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ABSTRACT

In Textile production, measurement ol yarn mass m 1
mm range is of uomost importance 10 evaluaie evenmess
correctlv, as several irrcgularities occur in lmm to 4 mm
vamn length. Direct measurements in the imm range are
not available in commercial equpments: yam analysis is
based on samples of &mm. This paper presentis a system
which enables direet mass measurement in the |mm
range based on parallel capacitive sensors and signal
processing techniques for detection of periodical errors.
Results peint out that evaluation of yam mass. wilh tus
approach, is feasible m 1 mm range. allowing on-line
measurement {1 mm vam mass) in a spinning {rame for
real-time conlrol. Spite low signal to noise ratio (SNR) it
is possible to measure small variations af varn mass (note
that there is a tvpical capacity variation of 2,08E-17 F for
37 tex - (1,057 g/m of vamm). As a spin-ofl of this project.
4 new low-cost system was prepared for use in knitting
flat machines 1o control vam break and bobbin end. On-
line qualily classification s also feasible with the
developed system.

Keywords: Yarn Evenness, Capacitive Sensor, Signal
processing.

1. INTRODUCTION

The quality of anv textile product is strongly influenced
bv its components, e.g., fibres and yams. These must be
manipulated in bulk and the resulting structures have
many varving characteristics, which ultimately depend on
variation in mass per unit length. 1t is thus mportant o
find out linear density varations and irregulanty, to
predict vam property effects on production and finai
appearance of fabric.

TFar detection of such irrcgularities, electronic capacitance
teslers are stiil applied nowadays as a convenient and a
relinble method of testing irregularity (determination of
mass varation). The sysiem signals when a measured
Mass value is greater or lower than pre-detined
thresholds, These Uwesholds are related to vam mass
average value and aliow detection of Impertections {thick
Points, thin points ot neps) {11

Yarn masgs evaluated i the 1 mm range is of uumosl
IMponance to a correet detection ol defects, identiiication
al' periodical ervors in wavelengths that start at 2mm,
which ¢nable i sotmne cases characterization of [ther

constiution of analvzed vam and o perfonn an acctirate
classilication of quahty |2, 31, Tius paper presents a new
system for direct measurement of Lmm vam mass using 4
capacitve sensor.

2. TEXTILE PARAMETERS

Some ol the most important parameters (o identity
specilications for varn quality are linear density.
structural features and fiber content. The combimation off
ditterent numbers of [ibers per cross section with varying
torces binding them together due te twist vadalion, leads
to unlike vam propertics. An  example of vam
configuration is shown in Figure 1.
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Fig. t - Examptle of vam configuration

Electronic capacilance teslers are established as an
appropriate methed to obtain yam mass iregularity (4]
Basic requirement of this type of unevenness €sler 1s that
the output of measuring circuit 15 directly propartional
limear density of that part of strand within the capacitor:
the relalionship between capacitance and mass ol [iber
hetween sensor plates must be linear. changes of
capacitance brought about by varation of total {iber
cross-gseclional arca between piates enables automatc
indication ol mean absolute deviation {U%) and
coefficient of variation (CV%) [5]. In mathematical fonm
U 15 defined (us a percentage) by Eqg. (1)
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where, ;- instantancous value ol the miass:
X - 1mnean.
T- evaluation hne.

The irregularity U is proportonal 1o the amount of mass
variation around average value and 1s independent of
evaluating time or tested material length 1f the matenal




hz]x: a homogeneously  distributed  mass  vamanon

Standurd deviation CV also meusures mass variation, and
LLSU‘IH_' has (homogenous {iber composition) a relation
with U CV=1.250 The standard geviaton s equal to
mean value as presented m Faq. (20,

0 :
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brregulariey 11% aml C¥% can be deserbed graphically
aceording to Figure 2 [3]

Fig. 2 — Ciraphical representation of U and OV

Apart {rom thesc varn imegularities, it 1s important to
provide data on number and type of imperfections’, to
produce a high quality vam. These are comamonly nemed
laults and are of tree kinds {Figure 33

o Thin places - o decrease {(30%) in the nass
durmng a short length of about 4 mm;

s Thick places - an increase in the mass, usually
lower than 200% and longer than 4 mm;

e NEP's - huge mass ol vam in a short length.
typically from 1 to 4 mn.
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3 Types of vam faults
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Number of hults and mass measurements (10 and CV)
enable o gueht ratng of  product. An accurate

measurement af’ these propcr‘nu is o major ey,
[o). \
Perindicul Errors

Analvsis of vam aregulanity, which 1s known 1o SONly
random component and eventually a periadic COMPanLY,
may  be carmed out with g frequency  apg;y yor
{speclrogram graphic) that performs harmonig anadveg
periodic yarn uregulatities. in spectrogram, ardinie,
represent  propotions of  imegulanty associaed Wi
wavelengths represented by abscissa For a strung Wit
fibers of uniform fength, curve s given by bq (3, 17

