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Introduction 
Research Record No. 182 described the processing of a series of plain single jersey fabrics on the premises 
of Messrs. Empresa Textil de Barcelos Sarl (TEBE) in March 1984. 

This report presents the results of laboratory tests on those fabrics and also the results of regression analysis 
to estimate the STARFISH equations for the two fabric types (singles and two-fold) and the two processing 
routes (Gyrostock and Dornier mercerise + Gyrostock). 

 

Fabrics 
The knitting of the fabrics was carried out at TRD and was described in Research Records 114 and 177.  
They were produced on three plain jersey machines, (18g 1500 needles, 24g 1920 needles, and 28g 2112 
needles) from six lots of yarn (1/20, 1/28, 1/36, 2/40, 2/56, and 2/72 Ne).  Each yarn was knitted at five 
different stitch lengths covering the full range of commercially feasible qualities.  For each quality, i.e. for 
each combination of yarn count and stitch length, two pieces of fabric were available, making two sets of 30 
qualities.  The two sets were assembled in order of their target finished widths, these targets having been 
calculated using information collected from samples supplied to TRD in advance by TEBE and from the 
results of a series of preliminary trials carried out in July 1983.  One set was processed through the 
Barriquand Gyrostock dyeing machine in two lots, followed by centrifuging, wet stretching on a Tubetex 
Tripad, drying in a Tubetex Super Relax dryer, and final calendering.  The other set was processed first 
through the Dornier tubular merceriser and was then dyed and finished in the same way as the first set. 

Finishing targets had been estimated so as to result in final shrinkage figures of approximately 10% in both 
length and width. They proved to be obtainable in the case of the unmercerised materials, but much more 
difficult to achieve for the mercerised fabrics. 

The finished fabrics were returned to TRD and were tested by our standard methods.  Test results were 
available by November 1984 and the first analysis of the data was completed in January 1985. 

 

Results 
The basic test data are presented in Tables 1 to 6.  Tables 1 and 2 show the results from the greige fabrics, 
Tables 3 and 4 are those from the dyed and finished fabrics, and Tables 5 and 6 are those from the 
mercerised and dyed and finished materials. 

The shrinkage results on the dyed and finished fabrics (Table 4) confirm that the calculated finishing targets 
were mostly reasonable ones and were actually attained more often than not.  Fabrics made from the two-
fold yarns generally show slightly higher width shrinkages but lower shrinkages in length. 

The shrinkage results on the mercerised, dyed and finished fabrics (Table 6) confirm that the calculated 
finishing targets were either inaccurate or were not obtainable in practice.  In this case, the differences in 
shrinkages between singles-yarn and two-fold-yarn fabrics are even more striking. 

In both sets of finished fabrics it seems that, for a given level of width shrinkage, the length shrinkage tends 
to be lower with the tighter fabrics (shorter stitch lengths). 

Figure 1 shows the test results from greige fabrics for relaxed courses /3cm, wales /3cm, stitches /sq. cm 
and weight per sq. metre as a function of the relaxed stitch length in a way which compares the results for 
single-yarn fabrics against the two-fold fabrics.  Figures 2 and 3 show the corresponding test data for the 
dyed and finished, and for the mercerised, dyed and finished fabrics respectively. 

Looking at these three sets of graphs we can see that, for a given yarn count and stitch length, fabrics made 
from two-fold yarns will always have:- 

• fewer courses per unit length 

• fewer stitches per square cm. 
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• a lower weight per square metre 

So far as the wale density is concerned the picture is not quite so clear. In the greige and the dyed and 
finished fabrics there is a tendency for the two-fold fabrics to have fewer wales per unit width than the 
singles fabrics.  However, in the mercerised material, the reverse is the case. 

These differences in Reference course and wale spacings mean that separate finishing targets must be issued 
for singles and two-fold fabrics.  For example, if nominally identical qualities are made and finished to 
exactly the same width and weight, then the two-fold fabric would have significantly lower shrinkages in 
both length and width, provided it were not mercerised.  If the fabrics were mercerised then the single-yarn 
fabric would have better width shrinkage but the length shrinkage would be drastically worse. 

This simple example illustrates the importance of being able to predict or calculate the reference dimensions 
in advance, e.g. by using the STARFISH equations, so that the proper finishing targets can be set. 

