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ABSTRACT: Textile industry is an important part of Romanian economy. In actual condition is either 
important the equipment renewal but also a modern processes management. The demands placed on weaving 
machines by the textile industry are manifold: flexible and gentle material usage, extreme pattern diversity, an 
absolutely reliable functional security and fabrics without faults. The industry expects that standstill times are as 
low and productivity is as high as possible. 
The paper presents a weaving process optimisation. It is considered very important making fabrics with certain 
characteristics starting from a certain raw material 
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1. INTRODUCTION 
 
 Realization of prescribed physico-
mechanical characteristics for a fabric 
starting from the raw material 
characteristics is a problem in the process 
of designing fabric. Given that the price of 
the raw material is very high and the 
market is invaded by imported articles, the 
possibility of making high quality fabrics 
is very important. In this context it is 
necessary to increase the level of use of the 
physical and mechanical properties of raw 
materials in the final product. Fabrics must 
match the functional purpose of the user 
 In order to make a fabric with high 
breaking strength it was made a study on 
the influence of the yarns' count on the  
breaking strength It were tested some 
different fabrics , weft twill, made on 
Dornier weaving machine with different 
yarns. 
 
 
 

2. EXPERIMENTAL PART 
 
 In order for the research to present 
economic efficiency and to achieve in 
time, it is necessary that the experiments 
contains a minimum volume of 
determinations 
 Analysis of variance associated 
with testing results allows reducing the 
amount of experimental work by removing 
from the observation the technological 
parameters that are not influence the 
results in a significant way. 
 Another way to reduce the duration 
of research works is this one: the 
experimental work is being conducted 
according to a certain scheme, in a certain 
program that contains only strictly 
necessary experiences. This program that 
contains only necessary experiments is 
named "factorial experiments". 
The advantage of the "factorial 
experiments" is that the results may be 
interpreted quickly and relatively easily 
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 By turning, mathematical model 
obtained after statistical processing of the 
factorial experiments allows obtaining the 
answer at equal distances from the centre 
of the experiment with the same precision, 
in any direction. 
 In a rotable compound program 
with two variables are made some 
experiments in the middle of the circle. 
The points situated on the circle make a 
regular polygon inscribed in the circle. It is 
recommended that the number of the 
central points to be set so that the standard 
deviation of dependent variable is the same 
in the centre and on the circle with semi -
diameter equal 1.  
 In the active models, the 
experimental values are obtained by 
measuring the output value in some 
combinations of the input values. 

The experiment concerned to 
obtain some information about the 
dependent value y, in different situations 
obtained by combinations of the coded 
value of the independent variables. 
 There are specific relations for the 
coefficients of the equation, to obtain 
minimal deviations at the average value, 
determined by experiments.  
 The experiments were made in 
these conditions: 
Independent values:    
x1 -   yarns count 
x2   - chemical fibres ratio 
Dependent variable:   
y - the breaking strength of the fabric 
 
The yarns had the count between Nm16 
and Nm54 and the polyester ratio between 
0 and 100% 

 
 

Table 1. Limits of variation of independent variables 
Code value/ Real value -1.414 -1 0 1 1.414 
x1  - yarn's count 16 24 34 42 54 
x2  - chemical fibres ratio 0 20 50 80 100 

 
 

Table 2. The experimental matrix and the measured value for the dependent value 
Exp no Independent values Dependent values 

 x1 x2 y=f(x1, x2) 
 code real code real 

1 -1 24 -1 20 20 
2 1 42 -1 20 24 
3 -1 24 1 80 53 
4 1 42 1 80 35 
5 -1.414 16 0 50 40 
6 1.414 54 0 50 30 
7 0 34 -1.414 20 20 
8 0 34 1.414 100 45 
9 0 34 0 50 30 

10 0 34 0 50 30 
11 0 34 0 50 32 
12 0 34 0 50 24 
13 0 34 0 50 30 
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Table 3. Regression equation coefficients, dispersion and the verification of the significance 

of the dispersion equation coefficients using the Student test 
Regression equation 
coefficients 

Calculated 
dispersion  
"S" 

Verification of the coefficients significance 
using Student test  
tT=t, = t0,05;6 = 2,132 
(If tc> tt-term is significant) 

b0 29,21 

S=3,03 
 

tc0 15,87 significant 
b1 -3,52 tc1 -3,06 significant 
b2 9,92 tc2 8,63 significant 
b11 2,73 tc11 2,07 significant 
b22 1,48 tc22 11,20 significant 
b12 -5,50 tc12 -2,39 significant 