S{log Ay = K —pul
izl
[fat
VA
where, S{logA) is  the amplitude ol Spectring
comresponding 1o wavelength A plotted as abscissy and |
13 defined by Eg. (4)

-V'ff 71
where: | - fiber length:
A - wavelength,

-y

Maximum cf ideal spectrum lavs at about 2.3-2.7 e
mean fiber length Chimnevs protmding above smoall
course of spectrogram indicate regular periodic variutions
in varn, and their unportance is proportional to ratio of
height of chimney to height ol underlving curve at that
point. Ther wavelength is read off scale and processing
details such as drafts, roller diamelers among others, may
enable deduction of mechanical cause of unwanted
period. Figure 4 shows a tvpical spectrogram from
commercial equipmenl based oh an Smm capacitive
30307,

Fig. 4 Typical spectrogram from a commereial cquipment

Observing Bgure 4. two main ermors can he identibil. one
between 3 and 10 ¢ and other belween 30 am aud
meter.

3. HARDWARE OVERVIEW

First slep of work constsied mn using an c.\‘pcrzmcnl.!i
apparatus ( Uster Toster B based on o commurgal ¥ 5
capacitive sensor and a Labview dala acyuisition =400
o achieve vam evenness. Aller vabidation o resuite
obtained with this experimental rig with enes ohnmui
with a more recent devige, [ster Tester [ equipment. !

research objective 15 W extract 1 nun mass vahues. usmig




measurements of % mm length sensor. Using signal
processing techniques, sequential samples of mass signal
are then acquired 10 such 2 way that length interval is
| mum range 2] Mathematical study atlowed extracting |
mm mass values, using measurements tfrom an & mm
length sersor, acquired with a sample rate propertional ©

| mm varn length.

In order lo analyze the influence of measurement length
(portions of 1 to & mm) in evaluation ol yarm evenness. 4
statistical study was carried oul. The Schette method was
used for palr wise comparisons of means. Paus of meuns
that were significantly different at 0.03 levels were those
obtained in comparison with | mim range [%]-

Commercial capacttive sensors will parallel plates with 1
mm length could not be found. Instead, 2 1 mm diameter
cylindrical sensor was tested. Measurement mstrument
was tuned to gel maximum resolution. For thal, vam
should be close to sensor, und specific and carefully
designed electronic conditioning circuit was needed. In
this case, acceptable results were obtained. However, due
to vam oscillations in industrial spinning [rames, this
kind of sensor could not be avcepted {101,

A capacitive sensor with paralle]l plates and is eleclrome
conditioning circuit were developed allowing 4 mm Y&
mass teliable measurements [11]. Based on knowledge
acquired with results obtained with the 4 mm length
sensor, 4 linear 1mm tength sensor couid be developed.

Regarding accuracy, a theoretical study was undertaken
to quantify capacity variations due to difference in
dielectric constant corresponding to analysis with/without
cotton yam between plates. An estimated variation of
2 08F-17 ¥ was considered for a 37 tex {0,057 g/m) yarn.
Although it is possible, with this equipment, to detect
small variations, some difficultes in terms of signal to
noise ratio (SNR) were still preseni These smuall
variations of capacity were ranslated in varations ol pV
tension, resulting in a very small SNR.