Comparison of Figures 2 and 3 or Tables 4 and 6 confirm that the relaxed mercerised materials have fewer 
courses but more wales per 3cm than the unmercerised ones.  The percentage increase in the wales is greater 
than the reduction in the courses so the stitch density per square cm. is about 10% greater in the relaxed 
mercerised than in the unmercerised fabrics.  Similarly, the weight per unit area is greater by about 15%.  
The mercerised fabrics are only marginally thicker than the unmercerised ones but they are significantly 
stronger.  However the increase in strength is mostly accounted for by the increased weight as shown in one 
of the charts of Figure 4 where the bursting strength is plotted against the weight per square metre. 

Elsewhere in Figure 4, we can see that the increase in weight and stitch density caused by mercerising 
seems to be at least partly caused by the changes which have been brought about in the yarn count and the 
stitch length (mercerising caused the yarn Tex to increase by about 6½%, relative to the dyed material, and 
the stitch length to reduce by about 5%). 

Finally, Figure 4 also shows the spirality angles in the greige, the dyed, and the mercerised fabrics.  In both 
greige and dyed samples, spirality is affected markedly by the tightness factor (square root of Tex divided 
by stitch length in cm).  The tighter the fabric, the lower the spirality in the fabric.  Dyed fabrics show spiral 
angles of about 5 degrees or so lower than greige fabrics.  Most of the mercerised fabrics have spiral angles 
significantly less than those of the dyed fabrics, but there is considerable scatter in the data and no clear 
trend has emerged. 

For the fabrics made from two-fold yarns, (not plotted) the spiral angle in the greige relaxed fabrics is close 
to zero and is negative (i.e. spiralling to the left).  This means, presumably, that the residual torque in the 
folded yarn was in the 'S' direction.  After dyeing, the spirality is still negative and has increased in size by 
one to three degrees.  After mercerising the spirality has increased even further and is now at about the same 
absolute level as in the singles fabrics, but in the opposite direction! (See Table 6). 

 

Regression Analysis 
The STARFISH equations are of two types named STEP ONE and STEP TWO equations after the way that 
they are used in the STARFISH models. 

STEP ONE equations deal with the change in yarn count and stitch length which is caused by the finishing 
(and relaxation) process.  The current form of these equations is as follows:- 

Rtex  =  a . Gtex 

RL  =  a’ . GL 

where: 

Rtex and RL are the tex and stitch length in the finished relaxed fabric; 

Gtex and GL are the tex and stitch length in the greige, as knitted fabric; 

a and a’ are constants which depend upon the wet processing treatment. 
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STEP TWO equations are those which describe the finished relaxed reference state of the fabric in terms of 
the reference tex and the reference stitch length, thus:- 

Rc  =  a + b / RL + c . √ Rtex 

Rw  =  a’ + b’ / RL + c’ . √ Rtex 

Rs  =  a’’’ + b’’’ / RL2 + c’’’ . Rtex  

Rwt  =  a’’ + b’’ . Rtex / RL 

where:  

Rc  =  courses /cm in the relaxed reference state; 

Rw  =  wales /cm in the relaxed reference state; 

Rs  =  stitches /sq.cm in the relaxed reference state; 

Rwt  =  weight in g/sq. metre in the relaxed reference state. 

a, a’, b, b’, c, c’ , etc. are constants which depend upon the wet processing treatment. 

For the present data, the coefficients of the STEP ONE tex equations (a) were estimated using simple linear 
regression analysis on the average yarn tex values established before knitting by sampling from the cones, 
and the average yarn tex in the reference state established by averaging over the five different stitch lengths 
for yarns taken from the relaxed fabrics. 

Because of our experience with earlier single jersey trials, singles and two fold yarns were pooled for this 
analysis so there were six data pairs in all. 

For the STEP ONE stitch length equations, no averaging was carried out and the coefficients (a’ ) were 
estimated by simple linear regression analysis on the individual data pairs - as knitted and relaxed.  Data for 
singles and two-fold yarns were combined making 30 data pairs in all. 

For the STEP TWO equations the reference tex values used were the averages but the reference stitch 
lengths were the individual measured values.  For all STEP TWO equations, the singles-yarn fabrics were 
treated separately from the two-folds, so there were 15 data pairs in each case. 

Table 7 shows the values of the coefficients which resulted from this analysis, together with the square of 
the correlation coefficient.  In most cases, R-squared is 0.99 or greater which means that the equations 
account for about 99% of the variation in the data.  The few exceptions are almost all in the mercerised 
material so that the predictions for these may be somewhat less reliable.  However, the lowest value for R-
squared was 0.94 which is still a very acceptable result. 

The regression curves have been plotted alongside the data in Figures 5 to 11 where it can be seen that the 
STARFISH equations do model the measured values remarkably well. 
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Table 4 
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Table 5 
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Table 7 

 
 



 12 

Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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Figure 10 
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Figure 11 

 
 

 

 


