Yarn Evenness Parameters Evaluation: A New Approach

Yarn evenness, defined as the variation of mass per unit
length, can affect several properties ol textile materials,
especially, the [inal appcarance of the woven/knitted fabric,
This problem is particularly important when it appears at
regular inlervals along the yarn length, causing imperiec-
tions in the final product. For its detection, commercial
cquipments use capacitive sensors in the 8 mm range or
optical Z mm sensors together with a signal processing tech-
nique. In this newly developed system (MPS1), a 1 mm
capactlive sensor is used with several signal-processing lech-
niques that are adequate to identily the type of faults: fast
Fourier transform (FFT), lor dctermination of faults with
sinusoidal characteristics; fast Walsh-Hadamard transform
(FWHT), for determination of faults with rectangular
characteristics; and fast impulse frequency determination

Textile Research Journal Vol 78(2): 119127 DOI: 10.1177/0040517507076744

Vitor Carvatho, Jo8o L. Monteiro and
Filomena 0. Soares

Depariaments de Electronica Industrial, tniversidade do
Minho. Campus da Azurém. Guimardes, Porlugal

Resa M. Vasconcelos'

Departamento de Engenharia Téxtil. Universidade do
Minho, Campus de Azurém, Guimardes, Portugal

{FDFT), for determination of pulse faults. Therefore, yarn
evenness is one important characteristic that is used to
quantify the quality of the final product. High-guality yarn
requircs an arrangement of fibers in which the number of
fibers in each transverse section (longitudinal variation) is
approximately the same. For its detection, the yarn produc-
tion process needs 10 be appropriately controlled, Conse-
quently, the MPS1 system enables the online control of
production, according to quality requisites predefined by
the operator (Figure 1).
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‘Figure.1 Online Syslém insertio

New Textile Parameters

Some of the mast important parameters used in the speci-
fication of yarn quatity are: lincar density (linear mass),
structural characteristics and composition of fibers [1-4].
In addition to the mcan deviation (£/%), the coefficient of
variation (CV%), the fault classification and frequency dia-
grams (8 mm), delermined in commercial systems, MPSI
provides new parameter information, namely the deviation
rate {DR%), its integral (TDR%) [5], and mass—frequency
diagrams (1 mm range), which are deseribed helow,

Deviation Rate

The parameter DR% indicates the yarn length that is out
of limils around the mean value of mass. For the calcula-
tion of this parameter a function p(r) is defined, which
takes the value "1’ if the sample is outside limils (c¢) and 0/
if not. Mathematically it is defined by cquation (1).
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Samples that exceed the mass limits cstablished are
summed and divided by the total number of samples (V),
obtaining the deviation rate for a certain limit.

The deviation rate (DR %), as a funetion of a is given by
equation (2).

N1
> p(n)

DR, (%) = ":“N

% 100 (2)

To determine the sample ength in accordance with the
deviation caleulated (equation (3)) (length of varn that is
under that pattern}, the devialion rate is multiplied by the
sampie length (L.00.)-

LDRG = DRuLsamplu (3}

The parameter (DR, %), is represented in Figure 2. In this
example, samples g and b, exceed the defined threshold
(sample a by excess and sample b by shorlage). As there
are two samples outside the limits, the deviation rate per
length of sample is (2 L,/N) x 100%, where N is the
number of sumples acquired,

Deviation Rate Integral

The deviation rate integral (IDR%) shows the yarn mass
that is nol contained within established limits around the
masy mean value. This parameter is caleulated using func-
tion, y(n), presented in equation (4).
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The IDR% gives information relatively to yarn quality for
different sensitivities, defined as a function of « {see equa-
tion (5)).

N-1
y(n)
. i =4

IDRU_(%} = ':T x 100 (5)
According to its definition, if « is zero, IDR,, equals U%.
So, with IDR it is possible to quantify yarn regularity, not
only for 8%, as /%, but for values in range zero to 100%

allowing complete information on yarn evenness.
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Mass~Frequency Diagrams

The mass—{requency diagram determines frequency as an
interval of mass variation. Predefined mass intervals are
obtained in variation intervals [min, max]% (histogram)
using 1 mm samples (min corresponds to the minimum
value of acquired mass and max to the maximum). As an
example, a regular yarn presents a straight curve (Figure 3),
cenlered on (1%, since a large concentration of values
presents a reduced deviation relatively to null mass varia-
tion: an irregular yarn presents a more enlarged curve
(Figure 4), because i1 will have a higher deviation of mass
values in comparison with the mean valuc [3].

The variation of cach interval of mass frequency is
dctermined by equation (6).

{max —min) (6)

mn

delta_x =

where max is the maximum value of the data sequence;
win is the minimum value of the data sequence: and m is
the number of intervals.