 
The regression equation obtained after 
eliminating insignificant coefficients is: 
f (x1, x2) = 29,21 - 3,52 x1 + 9,92 x2  
+ 2,72 x1

2 + 1,48x2
2 -5,5 x1x2      (2) 

Verification of the coefficients significance  
Verifying the significance of coefficients is 
important because it can confirm or 
invalidate the created model. The student 
test compares the average of a random 
variable with mean standard deviation. For 
the central part of the program, in which 
all independent variables have zero code 
value the dispersion "s" is calculated. The 
dispersion value is shown in Table 3. 
The significance of the regression equation 
coefficients was tested using Student test 
with critical table value for the test t, = 
t0,05;6 = 2,132.  

The test values and the significance of the 
coefficients are presented in Table 4. 
Verification of the model adequacy 
The appropriate model was verified using 
Fisher test and percentage deviation .The 
deviations values are shown in Table 4. 
To verify the model adequacy and its 
ability to express the studied phenomenon 
mathematical, the  Ycalc values were 
calculated and the deviation between the 
measured and calculated values was 
established according to Table 5. It can be 
observed that some of the individual 
deviations do not fit within the limits 
imposed by ± 10%, which indicates a poor 
adequacy of the model. 
 

Table 4. Adequacy calculation model 
No Ymas. Ycalc. (Ymas. – Ycalc.)2 Deviation “A” 
1. 20 21,52 2,32 -7,61 
2. 24 25,49 2,21 -6,20 
3. 53 52,36 0,41 1,21 
4. 35 34,32 0,46 1,93 
5. 40 39,65 0,13 0,88 
6. 30 29,70 0,09 1,00 
7. 20 18,15 3,43 9,27 
8. 45 46,20 1,43 -2,66 
9. 30 29,21 0,63 2,64 
10. 30 29,21 0,63 2,64 
11. 32 29,21 7,79 8,72 
12. 24 29,21 27,12 -21,70 
13. 30 29,21 0,63 2,64 
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The degree of concordance of the 
mathematical model was verified using F'c 
statistics.  The ratio Fc = PMrez/ S0

2 was 
compared with the critical value  F'c = F1, 

2, α = F 5;5;0,01= 6,59,  were  is the initially 
square average of residuals and s0

2 is the 
reproducibility of dispersion. 
To verify deviation of the survey data from 
the mean value the  Fisher-Snedecor test 
was used. Fc = 30,28 calculated value is 
greater than the critical value Fc = F α , 1, 2 
= F0,05 ; 12, 4 =  5,91 which indicates that the 
deviations appear due to experimental 
errors. 
The approximation quality of the 
mathematical model expressed by the 
standard error shows the scattering of the 
experimental values around the regression 
equation: 2,59%. 
The correlation coefficient has the value: 
rx1x2= 0, rx1y =  0,29 şi rx2z = 0,84. The 
significance of the simple correlation 
coefficients is checked using the Student 
test. The calculated values show that there 
isn't any relationship between independent 
variables. 
The square of the correlation coefficient R2 
= RxY  is called coefficient of 
determination and expresses that part of  
the variation of variable Y which can be 
attributed to variable x. 
The coefficient of multiple determination 
0.9575 shows that the influence of the two 
independent variables on the dependent 
variable is 95,75%, the rest being caused 
by other factors. The obtained models can 
be viewed geometric as hyper-surfaces in 
three-dimensional space of independent 
variables. The hyper-surface represents the 
response of the model, because the 
extreme points (maximum, minimum) of 
the  hyper-surfaces present technological 
interest  their exact location is searched or 
at least a knowledge about the shape of the 
surface in the extreme field neighbouring . 

