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The knot slip resistance of polyamide and polyester 

nettings of various numbers is studied in relation to knot 

tightening force applied. The relationship was followed from 

the analysis of regression area. A binomial was an accepted 

approximating function. The results are tabulated and 

plotted on graphs. 

INTRODUCTION 

The quality of nettings, very relevant from the prospect user's standpoint, is related to 

properties of an original material (netting yarn) as well as to the production technology 

employed. There is a multitude e
l

f factors influencing indices of neeting quality; the 
quantification of each single factor's influence is, however, difficult to attain. Nettings are 

produced of a variety of raw materials; on the other hand their quality is restricted by the 

machines available and finishing treatment administered. An index describing the fisfung 

net knot stability should be regarded as one of the netting quality indices. The results of 

studies, to be found in the literature (Volkov, 1955; Dembinski, 1956; Lomakina,1959; 

Kalinowski, 1962; Baranov, 1969; Sadowska, 1976), show the knot stability to be · 

affected by yarn properties, knot tightening force, parameters of finshing treatment etc. 

The authors mentioned carried out their studies on a variety of materials, different 

methods being employed, thus no comparison is possible. ln general, however, they point 

out to the necessity of the knot tightening force to be increased in the net production in 
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order to obtain good knotting effects. The analysis presented below deals with the 
relationship between the stability of knots made of synthetic (polyamide and polyester) 
yarns of various numbers and the knot tightening force, the knot stability being expressed 
as the knot slip resistance. 

MATERIALS AND METHODS 

Materials 

Hand-and· factory-made weaver's knots were tested. The nettings were produced of 
polyamide (lov-viscosity stylon NL, license-based stylon, stylon with lubunox, enkalon, 
amilan, lilion) and polyester (torlen) yams. Single yarns were supplied by the Polish and 
overseas (Holland, Japan, Italy) producers. The following sorts of polyamide cabled 
netting yarns were tested: 23 tex x 1 x 2, 23 tex x 4 x 3, 23 tex x 8 x 3, 93 tex x 7 x 3; 
the 23 tex x 1 x 2 and 110 tex x 1 x 3 torlen yarns were studied as weU. 11 sorts of 
"raw" nettings (no physico-chemical finsish treatment) were produced by net making 
looms, while hand-made weaver's knots (English knote) were knitted in the laboratory. 

Methods 

ZT-20, ZT-40, and ZT-200 tensile testing machines were used to tighten the knots 
with the pre-determined force and to test the knot slip resistance. The latter was tested as 
specified in the Polish Standard PN-69/P-85036 and using Wijngaarden's method 
(Wijngaarden, 1959; Brandt and Carrothers, 1964). The knot slip resistance of 
factory-made nettings was analysed on 50 knots taken on random from each sort of 
netting. In order to follow the knot slip resistance-knot tightening force relationship, 
weaver's knots of yarns of different thickness were knitted by hand. These were tightened 
with a pre-set force in the tensile testing machine. Tightening_ forces (kG) were calculated 
for each sort, the calculations being based on the resultant actual number of yarn (tex). 
Each sort of netting provided 50 knots to be examined. These were tightened in the 
machine using forces of 10, 20, 30, 40, 50, 60, and 70 G/tex, the knot slip resistance 
being tested 24 hours later. The amount of the load (kG) at which the tested knot is 
deformed in that the warp yarn (slips out of the knot or the yarn ruptures in the knot 
serves as a measure of knot slipresistance. 

Processing and evaluation of the results 

The knot slip resistance was calculated as the arithmetic mean of the readings 
obtained. The data on the factory-made knots yielded also standard deviation (s), 

. � 

coefficient of variance (v), and standard error (u). Analysis of variance was applied to 
· evaluate the knot slip resistance in factory-made nettings of yarns of a similar thickness
but supplied by various producers. To assess the significance of differences between the
group means, multiple-mean variance and Fisher-Snedecor test (F test) were used.
Duncan's new multiple range procedure was applied to detect means differing from each
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other and to assess the significance of these differences. The generally available tables of 
each coefficient's critical values were made use of when analysing the parameters. 

In order to ascertain the interrelationships between knot slip resistance, knot 
tightening force, and actual tex, the regression area analysis was employed (Zieli­
nski, 1974). Using this method, the analytical form of the interrelationship was 
determined in order to present the nature of this interrelationship more precisely. The 
general form of the relationship was given as 

where: 

F P = knot slip resistance in kG ( dependent variable)
u1 = knot tightening force in G/tex 
u2 r resultant actual tex of yarn 

(u1 and u2 are independent variables) 
A binomial in the form of 

where: 
u1 ,u2 as in(l) 
'Y = regression coefficients 

was assumed for an approximating function in finding the analytical form of (1). 

(1) 

(2) 

The following parameters were introduced to assess the goodness of fit of the 
approximation: vector R and variance of the random component. The structural 
parameters 'YO, 'Y 1 , 'Y 2 , 'Y 1 1 , 'Y 2 2 , y 1 2 for the sorts tested were drawn on the XY point 
recorder fitted to the Hewlett Packard 2100A computer. 