MPS1 Apparatus

To determine the yarn linear mass characteristics a new sys-
tem, MPS1 (Mass Parameterization System) was developed.
This system integrates by using capacitive sensors of 1 mm
together with a data acquisition board and data processing
[6, 7]. The sofiware used was developed in Labview from
National Instruments (graphical programming) [8] and is
divided into four distinct modules [3]: online acquisition,
DR%, IDR%, frequency and mass variation, spectral analy-
s1s and automatic quality classification of yarn. Figures 510 8
display the front pancls of the respective madules,
Table 1 summarizes the parameters obtained in MPS1.

CVY%: coefficient of variation

Value of percentage area that exceeds the mean value of yarn mass.

Percentage vaiue of standard deviation that exceeds the mass mean vatue

Thin places Number of reductions of the mean mass value, for four values of sensitivity defined by the operator

Thick places Number of increases of the mean mass value (< 100%), for four values of sensitivity defined by the
operator

MNeps Number of increases of the mean mass value {= 100%), for four sensitivity values defined by the operator

Length of faults

DR%: deviation rate

Length of imperfection for 1, 2, 3 and more than 3 mm for thin and thick places

Deviation rate for the interva! {0-100%]

IDR%: integral of deviation rate Integral of deviation rate for the interval [0-100%1

Mass variation diagram
Spectograms
Quality classification

Mass frequency diagrams

Measurement af mass values in steps of 1. mm
Based in EFT, FWHT and FCH, for sinusoidal errors, rectangular errors and pulse errors, respectively
In five values of percentile (P5; P25; P50; P75; P95} {Based on Uster tables)

Mass frequency diagrams obtained in the interval [minimum value, maximum value]
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Experimental Results and
Discussion

During system development several tests were performed
considering different yarn types and linear densily ranges
13, 6, 7. 9-11), In order to validate these measurements,
several lests were carried oul using items of commercial
equipment and our system in a parallel and real-time set-
up. These studics led to the conclusion that measurements
tendencies were the same. For that reason one study is pre-
sented which reflects the main results.

A 20 Fex 100% carded cotton yarn, with a twist coeffi-
cient of o, = 4020 was (ested in MPS1 and in a commer-
clal equipment (Uster Tester IT).

The [ollowing MPS]1 parameters were used in the analy-
Sis.

Yarn traction speed (m/min) = 30, which corresponds to a
sample ratc of 833,33 Hz;
Scnsor plates width (mm) = 1;

Sample length (m) = 1000;

Sensitivity values for thin and thick places (%) = 35, 40,
50, 80;

Sensitivity values for neps (%) = 100, 140, 200, 250.

The commercial equipment used the following conligura-
tions:

Yarn traction speed (m/min} = 400, which corresponds to
a sample rate of 104.16 Hz;

Sensor plates width (mm) = §;

Sample length (m) = 1000;

Sensitivity values for thin and thick places (%) = 50;
Sensitivity values for neps (%) = 200.

In order to confirm 1 mm measurements with 8§ mm com-
mercial equipment, a comparison was performed using
1 mm samples {directly measured), § mm samples (mathe-
matically caleulated) znd 8 mm samples (directly measured
with commercial equipment). Although the measurement
speed reduction used in MPS1 is eight times lower than
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commercial equipment, this factor is equally compensated
by increasing the sampling frequency eight times in MPS1,
which allows a reliable comparison of values. As speed (s)
is inversely proportional to sampling frequency (f), the
relationship between the two systems remained the same
{MPS1: s = 50 m/min, f = 833,33 Hz; commercial equip-
ment: s = 400 m/min, f = 104.16 Hz).

Table 2 shows the mathematicat difference between the
results for the two samples (1 mm versus 8§ mm) in MPS1
parameters and Table 3 shows the mathematical difference
between the resulis for the samples (8 mm (MPS1) versus §
mm (commercial cquipment).

In Table 2, as a direct conscquence of the number of
imperfections detected with the 1 mm samples, values of
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Sensitivities Thick

Length

Thin N o Sensitivities
N % CV (%
{thin and thick places) places places DR (%) 1DR (%) (m) {neps}) eps Y %) %)
35% +10315 +7916 +1.63 +0.7059 +16.3 100% +6
40% +4427 +4045 +0.77 +0.3624 +7.7 140% 0
+2.9 +3.63
50% +701 +1021 +0.16 +0.0768 +1.6 200% 0
80% +9 +15 +2.4% 107 +0.00%7 +0.024  250% 0

Sensitivities (thin i
and thick places} Thin Places

Thick Places DR (%)

IDR (%)

Sensitivities
(Neps)

Length {m) Neps (%) CV (%)

50% -8 =31

Not measured by commercial equipment

200% —69 ~2.8 -3.7

(nat comparzable)

irregularity, U% and CV%, present a positive variation of
2.9 and 3.63%, respeclively. The values of DR% and IDR%
show a variation between 24 x 107 and 1.63% and
between 0.0017 and 0.7059%, regarding the values of sen-
sitivity, respectively.

This was caused by increasing the resolution eight
limes, leading to highly accurate detection and, as the 8
mm senser works as a low pass filter for the 1 mm sensor,
all high frequencies are attenuated, causing a less precise
detection (sample rate in 8 mm samples is reduced eight

times, from 833.33 to 104.16 Hz), resulting in a lower
number of faults.

