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ABSTRACT 

Among synthetic fibers, the polyester is the most used one. The texturing provides filament yarn characteristics 

such as appearance, touch and mechanical properties similar to those of spun yarns, allying the positive characteristics of 

spun yarns and filament yarns. The texturing process for false twist fixed (FTF) comprises two thermal zones (heaters), 

whereas the study evaluates influence of the second zone, also known as fixing texture zone, analyzing the influence of 

fixing step by the interaction of the variables of yarn overfeeds into the second heater and second heater temperature in the 

skein shrinkage of draw textured polyester yarn. The results showed that the variables have strong influence on residual 

shrinkage. 
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INTRODUCTION 

According to Andreoli et al. (2004), over the time different texturing processes have been developed, but only a 

few processes are presented as industrially viable. Among all the processes the false twist texturing is the most important 

texturing process. 

The texturing process, second Atkinson (2012),  makes up for the inherent deficiencies of a flat continuous 

filament yarn, both parallel and twisted, by varying its original textile character and imparting new properties as bulkiness, 

covering power, elasticity, soft touch, natural aspect, hygroscopicity and easier processing [9].  

Fourné (1998) affirm that texturing process try to convert the synthetic look of flat yarn for a textile item more 

acceptable, improving properties related natural yarns like cotton and wool, that have intrinsic textures in the material. 

McIntyre (2005) presented that the purpose of texturing yarn process is simulate natural yarn appearance like 

higher bulk, generating more benefits. Spun yarns, from staple fibers, have more softness, bulk, warmth, and extensibility 

than fabrics from flat (untextured), continuous filament yarn and a different surface. 

Lord explain that the prime purpose of texturing filament yarn is to create a bulky structure that is desirable for 

the following reasons: 

 The textured structure becomes possible good insulation properties. 

 Reduction the density of the material (lightweight yarn with good covering power); 

 The surface less organized of the yarn gives dispersed light reflections, which, in turn, give a desirable matte 

appearance; 
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 The sponge-like structure feels softer than a lean twisted flat yarn; 

 The crimped filaments structure gives a lower effective modulus of elasticity to the structure when compared with 

that on a flat yarn. 

 According to Andreoli et al .(2004) and confirmed by Atkinson (2012), the machines have heater and cooler 

zones to impart thermoplastic properties to the yarn required for texturing. The design and construction of heaters have 

been the subject of various scientific investigations for many years and reflects the importance of efficiency that the heat 

setting process has. 

According to Demir et al. (1997), the basics requirements for thermomechanical texturing process are: 

 Heat the filaments above of glass transition temperature (Tg), however below of melt point (Tm); 

 Deform the filament in a desired way, like twisting; 

 Cool the filament below of Tg, whilst still maintaining the application of deformation; 

 Rearrange the filaments, so they can present their bulk (texture). 

OBS: Steps 1 and 2 can be simultaneous or intercalated. 

The introduction of vapour phase heaters (Doutherm) in texturing machines has brought about a significant 

improvement in the thermal stability of the yarn and, as a result, a higher textured yarn quality. The operating principle of 

the Dowtherm heater consists of an electric heating medium, which raises the temperature onto the back of the metallic 

grooved plates, by condensation of vapour, which transfers heat to the yarn by contact. The temperatures of these heaters 

can vary from 160 º C to 250 º C in the longer heater - 2m in length - and 200 º C to 320 º C in shorter heater - 1.4 m in 

length. Thermocouples control the temperature of the plates, which maintains good regularity temperature condensed by 

contact along its total length (ANDREOLI, 2004; ATKINSON, 2012; FOURNÉ, 1998). 

Aiming to produce polyester textured yarn with higher speeds associated with the need to increase the heater 

length, it is not surprising that a new heating technology arose, around 1986, in the form of an electric heater, high 

temperature (HT), developed by Japanese company Teijin Seiki. The heater was 1.0 meters long, with two zones of 

temperature control. Technology has revolutionized the industry at the time and other texturing machine manufacturers 

quickly adopted their versions of high temperature heaters. 

Atkinson (2012) affirms that the yarn is heated by convection through the use of electrical heating elements 

located very close to the yarn path. Typically, these heaters are divided into two heating zones, with independent 

temperature controls for each zone. The heater’s temperature range capabilities are usually up to 600 ° C. Obviously, with 

this type of heater, the temperatures of the adjustments are done well above the melting temperature of the polymer, but for 

low residence times, and the yarn leaves the heater with temperature within a normal operating range. 

