabric 
(figure 7c). 

Natkañski emphasized the fact that, in the analysis of a knitted structure, and 
especially of a knitted structure of the rib type, one must take into account its 
three-dimensional nature. Moreover, he has indicated that, in a three-dimensional 
theoretical model of a knitted structure, the flattening of the yarn must be 
considered. He has shown that, in a rib structure, the yarn-flattening ratio is a 
comparatively high value J¡ Idj * 2, where dt, and d¡ are the widths of the yarn 
cross-section in two perpendicular planes; all of the theoretical models that have been 
considered thus far were assumed to be made from a yarn with circular cross-section 

Geometry and structure of rib variants 

It is evident that the more complicated the knitted structure becomes, the more 
difficult it is likely to be to explain the effects observed. Variant rib structures have 
been investigated by Dalidovitch ( 1949), who applied the same reasoning to obtain 
the geometrical relationships for these more complicated structures as he did for his 
rib and plain models. As was the case with other early workers in this field, his 
models were based on geometrical considerations and not on physical principles. 

In order to calculate the characteristic values for the half-cardigan and full 
cardigan structures, Dalidovitch divided these structures into two components, 
namely the knitted loops and the tuck loops (see figure 8, indexes 1 and 2). 
Dalidovitch estimated the stitch length in the full cardigan as follows: 

in the knitted loop, 

2    nD2 
• — • — 

cpi      2 

where Dx and P¡, are the arc diameters of the upper and the lower parts of the loop, 
respectively; 

in the tuck loop, 

vD3 
2- — 

where D3 is the arc diameter of the upper part of the tuck loop. 
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(a) 

(b) 

flp*f &    ¿MWorftc* •$ hlfcetdlm» M «*m cmMm* M model, (m ' ttxtf 
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In the half-cardigan stitch, Dalidovitch distinguished knitted loops of three 
different sizes (figure 8, indexes 1, 3 and 4), whose stitch lengths were: 

in loop I, 

in loop 3, 

in loop 4, 

nDl      2     nD2 I «  + — + , 
2       cpi     2   ' 

tr£>4      2     nDi 
3-—- •-:•—, 2       cpi     2 

4*nDs 

where D4 and Ds are the arc diameters of the upper parts of the loops, respectively, 
and Dt, Dt and D3 are as in the previous equations. In the half-cardigan stitch, the 
length of the tuck loop is described by the same formula as for the full cardigan 
stitch. 

In analysing these models, Dalidovitch obtained relationships to express the 
Avalúes in terms of yarn diameter, and from these relationships obtained the cpi/wpi 
ratios for half-cardigan and full cardigan as 1.64 and 1.92, respectively. 

In relating loop length to fabric dimensions, Dalidovitch obtained the following 
formulae for cotton (c) and rayon (r) interlock structure, respectively: 

18      2°    ,ÄJ c « — + —: + 3.M, 
wpi    cpi 

and 

18     20    ifJ 
r* — + — • 1.5* 

wpi    cpi 

His model consisted basically of the plain-stitch structure, with some correction 
made for the length of yarn between the front and back faces of the fabric. 

He also obtained experimental results for interlock fabrics made from cotton 
yard, bleached and unbleached, and from regenerated cellulose, from which he 
obtained the following empirical relationships: 

for unbleached cotton fabrics, 

1      ,J    dòfà 
 • 3d •—— • 
wpi 36   ' 
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for bleached cotton fabrics, 

1      „,   d&sfÑ 
— = 3í/+—— • 
wpi 33    ' 

and for rayon fabrics, 

—• * id +    v 

where 

wpi 28 

: cover factor 
\dmin J' 

N      * metric yarn count, 

d      * effective yarn diameter, 

d min " yam diameter in compressed state 

(calculated from the specific density of the fibre). 

Dalidovitch's geometrical models permit the estimation of some properties of 
knitted fabrics with great accuracy but, unfortunately, they do not elucidate the laws 
that govern the behaviour of knitted fabrics. 

Hurt (1964) investigated experimentally the dimensional properties of cotton 
interlock fabrics and obtained empirical results for the dimensions of fabrics of this 
structure after dry relaxation and washing. He attempted to interpret these results on 
a model, basically the Leaf plain-stitch model (figure 3), modified to allow for the 
cross-links necessary to produce alternate loops on the ooposite faces of the fabric. 
The wale spacing was derived from further drawings of interlock fabric cross-sections. 

Investigations of the dimensional properties of jacquard-knitted fabrics have also 
been carried out by Dalidovitch (1949). He has described a wide variety of these 
fabrics and formed many formulae that describe their properties. The more 
complicated their structure, the more complicated and less precise are the formulae 
concerned. 

All of Dalidovitch's formulae are based on simple geometrical loop shapes and 
do not take into consideration the important physical factors considered in the work 
of investigators who worked five to ten years later; for example, considerations of 
elasticity and energy. 

It should be noted that, until the present, none of these attempts have succeeded 
in creating a satisfactory, physically realistic theoretical model of knitted fabric 
structure. Many researchers are still working on this problem, and it is to be expected 
that, in the near future, their efforts will meet success, because more accurate and 
reliable methods and devices are increasingly available. 

In recent years the researchers in this field have been assisted by the moat 
modern scientific tool the computer. With it, the research carried out in the 
laboratories has become broader in range and scope and lets time-consuming, and the 
prospects of achieving the aim more realistic. 
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THE PRODUCTION OF KNIT GOODS 

FROM YARNS CONTAINING MAN-MADE FIBRES 

by 

A. Nawrocki 

The principles of yarn processing in the preparatory divisions 

The special characteristics of man-made fibres necessitate proper preparation and 
maintenance of definite processing conditions. Different batches of yarn should be 
carefully separated as the properties of yarns can differ from batch to batch and 
from supplier to supplier. In consequence, their mixing may bring about deformation 
of the fabric structure, uneven dyeing and the like. The delivered yarn must be 
carefully and constantly inspected for its count and twist. 

The count deviation should not exceed 5 per cent. During storage, precautions 
must be taken against yarn damage. Cones with damaged or deformed packages 
should be eliminated. 

