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1. Introduction

It should be self-evident that the weight per unit area of a knitted fabric is equal to the mean
weight of a single knitted loop multiplied by the number of loops in the same area.

The weight of a single loop is proportional to the yarn count in tex, and also to the length of
yarn which makes up the loop, the stitch length.

These relationships may be combined into a single equation

W = N . l . S . K (1)

where

W is the fabric weight per unit area,

N is the yarn count in tex,

S the stitch density, or number of stitches per unit area

K is a constant.

Many studies of the structural parameters of relaxed knitted fabrics have been reported in
recent years, and most workers have concluded that a relationship exists between the stitch
density, S, and the stitch length, l, of a relaxed plain-knit structure, which is approximately of
the form

S = Ks / l2 (2)

In the study of knitted structures generally, it has become customary to consider not the length
of a single stitch, but the length of yarn in a repeating unit of the knitted structure. For plain
single jersey, this is equal to one stitch length, but for 1x1 rib it is taken as the length of two
stitches, and for interlock, four stitch lengths.

Thus, the general equation is

S = K1 / n.l2 (3)

where n = 1, 2 and 4 for single jersey, 1x1 rib and interlock respectively.

If equation (3) is substituted into equation (1), it can be seen that

W = K . N/n.l (4)

W in this case is, of course, the fabric weight at some defined state of relaxation.

If W is expressed as grams per square metre, the stitch length in mm and the yarn count in tex,
then, for plain single jersey, the constant in equation (4) is numerically equal to Ks in equation
(2), i.e.

W = Ks . N/l (5)

and, taking the generalised situation

W = K1 . N/n.l (6)

A considerable amount of evidence has been published in favour of the existence of a
relationship of this type, linking yarn count, stitch length and relaxed weight of knitted fabric,
and a selected bibliography can be found at the end of this report. Almost all previous work,
however, has been carried out on fabrics which received no commercial finishing treatments,
and the knitter needs to know how his fabric behaves, not only in the grey state, but also after
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a predetermined finishing treatment which may include such techniques as piece-
mercerisation or crosslinking; processes which are known to have marked effects on fabric
structure.

Research Records Nos. 83 and 94 describe the production of a series of cotton interlock and
1x1 rib fabrics in a range of stitch lengths and yarn counts, and finished by a variety of
methods.

Various trials were undertaken to establish a reliable test method for obtaining full relaxation
of these fabrics. The method eventually adopted is described in Figure 1.

As part of an extensive testing programme, the relaxed weight of each of these fabrics, at
various stages of processing, has been measured.

This report is concerned with a study of these measurements, and proposes an empirical
method for predicting the finished fabric weight from information on the fabric knitting
parameters.

2. Fabric Production, Processing And Coding

The production of the 15 interlock and 16 rib fabrics is described in Research Record No. 83,
and the processing treatments, with the exception of piece-mercerisation, are described in
Research Record No. 94. The piece-mercerisation treatment will be described in a later
Research Record. During the course of production and processing, each fabric variant was
allocated a coded identifier, made up as follows.

 first a letter (I or R) indicating the fabric type - Interlock or Rib,

 then a two-digit number equal to the nominal grey yarn count (Ne), followed by an
oblique,

 then a three-digit number indicating the nominal knitted stitch length,

 finally, a finishing code of up to four letters indicating the finishing treatment. A list of
finishing codes is given in Table I.

For mainly economic reasons, the finishing treatments were grouped into two categories,
which may be termed the major series and the minor series. The major series, comprising the
mercerisation and jet dyeing trials, included all the fabric construction variants; the minor
series, including winch dyeing and various bleaching treatments, were applied only to six
selected constructions of each type.

Perhaps unfortunately, the selected fabrics did not include the extremes in each range.

3. Knitting Parameters - Yarn Count And Stitch Length

Measurements of yarn count were carried out on the yarn packages before knitting. These
results were reported in Research Record No. 83. For the purposes of this report they were
converted to tex, and the converted figures appear in Table II.

