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Calculation of interlock, 1�1 rib, and
single jersey knitted fabrics shrinkage
during the dyeing process after
determining loop shape

Jorge Llinares Berenguer, Pablo D�ıaz-Garc�ıa and
Pau Mir�o Martinez

Abstract

This study investigated existing dimensional variations in knitted fabrics produced by weft-knitting technology for

knitting and dry relaxation, dyed and dry relaxation, and dyed and wash relaxation for the interlock, 1� 1 rib, and

single jersey structures. This paper demonstrates that once the structure has been knitted, the shape that the loop takes

in the fabric, and loop length and loop width, for each relaxation state will be the main factor responsible for dimensional

variations in cotton knitted fabrics. It also shows how loop length affects knitted fabric dimensions when knitting

machine parameters are modified by varying the use of feeders, and obtaining more loosely or more tightly knitted

fabrics. In this study a model to predict the longitudinal and transversal shrinkage of interlock, 1� 1 rib, and single jersey

fabrics after the dyeing process is presented. This avoids following the conventional analysis procedure according to

Standard UNE-EN ISO 6330 of September 2012 and, thus, avoids investing relatively long calculation times, which speeds

up the production process by avoiding product lots being stopped. These results are important for textile industry

technicians as they substantially simplify production calculations in weft-knitted fabrics companies. This work offers an

effective method for predicting the longitudinal and transversal shrinkage and width of knitting fabrics after the dyeing

process from the loop dimension after the knitting process. The application of the study results may help businesses to

significantly save time and, consequently, imply an intermediate product stock investment saving.
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Controlling the dimensional stability of knitted fabrics
throughout the production process is one of the most
problematic purposes for people in charge of quality in
textile industries. Any dimensional variations made to
fabrics by stretching during the production process
have to be removed or minimized as much as possible
before moving on to the product’s pattern cutting pro-
cess because, otherwise, this stretching will cause the
final garment to shrink. This is why an intermediate
operation must be followed before the cutting process
that confers the fabric the best possible maximum
relaxation state. Compacting fabrics minimizes such
shrinkage, but to do so entails having to previously
know the dimensional variations of the fabric being
dealt with by means of an analysis based on Standard
UNE-EN ISO 63301 of September 2012. This analysis
might take 1 day to perform, which entails stopping
fabric production processes until its result is known.

Knowing variations in knitted fabrics earlier would
speed up the production process, avoid stopping the
process and, thus, better optimizing the production
process and be, therefore, more competitive.

Obtaining dimensionally stable fabrics is what many
researchers have focused on, as shown by the many
studies found on this matter. The models proposed by
Chamberlain,2 Münden’s equations,3–5 introducing the
variable yarn count intoMünden’s equations by Nutting
and Leaf,6 or Knapton et al.’s ways to achieve
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dimensional stability,7,8 are examples of the interest that

has long since been shown to obtain dimensionally

stable fabrics. Ulson et al.9 proposed that the K factors

put forward by Münden must be determined during

each production process. Saravana and Sampath10 pre-

dicted the dimensional properties of a “double

cardigan” structure. Mobarock11 proposed some

models to predict the weight (GSM), width and shrink-

age of a finished cotton knitted fabric. Eltahan et al.12,13

determined some dimensional variables using mathe-

matical equations. Sitotaw and Adamu14,15 studied the

dimensional properties of 100% cotton and cotton/elas-

tane fabrics. Llinares et al.16 proposed a procedure to

calculate loop length in interlock fabrics and 1� 1 rib17

by means of some mathematical models. Lu and Jiang18

proposed an algorithm that maps the yarn texture to the

loop based on the loop geometrical model. Jiang et al.19

put forward a method to deform the loop central curve

thought the interlacing point of the flat-knitted fabric.

Fouda et al.20 developed a mathematical model of plain

single jersey knitted fabric.
Other research works have undertaken relevant

studies which conceptualize, define, and mathematical-

ly formulate the dimensional behavior of knitted

fabrics.21–37

Objectives

The main objective of this study was to predict the

dimensional variation of interlock, 1� 1 rib, and

single jersey knitted fabrics without having to apply

Standard UNE-EN ISO 6330 of September 2012.

Another of its objectives was to determine the existing

relation between the different variables that influence

the dimensional variation in knitted fabrics in the dis-

tinct production process stages in order to define a

mathematical model that allows dimensional variations

to be very simply predicted.
Consequently, this not only reduces the production

process, but also improves competitiveness.