The unpacking of cones from their protective paper should be done immediately 
before they are placed on the machine. Man-made filament yarns intended for 
producing warp-knitted fabrics are wound onto the beams. 

It is necessary to give particular attention to maintaining a constant and 
unidirectional tension on all of the threads during warping. Tliis is particularly true 
of yarn made from polyvinyl chloride fibres, which stretch even during a small 
increase in tension. This stretching can cause imperfections in the form of 
deformation or uneven colouration in knitted fabrics. 

In this case it is advisable to apply compensatory tension devices with central 
adjustment. The value of yarn tension during warping should amount to 0.1 to 0.2 
g/den (0.9 to 1.8 g/tex). 

With textured yarns, this tension should not exceed the value necessary to 
straighten it (0.1 g/den or 0.9 g/tex). In conventional yarns, speeds from 150 m/min 
up to 250 m/min are employed. For polyvinyl chloride yarns or for yarns made from 
polyester fibres, the speed cannot exceed 120 m/min. 

The surfaces of all machine elements that come into contact with the 
yarn primarily the holders and tension devices must be kept smooth and clean. 
Worn or damaged elements that might cause stresses on or damage to man-made 
filament yarns, which have high tenacity, should be replaced. 

The bobbins should be placed on the creel in such a way that the distance 
between the eye and the top of the bobbin should be equal to the diagonal of a 
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bobbin's cone, and a guiding eyelet should be placed on the prolongation of the cone 
axis. Setting-up in this way keeps the yarn from sliding on the surface of the package 
during unwinding. The distance between the bobbins on the creel and the beam 
during warping should be as smali as possible, and the number of intermediate 
elements that induce additional stress should be limited to the utmost. 

It is necessary to maintain parallel winding of yarn on the spool, and package 
density should be uniform along the entire length of the beam. Depending on their 
end-use man-made staple yarns undergo warping or winding processes. During 
winding, a constant uniform tension of all the yarns is required. This can be attained 
b> the use of tension devices with central adjustment installed on the winding 
machines. In case of yarn break, when winding T. done on drum winding machines, 
the spindle must be automatically drawn away from the drum to avoid ruffling and 
entangling of the package. 

Since there is considerable stretching and weakening of the yarn in the sector 
before a break, the broken end should be tied only after unwinding and cutting off 
I or : cm of yarn from the cone. Winding speed should not exceed 200 m/min, 
particularly with polyvinyl chloride fibres. 

Uniform hardness of the package is required to ensure the correct and uniform 
structure of the knitted fabric. Values from 30 to 40 (Durometer reading "O") for 
package hardness are acceptable. If yarn has been stored for a considerable period, 
rewinding before knitting is advisable. 

During winding, the yarn is coated with paraffin or undergoes a process of 
surface improvement by means of a special, easily removed preparation that 
facilitates processing on the knitting machines. The warping of man-made staple 
yams requires the same conditions as for man-made filament fibres. The distance 
between the bobbins and the eyeboard should be at least 15 cm. 

Because of the low humidity and associated electrostatic qualities of synthetic 
fibres, the maintenance of definite conditions in the production areas it necessary. 
The ambient air should have a relative humidity of 65 per cent and a temperature of 
20° to 24°C. 

Knitting condition« 

Before knitting, it is necessary to examine carefully the conditioni and 
functional correctness of all elements of the machine that come into contact with the 
yarn or that participate in the loop-forming process. This particularly concerns the 
cams, needles, guides and yarn holders. Here too, damaged or imperfectly working 
•sementi should be replaced. The surfaces of needles, guides and holden should be 
smooth, so as to avoid snagging the yarn patting through them. 

These precautions are especially important in the knitting of textured and 
high-bulk yami, which have a strong tendency to snag. Good results CM be obtained 
by the use of chromium guides, which are twice as resistant to damage at the 
conventional guides. 

The uniformity and stability of yam tentions in all working systems of machines 
«re of great importance in the processing of man-made fibres. Good resulti may be 
obtained by using compensatory feeding devices with central adjustments. The 
optimum yam tension measured near the yarn feeder during the knitting process 
should not exceed 0.1 to 0.2 g/den (0.9 to 1.8 g/tex) 
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f«J5L       Í      I g,Ven °ff fr0m the yarn durin* Pressing must be removed from the machine by means of a pneumatic installation such as a ombrane 
ÏK2JÏ1    IT;!.5 " fr0m Sett,ing °n "*hbouring machines TheTolon ot the ambient air should be as given above. 

When air humidity is below 40 per cent, fibre rigidity and fragility increase 
simultaneously with a decrease in its processibility. « «"guiiy increase 

Knitting fabrics from regenerated cellulosic (viscose and acetate) 
fibres 

not JSLr
techn0,0«ic

1
sü P«n»tors of regenerated cellulosic staple yarn processing do 

no differ « principle from those accepted for natural yarns, because the proZfes 
of the fibre, as well a. the structure and properties of the yarn are similar       * 

Yarns of rayon staple are usually knitted on circular or flatbed latch-needle 
EST? °rr ,00p-f0r,î!in8 Sinker-Web machines- The y• counts and aplcÏÏn trends of such yarns are the same as for cotton or wool yarns 'PP"««°n 

Continuous rayon yarns from 40 to 225 den (4.5 to 25 tex) can be processed on 
¡E? f ÎT ?f TPment eXCept flatbed -***"• of coarse ganges Wa^Ste! fabric, for lad*s' underwear and for gloves are the fundamental products. 

