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Abstract
In Textile prodaction, measuremsani of the yarn mass in
mrn range is utmost importance to properly ¢valuate the
evenness, an several regularities oceur in 1 to 4 mm
yarn ‘ength. Until present, mncosurements in bmm range
are still not dircetly perforniad
1 this paper we present a dirccl mass measurement in
Imm range based on capacitive sensors and signal
prozessing technigues.
The results poiit out it e ovaluation of yarn muass.
wilhy s appreach. is feasible in the § mum mange
new approuch aliows on-lins measurement I
mass) 1 2 spinning frame for real-ime €um;c:1, Several
Migital Sigral Processing leehniques are vsed 0 1mMprove
the Tesulis. vahie of capaf'itv variation 1 ¢iese 10
208E-17 1 fora 57 tex (0,057 g/m) yam. I
with this cquipment, 1o de t(xl "%Indl T vanations but signal
iy moise ratio (SN@) s sl low. With the current
Jectronic condittoning it iz possible o detect these
variations in spile it s in microvolt range. As @ spin-off
the develuped sensor is being used i knilting machines
1o contro! the yarn break and hobbiv end.

The

L yarm

s possible,

Kevwords: Yarn Dvenncss, (apacmvc Sensor, Signal
PrOCEsSIng.

I. Introduction

The analiy of any textile produet s strongly infloenced
by the type ol fihors and yarss
These rusr be manpalated bulk and the u,mef‘
siructure ln:\ maimy varying churtacteristics, which depewd
uhimatehy on the variation i mass per unis of longthe It

He componcnis, .o,

v thus  bmportant to doterine the hncar densily
variations and the tolal wresularity fo predict the effect
af the var's  properties on the production and

appearance of the frughed Tabric

For deteclion of such irrecolaritics i is sl applicd
nowadays, clectronic capaciiance teslers as & convenenl
snd & reliable  method  of  testing  drregularity

(determingiion of mass every 8 mim). The systern signals
when the mass value 1s greator or lower than pre-defined
threshelds, These thresheids are related o the mass
average valuz, and allow the detection of cither thick,
thin pornes o neps (1),

Mass yam cvatuatzd in Domm tange i3 of ntmost
importance lor o correet detection of wrregulaniiics as
U-7R03.743 1T O0E 2002 JEER. I

—

“h

most of them have & short length (between 149
Cana g my
fength).

This paper presenis a new system for neasuring g, i
. RERCHING N
Imm yar miass using a capacitive sensor, :

2. FTheorctical Considerations
Some of the most impordant parameters i doify
specifications  for  yam quabity are linear depge
N b i LN
srractural Tfeatures and fiber content, The combinmi

Al ¢of

difterent numnber of fihars per cross seohinng « i

Vit
fmpes binding them topether due o twist vanation, rag,
tnunbike  varn propaties. Anoximpic of oy
confipuraiion is shown m Figae
In onler o obtein varn nasz oegnlaris cleciong

;.dm tunce iests arc . stablished as o comveniont methy!
| The basic requirement of this lvpe of vnevennes
cstor i that the outpul of the measuring cirewit
directly proparlional 1o the hnear (lf‘nsiiy of that pamoof
the strand within it L,upl Litor, that e the 120 Gt
hetween capacitance aud the mass of Nber between the
plaes must he lincar. The changes of cepatitenc
poughtl zhont by slieration of the toil e
sectianal wren between the plates enablos the anfemaic
ingieation uf the mean devianon (L
yartation (CV9) | 3]
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v nstantecss value ol the nuss

whatt
RAIRER:
T - t?'udlua!i:_m e
e wrepiiarity U is preportional to the intensily of 1he
g VRITILOD araund  the  mean vafue, and s
mdc;nrﬂdcn: of the evaluating tmwe or tested matenal

wenaily wit th hemogenconsly distribuied mass variation.