Experimental

Materials and methods

To maintain the representativeness of the possible knit-

ting structures, several analyses were done of the dif-

ferent variables: structures, gauge, count yarn and

feeding strains. The analyzed fabrics represented the

three basic structures in circular knitting machines:

interlock, 1� 1 rib, and single jersey. The machine

gauge employed in the interlock fabrics was E20, two

gauges were used in the 1� 1 rib fabrics, E16 was

employed for the 100% cotton fabrics, and E18 for

the cotton/elastane ones. Machine gauge E22 was

selected for the single jersey fabrics.
To conduct this study, the following knitted fabric

pieces were analyzed:

• Single Jersey (cotton): 80 pieces of 15.83 Tex, 80

pieces of 19.44 Tex and 80 pieces of 21.96 Tex.
• Interlock (cotton): 80 pieces of 19.44 Tex (loosely

knitted loops), 80 pieces of 19.44 tex (intermediately

knitted loops) and 80 pieces of 19.44 tex (tightly

knitted loops).
• 1� 1 (cotton) 80 pieces of 19.44 Tex, 80 pieces of

21.96 Tex and 80 pieces of 11.77 Tex (these last

pieces were half-plated EA).

These pieces were selected and traced throughout

the production process, which involved 14,400 manu-

factured pieces (20 kg) corresponding to 720 lots of 20

pieces each.
The machines employed to make these knitted fab-

rics are shown in Table 1.
This study differentiated among three fabric relaxa-

tion states: one corresponded to that obtained after the

knitting process, and two others by the dyeing process:

• Knitting and dry relaxation (KDR). Fabric produced

by a circular knitting machine and left in a condi-

tioning atmosphere (T:20�C and RH:65%) until

constant weight.
• Dyed and dry relaxation (DDR).Knitted fabric dyed

and left in a conditioning atmosphere until constant

weight.
• Dyed and wash relaxation (DWR). The dyed and

conditioned knitted fabric was left until constant

weight. Then a dimensional stability test was run

with it according to regulation UNE-EN ISO

6330, procedure 4N, using procedure C for drying.

This domestic washing and drying procedure is used

as these fabrics are to be used for make garments

that will be subjected to these washing and drying

conditions.

The experimental process began by knitting the indi-

cated pieces after following the necessary processes so

the cited relaxation states were achieved with them all,

as follows:

• Number of loops per length/area unit (wales per cen-

timeter, courses per centimeter, and stitch density)

according to Standard UNE-EN 1497138

• Laminar weight according to Standard UNE-EN

12127:199839

• Linear density and loop length according to

Standard UNE-EN 1497040
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• Fabric width, variation in area, wale spacing and
course spacing.

Then the selected lots underwent an exhaustion
chemical bleaching process. After the hydroextraction
and subsequent drying steps, the pieces to be analyzed
were identified by taking one sample of these pieces
and leaving it in a conditioning atmosphere until the
different states had been accomplished. In these states,
they were analyzed to obtain the dimensional stability
in accordance with Standard UNE-EN ISO 6330 of
September 2012.

Having obtained the result of the variables wales/cm
(WPCM), courses/cm (CPCM), stitch density/cm2

(SD), weight (W), loop length (SL), course spacing
(CS), wale spacing (WS), width, weight one loop (W
1 loop), and count for relaxation states KDR, DDR
and DWR, longitudinal and transversal shrinkage for
relaxation states DDR and DWR, the percentage var-
iation obtained between relaxation states KDR–DDR
and DDR–DWR was calculated by applying equations
(1) and (2). Figure 1 represents the analyzed variables.

Percentage VariationKDR�DDR %ð Þ
¼ VariableDDR � VariableKDR

VariableKDR
� 100 (1)

Percentage VariationDDR�DWR %ð Þ
¼ VariableDWR � VariableDDR

VariableDDR
� 100 (2)

Tables 2–4 represent the percentage variations of

these variables between relaxation states KDR–DDR

and DDR–DWR, which were considered the most rel-

evant ones for the interlock, 1� 1 rib, and single jersey

fabrics.

Results and discussion

The conclusions drawn from the results obtained with

the three analyzed fabric types are provided below:

interlock, 1� 1 rib, and single jersey.