Knitting fabrics from synthetic yarns 

Polyamides 

no, Hi? Y"" containing polyamide staple fibres, the technological parameters do 
not differ in principle from those that have been adopted for natund yarnsTs a mie 

TtL^ctZTZ ta kmT °n CirCUlar °r flatbed Ia^-^dle machines and on 
iSttJSXSü^their app,ication «*-"** 
maciSl XT"! J"" « usu«!ly »^"ed on warp knitting machines, on 
EAT ¿T h * atent typC and °n Ieamle" hosiery machincs O" 2<vg uge 
ÏrleÏÏtyuïï. yarnS rangíng fr0m 2° t0 8° den (22 t0 89 ^ are 

A^î ?KhÍn?¿f Ü* CoUon,S P,tent *«*' y«• from 7 *> 60 den (0.78 to 5.67 tex) is used. On the seamless hosiery machines, yarns of 7 and 20 den (0.78 and 

PotycrylonitrUe (mmUrd) 

1*1^0?*° ST "to,ld^d P°1y«cryk>nitrite '«>«• should be somewhat finer 
ofïool ThtÄi^TÄVTÄùtacetheir,pecific***",owerthanth«' 

2?Zf: Ï1ST ?°K "^ °J knlUed My^lonitrile fabric is thus lower than 
• ri shoÏÏÎ! STîJî the ^"^ °f fUnd*rd My-^lonitrlle yarr», the «acton, shouldlbe adjusted foi• . somewhat greater «itch density trun /und with 
woollen yarn, because the elasticity of polyacrylonitrile yarns is smaller than that of 
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woollen yarns. Consequently, in polyaerylonitrile knitted fabrics, the loop length. 
during loop formation as well as in the knitted fabric after its removal from the 
machine, will be approximately the same. 

With woollen yarn, the loop length in a knitted fabric is smaller than during loop 
formation. Polyaerylonitrile yarns can be knitted on all types of machines other than 
warp knitting machines. Outerwear garments form the basic product assortment. 

Polyester 

In the case of yarns containing polyester fibres, the technological parameters are 
the same as those for knitted woollen fabrics. 

There is a tendency to use polyester yarns that are somewhat finer than woollen 
yarns used for the saine purpose. This results from the greater strength of the 
polyester fibres as compared with woollen fibres, as well as from the fact that an 
increase in the yarn count is usually associated with an increased twist factor, which 
can produce a decrease in the pilling tendency. Yarns that contain polyester staple 
fibres can be knitted on nearly all types of machines. Interlock plain and piqué 
knitted fabrics intended for outerwear are the fundamental products. 

Polyester filament yarns are usually knitted on warp knitting machines The 
range of yarn count is from 40 to 70 den (4.5 to 7.8 tex). The basic product 
assortine"i consists of ladies' underwear and shirts. 

Polyvinyl chloride 

Yarns made from polyvinyl chloride, ranging from 12 to 60 Nm. may be knitted 
on almost all types of machines, with the exception of warp knitting machines. Tht 
same yarn counts as for woollen yarn are employed. The loop length in the knitted 
fabrics destined for anti-rheumatic underwear is usually 10 to 15 per cent greater 
than in woollen fabrics. In the knitting industry, polyvinyl chloride filament varns in 
range from 45 to 120 den (5 to 13.3 tex) are used. Yarns of 45 and 75 deií (5 and 
8.3 tex) are used for the production of warp-knitted fabrics destined for use in 
underwear. Yarns of 75 and 120 den are processed on interlock machines of 20 gg or 
finer. They are used primarily for outerwear. 

Polypropylene 

The parameters adopted for fabrics knitted from natural fibres can be used with 
polypropylene fibres. In designing knitted fabrics containing polypropylene fibres 
the change^ of yarn diameter that results from their small specific weight' 
(0.91 g/cm ) must be taken into consideration. Accordingly, a finer count of 
polypropylene yarn must be used to obtain a knitted fabric of the same thickness 
and covering properties as when natural fibres are used. 

Until this time, polypropylene filament yams have not been generally used in 
the production of knitted underwear or outerwear. Knitted knotless fishing nets 
packing materials and knitted shoe fabrics are the chief products. 

Polyvinyl alcohol 

The parameters of the knitting process for these yarns are analogous to those 
used with natural-fibre yarns. Polyvinyl alcohol yarns are used in underwear 
outerwear and socks. 
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Polyurethane 

from S to 15 per cem The« v'înste,-/ ^TfT f,bres ta «*« blends ranges 
Polyurethane fibres re u^ in tlefor^of" e,aSt"kn,twear a»* socks. Continuous 
The range of yarn co^t. wÄrTw ^T"•^111 md mu,tifila•'" varns. 
fibre ,he8

rangey is fZnlïl ^¡e MÄteT^/T ^ F°' Verene 

to 1.120 den (7.8 to 124 5 tex) *' "nd f°r Lycra f,bre from • 

«ÄÄ-iTy^^^ Ï "? • °r Wit" si^ " double 
Core-spun yarns witl*     pTuU" i^fi w,tl'P°'yamide and cotton varns. 
polyacUnltrüe or ÄyÄS^^i^^ TT °f C°tt0"- WOO,< 
used to produce interlock and wim knSíTf Ï     r  Po,yurethane yarns are •¡nly 
yarns ar'e usuai.y Ä^SS 

«¡J« of garments ,nade fro. the, co^Ä^lÜ^S 

Knitted fabrics made from modified yarns 
High-hulk yams 

adapÄLS; :: S 2£r ïî 'T ''*•»*»'«* «««• *« yarns 
counts range C 18 o 36 Nm and folT " T^f f°rm- The^tricyarn 
non-shrunk yarnTs used the Zn i.nt ft T ï"1' d°Ub,ed yarns are used " 
cent lower than the S count ' ^ *"*"* WÍ" * from I4 *> «« Per 

15 toW20 ^Ä ,he detty °f the fabriC *"*• * f• 
yarn thickWess after shrinkage y8rnS' takl"8 tat0 aCCOUnt the ••* * 

about T;
1
, us £?s£ ïî^JTI *< »**>the -fab- *»->< * 

because, asÍconluenTeoZnLÍT t
ff"c/roduced {• «andard yarns. 

increase about 25^" cent Ther^Zi H T* ^^ °f thc ***»* fabric •« 
diameter after uJS^'^S^^Ì!?^ ?«*«*>«« «* «* "crease in yarn 

Textured yarns 

high«, valu« « ÎSÂÏed J^TÄ°       "*WT 
a"d "» P"*• "««, The 

textured yarn« ^ '"" "* eMent,aJ asso'tment of products made from 
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TABLE 1.     DATA FOR KNITTING PROCESSES FOR HELANCA, 1 
BAN-LON-TYPE STUFFER-CRIMPED YARN 