In order to reduce lhe noise, seme attempls were made
using traditional lilters, with relative success, as noise
nad its main compenent at 30Hz range. To overcomw
SNR problems a study on influence of electromagnetic
radiation was carried out, using two identical sensors, ina

differential configuration, with different distances
hetween plates (Figure 3.
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Jig. 3- Representalion of the lwo sensors

With this technigue it was possible 0 use the same
equipment for difterenl yam diameters. Furthermore, the
use of differential set-up improved the electronic circuit
performance. making it more robust to wemperature and

air humidity variations. which are particularly importanl
in textile mdustries. This svstem 15 o0 be used for nng
spinning frames on-lme control in order to evaluate yam
evenness produced. Presently, in spinning mills, this kmd
of evaluation is made off-ling in laboratory usng a small
amount of varn. Tests made with this system show good

performance  in laboratory environment.  The
experimental sct-up used consists on a PC with Labview
data acquisition system (Nationa! Instruments) together
with two sensors and electronies. Figure 0 shows svstem
schematic diagram used in project devejopment.
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Fig & - System flow chast

In order to have two capacitors witl a counnon electrode.
three metatlic conductors placed in paraliel were used n
svstem design. Air and yan make up capacitor dielectnc
Integrated circuit (1C) MS3110 from Microsensors®
implements [unctions regarding transdicer. amplificaton
and signal conditioning. This 15 a specific 1C for
capacitive sensors and has the fotlowing characterislics
{Figure 7.

« Capacitance resolution up to 4.0 ab /mHz,

« Single Variable or Dual differentiul variable:

o On-chip dummy capacitor for quasi-differenial
operation and initial adjustment;

e Gain and DC offset tnm;

e Programmable bandwidth adjustment 0.5 to 8
kHz.

e 225V DC output for ADC reference/raliometric
operation;

« Single supply:

» On-chip EEPROM for storage of settings.
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Fig. 7 - MS3HL0 electric diagram

Sensor capacitance variations are converted into a vohage
signal and amplified. A second order low pass filter
attenuales high {requency interferences, which come from
internal oscillator and from other exterial noise sources.
Filtered signal is then amplified using an owtput buifer.
Then, MS3110 output voltage i5 liitered and converted 1o
a digital signal with an ADC incorporated i data
acquisition board (6024E Itom National Instrumentsi.
The acquired signal s monitored in a PC using specific
developed  software  bused  on MNalional Instruments.
Labvicw . This seftware allows data storage. manipulation
and processing for anaivsis and evaluation of results.

Figure & shows some print screens of results obtumed
with the software developed, namely acquired signal:



varn mass n right op and in left comer the values
obtined tor L% and CV%. In bottom, spectral anatvsis
based on Fast Fourter Transtorm algonthm (FFTY 13
presented.
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Fig. % - Uontrol pangl software componsnts

To allow an ndustral use ol syslem there 1s a need for
several sensors and processor linked over an industrial
aelwork. A new svstem bused on microcontreliers (RISC
technclogy) that allows the use of advanced Digital
Signal Processing algorthms und distnbuted real tme
control 15 under development. The central unit momtors
events (such as broken ends, neps, babhin ends), report
production data and vpdates control algorithms. Final
result i3 an alert display that signals events, for example,
lamps indicating that & position needs the presence of an
operator.

3. SOFTWARE OVERVIEW

First attempt o extract | mm mass values was
mmplemented  oftline with post-processing  algorithms,
This method is based on measuremnents of § mm length
sensor acguired in real tme, with a sample rate
proportional to 1 mm yum length. Figure 9 displays,
araphically, the method employed n order to oblain tus
measurement.
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Fig. v - Mzihod used in the determination of mass in 1 mm vam length

Sequential samples of mass signal are acquired n such a
way thal lepgth tawerval 15w b range. With this
approach, eack new sample meludes a new segment with
1 mm length. To evaluate value of this new segmenl, it is

necessary 0 know previous samples in linm ranae,
the following approach.

‘xl:img

I

0-Ya-Sara.

rapn L=i-R

where & are values in Immorange. As swms are valigs vl
each acquired sample with Smm sensor there 15 app
need 1o know previeus values o a0 To achicve oy,
during calibration, signal acquited {rom sensor has .,
material. These sianals are presented in Fgure 10

Acquired signal wirh no mat erial
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Fig. 10= Acquired signal with an 8mm sensor and the evaluated sipngd

with Imm {ength resolution

Values acquired from sensor allow evaluation of mass m
Ilmm range iU we consider values acquired when there is
no material (yam) between plates of sensor. Valies
during this period present some small variztion thatis due
to noise. However, its peek-to-peek value s small 1f
compared with variation due to yarn. Results are saved on
a [ile for offline analvsis, namely quantification of vam
fauits: U%, CV% and number of points that are sutside
of a previcusly defmed threshold For mstance, 1f a
sample corresponds o a vaiue ot 130%, number of thick
points with a 50% threshold is incremented. Two
consecutive samples with values more than 130% are
quantified as only one fault.