Interlock fabrics

Table 2 shows the results of the percentage variations

of the analyzed variables of interlock fabrics.
Figure 2 shows the percentage dimensional varia-

tions of the most significant variables of the three ana-

lyzed interlock structures. We can see how between

relaxation states KDR–DDR, the variable that most

increased was WPCM, while the wale spacing variable

was that which most decreased. The variables weight

and SD also significantly increased. Between relaxation

Table 1. The circular machines used to produce the knitted fabrics with interlock, 1� 1 Rib 100% cotton, 1� 1 Rib plated with EA,
and 100% plain-knitted cotton structures

Structure Model

Diameter

(inches) Gauge Needles No. Feeders

Interlock 100% CO

Mayer IHG II 12 E20 2x756 20

Mayer IHG II 14 E20 2x876 36

Jumberca DVK 16 E20 2x1008 32

Mayer IHG II 17 E20 2x1056 32

Jumberca DVK 18 E20 2x1128 36

Mayer IHG II 20 E20 2x1260 40

Jumberca DVK 22 E20 2x1380 44

Jumberca DVK 24 E20 2x1512 48

Mayer OV 3,2 QC 30 E20 2x1872 96

1� 1 Rib 100% CO

Mayer FV 2.0 14 E16 2x708 29

Jumberca DVI 16 E16 2x804 32

Jumberca DVI 18 E16 2x900 36

Mayer FV 2.0 20 E16 2x1008 40

1� 1 Rib 95% CO 5%

elastane/plated

Mayer FV 2.0 16 E18 2x804 32

Mayer FV 2.0 18 E18 2x1008 36

Single Jersey

Mayer MV4 II 17 E22 1176 54

Mayer MV4 3,2 18 E22 1248 57

Mayer MV4 II 22 E22 1512 69

Mayer MV4 II 24 E22 1656 78
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states DDR–DWR, the greatest increase was for the

CPCM variable, while the course spacing variable

decreased the most.
We conclude that the percentage variation of the

loop length forming the interlock fabrics showed a

more marked dimensional change after the dyeing pro-

cess, and its length was prolonged up to 7.5% in the

more loosely knitted fabrics.
In state DWR, variation did not exceed 3.1%

shrinkage. However, this is a relatively minor variation

compared with those obtained in dimensional variables

Course spacing and Wale spacing, where the variable

Course spacing presented the greatest shrinkage after

the dyeing process, whereas the widest variation went

to the variable Wale spacing after the DWR state.
These two variables are those that determine loop

shape in each relaxation state. Therefore, the shape

that it takes in the fabric in each relaxation state will

be that which will determine a fabric’s dimensional var-

iation to a greater extent.
Figure 3 shows the same interlock structure with the

yarn count for 19.44 Tex 100% cotton with intermedi-

ately knitted loops in relaxation states KDR, DDR,

and DWR.

1�1 rib fabrics

Table 3 shows the results of the percentage variations

of the analyzed variables of the 1� 1 rib fabrics.
Figure 4 shows the percentage dimensional varia-

tions of the most significant variables for the analyzed

1� 1 rib structures. The widest variations were

obtained between relaxation states KDR–DDR,

where the variables WPCM, SD and weight increased

the most, and the variables wale spacing and area

decreased the most. However, the percentage variations
were not so significant between relaxation states DDR–

DWR.
The variable Wale spacing presented the widest var-

iation after the dyeing process by shrinking up to a

mean of 22% and not stretching by more than 0.9%

in the cotton fabrics, but stretched by more than 4% in
the cotton/elastane fabrics when it reached its maxi-

mum relaxation state. Thus its loop shape changed in

width terms. After the dyeing process, the variable
Course spacing shrunk less than a mean of 5.2% in

all cases. It underwent its most marked change by

shrinking by up to 8% between relaxation states
DDR–DWR, which conferred the fabric its maximum

relaxation state.
Figure 5 shows the same 1� 1 rib structure with the

21.96 Tex 100% cotton yarn count in relaxation states

KDR, DDR, and DWR.

Single jersey fabrics

Table 4 shows the results of the percentage variations

of the analyzed variables of the single jersey fabrics.
Figure 6 graphically illustrates the percentage varia-

tions of the variables studied in the single jersey

structures.
In the single jersey fabrics, the WPCM variable

increased the most between relaxation states KDR–

DDR, while the CPCM variable decreased much more
discreetly. The variables SD and weight also significant-

ly increased between these two relaxation states, while

the variables wale spacing and area decreased the most.
However, neither the variations between relaxation

states DDR–DWR nor the variation in loop length in

all the relaxation states were so relevant.