ELASTIL AND 

« 

Resulting yarn size 

Machine type den tex Stitch 

Interlock 10 250—300 27.8—33.3 Interlock 
- 12 200—250 22.2—27.8 

14 150—200 16.7—22.2 
16 150 16.7 
18 100 11.1 
20 70—100 7.8—11.1 
24 55—70 6.1—7.8 

RTR 10 300 33.3 Interlock 
Circular rib machine 12 300 22.2 Rib 

14 ISO 16.7 
16 150 16.7 
18 100 11.1 
20 100 11.1 
24 70 7.8 

Terrot machine 18 100 11.1 Plain 
20 70—100 7.8—11.1 
22 70 7.8 

Latch-needle machine 7 600—900 66.7—100 Plain 
8 450—600 50.0-«6.7 

10 300—400 JJ««y^•"^^« J 

12 200—300 22.2—33.3 
14 150—200 16.7—22.2 
16 150 16.7 

Cotton's Patent type machine 12 500 55.6 Plato 
(full-faihion) 15 400—500 44.5—55.6 

18 400—420 44.3    46.7 

21 300—400 33.3—44.5 
24 230—300 27.8—33.3 
28 200—250 22.2—27.8 
36 100 11.1 
39 70 7.8 
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a 

Resulting yarn size 

Machine type den tex Stitch 

42 70 7.8 
45 55—70 6.1—7.8 
4« 55 6.1 
31 30 3.33 

Doable-cylinder 6 270 30 Plain 
hoiiery machine 14 180—210 20—23.3 

18 180—210 20—23.3 

T«Ul     DATA ,0. «mg^JOg«^ «r««. VA.N» 

n 

Mentitimi ynsiit 

Mtchine ty ft den tex Srittk 

Interlock 14 150—300 16.7—33.3 Interlock 
16 150—250 16.7—27.8 
18 100—250 11.1—27.8 
20 75—250 8.35—27.8 
28 75—100 8.35—11.1 

RTR 10 600 66.7 

Circular rib machine 12 200—400 22.2—44.5 Rib 
14 150—300 16.7—33.3 
16 150—200 16.7—22.2 
18 100—150 11.1—16.7 

Flatbed machine 7 600-1,200 66.7—133.4 Plain 
8 450—900 50.0— IÜ0.0 

10 300-600 33.3    66.7 
12 225—450 25.0—50.0 
14 200—300 22.2—33.3 

I 
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Making up knit goods 

„„.J*16 Character,?f kn" goods, and above all their aesthetic properties, depend in 
great measure on the methods used in manufacturing them. This problem becomes 

¡Z^yiTortSIt^the ca*of knittcd fabrics Produced from y• * man-made fibres. Modification of traditional methods of manufacture is requi ed 
because of the special properties of man-made fibres. 

Knitted fabrics should always be fully shrunk before being made up. This is 
particularly true of those produced from modified yarns (high bulk, textured)ttat 
lí/t *«* nothing ,uPP,ements as linings^tiffenings  ndln^r 
musjs be decatized before manufacture to avoid later deformation of the finS 

Cutting 

The low elasticity of knitted fabrics produced from man-made fibres requires the 
exact adaptation of garment pattern, to the structure and shape of the bïïy I  i, 

K3Í i Î    pattcrns !" rdc in ""*a w*ythat ,on« --» «*o¿ ¡& 1 be parallel to course, or wales, but rather run diagonally across them. Such oMtaua 
seams are more durable and less exposed to deformation * 

Stretching of knitted fabric must be avoided during marking because it mav 
cause deformation. Only tailors' chalk should be used toLk Pa«ern,nhe fibre, 
melt during cutting the number of layer, cut at a time must be reduced the leí Ó 

^^£^. * —- -• « ~* -P- *¿ «Cí 
knittlS6^' ut M unÌfe-ÌtS b• and °ther e,ements ,hat co• into contact with 

with knitted fabrics made from continuous yarns and especially from cur ed one, 
«nee their component fibre, «parate and came dragging of the stitch?, ThTpro^r' 
ZZI and Spwd °f ,the kf « -» *l~t «Ance, «n e tiilexSé 
ncrease can eau* melting of the knitted fabric The speed Aould not excwd 

500 rev/mm with a band knife or 1,800 rev/min with a hand knife. 

Sewing 

During the sewing of knitted fabric, constructed of man-made fibre, the three 

^\?Z^Jr°)km^ (a) Pr0per W«*«- of the n^iine^ 
fhíeads y      nWdk hMting and ^ Witabk *,ectk>n of the «wing 

v.am
TTeKPreS!?re f00t °f the ,ewin| machine «»termines the correct leading of the 

knitMH fV    «"jyw. The conveyor shift should be longer than when »win« 
Ü th      ïî fr0m m,tUrâI yanw- The *ite« P«*' hoto mu,tfcpr3í 
fitted to the needle diameter. If the hole i, too large, theVe will be deforrnSkCf thi 

SedfT °f the, ¡LniMed **«" durin« P"nchin« «V the needle. BoThTyen of 
¡KS^ manged "» « U"*' * «*• «* » -der to £veni 

shoufd"^^' thK
e,ed«cs

J
beini ""» together «houid be «retched eqtully they 

«.ghtly «retched » the direction of the »am to a, to flatten it. AU element, of tE 
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machine that come into contact with the knitted e,hr¡„.      u 
pressure foot and some parts of Z machin? lit •tÍ '"    ** í* ,l,tch pla,e'the 

as to minimize the adhesion of ÏÏiïï fthSiS     7stíe/moothed and Polished so 
especially from filamenti " Pr°dUCed from ma"-made «»»res, and 

may rise as high as 40¿°C at Xh teLTt cyculat"?1' and "^dJe temperature 
permissible t^miZ^^^S"""T? nblMbegi" tomelt"The 

follow,: for po^vinylX¡£ jS?' ïf r 7"* Ì•*nthetic ma,eria,s are as 

polyester and^Aríe ^ MJ&CÜT* "T 23°°C and for 

and the intenshy of needle heat nsconne^HZ>1[\ 1 * ma*mtUde °f friction fo• 
form of the fibre's and o^etSyTAIlS '¿E* * *" "^ °" *< 