In Table 3, the number of imperfections detected with
samples of 8 mm in MPS1 is inferior to commercial equip-
ment, for the same threshold, which results in a negative
variation of irregularity values, —2.8 and -3.7, for U% and
CV%, respectively. However, the variation of U% and
CV%, for comparison of 1 and 8 mm samples in MPS1
(Table 2} and for 8 mm samples in MPS1 versus commer-
cial equipment, is almost the same (differ only by 0.1%)
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which supporis the statement that the influence of fre-
quency of measuremen is compensated by measurement
speed, and thercby explaining the fower detection. As neps
are characterized by lengths up to 4 mm, data acquisition
with 8 mm scnsors could only be performed by estimation
methods. MPS1 is able to detect these imperlections directly
for T mm samples, leading to more reliable resuits.

Figures 9 and 10 prescnt the results obtained for DR%
and Figures 11 and 12 give the results obtained [or IDR%%,
considering samples of 1 and 8 mm in MPS1, respectively.

As d consequence of less accurate measurements, 8 mm
samples (commercial equipmenls and MPS1 mathematical
algorithm) show a reduced range of variation, for the same
sensitivitics in comparison with 1 mm samples. By using
the data obtained for 8 mm samples, the yarn is classified
as a regulat yarn.

Using the FFT model in encrgy bands to aggregate the
harmonics and attenuate the effects of overlapping, spec-
trograms were achieved [12-15]. As the FFT signal was
concentraled, becoming difficult to extract relevant infor-
mation, it was compressed. Figures 13, 14 and 15 show the
FFT results obtained with 1 and 8 mm samples (MPS1 and
commercial equipment), respectively.

For MPS1 & mm samples, the wavelength dats peak
occurs around 2 cm and with the 1 mm samples this occurs
around 3 mm. These values could be explained by the fact
that with a 1 mm sensor it is possible to detect wavelengths
in the range 2 mm to 2 cm, which are not available in the §
mm sensor. Due to a higher sample rate, more detailed
information is obtained for samples of 1 mm, although the
entire remaining spectrum characteristic is similar.

Comparing the 8 mm spectrum results for MPS1 and
commercial cquipment (Figures 14 and 13), respectively, it
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is observed that the signals arc very similar. Small differ-
ences occur due to the number and type of imperfections
obtained in different tests, although the signal tendency
remains the same,

Figure 16 presents the results of FWHT, considering 1
mm samples. As in FFT, FWHT for 1 mm samples has sim-
tlar characteristics to those obtained in the 8 mm samples,
differing only for values inferior to 2 em.

Comparing the plots of FFT and FWHT, a periadic
crror oceurs for a wavelength around 1 m in both graphs,
albeit with less amplitude in FWHT, This fact is due to
sinusoidal errors being better detected by sinusoidal trans-
formation (FFT) rather than the rectangular characteris-
tics of FWHT [15]. However, an error was defected around
10 m that was not detected with FFT, leading to the conclu-

sion that the evaluated yarn has irregularities with rectan-
gular characteristics in this wavelength.

Conclusions and Future Work

‘The MPS1 apparatus performs yarn mass parameteriza-
{ion in the 1 mm range. This new approach allows the cor-
rect identification of faults, especially neps, which can be
measured directly with accuracy, and (he detection of peri-
odical errors from 2 mm wavelength, in contrast to the
2cm of traditional systems. Speciral information below
2 mm could give, for cotton as an example, information
about fiber constitution. With the determination of two
new parameters (DR% and IDR%), as well as diagrams of
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mass variation and mass frequency, U%, CV%, and
number of faults, is possible to obtain numerical values to
yuantify mass diagrams, that are very vseful [or yarn pro-
ducers.

The signal processing techniques used, FFT (sinusoidal
transform) and FWHT (rectangular transform), are impor-
lant tools for periodical error determination. As a vast
number of faults in yarn production have sinusoidal char-
acteristics, FFT is the most important and adequate
method. However, with FWH'T, reclangular errors become
more evident and could be detected clearly. Commercial
equipments only perform FFT analysis.

MFS1 also performs the online automatic yarn quality
cvaluation using Uster tables (based on 8 mm samples).
Due to this fact, MPS1 converts 1 to 8 mm samples (mean
of consecutive eight 1 mm samples) to assess yarn quality.

In conclusion, MSP1 is a low-cost system that allows the
yarn producer to quantify yarn faults and the statistical val-
ues presenied, including the new DR and IDR, as well as
lwo forms of main spectral analysis and one for pulse
errors {(FDF1), still under development, which can contrib-
ule to increase yarn guality.

For future work the following tasks are planned: auto-
malic yarn gquality implementation (for all of the Uster
database) [16]; new standard tables for I mm samples,
allowing rteal time automaltic yarn cvaluation; and finally,
the development of & new module for hairiness assessment
to be inserted in MPS1,
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