The TILISS variation can be considercd  to conflorm
,.'wpgn_\immc!)‘ to o normal  distribution when o
hﬁmoscncous fire composiion is avatlable  As oo

measure of the size ol these muss variation 18 the
cndard deviation s, which s defined as the distance
ﬁ-gn} ihe mean value to the point of inflexion of the
pormal distribution curve. The standard deviation s
conaied to the mean value as defined in equation 2.

109

OF = — = [ (x - %) di
x Yrb oo
‘/.',}
The irregularity U% and (V% can he described
graphically according to Figare 2 [31.
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Framee 2+ Graphicai representation of Uand CV

Apar frae this varn wrregularity 1t s important, in ender
W predace a coality vamn, 1o provide data en the numben
-'i_':n“ bind of imperfrotions. These are commenly named
fantrs and are of tiree kinds {Frgure 3%
*thin places - a decrcase (3097 in the mass during @
short Ienath of abont 4
* thick places - an increase in the mass, usually lower
tian 20044 and lasting more than 4 mm;
* NEP's - huge mass of yam i short Tength,
lypicaily from | 1o 4 mm.

Mimn:
o

e iy "

' nuinher of faults and mass measuremients cnable a
Uug

aliny rating of the product. An sccuriie measarcment

[P
RSt praperties is of major importance [4]

Pan Places -
T Mo
Vi Muves
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7 ./r\\ //1\\
i Y ! Y i Y
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Figure 3 Types of yvam fulls

3. Previous experimental set-up

The first step of the work consists in the use of an
experimental apparatus (Uster Tester 1) based on a
coramercial § mm capacitive sensor and a Labview data
acguisition systeni fo achieve yarn evenness,

After the validation of the results obtamed witle this
caperimental rig with the ones obtained with a more
recent device. Uster Tester 1T equipmeni. the rescarch

objcciive 8 1o extract 1wl mass values asing
measureitents of & mm lepgth seneor, Using sipnal
procossing echnigaes, secvenfial samples ¢f e snoss

gignal are then acquired b sodh g oway that the length
inferval is m e Ymm range (5] The mathemattoal study
aimed o extract T omm orass vaducs, USINg mcasurement
of 8 mm lengfh senser acquiring wil»
propertional to a b mm yarn lenglh

In order 1o analyse the lallucnee of measurrmen: tength
(poriions of ! to 8 mm) in the determination of yarn

a sample rate

cvenness, 1 swistical study s carried oul We use a
Sehelfe method for pairwise comparisons of means

Pairs of means thal are sgmbeantdy different at the 0.05

Tevel are those ebtained n conmyuirison with 1 i range
i g

f6l

PDue fo techioiogy used o development of 1 mim
capacitive  sensors,  parallel  plates wonfiguration

capacitive sensor of with | oim lengih comnot be found
in the mmkv'

o diamers
ACASUTCME

The

is

[nstead, oylindrical sensor iz ested, By
regulating ih

maxinmm resalntion.

Hnsiroment we iy toogei the
L ovam woapproached e
cled. or a

the

novLete leasis 118

~rations caused by the

1

resenee

SCRRON. il
uot possibic in distinguish the slte
varn from the oscillations of yardom neise mmhoreni o
the ecquipment. Some Improvements in clectronie
conditioning allow aceeptable vesults bt van
oscillutions 1 a -pinhing frame this kind of senser will

el7].

the

dues 1w
net be aceept ab

4. New sensor design

A new  capacitive  sensor with  paralled
developed. together with the clectronic conditioning
circuit,  which allows 4 mm  yarn mass  rehable
measurements. Based on the results obtained with this 4
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I CapAcitive some improvements are made in order 1o
metanTe WU MRS,

Regording accvracy. o theoretical stady is undortaken o
quantity e capacity vatiatons due (o the difference in
dicleciric - constant coresponding 10 the  analysis

with/without cottun yarn between plates.
capacily variation iv estimated in 208507 T fora 57 tox
(G057 gim) yam. Although it is possible, with this
equipment, to deteet small vartations, some difficultios
in terms of signal to noise ratio (SNR) are still present.
These small variutions of capacity are translated in
variations of uV tension, resulting in a very small QNR
In order w reduce the noise some stsimpiy are made
using traditional filters, bui with relative success, as
notse has it main component in 5671 range. which is the
mtervel of signal frequoncy.