^^^ knitted f^> •« *om 
of friction force i, compari" ^Ä^ The »**»* 
from staple yarns. These varns "nZi    **^ fabrics of low density produced 
actuated by ïhe J^thiïS Z t ti,\       T•"!' *" aCCess of fresh • 
generated by friction * **" SWay from the "<*<»* a part of heat 

¡nere,* in needfe temP3e when S «IfthÏÏh "f ï" * a C°nSiderab,e 

when the needle, nx>ving with ^Z^ZX^Zt^ "' « ** "^ 

of them *mg SAÏTTf îMt' î~ ;f the •< c^ve 
modified shapesId suXes XllZ l"?• f°Ke by ,he use of nced'« ^ 

needle potai. wnhTe „XhT£ÍLl       'S ]»'«"« •medl«ely behind (he 

« «B.. i. -JEäS ¡äST 
,helr ,mwr tm^ ,o '"•* 

«duerni th. MCCWJJS»? X^ï  ".T1 T *• "m,i m"c"- *» 
cool «h. «^ S7lS Slíd^'ÍJm0 her ***la> "> ">» P«>W"n » I» 

evaporation   This fluid m..., „«•      V 8 ^ nt *°that Jt ""* *• removed by 
difC rremovl "" ""^ 'P0" °" the ^»^ '**• that are 

tern^Ä^^aÄ 'fl* ?>t0 *°- ""* 
next to them. In the fir« case thî holloAJÍ TÍ " thr°Ugh pipeS mountcd 

which a little highVpwd Eta ZtT/   dle*a^i,empIoyedasacy|inderi" 
«feed, A dJÎSÍKS^rf7

,,,?air when the need,e is 

N* ,„ tni, channel, the ^ÄS^ÄS 
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to its shank. With this method, high speeds are obtainable that permit a 25 per cent 
increase in the sewing speed. In the second case, air is pressed continuously through 
pipes with outlets in the form of thin sprayers near the needles. The sewing thread is 
also subject to the quick heating caused by friction. Special precautions must be 
taken when threads made from filament fibres are used. 

Even when the continuous filament thread is sufficiently strong, pieces of its 
component fibres may break off and form small balls that can cause serious 
difficulties. Also, sewing threads may shrink upon cooling and thus deform seams 
made with them. 

The sewing thread must have the same strength, shrinkage and colour as the yarn 
used for producing the knitted fabrics that are sewn with it. All clothing 
supplements, such as linings, the bands of zip-fasteners and stiffening inserts must be 
fully shrunk before being sewn in. 

Seam stitching should be fairly loose so as to preserve the primary shape of the 
garment after washing. With curled yarns, seam elasticity should be not less than 25 
per cent. Cotton and nylon threads can be used for the sewing of buttons and 
button-hole edging. The linking of garments made from Ban-Lon yarn must be done 
immediately after knitting, before the stitches are shrunk. The stitch density must be 
adapted to that of the knitted fabrics so as to obtain an equal surface of knitted 
fabrics near the place of linking. 

For linking pullovers from full-fashion Cotton's Patent machines and circular 
latch-needle machines, the same count of yarn should be used as in knitting. 
Similarly, if the rib trim is made of yarn coarser than that used in the body of the 
fabric, it is necessary to use, for linking, yarn of the same count as was used in the rib 
trim. 

Pressing 

During the pressing of fabrics knitted from yarns containing man-made fibres, 
the possibility of direct contact of the fabrics with the hot metallic surface must be 
eliminated. The surface of a knitted fabric that undergoes pressure at a high 
temperature becomes shiny and less fluffy. Good results may be obtained with 
machines in which pressing is associated with steaming. Such types of pressing 
machines may be used successfully with knit goods made from polyacrylonitrile 
fibres. 

The installation of a flexible cover on the machine table is indispensable for 
proper pressing. This covering must be changed as soon as the first deformations 
appear. Hard covers of pressing heads are to be avoided, and the pressing head must 
never be left in a lowered position. Supports under the head panel are used to 
prevent strong mechanical pressure. 

Wet pressing should be avoided. For hand pressing, irons equipped with rheostats 
are recommended so as to maintain the pressing temperature appropriate for 
individual types of fibres. Only the reverse side of fabrics can be pressed, and in some 
cases a wet pressing cloth can be used if great care is taken. Special precautions must 
be taken in the pressing of ribbed and interlock fabrics. 
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by 

A. Nawrocki and J. Grebowski 

Because of their high efficiency and wide variety, knitting machines are being 
employed increasingly for the production of many types of fabrics, not only for the 
production of garments but for technical purposes, haberdasliery and even for 
medical purposes, that were not previously made by knitting. Some of the more 
interesting of these products are described below. 

Knitted garments 

Knitted imitation chamois leather 

Knitted fabrics that resemble chamois leather are made by modifying the knitted 
fabric by a proper selection of raw materials, knitted structures and finishing 
treatments. The raw material is a blended yarn that contains highly shrinkable (40 to 
50 per cent) polyvinyl chloride fibres and normally shrinkable polyamide or 
polyacrylonitrile fibres. From this yarn an interlock fabric is knitted as tightly as 
possible. This knitted fabric shrinks considerably in the finishing process, which 
consists of operations such as washing, dyeing with shrinking, polishing, shearing and 
water-proof finishing. 

During shrinking, the polyvinyl chloride fibres migrate to the inside of knitted 
structure, forming a kind of core. Most of the normally shrinking polyamide or 
polyacrylonitrile fibres remain on the fabric surface, where they mainly determine 
the appearance and useful properties of the fabric. 

Knitted chamois leather-like fabrics have very valuable hygienic properties 
(thermal insulation, air permeability) and aesthetic qualities (dimensional stability, 
wrinkle resistance) that surpass those of natural chamois leather. They can be used to 
produce clothing and some items of haberdashery that were formerly made only 
from natural chamois or velour leathers. 