According to McIntyre, in the false twist texturing process, the yarn is heated close to the melting temperature and 

is then twisted while still heated and cooled and then untwisted. 

Hearle et al. (2001) presented that after heater the yarn pass through a cooling plate with 1 – 1.5 m of length, that 

allows cool the yarn while still in a high twisted state. Yarn temperature at the entry to the twist-insertion device is ideally 

in the range of 70º - 100º for polyester. 

When leaving the texturing zone, the yarn has a high skein shrinkage that is not acceptable in some applications. 
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For textile applications, where low elasticity and low residual torque are desired, it is necessary that the yarn is produced in 

a texturing machine with two heater, to produce false twist fixed (FTF) yarn. This heater has a smaller length as compared 

with the first and operates at lower temperatures. 

The second heater is "non contact ", i.e. in a tubular form with a reduced contact surface with the yarn in 

production. The models ensure low friction, so that the tensions are the least possible, allowing the stresses imposed on the 

texturing of the first zone to relax. The temperature of second heater, as well as the first one, may be regulated by vapour 

(Dowtherm) or can be heated by electrical devices, HT heaters type (ATKINSON, 2012; HEARLE, 2001). 

The passage of the yarn, drawn and textured, through the second heater with high temperature causes it partially 

loses bulk obtained with the texturization [6]. 

According to Atkinson (2012), there are two process parameters in the secondary heater zone, which can be 

changed to affect crimp and residual torque in the yarn: 

 Heater temperature: increasing the heater temperature reduces the crimp value and residual torque of the yarn. 

There are, however, maximum temperature thresholds beyond which streaks and flecks are evident in the yarn 

after dyeing, due to temperature and tension variation effects in the zone. 

 Yarn overfeed: it is normal to operate with high yarn overfeed into the heater zone to allow the molecular stresses 

to relax. The maximum overfeed is limited as high yarn flutter, especially at high set temperature, can cause dye 

flecks due to intermittent yarn contact with the heater tube surface. Also, when tensions are to low at the heater 

entry as a result of high overfeed use, any short term tensions disturbance from the primary texturing zone can 

cause sufficient disturbance in the secondary heater zone for the low tension yarn to wrap and break on the 

delivery system to the heater entry. 

The second heater temperature and overfeed the yarn inside the heater, second Hearle (2001), should be 

considered as a ratio combinations thereof provided that they have distinct effect on skein shrinkage of the yarn. 

The yarn overfeeds inside of second heater can increase or reduce the effect of temperature, changing the yarn 

tension within the heater. The typically ranges of yarn overfeeds are between 3 to 12%, depending on the machine 

configuration and the end use of the yarn produced. 

Lord (2003) affirms that the passage of textured yarn through the second heater must occur with overfeed, so that 

the yarn can arrange its bulk . 

A high overfeed of the yarn inside of the second heater can cause a low yarn tension inside the heater, allowing a 

maximum temperature influence in the yarn effect. A low yarn overfeeds within heater increase de yarn tension, restricting 

the effect of the temperature in the yarn, possibly causing yarn breaks inside of the heater. 

According to Hearle (2001), the two major factors that affect the final yarn shrinkage are the amount of heat 

applied to the yarn on the texturing machine in both the primary and secondary heaters and the overall denier. In addition 

the filament denier of the yarn itself is also a factor as this affects the ability of the applied heat to penetrate the yarn 

bundle uniformly. The final yarn shrinkage is therefore adjusted to its required value by changes in the temperature of the 

secondary heater. The second heater normally operates in a range of 150–240°C. It is possible to see the influence of 

second heater, verifying the Table 1 and Graph 1, presented below, presenting a test made with polyester Dtex 167/34, 

round cross section at 700 m/min and first heater set point 210ºC. 
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Table 1: Effect of Changes in Second Heater Temperature on Skein Shrinkage 

 

Second Heater Temperature (ºC) Shrinkage (%) 

Temp. ambiente (forno desligado) 34,7 

150 20,3 

160 16,3 

170 11,9 

180 10,4 

190 7,9 

200 7,5 

210 6,2 

220 4,8 

230 4,0 

 

 

Figure 1: Yarn Shrinkage vs Second Heater Temperature [7] 

Besides temperature, the over feed of yarn in the second heater also has a very important influence on the degree 

of skein shrinkage of the textured yarn. The  overfeed is responsible for the tension exerted on the yarn inside the second 

heater. Its effect is shown in Table 2 and Figure 2, below, where we can observe the influence of variables second heater 

temperature  and yarn overfeed into the second heater, in the residual skein shrinkage textured yarn. For analysis, it was 

used a PES 167dtex with 34 filaments yarn, at a speed of 800 m / min. 