Measurements of stitch length were carried out on samples of the knitted fabrics both before
and after a standard relaxation treatment. For the purpose of making predictions based on
knitted fabric construction, it was considered that the stitch length before relaxation would
serve as an adequate starting point. The unrelaxed stitch length results are also given in Table
II.
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Following the line of earlier work, the ratio of yarn count to stitch length has been calculated
for each fabric construction. These figures are also given in Table II, and are used as the basis
for the calculations which are described later.

4. Fabric Weight Per Unit Area

The results of measurements of relaxed fabric weight, in grams per square metre, are given in
Tables III to VI.

Table III shows the results on the major series of interlock fabrics, that is the variants which
included piece mercerisation or jet dyeing treatments. Table IV gives the results on the minor
series of interlock fabrics, while Tables V and VI show results on the rib fabrics for major and
minor series respectively.

5. Fabric Weight And Knitting Parameters

The purpose of this study was to find a method whereby the relaxed weights of a knitted
fabric might be predicted from a knowledge of the knitting parameters of yarn count and
stitch length, and the processes of dyeing and finishing which had been, or were going to be,
applied to that fabric.

From equation (6), it appeared sensible to take the ratio of yarn count to stitch length (N/l), as
defined in paragraph 3, as the starting point for prediction, and the first step was an
examination of the correlation of the fabric weights according to the general equation

W = A. N/l (7)

A being a constant, for each fabric type and finishing route.

The results are given in Table VII.

It can be seen that, with a few exceptions, correlation of fabric weight to count/stitch length is
quite good. One might consider that where the correlation coefficient, r2, is above, say, 0.9,
then substitution into equation (7) would give a reliable enough predictive model for most
practical purposes.

Nevertheless, as it was intended that this should be an empirical study, it was decided that
some modification to equation (7) might be found which would improve correlation. Table
VIII gives results of a similar series of calculations based on the equation

W = A. N/l + B (8)

where A and B are both constants.

In most cases correlation was only slightly improved using this equation, notable exceptions
being the jet dyed and compacted, and the winch bleached and compacted, interlock results.

Other relationships have been examined, but no significant improvements in correlation were
observed. A typical set of results is given in Figure 2 (note that the A and B figures should be
transposed in all but the first line of results).

Figure 3 shows the relationship between fabric weight and N/l for the grey fabrics. Both sets
of data can be seen to lie closely along straight lines and there are no signs that yarn count has
any independent influence. (This last point has been confirmed by multiple linear regression
analysis).
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6. Use Of Results In A Predictive Model

By substitution into the appropriate equation, the figures given in Table VII and VIII can be
used in various ways, for example.

1. Knowing the yarn count and stitch length used in knitting a fabric, the relaxed weight can
be predicted for a number of finishing routes.

2. For a given yarn count, finishing route and finished relaxed weight, the required stitch
length can be calculated.

3. Differences between finished weight and calculated relaxed weight can be used to predict
shrinkage performance.

4. Differences in relaxed weight produced by changes in finishing route can be predicted.

It must be pointed out, however, that these equations have been derived from a database
which is limited in terms of yarn counts, fabric constructions and finishing treatments, and
some care should be exercised if they are being applied to situations outside these limits, for
instance, to fine-gauge interlock, or plied yarns. The influence of finishing has been studied
in only one dyeworks, and it may be that different results would be obtained in another
situation.

7. Comparison With Earlier Studies

Mention was made in the introduction to the report of the earlier work which had been carried
out, almost exclusively with grey fabrics, on relaxation of the knitted structure. This has
resulted in the postulation of a series of 'constants' said to govern the behaviour of knitted
structures in relaxation, and these have been termed "k-values". One of these, K1, appears in
equation (6), and by comparing equations (6) and (7), we see that

K1 = A.n (9)

Using the values for A shown in Table VII, K1 can therefore be calculated to be, for the grey
fabrics

interlock K1 = 205.3

1x1 rib K1 = 64.3

In other publications (see Bibliography) Hunter, Cawood and Dobson report a value of 192
for interlock, and Poole and Brown find a mean value of 56.8 for 1x1 rib.

8. Conclusion

A series of equations has been described linking fabric weight per unit area with
constructional parameters and finishing routes. It is proposed that these equations could form
part of a predictive model for the production and processing of cotton interlock and 1x1 rib
fabrics.
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Figure 1
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Figure 2
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Figure 3