Figure 1. Graphical representation of the studied dimensional variables.
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We concluded that the variable SL was not signifi-
cant enough to explain the dimensional variation in the
single jersey fabrics between relaxation states KDR–
DDR and DDR–DWR. The loop shape in each relax-
ation state, characterized by the dimensional variables
Wale spacing and Course spacing, would be responsi-
ble mainly for the dimensional variation of the single
jersey fabrics.

Figure 7 shows the same single jersey structure with
the 21.96 Tex 100% cotton yarn count in relaxation
states KDR, DDR, and DWR.

The conclusion drawn from the results obtained after
analyzing the fabrics with the interlock, single jersey, and
1� 1 rib structures, was that fabric shrinkage is not
caused by changes in loop length because the loop
configuration in each relaxation state is mainly
responsible.

After concluding that the loop shape in each relax-
ation state is responsible mainly for the dimensional
variation in all the fabric interlock, 1� 1 rib, and
single jersey structures analyzed between relaxation
states KDR–DDR and DDR–DWR, we then analyzed

Table 2. Percentage variations obtained from the analysis of three interlock structures between relaxation states KDR–DDR and
DDR–DWR

Sample No.

Variations of

the variable

Relaxation States

KDR–DDR (%) DDR–DWR (%)

�X si IC �X si IC

19.44 Tex

Loosely knitted

loops

CPCM –0.886 3.454 [�2.175; 0.405] 11.218 4.990 [9.354; 13.082]

WPCM 17.846 5.303 [15.865; 19.826] –0.053 0.040 [�0.068; �0.039]

SD 16.684 4.024 [15.181; 18.187] 5.124 2.183 [4.309; 5.940]

W 19.280 6.270 [16.939; 21.622] 2.146 5.336 [0.153; 4.139]

SL 7.374 5.725 [5.235; 9.512] –2.827 3.702 [�4.209; �1.445]

CS 1.013 3.562 [�0.316; 2.344] –9.914 3.984 [�11.401; �8.427]

WS –14.973 3.914 [�16.434; �13.512] 5.811 4.566 [4.105; 7.516]

Width –17.037 3.505 [�18.345; �15.728] 3.482 3.198 [2.288; 4.677]

Count –2.699 5.304 [�4.679; �0.719] 0.391 4.503 [�1.290; 2.073]

W (1 loop) –1.372 5.467 [�3.413; 0.670] 3.111 5.214 [1.163; 5.058]

Longitudinal Shrinkage – – – –9.007 2.731 [�10.026; �7.987]

Transversal Shrinkage – – – 4.010 3.055 [2.869; 5.151]

19.44 Tex

Intermediately

knitted loops

CPCM –3.586 3.263 [�4.312; �2.860] 10.105 2.885 [9.462; 10.747]

WPCM 27.667 4.682 [26.625; 28.710] –0.039 0.032 [�0.046; �0.032]

SD 22.979 3.168 [22.273; 23.684] 5.758 2.637 [5.171; 6.345]

W 18.492 3.643 [17.681; 19.303] 5.754 2.054 [5.297; 6.212]

SL 2.861 4.288 [1.906; 3.816] –2.024 2.600 [�2.602; �1.446]

CS 3.833 3.417 [3.072; 4.594] –9.115 2.398 [�9.648; �8.582]

WS –21.566 2.931 [�22.218; �20.914] 4.164 3.474 [3.390; 4.938]

Width –21.742 3.113 [�22.435; �21.050] 3.626 2.777 [3.007; 4.244]

Count –3.015 4.599 [�4.038; �1.992] 0.359 4.474 [�0.636; 1.355]

W (1 loop) –4.308 4.650 [�5.343; �3.274] 2.411 6.311 [1.007; 3.816]

Longitudinal Shrinkage – – – –8.326 2.929 [�8.978; �7.674]

Transversal Shrinkage – – – 4.401 3.551 [3.611; 5.192]

19.44 Tex

Tightly knitted

loops

CPCM –5.329 3.625 [�6.141; �4.518] 9.735 3.041 [9.053; 10.417]