It seems possible to employ knitted fabrics of these kinds in the production of 
some goods in which fabrics woven of pure wool have been dominant up to now. In 
outerwear such as coats, the thermal insulating power of chamois leather-like fabrics 
is greater than that of fabrics woven from pure wool. The production cost of these 
knitted fabrics is approximately 30 per cent leu than the average production cost of 
natural chamois and velour leathers and 50 per cent less than those of woven coat 
fabrics that contain 80 to 100 per cent wool. 
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Knitted fabrics with a woven appearance 

Depending on the methods of production used and the end-uses envisioned, 
knitted fabrics of woven appearance can be light or heavy. In either case, these 
knitted fabrics are produced on warp knitting machines, usually from synthetic 
filament yarns, with the use of stable stitches (that is, stitches with limited 
extensibility). The warp stitches are tricots(1.0/1.2, 1.0/2.3, 1.0/3.4 or 1.0/4.5), the 
weft being laid in the courses and wales. After proper finishing, these knitted fabrics 
are made up into dress shirts, waterproof coats, tarpaulins and the like. 

As compared with woven fabrics, these knitted textiles are distinguished by high 
resistance to crushing and wrinkling, easy care and good aesthetic appearance. 
Worthy of special note are knitted fabrics that require no ironing; sliirts made from 
them are superior to those made of woven poplin. 

Heavy knitted fabrics with a woven appearance are produced on a single needle- 
bar Raschel i ìachine. using a stable stitch, and can be plain or patterned. In these 
knitted fabrics as in warp-knitted ones, limitation of stitch extensibility is obtained 
by laying the weft in the courses and wales. Raschel machines are usually equipped 
with at least six needle-bars, and it is therefore possible to obtain a wide range of 
relief desigli s while preserving the limited extensibility of the stitches. 

As an example, the set-up for a patterned knitted fabric made on a 24-gg Raschel 
machine and the yarns used are given below: 

In guide bars I and II: polyacrylonitrile staple yarn 48/2 Nm; 
In guide bars III and IV: polyacrylonitrile staple yarn 24/2 Nm; 
In guide bar V: polyamide yarn 200 den (22.22 mtex). 

The guide bars are threaded as follows: 
I I   I   I   II I   I   I   I   I    I   I 
II I   I    I   II I   I   I   I   I    I   I 
III      I   I   I   I    I   I 
IV I   I   I   || I  
V I   I    I   II I   I   I   I   I    I   I 

The chain links are set out as follows: 
I 88/00// 
II 00/00/00/22// 
III 68/20/68/66 68/20/68/66/68/66/68/66/68/66/68/66/68/66/68/ 

66/68/66/68/66// 
IV 68/66/68/66/68/66/68/66/68/66/68/66/68/20/68/66/68/20/68/ 

66/68/66/68/66// 
V 22/24/22/20// 

After appropriate finishing, these knitted fabrics are used to upholster furniture 
and for decorative elements in automobile interiors. 

Knitted fabrics with a plain, stable stitch are produced with the aid of four guide 
bars, one of which forms the basic stitch, the second laying the weft in the wales, and 
the other two placing the weft in a direction opposite to that of the courses. This 
stitch structure imparts to the knitted fabric a compact, multilayer construction that 
is particularly useful for protective garments such as fire-proof clothing. The inner 
layers of such fabrics are constructed of core-spun yarns with glass-fibre centres, 
sheathed  with polyvinyl chloride  fibres; the outer layers are constructed  of 
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man-made fibres such as the modified acrylic Kanekalon (Japan), Protective dotili,« 
made »rom these knitted fabrics possess resistance not only o i a 
splmters. Their hygienic properties are also satisfactory.     ' 

Knitted fabrics for technical purposes 

Knotk'ss fishnets 

or twó'0«!!!/?"61* are mad,e fr0m P^""** ya"»s • R«*M "'achines with one 
ïenhï V!'n! lChaÌn Sti,Ch and a P«riodicdly alternating tricot stitch 
Weft threads may be laid between the wales of the chain stitch. Figure I shows an 

machine.11 ^      "^ '^ ^ "* Pr°dUCtÍ°n of k»otk«"^«!4tí 

Many kinds of netting can be produced on a single needle-bar Raschel machine 

thVnuIH 0,
ff

iffere"VC0UntS f0r ,he weft and -hain stitches anîby 
ne  Z VthTdîuM Weft *"<! d,ain"fd' ***»*<»« thejotn, points OH 
net loops With a double needle-bar machine, different kinds of netscan be obtained 
by char,g,„g the number of guide bars, the number of interlacing* in the oint  o  ,s 

n  L ,/ T..'"? by *PP,ication of the *eft between the stitchesfor Jbv need 

Ï5ÏÏLUT2ÎÏÎ r?3"': haS Pr0Ved
B
,hat SUCh netS fu,fil a" "-eprelenut 

^Z^{^^^^ *"rch " ** «««- - - use of 

the foZfnÍV^3"18868 °f I"01'6" f,ShnetS produced on R^'l'el machines are 
Ï hi? 7 g ^ deCreaSe ,n ,he consumP"«n of raw material.//,;shortening the 
technical process of net production, (c) durability of net form an structurend J) 
improvement of conditions for fishery exploitation. ' ' 

Knitted fabrics for sacking 

Knitted fabrics are  used to produce sacks for shipping potatoes and other 
agricultural products. Such sacking materials can be produced on single needle-bar 

knSul 7?"!"' Tu'"8 StitcheS $,m,lar t0 those employed in the production of 
knotless fishnets. The raw materials used to produce knitted sack fabrics are 
polypropylene or polyvinyl alcohol staple yarns. The weight per square metre of 
the* fabrics.* about 73 g, anda sack with dimensions of 60 X 105 cm weighs lOOg 
Sacking knitted from polypropylene yarn is four times lighter than sacking made 
rrom woven flax or hemp yarns. The strength of knitted sacks packed with potatoes 
as estimated by the number of times they can be dropped from a height of I m is 
eight times greater than that of woven sacks. 