It is also passible to calculate mean values tfrom eigl
consecutive samples. which corresponds to a sampie ¢
Smm var length. These values. as well as guantticaton
of vam laults based on them, make possibie compansoen
with conventional equipment that uses §mm capaciive
SeTISOTS.

Second slep n the sottware development task 1s on-line
and real tine vam analysis hased on a {mm scnsor

After calibrahon (acquired signal withoul vam) dJaid
acqsition svstem runs with o pre-defined sample rat
Statistical parameters are caleulated as well as thast
Fourier Trunsformt using a Hanning window. Fast Waish
Hadamard  Transform  and  Fast  Impulse  Fragqueno
Determination. FIT is used lor detection of sinusonial
errors  (most  comumen),  FWHT  for  detection ol
rectangulur errors and FDEFD for detection obf nnpube
errors (2. 3] Thia evaluation is very umportant I
periodical thals detection. respensible for delects on
fabrics.

1L
i1

As the stenal is not fully peniodic and the sample rate B
not guaranteed 1o be a multple ol sample period. the use
of windows does not selve praoblem A method 1o sobe
this problert was using energy bands, e, neighbor
spectral components are grouped m the same band. Wl




{his method, small speed varighions n traction mechanism
are solved. Results are displayed in a bur chart
corresponding to each bar average energy pf harmonics in
the interval. This periodogram graphic loses some
resolution but eases result analysis as well as allows u
quicker identillcation of periodic fauits. Al present it is
implemented the statistical parameter Deviation Rate (DR
04y that gives information about the yam fault length.
DRY% is calculated as sum of fault vam lengths divided
by the overall yam length analvzed. Another parameier
also determined 13 Integral Deviation Rate {IDR %) that
provides data of the amount of mass that is above or
lower a pre-defined mass threshold. 1DR (%) for a
threshold of (% provides same information that U (%)
(12}

5. RESULTS

With vam mass svaluated signal it is possible io calculate
evenness valies, which is of utmost importance to extract
idomation regarding yarm qualiry. Several tesls were
performed  with differcut bobbins (from open end
spinning system, nng SpInOing system and filament type
fibers) in order 0 detect the influence of linear 1mass.

Table | dispays U% and CV% values in several varn
samples

Tablz 1 - U% and CV% values

Fiber Yarm Mass {tex) %) OV
Cotion 57 14.96 1869
Cotron 25 12.7 15.88
Cotton 37 11.28 14.09
Catton pit] 14,04 E1.85
Cotien 0 133 26 68
Cotton 30 1285 16.06

Polyamide 765 7.28 2.10

1n order to evaluale yam faults, previcusly defined as a
mass decrease (30% Juring a short length thin places), an
incrase in mass (usually Jower than 200% thick places)
and a huge mass of yam (in a shott length NEPs).
difTerent thresholids were considered, Results show that a
short difterence in irreguianty threshold produces a
strong change in e number of irreguiarities. These
resuits are displayed m Table 2.

Neventheless, note that ncither thin places can be obtained
in a 182% Uweshold nor neps m less than 182% range.
The pomary goal of the projecl was to analyze only
cotton vams, bui in order 1o expand system application
field some fests were made (o detect Lvcra yams with
small linear mass (less than & X g/km). Although Lvera
has a higher dielectric constant, its small hmear mass
prevents good performance of svstem. At the moment,
rescarch work tocuses on an adaptation of the developed
svstem that enables the detection of Lycra yarns and all
tvpes of varm with tess than & tex.

Takle T Yarn faults in several varm samples
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6. CONCLUSIONS AND FUTURE WORK

With the developed svstem the determination of all faults
is performed correctly, especially neps. which occur in
lengths between lmun and 4 mm and are not measured
direcily (estimation techmigues) congidering commercial
solutions.

Periodical errots. witl wavelengths nferior to 2 cm are
determined allowing measurement of fiber vam length n
cotton: quality classitication accuracy is also ncreased.
However, large scale tesis are needed to allow a twtal
correlation of Tesuits with those obtained bv commercial
sotutions.

System under development should integrate vam mass
neasurements based on capacitive sensors {as presented)
and vam hairiness measurements  based  on oplical
sensors. A solution including image processing is also
being considered.

“The main objective of the project is to perform on-hne
meastrements of hmm in a4 spinning [rame and using
jeedback control to obtan a certain vam with specitied
chamacteristics delined by the operatar.
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