WPCM 26.308 3.544 [25.514; 27.102] –0.031 0.028 [�0.037; �0.026]

SD 19.536 4.720 [18.479; 20.594] 6.241 2.837 [5.605; 6.877]

W 13.637 4.664 [12.628; 14.718] 6.906 2.588 [6.326; 7.486]

SL 1.388 4.887 [0.293; 2.483] –1.865 2.922 [�2.519; �1.211]

CS 5.782 4.051 [4.874; 6.690] –8.802 2.516 [�9.365; �8.239]

WS –20.767 2.234 [�21.267; �20.267] 3.330 3.030 [2.651; 4.009]

Width –19.734 2.185 [�20.223; �19.245] 2.130 1.909 [1.701; 2.558]

Count –2.774 4.627 [�3.810; �1.738] 0.244 4.919 [�0.858; 1.346]

W (1 loop) –4.594 5.801 [�5.893; �3.295] 1.664 6.361 [0.238; 3.089]

Longitudinal Shrinkage – – – –8.144 1.701 [�8.525; �7.764]

Transversal Shrinkage – – – 2.410 2.174 [1.923; 2.898]

M: Mean; si: Standard deviation; CI: 95% Confidence interval.

2592 Textile Research Journal 91(21–22)



the existing relation among these structures to obtain
models to predict the dimensional stability in the lon-
gitudinal and transversal directions in the maximum
relaxation state (DWR). The loop shape adopted in
each relaxation state, which is characterized by the
dimensional variables Wale spacing and Course spac-
ing, would be responsible mostly for dimensional var-
iation. The variables chosen to predict dimensional
variation were Course spacing (CS) and Wale spacing
(WS). As Figure 1 shows, these variables respectively

represent the longitudinal and transverse dimension of
the tool.

The models obtained by linear regression to
predict the variables Wale spacing and Course
spacing in relaxation state DWR, by using the same
variables known in relaxation state DDR, are found
in Table 5.

Figures 8 and 9 graphically represent the models
obtained by linear regression to estimate Course spac-
ing in relaxation state DWR according to knowledge of

Table 3. Percentage variations obtained from the analysis of three analyzed and produced 1� 1 Rib structures between relaxation
states KDR–DDR and DDR–DWR

Sample No.

Variations of

the variable

Relaxation States

KDR–DDR (%) DDR–DWR (%)

�X si IC �X si IC

19.44 Tex CPCM 5.637 4.591 [4.542; 6.733] 8.877 2.852 [5.196; 6.558]

WPCM 34.590 9.508 [32.323; 36.858] 0.002 0.040 [�0.007; 0.012]

SD 41.928 8.040 [40.010; 43.845] 6.023 3.483 [5.192; 6.854]

W 34.674 8.242 [32.708; 36.640] 6.642 3.179 [5.883; 7.400]

SL –4.375 6.410 [�5.903; �2.847] 1.746 2.877 [1.060; 2.433]

CS –5.162 4.082 [�6.135; �4.189] –5.483 2.559 [�6.093; �4.873]

WS –25.339 5.209 [�26.581; �24.098] –0.043 3.996 [�0.996; 0.910]

Width –23.745 5.911 [�25.154; �22.337] –1.386 2.690 [�2.027; �0.745]

Count –2.382 4.497 [�3.454; �1.311] 0.127 3.821 [�0.783; 1.039]

W (1 loop) –6.587 6.954 [�8.244; �4.929] 1.771 5.077 [0.560; 2.982]

Longitudinal Shrinkage – – – –4.700 1.803 [�5.129; �4.271]

Transversal Shrinkage – – – 2.013 0.849 [2.740; 8.834]

21.96 Tex CPCM 4.123 2.845 [3.387; 4.858] 4.570 2.004 [4.052; 5.088]

WPCM 28.447 6.699 [26.716; 30.178] 0.009 0.029 [0.001; 0.017]

SD 33.675 6.681 [31.949; 35.402] 5.479 2.576 [4.813; 6.145]

W 28.872 5.880 [27.353; 30.392] 5.907 2.992 [5.134; 6.681]

SL –3.083 4.792 [�4.320; �1.846] 1.711 3.123 [0.904; 2.518]

CS –3.888 2.659 [�4.575; -3.202] –4.336 1.838 [�4.810; -3.862]

WS –21.941 4.021 [�22.979; �20.903] –0.810 2.857 [�1.548; �0.073]