Table 2: Effect of Second Heater Overfeed on Skein Shrinkage [6] 

 

  Second Heater Temperature(ºC) 

  140 150 160 170 180 190 200 210 220 

Overfeed 

(%) 

4 37,4 32,8 28,6 22,9 18,9 15,9 14,3 12,3 10,0 

6 37,2 33,4 28,7 24,6 21,8 18,5 15,0 12,7 10,6 

8 39,3 34,1 30,4 26,7 22,6 20,0 17,3 15,0 12,4 

10 38,4 35,9 32,0 28,3 25,3 21,7 20,4 17,9 15,6 

12 40,3 37,1 34,4 31,1 28,4 25,3 22,8 20,7 17,2 

 

 

Figure 2: Skein Shrinkage vs Second-Heater Percent Overfeed [7] 
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MATERIALS AND METHODS 

To study the influence of  temperature and overfeed of fixation step of false twist texturing process in residual 

skein shrinkage of textured polyester  yarn, was organized using the design of experiments (DOE), a factorial experiment 

with two factors two control levels (22). The following factors were chosen control: overfeed of the yarn in the second 

heater (lowest level = 5% and highest level = 29%) and second heater temperature (lowest level = 140°C and higher level = 

220°C). Were performed 10 replications, the experiment was completely randomized, so the execution order of the 

adjustments as their replication was determined by lot. Table 3 shows the adjustments of the machine. The statistical 

analysis was performed with the assistance of the software Minitab 16. 

The significance of experimental results was checked by analysis of variance (ANOVA), with a confidence 

interval of 95% (p = 0.05). 

The textured polyester yarn analyzed was made in a Barmag AFK machine, with a V profile and the basic 

adjustments for the polyester yarn texturing testing, count 167dtex with 48 filaments (PES 167dtex f48), are shown in 

Table 3. 

Table 3: Texturing Parameters 

 

 Test 1 Test 2 Test 3 Test 4 

Yarn Speed(m/min) 650 650 650 650 

D/Y 1,68 1,68 1,68 1,68 

Draw Ratio (%) 1,79 1,79 1,79 1,79 

First heater Temperature (ºC – Short / Long) 400 / 310 400 / 310 400 / 310 400 / 310 

Second heater temperature (ºC) 180 180 220 220 

Overfeed of the yarn inside second heater (%) 29 5 5 29 

 

 For shrinkage testing a hank was made with 42 turns and the original length was measured (L1) with a pre 

tension. Then the hank was immersed in hot water with a temperature of 82 ° C for 10 minutes. Then the hank was 

removed from the hot water tank and the final length (L2) was measured. The skein shrinkage is given by the following 

formula: 

 Sh =  

 At the end, an equation presenting the relation between skein shrinkage and fixing stage was defined by a linear 

regression with Minitab assistance. 

RESULTS AND DISCUSSIONS 

The experimental values obtained from the tests conducted on the samples are shown in Table 4. 

Table 4: Mean and Standard Deviation of Test Results for the Determination of Crimp Contraction 

 

Temperature 

of Second 

Heater (ºC) 

Overfeed (%) Trials 

Shrinkage 

Mean 

(%) 

Standard 

Deviation 

140 5 10 17,757 0,693 

220 5 10 3,218 0,302 

140 29 10 29,33 1,050 

220 29 10 16,64 0,806 
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The analysis was performed by analysis of variance (ANOVA) with a significance level of 0.05, as shown in 

Table 5. 

Table 5: Analysis of Variance ANOVA (Two Way) 

 

Source 
Some of 

Square 

Mean of 

 Square 

Degree of 

Freedom 
F P 

Temperature 1.853,82 1.853,82 1 3.188,52 0,00 

Overfeed 1.561,63 1.561,83 1 2.685,96 0,00 

Interaction 8,53 8,53 1 14,67 0,00 

Error 20,93 0,58 36  0,00 

Total 3.444,90  39  0,00 

             S = 0,7625  R² = 99,39%  R² (adi) = 99,34% 

 Based on analysis of variance, we can observe that the overfeed and heater temperature setting have similar 

influence on the skein shrinkage of the yarn, while the interaction of the two factors has less influence on the property in 

question. Also, it can be seen that the averages are statistically different (P <0.05), which shows that the adjustments used 

in the experiment had an influence on the skein shrinkage textured yarn. 

