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REZUMAT. In timpul procesului de ţesere, firele de urzeală sunt supuse la solicitări complexe, care determină 
ruperea firelor, deci şi indicii de utilizare ai maşinii de ţesut. Tensiunea iniţială în firele de urzeală este un 
parametru important, care se reglează în funcţie de caracteristicile tensionale ale firelor de urzeală.  Această 
lucrare conţine rezultatele experimentelor efectuate pe o maşină de ţesut cu graifăre, evidenţiindu-se 
influenţa tensiunii iniţiale, măsurate la nivelarea urzelii, asupra ruperilor înregistrate în timpul ţeserii.  

Cuvinte cheie: ţesere, maşină de ţesut cu graifăre, tensiune în urzeală, ruperi ale firelor 

ABSTRACT.  During the weaving process, warp is subjected to complex stresses that determine yarns breaking 
and indices of use for the weaving machine. Initial tension on warp is an important parameter which is set 
depending on dynamometric properties of warp yarns. This paper contains the experimental results conducted 
on a rapier weaving machine, highlighting the influence of initial tension set at "perfect" shed line on recorded 
breaks during weaving. 
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1. INTRODUCTION 

The weaving process has a dynamic cyclic 
functioning that is why the complex stresses to 
which the warp is subjected have the same 
characteristic (cyclic). During one single weaving 
cycle the tension on warp evolves accordingly to a 
specific law, reaching the maximum value at the 
moment of forming the woven element, when the 
weft is beated-up into the fabric structure [1].  

The cyclic tension in yarns determines fatigue 
phenomenon, so warp loses its elastic recovery 
capacity. At the end, this low ability of relaxation is 
correlated to the number of breaks in warp, a very 
important parameter of the machine output.  

For decreasing the fatigue phenomenon one 
possible solution is to modify the warp initial tension 
(WIT) exactly in the moment of forming the "perfect" 
shed line [4, 5]. Initial tension is a parameter which can 
be adjusted depending on the yarns physical and 
mechanical properties, fabric characteristics and the 
construction of the weaving machine. 

This paper contains the results obtained when 
studying the influence of the WIT on the number of 
yarn breaks. All experiments were conducted on a 
rapier weaving machine type Manzini which have a 
nominal width of 190cm, main shaft velocity of 330 
rot/min and output of 77-80%. The warp width was 
167cm. The worsted yarns have the same linear 
density of 19x2 tex and the same composition 45% 
fine wool + 55% PES. 

2. EXPERIMENTS AND RESULTS 

The warp let-off mechanism allows a variation of 
initial tension between 30 and 80 cN/thread, values 
which are equivalent to 5,4% and 14,4% of the yarns 
breaking force (the specific tension 0,78-2,08 cN/tex). 

 
Study 1: Number of warp breaks was recorded 

during one hour of weaving machine functioning, 
after that being computed the number of breaks for 
105 weft inserts, as it is recommended in the 
technical literature [6].  

Table 1 contains the experimental data of WIT 
(cN), computed values of specific WIT (cN/tex), 
number of warp breaks during one hour, computed 
values for the number of breaks at 105 weft inserts 
and the dynamic tension in threads (cN and cN/tex). 

 
Table 1. Experimental data (study 1) 

 
Initial tension 

 
Number 
breaks/h 

Number 
breaks 
for 105 

weft 
inserts 

 
Dynamic tension 

cN cN/tex cN cN/tex 

30 0,78 28 141 62 1.61 

40 1,04 16 80 77 2.00 

50 1,30 7 35 92 2.40 

60 1,56 6 30 103 2.68 

70 1,82 8 40 118 3.06 

80 2,08 15 75 126 3.27 
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Taking in consideration the computed values for 
the number of breaks at 105 weft inserts and WIT it 
was built the graph shown in Figure 2.1. 

 

 
 

Fig. 2.1. Influence of WIT on the number of breaks  
at 105 weft inserts.  

 
With the values from Table 1 it was determined 

the regression equation by the help of Microsoft 
Excel program.  

The correlation coefficient is R2 = 0,9955. 

 Y = 184,91X2 - 578,85X + 480 (2.1) 

 
where: Y - number of warp breaks at 105 weft 
inserts; X - specific WIT [cN/tex]. 