Width –22.377 3.859 [�23.373; �21.380] –0.878 2.157 [�1.435; �0.321]

Count –4.062 3.754 [�5.032; -3.093] 0.305 3.673 [�0.644; 1.254}

W (1 loop) –6.277 5.446 [�7.683; �4.871] 1.210 4.788 [�0.026; 2.448]

Longitudinal Shrinkage – – – –4.477 1.129 [�4.768; �4.186]

Transversal Shrinkage – – – –0.773 2.967 [�1.539; �0.007]

11.77 Tex COþ
22 dTex EA

CPCM 4.256 3.834 [2.824; 5.688] 8.758 2.607 [7.784; 9.733]

WPCM 22.950 4.170 [21.393; 24.508] –0.036 0.024 [�0.045; �0.028]

SD 28.063 3.033 [26.930; 29.196] 4.791 2.844 [3.728; 5.853]

W 22.995 3.328 [21.752; 24.238] 5.980 1.561 [5.396; 6.563]

SL –0.157 5.052 [�2.043; 1.730] –3.187 1.733 [�3.834; �2.540]

CS –3.958 3.510 [�5.268; �2.648] –8.002 2.207 [�8.825; �7.178]

WS –18.574 2.810 [�19.623; �17.525] 3.824 2.527 [2.880; 4.769]

Width –17.033 1.685 [�17.663; �16.405] 2.832 1.195 [2.385; 3.278]

Count –2.862 4.101 [�4.393; �1.331] 0.395 3.452 [�0.894; 1.684]

W (1 loop) –6.497 5.610 [�8.591; �4.402] 0.932 4.888 [�0.893; 2.758]

Longitudinal Shrinkage – – – –7.280 1.305 [�7.767; �6.793]

Transversal Shrinkage – – – 2.013 0.849 [1.696; 2.331]

M: Mean; si: Standard deviation; CI: 95% Confidence interval.
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the same variable in state DDR for the 1� 1 rib and
single jersey structures, respectively.

Once the value of variables WSDWR and CSDWR are
known, the dimensional variation in length and width
can be estimated by these equations:

Longitudinal Shrinkage %ð Þ ¼ CSDWR � CSDDR

CSDDR
� 100

(3)

Transversal Shrinkage %ð Þ ¼ WSDWR �WSDDR

WSDDR
� 100

(4)

With the models proposed for the interlock, 1� 1
rib, and single jersey structures (Table 5), longitudinal
shrinkage and transversal shrinkage can be predicted
with knowledge about the independent variables Wale
spacing and Course spacing in relaxation state DDR.
These models presented an R2 above 99% in all cases,
which very well explains variability according to the
linearity with the independent variables Wale spacing
and Course spacing. This speeds up the process to cal-
culate them because it avoids having to apply
the normal procedure according to Standard
UNE-EN ISO 6330 of September 2012, procedure

Table 4. Percentage variations obtained from the analysis of three analyzed and produced single jersey structures between relaxation
states KDR–DDR and DDR–DWR.

Sample No.

Variations of

the variable

Relaxation States

KDR–DDR (%) DDR–DWR (%)

�X si IC �X si IC

15.83 Tex CPCM �16.552 3.637 [�17.388; �15.715] 9.472 2.175 [8.971; 9.973]

WPCM 50.058 7.452 [48.343; 51.773] –0.014 0.019 [�0.019; �0.011]

SD 25.180 7.696 [23.409; 26.951] 7.872 1.907 [7.433; 8.312]

W 21.377 8.147 [19.502; 23.252] 9.205 2.018 [8.740; 9.669]

SL 0.712 4.033 [�0.215; 1.641] –0.664 2.092 [�1.144; �0.183]

CS 20.056 5.160 [18.868; 21.244] –8.617 1.810 [�9.033; �8.201]

WS –33.192 3.408 [�33.976; -32.408] 1.497 1.910 [1.057; 1.933]

Width –33.623 3.003 [�34.313; �32.933] 0.993 1.102 [0.739; 1.243]

Count �1.868 5.428 [�3.116; �0.619] 0.322 4.313 [�0.670; 1.315]

W (1 loop) –2.699 6.519 [�4.199; �1.200] 1.152 5.054 [�0.010; 2.315]

Longitudinal Shrinkage – – – –9.403 1.949 [�9.851; �8.955]