RESULTS OF STUDIES AND DISCUSSION 

Machine-made netting knot slip resistance 
Knot stability proved to be a very important index of netting quality. The index was 

represented by the mean knot slip resistance (F P). Table 1 contains the results of studies
on this iridex for machine-made nettings; the results indicate the absolute value (kG) of 
the knot slip resistance to be related to the yarn number. Machine-made nettings 
produced, under the same conditions, of synthetic yarns of a similar number, supplied by 
different manufacturers, were found to display varying knot slip resistance. 
Torlen knots show a clearly higher resistance to slippage. The analysis of variance and F test 

(Table 2) corroborated the high significance of differences between mean slip resistances 
of knots made of various grade; of yarns, regardless of the producer and chemical 
composition. The knot slip resistance increases with the yarn number. 
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Table 1 .i,.. 

Knot slip resistance (F p) in pre-adjusted machine-made ,,raw" nettings

Knot slip Number of Standard Coefficient Standard 
Sort of netting resistance measurements deviation of variance error 

(kG) (n) (s) '(v) (u) 

1 2 3 4 5 6 

stylon NL 23 tex xlx2=t40 0.67 50 0.2635 38.80 10.97 
23 tex x4x3=t40 1.27 50 0.6336 49.60 14.03 
23 tex x8x3=t40 2.17 50 0.7513 34.56 9.77 

enkalon 23 tex xlx2=t40 0.58 50 0.20 34.48 9.75 
23 tex x4x3=t40 1.68 50 0.8215 48.80 13.80 
23 tex x8x3=t40 2.04 50 1.0912 53.43 15.11 

ami!an 23 tex xlx2=t40 · 0.70 50 0.2211 31.42 8.88 
23 tex x4x3=t40 1.50 50 0.8480 56.66 16.02 
23 tex x8x3=t40 2.64 50 1.0548 39.77 11.25 

torlen 28 tex xlx2=t40 1.53 50 0.170 11.11 3.14 
110 tex xlx3=t40 3.20 50 2.8964 90.62 25.63 



stylon NL 

enkalon 

amilan 

torlen 

Table of analysis of variance performed for knot slip resistance in :'raw" nettings made of yarn 
of different actual tex 

Sort of netting Degrees Variance F test Source of variation of freedom (calc.) 

1 2 3 4 5 

23 tex xlx2*40 between-group 2 28.4050 23 tex x4x3*40 81.55 
23 tex x8x3*40 within-group 147 0.3483 

23 tex xlx2*40 between-group 2 28.8625 23 tex x4x3*40 within-group 147 0.6395 45.13 
23 tex x8x3*40 

23 tex xlx2*40 between-group .. 2 47.3975 23 tex x4x3*40 75.09 
23 tex x8x3*40 within-group 147 0.6312 

28 tex xlx2*40* 
- - -

110 tex xlx3*40 

Table 2 

F test
(from tables) 

6 

FO.(\'i = 
3.Q6

FO.Ol = 4.75

F0•05 = 
3.06 

FO.Ol = 
4.75 

F0_05 = 3.06 
FO.Ol = 4.75 

-

* in torlen yarns, the significance of differences was found for two means. The calculated value was compared tot°' of Student test (t0.05 = 1.98;
t0.01 = 2.62) 00 

V, 



Tightening forces (kG) of hand-made knots 

Relative tightening force G/tex 
Sort of yam Actual tex 

10 20 30 40 50 

1 2 3 4 5 6 7 

stylon,NL 23 tex xlx2 49.88 0.5 1.0 1.5 2.0 2.5 
enkalon 23 tex x1x2 49.80 0.5 1.0 1.5 2.0 2.5 
amilan 23 tex xlx2 47.58 0.48 0.96 1.4 1.9 2.4 
torlen 28 tex xlx2 58.57 0.6 1.2 1.8 2.4 3.0 

stylon NL 23 tex x4x3 312.85 3.2 6.4 9.6 12.8 15.6 
enkalon 23 tex· x4x3 315.53 3.2 6.4 9.6 12.8 15.6 
amilan 23 tex x4x3 292.21 2.9 5.8 8.8 11.7 14.6 
torlen 110 tex xlx3 353.02 3.5 7.0 10.5 14.ly 17.6y 

stylon NL 23 tex x8x3 629.26 6.3 12.6 18.9 25.2 31.5 
enkalon 23 tex x8x3 630.25 6.3 12.6 19.0 25.2 31.5 
amilan 23 tex x8x3 604.28 6.0 12.0 18.1 24.2 30.2 

stylon lie. 93 tex. x7x3 2276.0 22.8 45.5 68.3 91.0 113.8 
strfon with lub. 93 tex x7x3 2259.70 22.6 45.2 67.8 90.4 113.0 
amilan 93 tex x7x3 2174.25 21.8 43.5 65.3 87.0 108.7 
lilion 93 tex x7x3 2069.0 20.7 41.4 62.1 82.8 103.5 

y = knots breaking when tightened were recorded in the sample

60 

8 

3.0 
3.0 
2.8 
3.6Y 

18.8 
18.8 
17.5 

-

37.6 
37.8y 
36.2 

-

135.6y 
130.5y 
124.2 

Table 3 

70 

9 

3.5 
3.5 
3.3 
-

21.8y 
21.8Y 
20.5y 

-

44.0Y 
44jY 
42.3y 

-

-

-

-

00 
0\ 
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Knot slip resistance versus tightening force and tex 