 
Study 2: For the same interval of WIT (30 and 

80 cN/thread) it was analyzed the influence of this 
parameter on the number of breaks recorded along the 
warp width.  

Despite the fact the initial tension is set 
technologically at the same value for entire warp, 
practical measurements prove that in the middle of 
the warp, threads have a higher stress than in left-
right zones of the warp [4].  

The width of the warp was divided in three main 
zones: 0-60cm left zone (L), 60-108cm middle zone 
(M) and 108-167cm right zone (R). The experimental 
results can be seen in Table 2. 

 
Table 2. Experimental data (study 2) 

 
Initial tension 

 
Number breaks/h 

 

No. breaks for 105 

weft inserts 

cN cN/tex L M R L M R 

30 0,78 10 8 10 50 40 50 

40 1,04 4 6 6 20 30 30 

50 1,30 4 0 2 20 0 10 

60 1,56 5 0 1 25 0 5 

70 1,82 4 1 3 20 5 15 

80 2,08 3 6 3 15 30 15 

 
For a better illustration of the results it was built 

the Figure 2.2. Average values for the number of 

breaks at 105 weft inserts were computed for L and 
R data at the same WIT. 

 

 
 

Fig. 2.2. Influence of WIT on the number of breaks at 105 

wefts inserts (middle and lateral zones). 
 

With the values from Table 2 there were computed 
the regression equations noted (2.2) and (2.3). Also the 
correlation coefficients were determined: R1

2 = 0,8847 
and R2

2= 0,9125. 

 Y1 = 83,21X2 - 251,72X + 190,89 (2.2) 

 Y2 = 42,926X2 - 144,47X + 133,27 (2.3) 

where: Y1 - number of warp breaks in the middle; Y2 
- number of warp breaks in the left-right zones; X - 
specific WIT [cN/tex]. 

 
Study 3: In the last stage of the research it was 

analyzed the influence of the WIT on the number of 
breaks recorded in the depth of the rapier weaving 
machine type Manzini. 

After making the adjustments for obtaining the 
initial tension, it was recorded the number of breaks 
in the four zones of the weaving machine: 

− zone I - between the cloth fell and the last 
harness; 

− zone II - the harness zone: 
− zone III - between the first harness and warp 

threads controllers (drop wires); 
− zone IV - between the yarn controllers and 

back rest roller. 
The experimental results are presented in Table 3 

and Figure 2.3. 
With the values from Table 3 there were computed 

the regression equations noted (2.4) and (2.5). 
The correlation coefficients were determined 

automatically by Microsoft Excel program:  

R3
2 = 0,9338 and R4

2= 0,8994. 

 Y3 = 137,36X2 - 413,19X + 333,71 (2.4) 

 Y4 = 46,228X2 - 161,33X + 142,89 (2.5) 

where: Y3 - number of warp breaks at 105 weft 
inserts in zone I; Y4 - number of warp breaks at 105 
weft inserts in zone II; X - specific WIT [cN/tex]. 
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Table 3. Experimental data (study 3) 

Initial tension No.breaks/h/zone No. breaks for 105 

weft inserts 

cN cN/tex I II III IV I II III IV 

30 0,78 18 10 0 0 90 50 0 0 

40 1,04 13 3 0 0 65 15 0 0 

50 1,30 4 3 0 0 20 15 0 0 

60 1,56 5 1 0 0 25 5 0 0 

70 1,82 7 1 0 0 35 5 0 0 

80 2,08 14 1 0 0 70 5 0 0 

 

 
 

Fig. 2.3. Influence of WIT on number of threads breaks at 105 
weft inserts for different zones of the machine. 

 
All the experiments related to the influence of 

warp initial tension (WIT) on the number of breaks 
were conducted with worsted yarns having the 
characteristics shown in Table 4. 

 
Table 4. Warp worsted yarns properties 

Characteristic 
Measured 

value 
Nominal 

value 

Linear density 19,23 tex x 2 19 tex x 2 

Variation coefficient for 
the linear density, % 

3,698 Max. 3,8 

Breaking force, cN 556,81 Min. 420 

Variation coefficient for 
the breaking force, % 

11,97 17,5 

Breaking elongation, % 19,49 Min. 16 

Twist, twists/m 635 700 

3. INTERPRETATIONS OF THE RESULTS 

From the first study it was found out that values 
of the specific WIT between 0,78-1,04 cN/tex 
determine a bigger number of breaks in warp 
threads, this means 16-28 breaks/h as it can be seen 
in the Table 1. The dynamic tension of yarns is 
maintained in the elastic domain. 

