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THE ANALYSIS OF DIMENSIONAL STABILITY OF 1X1 RIB
COTTON KNITTWEAR
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This paper analyzes the impact of the yarn linear density used in the dimensional
stability of the 1x1 RIB knitwear made on the same circular knitting machine. The
used samples of raw knitwear are made from 100% cotton yarn with different liner
densities of 19, 17, 15 and 13 tex. Dimensional stability of these samples was analyzed by FAST 4. The results show that the most stable knitwear is made of 100 %
cotton yarn with the linear density 19 tex.The values of the tightness factor in the dry
relaxation stood at 14, 93, 15, 14under wet,16,32 under total and 16,20 under air
conditioned conditions. The knitwear with the highest values of dimensional instability is a raw knitted fabric made of 100% CO, and the yarn with the linear density of
13 tex. The values of the tightness factor in the dry relaxation stood at 16,20 under
wet, 15,14 under total and 12,53 under air conditioned conditions.
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Introduction
One of the most important indicators of knitted products significant dimensional changes in clothing products that reis their dimensional stability. Knitted fabrics have a structure duce their quality[3].
which offers a stretch ability and the elasticity of knitwear.
The purpose of this paper is collecting relevant informaThese advantages make knitwear comfortable and fit well to tion in the form of the dimensional stability of knitwear in orbody contours, providing transpiration as well[1].
der to obtain the results that will make future clothes projectIn the yarn which has formed a loop, a certain amount of ing easier in order to fulfill the customer demands.
potential energy is accumulated. This energy causes a certain pressure yarn against yarn in places where these yarns
Experimental
intersect in knitwear. In these places, frictional forces appear
between the yarns and prevent their displacement. The yarn
The experimental part of this paper analyses the dimentends to get rid of deformations that have occurred in the sional stability of the 1x1 RIB knitwear made of 100% CO
shaping of the loop which causes shrinkage of knitwear. The yarns used in four linear densities: 19, 17,15 and 13 tex.Raw
knitwear shrinkage stops when these deformation and fric- state samples were examined (Table 1).
tion forces are in balance[2].
The impact of the raw material is significant for dimen- Table 1. Basic characteristics of the analyzed knitwear samples
sional stability, i.e. the fiber type, the shape, intersection and
linear density of fibers, a spinning process, a linear density
of the yarn, a type and number of twists of the yarn. The fiber
characteristics significantly influence the knitting [2].
The impact of the water treatment is also significant. During the penetration into intermicellar spaces in cellulose fibers, water molecules lead to swelling of fibers and as a result
the yarn diameter in the loop increases by 20 to 30% [3]. Wet
Knitwear is made on a circular knitting machine type Fv
processing is usually accompanied by the increase of the
2.0
of company Mayer & Cie. The characteristics of the matemperature of processing agents. The result is the increase
chine
are as follows: cylinder diameter 19 "(inch), the gauge
of the yarn thickness, to which shape of the loop need to
is
E18
and with 40 feeders, the knitting speed is 1.7 m / s. All
adapt [4]. All this leads to knitwear shrinkage.
of
the
samples
are knitted under the same conditions on the
When designing clothing products a big issue is the presame
machine.
diction of the dimensional stability of knitwear. This problem
The dimensional stability of the samples was analyzed by
is expressed during the exploitation of knitted products, as
the
FAST 4 method. The measurement was performed on
well as during their washing, because very often there are
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20 samples of the same type and in the measurement result
that follows, the arithmetic mean values of these 20 samples
is represented.

According to the method FAST 4, relaxing shrinkage
is defined as percentage change of the dimension of the
knitwear sample after the heat and wet processing. It
can be described as the ratio of the difference between
the dry sample length after the heat treatment (length L1)
and the dimension of the dried sample after relaxation at
the wet state (length L3) and the dimension of the dry
sample after the heat treatment (length L1). Relaxation
shrinkage of the knitwear sample can be represented by
the following expression 1 [6]:

Determination of the dimensional stability by the FAST 4
method
Dimensions of the sample were 300 x 300 mm. The
samples with the 5cm minimum distance from the edges of
the knitwear were taken. The FAST 4 method has several
stages [5]. First, the conditioned samples of the knitwear
has to be exposed to heat at the temperature of 105 °C in a
dryer for the period of 60 min, after which the dimensions of
......................................................(1)
the samples have to be taken in the longitudinal and transverse direction for a period of 30 seconds (length L1) (Dry
FAST 4 method defines relaxing stretching in a wet
relaxation S). This is followed by immersion of a dry sample condition as the percentage change of the dimension of
in water for 30 minutes, at the temperature of 25 °C to 30 °C the knitwear sample upon the wet treatment, and is calwith the addition of 0.1% detergent. After that, the sample culated according to the following expression 2[6]:
has to be placed on a smooth surface with gentle pressing
in order to remove the excess water, after which the sam......................................................(2)
ple should be measured again (length L2) (Wet relaxation
W). The sample is then returned to the dryer to be exposed
Results and discusion
to heat at the temperature of 105 °C for 60 min. The dried
sample is measured over a period of 30 seconds to obtain
In Figures 3 and 4, we can see that raw samples of
the length L3 (Full relaxation F). At the end, the sample is left knitwear made from finer yarns have more shrinkage of
for relaxation, and after conditioning in a room with standard the knitwear which are made of the coarser and stronger
atmospheric conditions according to ISO 139, the sample is yarn.
measured (length L4) (Climatization - C) (Figure 1).

Figure 3. shows the same values but measured on vertical
axis of knitted samples.

Figure 1. Diagram of the flow test of dimensional stability by
fast 4 methods

Figure 4. shows the same values but measured on horizontal
axis of knitted samples.

Figure 2. a) knitwear sample in water bath, b) knitwear sample in drying machine FAST 4
64  

Dimensional constants K-values
In order to monitor the stability of the knitted structure through different states of relaxation, dimensional
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constants can be used. Usually, the following Munden's
geometrical correlations are used [1] for calculating the
dimensional constants of the knitwear 4 relaxation conditions:
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cally in relation to the length of the yarn in the loop.

l- the mean value of the yarn length in a loop,
Kc, Kw, Krand Ks -dimensional constants, S - the loop
density, Dh - number of loops in horizontal, Dv- number
of loops in vertical, l - yarn lenght, .
K values are important for the prediction of structural behavior, for creating a material with better stability
and for determining the minimum / lower energy level of
loops after treatment. K constants can interconnect the
values Dh, Dv and the yarn length in a loop. Kw and Kc Figure 5. Changes in K in relation to the yarn length in a loop
are constants of Dv and Dh. Kr constant represents the (l0) for sample C1
ratio of the constants Kc / Kw. This is a direct measure
of the shape and it is called the shape factor of the loop.
Ks is a constant overall density of loops. It is the product
constants Kc and Kw [1]. Table 2 shows the value of dimensional constants for the test samples.
Table 2. Values of dimensional constants for samples

Figure 6. Changes in K in relation to the yarn length in a loop
(l0) for sample C2

Legend: D - dry relaxation, W - wet relaxation, F- Full relaxation, C
–conditioned sample, l - the mean value of the length of the yarn in a
loop (cm).

Figure 7. Changes in K in relation to the yarn length in a loop
(l0) yarn for sample C2

The results shown in Table 2 indicate that the values
of dimensional constants increase with the increase of
relaxation, except for the conditioned samples where the
values decrease. The values of the constants rise with
the knitwear which is made of thinner cotton yarns, comparing with the ones made of thicker cotton yarns.
Also, with the change of the relaxation condition, it
can be seen that Kr constant or a loop shape factor is
significantly reduced as a result of achieving a stable
condition.With the increase of relaxation, the minimum
energy is produced so that the loop cannot be changed
Figure 8. Changes in K in relation to the yarn length in a loop
further and occupies the envisaged state in the space.
(l
In Figures 5 to 8, the change in K is shown graphi- 0) for sample C3
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Table 4. Overview of calculated coefficients of the empirical
Tightness factor variations
Tightness factor represents a measure of the knitwear formula for TF changes depending on the l0
density and it can be calculated by the following equation 3 [1]:

...........................(3)
or it can be represented as:[1]:
Structural tightness factor (STF) = TS · KS (tex1/2cm-1)...(4)
where:TF – Tightness factor, tex1/2cm-1; Tt - linear density,
tex; l - yarn's length in a loop, cm.
Table 3. Values of the tightness factor for the measured samples