.u ^^T6' tne..output of «eking by Raschel knitting machines is far greater 
than that of looms. While a loom can produce nearly 18 running metres of woven 
sack fabric per hour, from which 9 sacks can be made, the output of a Raschel 
machine is 400 running metres per hour at an operating speed of 350rev/min. This 
high rate of machine productivity results from the use of an openwork stitch that 
permits the production of knitted fabrics in the form of "shawls". From 12 to 18 of 
these shawls can be knitted simultaneously on the working width of the machine 
After removal from the machine, the width of the shawls corresponds to the desired 
width of a sack. From 400 running metres of the knitted fabric, 180 sacks can be 
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lT,m  UH rdUCtÌVÌ,y of the Rasd,el «"whine is thus tenfold greater than that of a 
¡¡¡Tnlks     Pr0duc,,0n COSt ot knitted sacks is coniidenbly lower than that of 

Knitted fabrics for water-cooling units 

•I« JS00"*!8 TerS î!h fan COülerS are the best-k"«wn means of cooling water in a 
closed cycle Water discharged from a heat exchanger at a temperature of 30° 4o\ 
is cooled in the cooler to 20 -30 C. 

The basic elements of the cooler are a water-distributing device and a sprinkler 
formed of tnck hng blocks. Until uuite recently, the trickling units were mad" rom 
wood (pine) or from asbestos-cement cardboard 

that ÌlteTÌT CarfrÌed OU! Ìn the TeXtÌ,e ReSearch ,nStitUte in tódi •«* "h"• that knitted fabrics of special construction could be used in the cooling towers The 
use of knitted fabrics as a water-distributing element facilitates heat exd nge n t e coole, thus h        ,ing effect A t mt{ ¿  ge „.he 

having   a   volume   ot    Im3  and weighing 25 kg has 50 m2 of trickling surface 

m and weighing 150 kg has only 32 m2 of trickling surface. The use of kn tted 
fabrics gives a remarkable cooling efficiency and makefpossible the ed* tk,o the 
oo er dimensions by about 30 per cent, thus permitting substantial savings n 

installation and operation costs. »«"»16» m 

Knitted fabrics for medical use 

Artificial blood-vessels 

Artificial blood-vessels are produced from textured polyester yarn on the 
latch-needle knitting machine. Advanced knitting technology permits the production 

1 ? ÏÏ? mght fi b,fUrCated VeSSe,S °f a"y ,en*,h and of diameters of 4 mm or 
S H 1 remOVal fT the knitUng machine' these artif•' blood-vessels are 
finished by processes such as cleaning, shrinking, forming and heat-setting. In the 

inTiP.T"i.- uite be,l0WS f0rm iS giVen t0 the vesse,; this shaPe is stabilized m the next finishing phase. 
The most important properties of artificial blood-vessels produced in Poland are 

high resistance, flexibü.ty and elasticity. Furthermore, they are well absorbed by the 
22TÏ i""56 1° inflanunatory reactio« and •« resistant to chemical agents. Their 
special bellows shape permits them to maintain their circular cross-section even 
durmg intensive bending. The inner surfaces of their walls are perfectly smooth, thus 
ensuring undisturbed flow of the blood. Since these artificial blood-vessels do not 
fray, they can be cut w,th scissors or scalpels, and apertures can be also cut into their 
sides for branch anastomosis. 

Th»Jh!ü-?ÍñCJal b,ood:vesse,s can ** *"«*«* repeatedly without deterioration. 
L•L.   . , Pro,the,eS Ï" V'*ìly "PPrec»ted by the most distinguished surgeons, as is amply documented in the medical literature. 

Dressing bands 

Dressing bands serve primarily to secure essential dressings to wounds or other 
injuries. Knitted dressing bands are made from viscose staple yarns on 26*g 
warp*nitting machines. The structure of the knitted fabrics is formed of loop chain 
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stitches and weft, with incomplete ( I X 1 or 1 X 2) threading of the guide bais. The 
density of the knitted fabric is 140 courses per 10 cm, and its weight is 50 to 
60 g/m2. The bands can be as wide as desired. 

Knitted dressing bands, in contrast to woven ones, are constructed of threads 
that are little subject to unravelling. They also have great elasticity and do not fray. 
Bandages made from them have a good appearance, fit comfortably, do not slip from 
the wound and hold the dressing securely. When knitted bandages are used to secure 
wound dressings, only 50 to 60 per cent as many bandage layers are needed as when 
conventional gauze bandages are used. They do not deteriorate significantly even 
after several washings. In obstetrics knitted bandages are better than the woven ones 
employed up to now. Knitted bandaging fabrics can be used for operation wraps, 
setons and the like. 

Orthopaedic stiffening bandages 

Until recently, the dressings and stiffening appliances employed in orthopaedy, 
in the treatment of Heine-Medina disease, in spinal injuries, after limb amputation 
and in neurosurgery, were made of gypsum, leather, plastics and the like. 

In trauma surgery, gypsum has the important advantage of hardening quickly. 
However, this advantage is less important in orthopaedy, as evidenced by the 
successful use of leather in certain appliances. Gypsum dressings are used only 
temporarily, and their value lies in the possibility of executing them on the patient 
immediately and in their low cost. 

Orthopaedic appliances made from plastics, leather, wood and metal can be 
constructed only on the basis of positive gypsum casts previously prepared by highly 
qualified technicians in well-equipped workshops. However, orthopaedic workshops 
cannot execute the appliances rapidly; the patients must sometimes wait for many 
months to receive them, and such delay may be very harmful. For example, after 
Heine-Medina disease, children must wear corsets or other appliances made of leather 
reinforced with metal. Until he receives his appliance, the child must wear a heavy 
gypsum corset, and this can affect the growth of his spine adversely. 

If stiffening bandages must be changed frequently, leather appliances cannot be 
used; only gypsum ones can be employed. If too much time elapses between the 
amputation of a limb and the fitting of a prosthesis, permanent changes such as 
muscular atrophy may occur. In this situation, not only will the period of 
rehabilitation be prolonged, but the artificial limb may become useless. Another 
prosthesis is then required, causing still further increases in costs and prolongation of 
rehabilitation. These considerations are particularly important for patients who have 
lost either or both of their legs. These patients are immobile, and they may become 
depressed, and the recovery period may be prolonged still further. 