In this situation, the threads are not properly 
stretched, their position in the shed is not corrected 
(linear) and they are frequently hanged by the rapier 
[3, 5]. The high friction forces among the yarns 

surfaces when they change the spatial position do 
not allow the formation of a "clear shed". This 
phenomenon depends on the surface pilosity and the 
number of ends/dent of read. 

When the value of WIT is set over 1,82cN/tex, 
the number of breaks in warp increases to 15 breaks/h.  

The minimum values of breaks (6-7) are recorded 
at 1,30-1,56 cN/tex of the initial tension on warp. 

The regression equation (2.1) fits very well on 
experimental model because the computed 
coefficient of correlation is 0,9955. 

 
In the second study, it was analyzed the number 

of yarns breaks recorded along the warp width 
depending on the WIT. 

As it is shown in Figure 2.2 and Table 2, at 
values 1,30-1,56 cN/tex for the initial tension, the 
number of breaks in the middle of warp decreased to 
zero which is very good.  

Outside this interval for WIT, the frequency of 
breaking in the central area is increasing:  

− an initial tension under 1,30 cN/tex may 
produce up to 8 breaks/h; 

− a tension over the value 1,56 cN/tex 
determines maximum 6 breaks/h.  

As for the left-right zones of the warp, the 
number of threads breaks has a different evolution. 
The highest average value for L-R zones is 10 
breaks/h measured at 0,78cN/tex initial tension. 

The variation of breaks along the warp width puts 
in evidence that it does not exist a constant stress on 
threads. If this tension would be equally distributed, the 
weaving process would be done in better conditions (a 
good output would be achieved) and the number of 
yarns breaks would be kept at lower values.  

There were determined the mathematical models 
(2.2) and (2.3) as polynomial equation of second 
degree. By taking in consideration the the 
correlation coefficients it can be stated that these 
equations are a good approximation for the real 
phenomena [2]. 

 
In the third part of the research, it was recorded 

the number of breaks in the four zones of the rapier 
weaving machine (encoded I, II, III and IV), 
depending on the warp initial tension. 

 
The experimental data show a variation of breaks 

only in the zones encoded I and II, which is why it 
was built Figure 2.3 only for these areas of the 
weaving machine.  

At the value 0,78 cN/tex, the number of breaks/h 
reached 18 in zone I and 10 in zone II, which are the 
biggest values recorded (Table 3). Also, in zone I 
(between the cloth fell and the last harness) a high 
number of breaks per hour was recorded at specific 
WIT equal with 1,04 cN/tex and 2,08 cN/tex.  
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The high number of breaks in the first zone 
shows that in this area exists the most intense stress 
of yarns (stretching, friction and bending). The 
explanation is that both threads and reed are in 
motion simultaneously [4, 6].   

When the tension on warp yarns is low, the 
friction forces between threads are high and they 
hang each other - this phenomenon causes their 
breaking.  

If the WIT is at the maximum technological limit 
(2,08 cN/tex), the yarns are very stressed and they 
can easily break. 

4. CONCLUSIONS 

Number of breaks in warp threads is a very 
important factor of the weaving process output. For 
this reason it was studied the influence of WIT on 
the number of warp yarns by the help of three 
experimental studies: 

− influence of WIT on total number of yarns 
breaks at 105 weft inserts and the dynamic 
tension; 

− influence of WIT on number of breaks along 
the warp width (left, middle and right zones); 

− influence of WIT on number of breaks 
recorded in the depth of the rapier weaving 
machine (zone I, II, III and IV). 

It is well known that WIT should be set 
depending on the breaking force of yarns. In 

practice, the value of initial tension must not exceed 
5-10% from the yarns breaking force. 

Experimental data and computed values for the 
number of breaks at 105 weft inserts show that 1,30-
1,56 cN/tex (50-60 cN/thread) represent the optimum 
interval for specific WIT in all cases because the 
number of breaks is minimum.  

Also, the dynamic tension for this optimum 
interval follows the rule not to surpass 20% of the 
yarns breaking force.  
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