The methods of study as used in the present investigations made it possible to analyse 
the relationship existing between knot slip resistance and tightening force. The latter was . 
expressed as relative values in G/tex (Table 3); thus knots of various yarns (differing in 
make, chemical composition, and number) could be tied with equal relative forces ranging 
within 10-70 g/tex. The tests performed as well additional studies on kontted joints* 
show the upper limit off knot tightening forces to approximate the knot breaking load. 
The maximum knot tightening force for the materials studied ranges within 60-
80 G/tex., and decreases with an increase in: tex (Table 3). The results of studies on slip 
resistance of knots tied with a pre-determined force ranging within 10-70 G/tex are given 
in Table 4. The resistance is shown to increase with the tightening force. According to the 
procedure adopted, the- knot slip resistances were expressed in absolute units (kG), while 
the relative units (G/tex) were ascribed to tightening forces. Another index, the one 
representing knot slip resistance in relative units (G/tex), was also introduced as a direct 
measure of the knot tightening force increase. Values of this index are given in Table 5; 
they show the knot slip resistance of all the yarns tested to increase with the tightening 
force. However, the values of the relative knot slip resistance found for fine yarns 
(23 tex x 1 x 2) are much higher than those found for yarns of higher tex. For example, 
the relative slip resistace in fine yarn (23 tex x 1 x 2) knots tightened with a force of 10 
G/tex appreaches the knot resistance of the 23 tex x 8 x 3 ones tightened with 40 G/tex. 
Consequently, it can be concluded that the knot tightening force increase is more 
efficient when producing nettings of fine yarns, while being indispensable in nettings 
made of higher tex yarns ad twines. Also, the knot slip resistance appears to depend on a 
yarn number. 

The interrelationship between yarn number (u2 ), knot tightening force (u i ), and knot 
slip resistance for the yarns tested is presented as the approximating function calculated 
from (1) and (2). The binomial as in (2) was found to have sufficiently described the 
relationship studied, as shown by low numerical values (approaching O) of the vactor 
Rand the numerical estimation of the random component variance in the approximating 
equation adopted, calculated for all the materials tested. Table 6 contains the regression 
area equations expressing the interrelationships between tex ( u2 ), knot tightening force 
(u 1 ), and knot slip ·resistance. Regression curves based on the equations were fitted for 
each material tested. The curves show that: 

the knot slip resistance increases with tightening force and tex; 
the knot slip resistance increments are not proportional to an increase in tightening 
force, the relationship being described by (2); 
there are no points indicating the presence of optimal knot tightening forces for 
synthetic yarns. 

* according to the project of Polish Standard PN-72/P ... : Determinantion of knot tensile strength for

yarns, twines and cordage.



Kno, slip resistance (kG) vs. tightening force 

Relative tightening force G/tex 
Sort of yarn 

10 20 30 40 50 

1 2 3 4 5 6 

stylon NL 23 tex xlx2 0.49 0.53 0.70 0.83 0.93 
23 tex x4x3 0.57 1.60 2.51 3.21 3.73 
23 tex x8x3 1.22 3.96 5.26 6.25 7.85 

stylon lie. 93 tex x7x3 7.24 16.02 26.80 28.95 36.37 
stylon with 93 tex x7x3 3.33 11.57 18.99 23.S,2 25.28 

lub. 

enkalon 23 tex xlx2 0.49 0.55 0.86 1.03 1.21 
23 tex x4x3 0.91 2.09 3.12 4.08 4.33 
23 tex x8x3 1.43 3.62 4.55 5.47 6.69 

amilan 23 tex xlx2 0.37 0.45 0.79 1.0 1.15 
23 tex x4x3 0.54 2.14 3.17 4.14 4.97 
23 tex x8x3 1.16 3.69 4.34 6.16 6.51 
93 tex x7x3 3.66 10.96 21.7'2 22.19 26.84 

lilion 93 tex x7x3 5.09 15.93 20.11 22.45 32.47 

torlen 28 tex xlx2 0.91 1.08 1.35 1.49 1.58 
110 tex xlx3 1.62 3.08 5.12 6.74 7.56 

60 

7 

1:19 
4.89 
8.62 

-

29.09 

1.22 
4.83 
7.54 

1.37 
5.88 
9.56 

31.34 

33.46 

1.60 
-

Table4 

70 

8 

1.37 
5.11 

10.73 
-

-

1.34 
4.31 
8.80 

1.41 
6.88 
9.68 

-

-

-

-

00 
00 



Table S 

Relative knot slip resistance (G/tex) 