Table 3 shows that the value of the TF decreases from
full, through wet to dry relaxation. It shows that thicker
knitwear provides a greater value of TF comparing with
the knitwear made of the thinner yarn.
Mathematical model for describing the relation between TF
and the value of the yarn's length (l0) in the knitwear loop
To determine TF dependencies from the length of theyarn in the knitwear loop, a specific mathematical model
is introduced. In order to represent the method of nonlinear regression, a polynomial model is used.
For a given set of data pairs (x1,y1),(x2,y2),...,(xn,yn) the
following relation should be found, y = a0+a1x+...+amxm ,
whereby m ≤ n-2 , so experimental data can be best represented.
The results of the experimental research have been
approximated by a non-linear model fitting data which
has a form of polynomial of degree 4:
TF = a0 + a1 · l0 + a2 · l02 + a3 · l03 + a4 · l04 ...................(5)
where a0,a1,a2,a3,a4 are constants, l0 independent
variable i.e. the length of the yarn in the loop twists. As
l0 in knitwear changes depending on relaxation, the TF
value changes according to the previous formula. Table
4 gives an overview of calculated coefficients of the empirical formula for the TF value changes depending on
the length of the yarn in the loop.
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Conclusion
This paper analyzes the impact of linear density of the
yarn for raw cotton 1x1 RIB knitwear, made on the same
circular knitting machines by using the FAST method.
The results obtained show that the most stable knitwear
is made of 100% cotton with the yarn fineness 19 tex.
The values of the tightness factor in the dry relaxation
stood at 14,93, in wet 15,14, in total 16,32 and 16,20
under air conditioned conditions. The knitwear with the
highest values of dimensional instability is raw knitwear
made of 100% CO, and the yarn with the linear density
of 13 tex. The values of the tightness factor in the dry relaxation stood at 16,20, in wet 15,14 , in total 12,66 and
12,53 under air conditioned conditions.
Also, the impact of the length of the yarn in the loop
on the dimensional stability of the knitwear during dry,
wet and complete relaxation, and relaxed samples in the
conditioning chambers after the treatments were analyzed in the paper. It was noted that the differences in the
length of the yarn in the loop linearly related to the length
of the yarn in the loop at different stages of relaxation.
It can be also concluded that values Kc and Kw increase in the knitwear which is made of the thinner
yarn. Kr decreases with the increase of relaxation which
means that the loop reaches its stable state and it has
a minimal ability to change the shape. Ks factor rises
significantly with the increase of relaxation and with the
increase of the TF.
In complete relaxation, all samples recorded the largest dimensional change and for sample C1 the shrinkage on vertical is 12.91, and on horizontal 3,94% , while
Kr is in dry relaxation 1.55±0.0222, in wet relaxation
1.51±0.0168, and in full relaxation 1.53±0.0170.The
amount of Ks factor in dry relaxation is 25.58±0.3658, in
wet 26.54±0.2949, in full 27.98±0.3108. The most instable knitwear is sample C4 and here the vertical shrinkage is in the amount of 14,21%, horizontal shrinkage
is 5,97% , while Kr in dry relaxation is 1.86±0.0054, in
wet 2.16±0.0137, in full 2.08±0.0132, Ks factor in dry
relaxationis 25.20±0.0735, in wet 30.69±0.1945 and in
full 30.08±0.1907.
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Izvod

ANALIZA DIMENZIJSKE STABILNOSTI 1X1 REBRASTIH PAMUČNIH
PLETENINA
Marija Pešić, Vasilije Petrović, Danka Joksimović, Anita Milosavljević
Tehničkifakultet "Mihajlo Pupin", Univerzitet u NovomSadu, Zrenjanin, Srbija

U radu je analiziran uticaj finoće pređe na dimenzijsku stabilnost 1x1 rebrastih
pletenina izrađenih na istojkružnoj mašini za pletenje. Upotrebljeni uzorci sirovih
pletenina izrađeni su od 100% pamučne pređe različitih finoća i to 19, 17, 15 i
13 texa. Analiza je sprovedena metodom FAST 4..Dobijeni rezultati pokazuju da
su najstabilnije pletenine izrađene od pređe finoće 19 tex-a. Vrednosti pokrivnog
faktora u suvoj relaksaciji iznosile su 14,93, u mokroj 15,14, u potpunoj 16,32 i
u klimatizovanim uslovima 16,20. Pletenine sa najvećim stepenom dimenzijske
nestabilnosti su sirove pletenine od 100% pamuka, izrađene od pređefinoće 13
tex-a. Vrednosti pokrivnog faktora u suvoj relaksaciji iznosile su 16,20, u mokroj
15,14, u potpunoj 12,66 i u klimatizovanim uslovima 12,53.
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