Transversal Shrinkage – – – 1.301 1.230 [1.018; 1.585]

19.44 Tex CPCM �13.235 1.818 [�14.086; �12.384] 7.645 2.116 [6.654; 8.635]

WPCM 33.454 3.308 [31.905; 35.003] 0.012 0.020 [0.003; 0.022]

SD 15.756 2.297 [14.680; 16.831] 8.979 2.623 [7.751; 10.203]

W 14.016 1.453 [13.336; 14.697] 7.775 1.516 [7.066;8.485]

SL �1.312 2.425 [�2.447; �0.177] –0.305 1.093 [�0.816; 0.207]

CS 15.302 2.425 [14.167; 16.437] –7.068 1.814 [�7.916; �6.220]

WS –25.024 1.838 [�25.884; �24.165] �1.196 1.952 [�2.109; �0.283]

Width –25.679 1.399 [�26.334; �25.025] 0.587 0.702 [0.258; 0.916]

Count –3.044 5.564 [�5.647; �0.440] 1.016 6.065 [�1.822; 3.855]

W (1 loop) –3.171 6.310 [�6.124; �0.219] –0.480 5.173 [�2.901; 1.941]

Longitudinal Shrinkage – – – –7.680 1.302 [�8.289; �7.071]

Transversal Shrinkage – – – 0.900 1.077 [0.395; 1.404]

21.96 Tex CPCM �15.331 1.184 [�15.885; �14.777] 7.660 1.486 [6.964; 8.353]

WPCM 43.235 3.236 [41.719; 44.747] –0.008 0.015 [�0.014; �0.001]

SD 21.261 2.618 [20.036; 22.486] 6.845 2.288 [5.774; 7.917]

W 16.622 1.918 [15.624; 17.420] 5.265 0.927 [4.830; 5.699]

CS 18.128 1.644 [17.359; 18.898] –7.098 1.281 [�7.698; �6.499]

WS –30.151 1.539 [�30.870; �29.431] 0.786 1.517 [0.076; 1.497]

Width –27.064 0.479 [�27.287; �26.840] 1.034 0.649 [0.730; 1.338]

Count –4.747 3.511 [�6.390; �3.104] 0.007 3.402 [�1.585; 1.599]

W (1 loop) –6.549 3.921 [�8.383; �4.714] 0.479 3.847 [�1.321; 2.279]

Longitudinal Shrinkage – – – –6.060 0.864 [�6.464; �5.556]

Transversal Shrinkage – – – 0.980 0.728 [0.639; 1.321]

M: Mean; si: Standard deviation; CI: 95% Confidence interval.
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4N. This saves time by not having to perform the whole

process.
Next the proposed models were validated by a pro-

cess that consisted of analyzing the set of the

representative items of each fabric and machine diam-
eter. This analysis involved determining the dimension-
al variation in length and width according to Standard
UNE-EN ISO 6330 of September 2012 to, thus, obtain

Figure 3. The interlock structure with intermediately knitted loops in relaxation states KDR (a), DDR (b), and DWR (c).

Figure 4. Dimensional variations as the percentages obtained from analyzing the three produced 1� 1 rib structures, two of which
with 19.44 and 21.96 Tex 100% cotton, and one with 11.77 Tex with half-plated 22 dTex elastane, between relaxation states KDR–
DDR and DDR–DWR.

Figure 2. The dimensional variations as percentages obtained by analyzing the three interlock structures made with 19.44 Tex
100% cotton with loosely knitted loops (SL¼0.360 cm), intermediately knitted loops (SL¼0.340 cm) and tightly knitted loops
(SL¼ 0.320 cm) between relaxation states KDR–DDR and DDR–DWR.
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Figure 5. The 1� 1 rib structure with the 21.96 Tex yarn count in relaxation states KDR (a), DDR (b), and DWR (c).

Figure 6. Dimensional variations in the percentages obtained by analyzing the three single jersey structures made with 15.83, 19.44
and 21.96 Tex 100% cotton between relaxation states KDR–DDR and DDR–DWR.

Figure 7. The single jersey structure in relaxation states KDR (a), DDR (b), and DWR (c).

Table 5. The linear regression models proposed to estimate the Wale spacing and Course spacing of the analyzed interlock, 1� 1
rib, and single jersey fabrics in relaxation state DWR.