These difficulties can be eliminated, to a great extent, by the use of knitted 
stiffening bandages made from poly«n>de and acetate yarns on the Rasche! machine, 
using a chain stitch and weft laid in with two fully threaded guide bars. To produce 
such appliances or prostheses, the following are needed: a solvent and a positive 
plaster cast of the part of body where the appliance is to be fitted, and some lightly 
rolled bandages. The bandages, soaked in the solvent, are wound around the plaster 
cast, which has been rubbed smooth. The acetate fibres are dissolved by the solvent 
and first become a sticky mass that hardens into a solid and elastic crust when the 
solvent evaporates. The undissolved polyamide fibres form a framework of the 
appliance so that it holds its form. After about 24 hours, when the bandage has dried 
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AUTOMATION IN THE KNITTING INDUSTRY 

by 

A. Nawrocki 

The rapid development of the knitting industry has been associated with a 
constant increase in the automation of the machines and processes used, for it is 
automation that ensures the fulfilment of the conditions for this development. 

In general, automation of knitting processes has the following advantages: 
(a) Preservation of the optimum knitting conditions by maintaining the 

uniform functioning of machine components; 

(b) Exploitation of the optimum operating conditions of machines that produce 
a variety of knitted fabrics with different features; 

(c) Improvement of fabric quality by reducing breakages of needles and yarns; 
(d) Shortening the production process and increasing of machine efficiency by 

eliminating some technical operations; 
(e) More efficient use of factory space by reducing the area occupied by the 

machines (especially in the case of continuous lines); and 
(f) Reduction of labour input and reduction of production costs. 
Two types of automation can be distinguished: that of a single machine and that 

of a set of two or more machines that produce the same thing. In the first case, 
automation refers to two basic units of the machine, namely, a stop-motion unit that 
ensures the correct operation of the machine, and a programming unit for operations 
performed by particular parts of it. 

Automation of the first (stop-motion) unit is aimed at improving the control of: 
(a) yarn feeding, by stopping the machine in case of yam breakage, excessive knots in 
the yarn, excessive tension and the like; W working elements that take direct part in 
knitting (cams, needles, and the like) and (c) fabrk quality, that is eliminating the 
causes of defects in the fabric such as variations in tightness. 

Yarn tension control and the signalling of yarn breakage are performed on the 
yarn section between the bobbin and the feeding unit. Between the furnishing reels 
unit and the feeder, yarn control is taken over by another set of stop-motion units 
that control yam tension and feeding speed and signal yam breakages before the yarn 
reaches the needles. These stop-motion units operate on mechanical or 
electromechanical principles. 

The yam-controlling element is a set of balanced levers. A yam breakage 
unbalances it, causing the emission of a light signal that indicates the fault and shuts 
off the motor. 

The yarn-feeding control unit is also composed of a set of levers. It operates on 
the basis of variations in yam tension. When yam tension increases, the unit causes 
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the yam-speed regulator to increase the speed of yam feedin. Wh,„ ,      . 
slackens, the yarn-speed regulator teductt\Z^lZr ,g,   en îarn tens,on 

yarn tension back t¿Z proveí ^    °f Y• fcCding and brin«s «* 
Needle-operation   control  is  performed   bv   mam  nf .u„. ,. 

operating stop-motion units. Defects ZdL. dlfW. ÎÎ    .  ^ctromechanically 
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Another   exampk   of  profr^nmin,  .utormtion   »   the   production   of 
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full-fashioned garments such as stockings. The desired shape of the garment is 
obtained by means of loop transfer (narrowing or widening) or by changing the 
number of needles working in the machine. Very complex patterns can be obtained 
by combining these two methods. 

Narrowing and widening of the fabric by loop transfer is commonly used on 
full-fashioned and automatic V-bed machines. A special transfer mechanism is used 
for this purpose. Control impulses are transferred to the machine from a central 
control unit that consists of a drum and a chain. 

Loop transfer is used to produce garments of relatively simple shape. If amore 
complicated shape is required, other knitting elements are used, namely, feeders and 
pressers. 

Needle selection is also possible in flat and circular knitting machines. By means 
of jacks and needle selectors, some of the needles may be switched off while the 
others continue knitting. In this way the knitted fabric can be made to preselected 
shapes and sizes. 

Programming of machine operation also can be done by cam control, which 
makes possible a variety of stitches, among them openwork stitches, loop courses for 
linking and welt stitches. Usually, in such cases, some control devices such as chains 
with studs, tapes, electromagnetic and electronic stop-motion units are used on the 
knitting machines. 

The separation of socks produced one after another in a continuous line is 
another example of automation. The socks can be separated in different ways; as by 
temporary cutting off the yarn supply or switching off the feeder. After being cast 
off from the needles, the socks are transported to a container by a pneumatic 
transport tube. 

The performance of operations by sets of machines that produce the same type 
of garment, eliminating some of the technical operations, constitutes another kind of 
knitting process automation. A typical example is a continuous line for the 
production of seamless stockings. In it, a number of knitting machines and control 
devices are connected by means of a pneumatic tube. 

A very important feature of this continuous line is the fact that it is possible to 
stop any machine that produces a faulty stocking by simply pressing a button on the 
control board. When this is done, a light signal is switched on to inform the knitting 
machine operator. 

A continuous line usually consists of 30 four-feeder or 90 to ] 20 one-feeder 
knitting machines. The continuous line is controlled electronically, according to an 
operation programme. 

The next technical operation is the closing of the toe-end, after which the 
stockings are sent to the inspecting post, where the stockings are turned inside out 
after inspection and sent by means of pneumatic tube to the next operations 
(thermofixing and dyeing). Afterwards the stockings are automatically selected and 
paired. 

These operations-inspection, thermofixing and dyeing, and selection- can be 
performed, respectively, on Inspectomatic (France), Colorplast (Federal Republic of 
Germany) or Teintofix (France), and Pair-O-Matic (France) machines. 

The final operation in the continuous line is packaging. This is done on 
automatic machines that fold, label and pack the stockings. These operations can be 
performed on the Plipack G machine (France). This machine can fold the stockings 
in three different ways, any of which may be selected by a control lever. One, two or 
three pairs of stockings can be folded together. 
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