Relative tightening force G/tex 
Sort of yarn Tex 

10 20 30 40 50 60 70 

1 2 3 4 5 6 7 8 9 

s'tylonNL 23 tex xlx2 49.88 9.82 10.62 14.03 16.64 18.64 23.86 27.46 

enkalon 23 tex xlx2 49.80 9.83 11.04 17.27 20.68 24.30 24.50 26.91 

amilan 23 tex xlx2 47.58 7.78 9.46 16.60 21.02 24.17 28.79 29.63 

torlen 28 tex xlx2 58.57 15.54 18.44 23.05 25.44 26.98 27.32 -

stylon NL 23 tex x4x3 312.85 1.82 5.11 8.02 10.26 11.92 15.63 16.33 

enkalon 23 tex x4x3 315.53 2.88 6.62 9.89 12.93 13.72 15.31 13.65 

amilan 23 tex x4x3 292.21 1.85 7.32 10.85 14.17 17.0 20.12 23.54 

torlen 110 tex xlx3 353.02 4.59 8.72 14.50 19,09 21.41 - -

stylon NL 23 tex x8x3 629.26 1.95 6.32 8.34 9.93 12.47 13.70 17.05 

enkalon 23 tex x8x3 630.25 2.27 5.74 7.22 8.68 10.61 11.96 13.96 

amilan 23 tex x8x3 604.28 1.92 6.11 7.18 10.19 10.77 15.82 16.10 

stylon lie. 93 te,: x7x3 2276.0 3.18 7.04 11.77 12.72 15.98 - -

stylon with lub. 93 tex x7x3 2259.70 1.47 5.12 8.40 10.41 11.19 12.87 -

amilan 93 tex x7x3 2174.25 1.68 5.04 9.99 10.21 12.34 14.41 -

Illian 93 tex x7x3 2069.0 2.46 7.70 9.72 10.85 15.69 16.17 -

I ,� 



Sort 
of yarn 

r 

stylon NL 

enkalon 

amilan 

amilan 

lilion 

stylon lie. 

sty Ion 
with lub. 

torlen 

torlen 

Table 6 
Regression area equations describing the interrelationship between tex (u2), tightening force (u1 ), 

and knot slip resistance in different yarns 

Tex range 
Tightening 

(uz) 
force range 

(u 1) 

2 3 

49 .88-629 .26 10-70

49.80-630.25 10-70 

47.58-604.28 10-70

47.58-2174.25 10-70 

2069.0 10-60 

2276.0 10-50 

2259.7 10-60 

58.57 10-60 

353.02 10-50 

equation area regression 

4 

Y (ui u�) = (-0.025)+(0,026u1)+(-0,0015u2)+(-0,00026u�)+(0,000003u;)+(0.00022u1 u�) 

Y( ) = (-0.69)+(0.064u1)+(0.0039u2)+(-0.00072u;)+(-0.000004u;)+(0.00017u1 u�) 
UtU2 

Y (ui u;) = (-0.95)+(0.044u1)+(0.0076u2)+(-0.00031ui)+(-0.00001lu;)+(0.00021u1 
u2) 

Y(u
i u2) = (-1.58)+(0.146u1)+(-0.00070u

:z )+(-0.00185ui)+(0.0000004u;)+(0.00024u1 u2) 

' 2 Y(ui u2) = (-2.10)+(0.88u1)+(-0.0046u1) 

Y(uiu;) = (-3.96)+(1.20u1)+(-0.0081ui) 

' 2-Y( ) = (-6.27)+(1.06u1)+(-0.0080 u1) 
UtU2 

Y(ui u;) = (0.58)+(0.033u1)+(-0.00027ui) 

Y( ') = (-0.69)+(0.228u1)+(-0.0012ui) 
U1U2 
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Fig. 1. Knot slip resistance (F 
p

) vs. tightening force (u1) in knots made of different 23 te xlx2 yarns 

7.500 

'""',o� .• ---+�2=0.0-----<=----. .. =.o---+�
50
=,o---�

,.
=.�o ---+,=o.u u11 

Fig. 2. Knot slip resistance (F ) vs. tightening force (u1) in knots made of different 23 tex x4x3 yarns 
p 

20.0 3l.O <o.o 50.0 60.0 70.0 u, 

Fig. 3. Knot slip resistance (F 
p

) vs. tightening force (u1) in knots made of different 23 tex x8x3 yarns 
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Fig. 4. Knot slip resistance (F ) vs. tightening force (u1) in knots made of different yarns ofu2 =50 tex 
p 

torlen 1.11 � 353,02 

4,500 

1.500 

�o.o 50.0 00.0 70.0 

Fig. 5. Knot slip resistance (F 
p
) vs. tightening force (u1) in knots made of different yarns ofu2 = 300 tex