Sample (Count) DV IV

Relaxation State DWR

Linear relation R2

Interlock CSDWR CSDDR CSDWR ¼ 0:907501 � CSDDR 99.90

WSDWR WSDDR WSDWR ¼ 1:040398 �WSDDR 99.88

1� 1 Rib CSDWR CSDDR CSDWR ¼ 0:944945 � CSDDR 99.93

WSDWR WSDDR WSDWR ¼ 0:999866 �WSDDR 99.87

Single jersey CSDWR CSDDR CSDWR ¼ 0:918711 � CSDDR 99.96

WSDWR WSDDR WSDWR ¼ 1:007812 �WSDDR 99.96

DV: Dependent variable; IV: Independent variable; WSDWR: Wale spacing in relaxation state DWR; WSDDR: Wale spacing in relaxation state DDR;

CSDWR: Course spacing in relaxation state DWR; CSDDR: Course spacing in relaxation state DDR.
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the real value. In parallel, these variables were estimat-

ed using the proposed models. The estimated error

would be the difference between the estimated values

and the real values.
The estimated errors of the models proposed to esti-

mate the dimensional variation in the 1� 1 rib, inter-

lock, and single jersey knitted fabrics in relaxation state

DWR were minor and always below 2% for both

length and width. Thus we conclude that these

models very efficiently presented the variability

obtained from all the proposed fabric structures. This

was evidenced in the results obtained in the interlock,

single jersey, and 1� 1 rib structures: fabric shrinkage

was not caused by changes in yarn length because the
loop configuration in each relaxation state was the
most responsible factor.

Conclusions

This study investigated variations in the percentage
values obtained with the dimensional variables ana-
lyzed in the three basic single jersey, 1� 1 rib, and
interlock structures. For each structure, three fabric
types were analyzed with different counts and loop
lengths.

The results obtained in the interlock, single jersey,
and 1� 1 rib structures evidenced that fabric shrinkage
is not caused by changes in yarn length because the
loop configuration in each relaxation state was the
most responsible factor.

Loop length was found to affect fabric dimensions
when knitting machine feeders were fed more or less
yarn which would, hence, lead to more tightly or more
loosely knitted fabrics. After knitting the structure, the
loop shape inside the fabric in each relaxation state
would be responsible mainly for its dimensional varia-
tions. To a great extent, loop shape would depend on
the strains that fabrics undergo, caused by stretchings
during the production process. This means that the
loop has to take a given shape because the loop itself
is unable to overcome any friction forces between these
loops to return to its minimum energy state. This also
means that several washing cycles with stirring are nec-
essary so that fabrics can return to their maximum
relaxation state.

We proposed linear regression models to predict the
dimensional variables Wale spacing and Course spac-
ing in relaxation state DWR for the interlock, 1� 1 rib,
and single jersey structures. With knowledge about
these variables, the longitudinal shrinkage and trans-
versal shrinkage of the proposed fabrics were predicted,
which speeds up the process to calculate them because
it avoids having to apply the conventional procedure in
line with Standard UNE-EN ISO 6330 of September
2012. Consequently, this saves time being spent on per-
forming the whole process.

While validating these models, any estimated errors
were only very slight. Therefore, we conclude that these
models explained the variability obtained with all the
proposed fabric structures.

All these results demonstrate that the proposed
models are suitable for calculating the dimensional sta-
bility of both the length and width of the analyzed
interlock, 1� 1 rib, and single jersey fabrics using
knowledge about the variables Wale spacing and
Course spacing in relaxation state DDR.

This study is of much relevance for technicians of
textile industries as it greatly simplifies the production

Figure 8. Graphical representation of the model obtained by
linear regression to predict the variable Course spacing in
relaxation state DWR knowing the same variable in state DDR
for the 1� 1 rib structures.

Figure 9. Graphical representation of the model obtained by
linear regression to predict the variable Course spacing in
relaxation state DWR knowing the same variable in state DDR
for the single jersey structures.
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calculations made in weft-knitted fabrics companies. It
offers an effective method to predict both longitudinal
and transversal shrinkages of knitted fabrics after the
dyeing process from loop dimension after the knitting
process. Applying the results of this study may save
businesses considerable time and, consequently, imply
an intermediate product stock investment saving. By
applying the developed model, businesses will no
longer need to use common calculation methods in
line with Standard EN ISO 6330 – 2012, which requires
a 1-day production standstill.
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