 With the assurance of the relevance of the trial, the factor analysis was performed to better understand the 

behavior of the yarn’s skein shrinkage in terms of variables. The main data obtained are shown in Table 6. 

Table 6: Factor Analysis Data 

 

Term Effect Coef. P 

Constant  16,736 0,000 

Temperature -13,616 -6,808 0,000 

Overfeed 12,497 6,248 0,000 

Interaction 0,924 0,462 0,000 

    PRESS = 25,8402 

    R²  = 99,39%   R²(pred) = 99,25%   R²(adj) = 99,34% 

In spite of second heater temperature and yarn overfeed have almost the same effect proportion in skein shrinkage 

yarn, the result present us that the parameters are inversely proportional. Analyzing results we can see that the higher is the 

temperature, the lower is the skein shrinkage and the higher is the yarn overfeeding, the higher is the skein shrinkage. 

Based on the factor analysis presented above were generated effect pareto plot, main effects chart and interaction of 

variables chart. Figure 3 shows the influence of each variable on the skein shrinkage of textured polyester yarn, as well as 

the influence of the interaction of the variables.The influence of each variable in the skein shrinkage is presented in the 

Figure 3. As commented before, the proportion of the effect of second heater temperature and yarn overfeeds inside of the 

second heater are very similar. Still analyzing the chart it is possible to see that inspite of the lower level, the variables 

interaction is also relevant in the skein shrinkage. 

 

Figure 3: Pareto Chart of the Influence of Temperature and Overfeed in the Second Heater Variables in the Yarn’s 

Skein Shrinkage 
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The Figure 4, presented below, show us how the influence of each variable in the textured polyester skein 

shrinkage is. As said before, it is possible to see that the variables are proportional, nevertheless opposites. 

The interaction of the two variables is shown in the Figure 5. The fact that the two lines are presented almost 

parallel indicates that the two variables have almost no interaction. 

Intending to find a mathematical model that represents this phenomenon, it was made a linear regression, and the 

results of linear regression are presented below in Table 7: 

 

Figure 4: Effect of Second Heater Temperature and Yarn Overfeed Inside the Second Heater in the Skein 

Shrinkage 

 

Figure 5: Interaction of the Two Variables, Temperature and Overfeed in the Second Heater, in the Skein 

Shrinkage 

Table 7: Linear regression 

 

Predictor Coef SE Coef T P 

Constant 38,5189 0,6804 56,61 0,000 

Overfeed 0,52069 0,01176 44,29 0,000 

Temperature 0,170194 0,003527 -48,25 0,000 

                                                     S = 0,892295   R-Sq = 99,1%   R-Sq(adj) = 99,1% 

 With the results presents above we have the equation below: 

 Sh%  = 38,5189 + 0,52069 x OF– 0,170194 x T 

Legend:  
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 Sh%: % of skein shrinkage;  

 OF: Yarn overfeeds inside the second heater; 

 T: Second heater temperature.  

CONCLUSIONS 

The experiments results clearly present us that both second heater temperature and yarn overfeeds inside the 

second heater are important in the influence of textured polyester skein shrinkage. 

The result of factorial analysis, as Graphic 3, show that the influence of the two variables are proportional and the 

high value of coeffi cient of determination (R ²) present that the phenomenon is well represented by the of factorial 

analysis. 

The higher is the second heater temperature, the lower is the textured polyester yarn shrinkage. In an opposite way 

the higher is the yarn overfeeds inside the second heater the higher is the textured polyester yarn shrinkage. 

It is also possible to conclude that inspite of be relevant, the interaction value of the two variables is very low. 

This information can also be seen in the Graphic 5. 

With the data shown in Table 4 allowed determination of an equation representative of the phenomenon by linear 

regression. The coefficient of determination (R ²) of the linear regression shows that the equation represents effectively the 

phenomenon. 

The results are well aligned with the information provided by Hearle (2001), presented in Table 2 and illustrated 

in Figure 2. 
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