Fig. 6. Knot slip resistance (F 
p

) vs. tightening force Cur) in knots made of different yarns of u2 =600 tex 
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111 "'10- 70G/tex 

u, "' 49,S-629,26 t�x 

8.000 

6.000 

Fig. 7. Knot slip resistance (F 
p

) vs. actual tex ( u2) in stylon NL knots (x = results F
p 

for

machine-made "raw" nettings) 

8.000 

u1 "'1U-70GlteK 

7.000 u, "'49,B0-630,25tllll 

6.000 

5.000 

4.000 

3.000 

Fig. 8. Knot slip resistance (F 
p
) vs. actual tex (u2) in enkalon knots (x = results F 

P 
for

machine-made "raw" nettings) 

10.000 

11 1 - 10-70 G/tex 

u, =47.5B--004.26tex 

-1.000 

Fig. 9.·Knot slip resistance (FP) vs. actual tex (u2) in amilan knots (x = results FP for

machine-made "raw" nettings) 

93 
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Figs. 1-3 show the regression curves describing the relationship for the resistance to 
slippage of knots tightened with a predetermined force, the knots being made of yarns of 
a similar number but differing in their chemical composition and producer. The figures 
clearly show the knot slip resistance to.increase with tightening forces. The resistance of 
torlen knots is much higher than that observed for polyamide yarns. On the other hand, it 
is difficult to prove "a higher usefulness" of any yarn of the polyamide range. With this 
purpose on mind, the regression curves were plotted for three selected yarn grades (u2): 

50, 300, and 600 tex. These curves are presented in Figs. 4-6. The tex values adopted 
excluded torlen yams from the comparisons. The graphs show amilan, of the polyamide 
yarns tested, to be distinct in that the knots made of this ,,material display a higher 
resistance to sllippage than those made of enkalon and stylon, the appropriately high 
tightening force being applied. 

Figs. 7-9 present the formula (2) - based regression curves for hand-made knots of 
stylon NL, enkalon, and amilan; results of knot slip resistance tests for machine-made 
"raw" nettings were superimposed on the curves. The comparisons show the machine­
made polyamide nettings to have their knots tightened with low forces: about 30, 20, and 
15 G/tex for the 23 tex x l x 2, 23 tex x 4 x 3, and 23 tex x 8 x 3, respectively. Of the 
polyamide yarns tested, amilan displayed the best properties with respect to machine­
production of nettings, the knots proving most resistant to slippage. 

The analysis of data collected in the course of studies presenteed allowed to determine 
the relationship between the synthetic netting knot slip resistance, yarn number, and 
knot tightening forces. The factors contributing were easy to measure and compare. 
Hence the analytical form of the relationship, i.e., the binomial as in (2), concerning th�se 
factors, makes it possible to predict (in yams supplied by different producers) values of 
any of the pair of properties, provided the other one is known (Table 6, Figs. 4-9). 
Regression coefficients calculated show the knot tightening force (u1 ) to exert a greater 
effect than tex (u2) in the tightening forces and tex ranges of 10-70 G/tex and u2 
(Table 6), respectively. It should be emphasized- here that torlen knots exhibit a highly 
significant effect of the knot tightening force increase (Table 4, Figs. 1-2), whereas 
polyamide yarns remain more "resistant" in their responses to tightening forces. 

Consequently, an important conclusion could be drawn: when producing nettings of 
polyamide yarns, which are the material used most frequently, it is desirable - from the 
prospect user's point of view - to increase the knot tightening force. 

As the results of the present studies show, in order to obtain agreeable effects the 
tightening forces of net making machines should be increased, this recommendation being 
particularly relevant to nettings made of thicket yams and twines. 

CONCLUSIONS 

1. The knot slip resistance increase� with knot tightening force and yarn number, the
interrelationship being adequately described by the binomial.
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Y(u 1.u2 ) = 'Yo + 'Y1 U1 + 'Y2U2 + 'Y11Ui + 'Y22Ui + 'Y1 2 U 1 U2 

2. The maximum tightening force is limited by the knot tensile strength in mesh joint.
The relative maximum value of tightening force for polyamide yams ranges within
60-80 G/tex, decreasing with the tex increase. The range is lower for polyester yarns
( 40-60 G/tex). The best effects of tightening force increase is observable in fine and
polyester yarns.

3. Machine-made nettings have their knots tightened with a force too low to meet the
requirements (Table 1, Figs. 7 �9). In order to obtain good knotting effects the
tightening force needs to be increased. This recommendation is particularly important
as far as nets made of thicker yarns an4 twines are concerned as well as justified from
the standpoint of a prospect user.
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ANALIZA ODPORNOSCI NA PRZESUWANIE WF;ZLOW 
SIECI RYBACKICH Z PRZ�DZ SYNTETYCZNYCH 