The surface can be cut can be planes of 
type y = ct resulting response contours. 
The response interpretation and search of 
extremes are more difficult and it is 
preferred to bring the surface into a form 
more accessible for the analysis using 
canonical transformation. Allowing a 
much easier localization of the extreme, 
the canonical transformation can be seen as 
an optimization method. 
The canonical analysis transforms the 
regression equation in a more simple form 
and interprets the resulting expression 
using geometric concepts. 
f (x1, x2) = 29,21 - 3,52 x1 + 9,92 x2 
 + 2,72 x1

2 + 1,48x2
2 -5,5 x1x2             (3)

  
In the canonical form of the equation, the 
new center has the coordinates axes: x1 
1,21, x2 = 0,55. Value of the dependent 
variable in the centre of the response 
surface is Yc = 31,17. 
The coefficients of the canonical form 
were calculated and the equation which 
resulted is: 
Z = 31,17 + 7,4 z1

2 - 3,2 z2
2                    (4) 

 
Figure 1 presents the plot which shows the 
dependence of the goal- function on the 
two independent variables. The response 
surface of the regression equation is a 
hyperbolic paraboloid, the canonical 
equation coefficients having different 
signs.   
The metric invariant of changing 
coordinates is different from 0, so there is 
a single centre, of type "saddle". 
The constant level curves obtained by 
cutting the  response surface with constant 
level plans presented in Figure 2 allows the 
evaluation of the dependent variable Y, 
according to  the conditions imposed by 
the independent variables x1 and x2 
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M  
Figure 1. The dependence of the goal-function on the independent variables 

 

M  
Figure 2.  Contour curves for various values of Y  

 
Figure 2 presents contour curves for 
various values of breaking strength . There 
are two distinct regions of maximum 
(mini-max system) and an interdependence 
between variables. On the response surface 
of type saddle, a stationary point of 
coordinates x = 0,55, y =1,21 can be 
observed. These encoded coordinates 
encoded  are associated with a yarn's count 
about Nm 40 and 90% polyester.  The 
value of the goal -function at this point is 
Y = 31,17 
 
INTERPRETATION OF THE 
TECHNOLOGY OF THE OBTAINED 
MATHEMATICAL MODEL  
By analyzing the expression of the 
obtained goal- function  these can be seen: 
- The influence of the two independent 
parameters, x1 (yarn's count) and x2 

(chemical fibres ratio) on the dependent 
variable Y (breaking strength) manifests 
different way. Variable x1 (yarn's count) 
influence the dependent variable Y 
indirectly and x2 (chemical fibres ratio) 
directly influence the dependent variable 
Y; 
- The influence of variable x1 (yarn's 
count) on Y (breaking strength) is 12,05%; 
- The influence of variable x2 (chemical 
fibres ratio) on Y (breaking strength) is 
33,96% 
- The existence of quadratic form for both 
parameters indicates that the response 
surface defined by the obtained 
mathematical model , is well-formed, 
reinforcing the hypothesis regarding the 
influence of both parameters on the 
dependent variable; 
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- The ratio between the coefficients of the 
quadratic and free terms quantifies the 
speed of  Y (breaking strength)  the 
dependent variable change variation  to the 
variation of to  two parameters, the 
variable x (yarn's count) influences the 
outcome with 9,31 % and the  y variable 
(chemical fibres ratio) influences the 
dependent variable with 5,06 % ; 
- The influence of the interaction of the 
two parameters on the dependent variable 
is 18,82%. The concerted increase of the 
two independent variables leads to a 

decrease of the dependent variable because 
the coefficient b12 is negative. 
Figure 3 shows the dependence of the 
goal-function on one of the two variables 
for all significant values of the parameters, 
given that the second one is constant. It 
can be observed how, for a constant value 
of the chemical fibres' ratio, the graph 
representing the variation of breaking 
strength, indicates for the interval [-1,414, 
0] a decrease breaking strength and the 
existence of a minimum point near point 
1,414 
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Figure 3. The dependence of the goal- function on all significant values of x1 parameters  

for x2 = constant 
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Figure 4. The dependence of the goal-function on all significant values of x2 parameters  

for x1 = constant 
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. 
 
The function presented in Figure 4  shows 
the dependence of the goal-function of 
one of the two variables for all significant 
values of the parameters, given that the 
second one is constant. From the graph it 
can be seen how the chemical fibres' ratio 
is influencing the breaking strength in 
almost the same way . The value of the 
breaking strength is increasing at 
chemical fibres' ratio increasing, at any 
value on the yarn count.  
 
3. CONCLUSIONS 
 
The researches put in evidence the 
importance of independent parameters, 
yarns count chemical fibres' ratio on the 
breaking strength of the fabric.  
It can be set an optimum area for the 
dependent variable, what allows an 
adequate fabric from the point of view of 
the intended characteristics 
From figures 3 and 4 it can be determined 
the optimum ratio of cotton for a high 
breaking strength. 
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