w FUNKCJI sn, y WI,4.ZANIA ORAZ NUMERU PRZF;DZ 

Streszczenie 

Opracowanie dotyczy okreslenia zaleznosci odpornosci na przesuwanie (wskaznik trwalosci 
wc,zl:6w) wc,zl:6w tkanin sieciowych wykonanych z przc,dz poliamidowych i poliestrowych o r6znych 
numerach od sHy wiiizania wc,zl:6w. Material do badan stanowHy wc,zly tkanin sieciowych 
wyprodukowanych maszynowo oraz w11zly (szotowe) wywiiµ;ane rc,cznie i zawiiµ;ywane z okreslonii 
sil:ii (Tab. 3). Badano wc,zl'y z przc,dzy poliamidowej krajowej (stylon NL, licencyjny, z lubunoxem) 
oraz z przc,dz poliamidowych produkowanych za granicii (amilan-Japonia, enkalon-Holandia, 
lilion-Wlochy) o nastc,pujiicych oznaczeniach: 23 tex x 1 x 2, 23 tex x 4 x 3, 23 tex x 8 x 3, 93 tex x 
7 x 3 (przc,dze poliamidowe) i 28 tex x 1 x 2, 110 tex x l x 3 (przc,dze poliestrowe). Ocenc, wynikow 
pomiar6w odpornosci na przesuwanie wc,zlow tkanin sieciowych wykonanych fabrycznie oparto o 
testy analizy wariancji dla wielu srednich, test Fishera-Snedecora (test F) oraz nowy wielokrotny test 
rozstc,pu Duncana. Zaleznosc odpornosci wc,zl:6w na przesu wanie od sily wil\zania i numeru przc,dzy 
okreslono metodii analizy powierzchni regresji JaKo funkcjc, aproksymujiicii przyj11to wielomian 
stopnia drugiego wedl:ug wzoru: 

w kt6rym: 
y (u1u�) = 'Yo +'Yiu{+ 'Jl2U2 + 'Y11Ui + 'l22U� + 'Y12U1U2 

u1 sHa zawii\zywania wc,zlo.w w G/tex (zmienna zalezna), 
uz rzeczywisty numer przc,dzy w texach, (u1 u2 - zmienne niezaleine) 

'Y wsp6lczynniki regresji 
Stwierdzono rozm1 odpornosc na przesuwanie wc,zl:6w tkanin sieciowych wyprodukowanych 

maszynowo z prz11dz syntetycznych o r6znych numerach oraz zbl:izonym numerze, Jeez pochodziicych 
od r6znych producent6w (Tab. 1, 2). Wyraznie wyzsz<1 odpornoscil\ na przesuwanie charakteryzujii si11 
w;,iz:l:y z prz11dz torlenowych. 

Wyniki badan odpornosci na przesuwanie wc,zl:6w wiiizanych z okreslon<1 sHii wskazuj<1 (Tab. 4), ze
ze wzrostem si!:y wiiizania oraz numeru przc,dzy nastc,puje wzrost odpornosci wc,zl:6w ria przesuwanie. 
Przyjc,ty wielomian stopnia drugiego dobrze opisuje badanii zaleznosc. W tab. 6 podano zestawienie 
rownari powierzchni regresji, obliczone dla wszystkich badanych material:6w, a na rye. 1-9 
przedstawiono krzywe regresji badanej zaleznosci. Wskazuj� one, ze odpornosc w1yzlow na 
przesuwanie z wszystkich badanych prz�dz wzrasta ze wzrostem sH:y wi¥ania. Odpornosc w11zl6w z 
przc,dz torlenowych jest znacznie wyzsza od odpornosci w<yzl:ow z przvdz poliamidowych. Z tych 
ostatnich, przy odpowiednio wysokiej sile wi11zania wyrozniajii si;,i wy:i:sz11 odpornosciii na przesuwanie 
wc,dy z prz11dzy amilan w por6wnaniu z wvzfami z prz;,idzy enkalon i sty Ion (rye. 4-6). 

Na rye. 7-9 na tle krzywych regresji naniesiono wyniki badan odpornosci na przesuwanie w;,izlow 
,,surowych" (bez wykonczenia) tkanin sieciowych wyprodukowanych maszynowo z tych samych 
przc,dz. Z por6wnania wynika, ze w tkaninach sieciowych produkowanych maszynowo z przc,dz 
poliamidowych wc,zly w�zane byly z marii sHii. 

Przeprowadzone badania wskazujii, ze przy produkcji tkanin sieciowych z prz;,idz syntetycznych 
wzrost si! wiiizania w;,izl6w jest uzasadniony z eksploatacyjnego punktu widzenia. Wzrost sil: wil\zania 
jest bardziej skuteczny w przypadku wiiizania tkanin sieciowych z przc,dz poliestrowych w 
por6wnaniu z poliamidowymi oraz przy produkcji tkanin sieciowych z cienkich przt;dz poliami­
dowych. Stiid wyplywa koniecznosc wzrostu sit wi<\Zania wc,zl:6w tkanin sieciowych z przc,dz o 
wyzszych numerach i sznurk6w. Wyniki badan mog11 bye praktycznie wykorzystane w zakresie 
produkcji wt,zl:owych tkanin sieciowych. 
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B H&CT0fltll6lii paOOT6 paccMaTpxrnaeTCfl BOnpoc onpe,n;eJI6Hl'1fl 3aB!1CHlMOCT!tl ycTO!ii­
ql,lBOCTR K CM6tll6H!tl!O yaJIOB C6THblX Il0JIOT6H (noKa3aT6Jih npoqHOCT!1 yaJIOB), M3-
roTOBJI6HHb!X !13 ITOJIMaMM,ll;HO!ii !tl ITOJil13W!tlPHO!ii ITPfl� pa3Hb!X HOMepoB, OT YCl1JIMff 
3&Tflll\K!tl yaJIOB. Ilpe,n;MeTOM MCCJI6,ll;OBaHJll!ii OblJIM yaJibl ceTHb!X ITOJIOTeH M&ill!tlHHO!ii 

Bff3KM M Y3Jil,l (illKOTOBbl6), pyqHO!ii B3flK!tl, aaTHr11Baew,1e C orrpe�eJieHHb!M yc!tl­
Jlld6M tTa6JI. 3). IIpe,n;MeTOlll KCCJI6,ZJ;OBaHmi.t flBJiflJI!tlCh Y3Jibl Yl3 ITOJIJ,laMM,ll;HO!ii npmirn 
OTeqecTB6HHOrO np0!13BO,ll;CTBa (CTRJIOH JIRneH3MOHHhl!ii, C Jl!OOOHOKCOM) !tl !tl3 no­

JIMaMM,ll;HO!ii Ilpfl�M aapyoe�Horo rrpOM3BO,ll;CTBa (aMMJiaH � HITOHMH, 3HKaJIOH - roJI� 
JiaH,ZJ;Hfl, JIMJIMOH - hlTaJIMfl) co CJI6,ZJ;Y!Ot11MMM napaMeTpaMH: 23 T6KC x1x2, 23 T6KC 
x4x3, 23 TeKc x8x3, 93 TeKc x7x3 (nom1a1rn,n;Hh!e npirnrn) M 28 TeKc x1x2, 410 
TeKc x1x3 (rroJIM&WMPHhle rrpHJKm), 

OneHKa peayJihT&TOB orrpe,n;eJieHMfl ycTo!iiqMBOCTM K CM6t116HMJO Y3JIOB ceTHblX 
TIOJIOT6H, 11!3POTOBJI6HHblX !Jia6plil�b!M cnoco6oM, OCHOBaHa Ha TeCTaX aHaJI!tl3a ,ll;ldC­
nepcMJa ,ll;J!fl MHO�eCTBa cpe,n;HMX, Ha T6CTe �1,m1epa - CHe,ZJ;eKopa ( T6CT F) M HOBOM 
MHOrOKpatHOM TecTe pacXOll!:.l(eHitlfl ;llyHKaHa. 3a.BHC!1MOC'H ycTOiill!ldBOOT/il Y3JIOB K 
CM6lll6HHID OT YCl'IJIHfl aaTflJKKM M HOMepa IlpfllEl1 orrpe,n;eJiflJI!ll no MeTo,n;y aHaJIM3a TIO­
BepxHOCTM perpeCCMM. B KaqecTBe IJ/YHKnMM annpOKCMMaUM!ll Ob!Jl B3flT MHOrO'!JI6H 
BTOpOi.tlCT6Il©HMM no @OpMyne: 

y(u1u2) = 00+ 01u1+ 02u2+ 011u�+o22u�+ o12u u2 
r,n;e; 
u1 - ycMJIMe 3&TfllKKM yaJIOB B G /TeKc,(nepeMeHHafl aaBMC!tlMafl), 

u2 - ,ll,eicT•BMT6JihHbll,l HOMep IIPHJKM B TeKcax, ( u1 , u2 - nepeMeHHble H638BMCM­

Mhl6), 
� - K03@WMnMeHT perpecMw. 

B rrponecce MOCJI6,ll;OB&HMiil ycTaHOBJieHa H60,ll;MH8KOBafl ycTOiil'lMBOCTb K CMet11e-
H!lllO yaJIOB C6THb!X ITOJIOT6H M&illMHHO!ii Bff3K!tl H3 CMHT6TMqecKoiil ITpfllKM pa3H!,!X 
M 6JIH3KMX HOMepoB, HO H3rOTOBJI6HHb!X pa3HblMH npe,n;npRflTlilflMM (Ta6JI. 1, 2).
EoJiee BblCOKOM YCTOiil'lMBOCThID K CM6ll\6HMID xapaKT6pM3YJOTCfl yaJlbl MS TOpJieHOBO!ii 

npmu1. 
Peay;uTaTbl !ICCJI6,ZJ;OBaHMM YCTOM'lMBOCTH K CM6ll\6Hlil!O Y3JIOB, 38TflrMBaeMhlX C 

onpe,ll,eJI6HHb!MyCMJil/!6M,YKa3blB&JOT Ha TO, qTo C yBeJIHqeHM6M ycMJildff 3&THJKKM M 
HOMepa llPfllKM (TaOJI. 4) H&OJ!JO,ZJ;aeTCfl O,ll;HOBpeMeHHOe YB6JIJilq6HM6 yCTOiil'llilBOCT/il 
Y3JIOB K CM6111,6HHJO. B3HTbliil MHOrOtIJI6H BTOpo!ii CT6IT6H!tl xopomo Jl!J!JIIOCTpMpyeT MC­
CJie,n;yeMyJO 3&Bli!CMMOCTb, B Ta6JI. 6 npMBO,ll;HTCfl CHCTeMa ypaBH6HH!ii IIOB6pXHOCTY! 
perpeccMH, pac'!Jl!TaHH&R ,ll,Jifl :acex ldCCJie,n;y;,ewx MaTepJllaJIOB, a Ha YIJIJIJOCTpan,YIHX 
1-9 rrpMBe;ll,6Hl,l KpMBbl6 perpecCM!1 MCCJie,n;yeMOiil 3aBl'!CID.IOCTM. OHM yK83hlBaIOT'Ha TO, '!TO
ycToiiltIMBOCTh yaJIOB K CM6tll6Hll!ID H3 :ecex HCCJie,n;yeWi!X rrpfllK YB6JIMlllilB&6TCfl C

yBeJiaqeHM61i YCMJil4fl aaTfllKKM. IlpOt!HOCTh YBJIOB Jll3 TOpJI6HOBb!X I!pfllK ffBJlff6TCfl
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3Haqli!TeJIJ,HO 6oJiee Bh!CO!COH, qeM npoqHOCT:O Y3JIOB !13 !JOJIJllaMlll.l(HhlX IIPHJK, Cpe.zi;R 
' IIOCJie.zi;m1x, Ilpll COOTBeTCTBeHHO 60JII>IlleM yc1t1Jlli!R aaTf!JK!Clil, 6onee Bh!CO!:COM IIO cpa­

BHeHli!JO C 3HKaJIOBh!Mli! l1 CTRJIOHOBhlM!t1 IlpHJKaMli! ycTotiqllrnOCTI,JO lC CMell(eHll!JO OTJlllf­
qaJOTCfl yaJlhl li!3 aMllfJiaHOBOH npHJKli! (MlI�JOCTpaUlillil 4-6). 

Ha lifJllIJOCTpaullfflX 7:._9 Ha ilJoHe !CpMBblX perpeCCli!\11 HaHeceHbl pe3ylIMlaTbl li!CCJie­
.IJ;OBaHlifM ycTottqRBOCTM K CMell(eHli!JO Y3JIOB M3 TaK Ha3blBaeMblX Chlpb!X (6e3 OKOH ­
qaTeJII,HOlil o6pa60TKH) TIOJIOTeH, 1rnrOTOBJieHHblX Mailllt!HHblM cnoco60M R.3 BblilleHa3-
BaHHblX IlpHJK. IlpYI cpaBHe,Hr.rn CTaHOBli!TCH oqeBYI.l(HblM, qTo B ceTHblX TIOJIOTHaX, l13-
roTOBJifl0MblX MaillYIHHhlM cnoco6oM li!3 IIOJili!aMllf.l(HOM npH�YI, Y3Jlhl 3aTHrli!BaJIYIC:O C 
He60JI:0Illli!M ycYIJIYieM. 

IlpoBe.zi;eHHble li!CClI0.IJ;OBaHYIH CBYI.IJ;e�eJII>CTBYIDT O TOM; qTo npYI IlpOlt!3BO.IJ;CTBe 
ceTHhlX IIOJIOTeH Yl3 CMHTeTYiqecKOM npHJKM yBeJili!qeHMe YClilJIIIB 3aTHJKKli! Y3JIOB ffB -
Jlff0TCH BllOJlHe o60CHOBaHHhlM C 3KCilJiyaTaUli!OHHOW TOqKH 3peHYIH. YBeJili!qeHYie 
YCHJilll/il 3aTHJKKlll flBJifleTCf! 6oJiee aiiiilJeKTUHhlM nplll lll3rOTOBJieHl/lM ceTHOro: !JOllOTHa 
li!3 non;rnilJMpHOM npHJKYI no cpaBCH0Hl'!JO C IlOJrnaMl/l.l(HO/il, a TaKJKe llplll lll3rOTOBJ18H­
Hllllll ceTHOro IlOJIOTHa 11!3 TOHKO/il IlOJJl1aMlll.IJ;HOM npHUI, 0TCJO;Ila Bb!TeKaeT HeQ6XQZJ;l'l­
MOCTI, yBeJI11qeHVIH YCVIJill!M 3aTHJKKl1 Y3lIOB ceTHOro TIOJIOTHa ]113 npHJKli! 60JI:Olllli!X HO­
MepoB Ii! IllHYPOB. Pe3yJII>TaThl lllCCJie.zi;oBaHlillil MoryT 6h!T:0 li!C!JOJII,30BaHbl npaKTVIqec­
Kli! np:vr Ilp01i!3BO;IICTBe Y3lIOBblX ceTHblX lJOJIOTeH, 
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