To avercome SNK preblems o study on the inltuenes of
the eiectromagoetic radiation is carried ow using wo
ientical sensors, i a differential configuration. with
diffcrent distances between plates (Figure 4). With this
technigue it would be possible to use the same
cquipment for two different yamn diamelers.

The use of a differential sel-up makes die olecine aireal
Mo yopust 1o lemperature snd air ,‘.‘uzw 1y wari

Alros

vihsch are parbenlarly inporiant in fexs e ndustrics.

l‘lmm tengin
PGS

. M’{ i‘ram maoverent
st ..:\‘1‘ Sunsor z i

! % Yarm
Sensor §

Fignre 4 -

Benrescntaiion of the 1wo sensors
This systern is 10 be en-hoe gontrel of o ring
spiitiinyg fromie o order ooevaluaw e

pm\hu:-ﬁ.\], Presently, in

vmed o
VHIT CVOnDess
Ld of
evaluation is made ofithine in laboral: wyousing sl
percentaze of yvarp,

sm’:in“ by this

Signal Amplifiec §
Sensor and
Conditioner l

A wvaluz of

g TR Bane ek, THALS

The teste made wih this system g
m leboeratory criviromment, The
consists on o PO

:lﬂl Lo
Vo o IeF, o

U AT

with LaiView (Natipy,

data acguisition system together With
clectromics,

Frgure 5 shows the
the  project

Manee
- ‘li]\ ‘v{)'
A8 ] “”“LFILS)
Tisirg an

4y
0 W e
d
SYSICIn schemayie diag
development.  In

: eréer f“ ha\w

condensers with a common clectrode. ¢ rce po- 1“‘_0
conductors placed in parallel were pgeq i the 1 laltic
design. The air and the varn zre the Capacior Um](\"\!cm
The antegrated cireuit (IC) MS3110 oy, Vi rmﬁ]&mc

implements  the  functions  relateq 0 I:,um
amplification and signal conditions ng Thy ‘.‘ eer,
~puuﬁ- I oan g

for capacilive sensers and hae the ol i

characteristios (Figure 6): e

. Capacitance resolution up 1o 4 6 4, 'H

. Sinple Vartable or Duoal differentiy) viTiable,

. On-chip dummy ca; pacitor foy quisi- ifTeregy)
operation and initial adjustnent

«  Gainand DC offsel thin,

“ Programmabic batdwidih adinsdment (1 5 g ]
kH~

« 222NV D output for ADC
referenceratiomsteic eperation,

E Single shpply

. Chn-chip EEPRON for storage of zeitngs

The senson capacilance varlulions e converted i a
vollzge signal and amplified. A second order low puss
Fier attemmies the high freguency inierferences, which
come from the mtemal osciilator and from other exiemal
noie sources. The Tltered sipnsd is then wnplilied by
using an outpat bufler

The ME3TIO
converled e digiad stenal with an ADC 151(':_‘v;m"'11m*
i ' board (HO23 fron: Notional

ouipu voluge s Diterod  and then

accuestion

TRVEEY
RTINS

The acquired signal is monsored oo 1
conriiot software from Nationad listrumenis, Lihview

This software allows the data sioraec, dai LT .“’=

i

aned data procesaimy for the analvsds and evabu
caniliv obtained

Data Processor and
Acquisition P abView b
Board Software

om How charn

i ot s i i i

TRy

i

et trimt  bses
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Figure b — MS3110 clectnie diagram

Figure 7w print sereen of the software developed. Tt is
Jiown the acquired signal in the big screen; in the vight
fop 12 shown the yarn mass and m the Teft corner are the
values obtined for Ut and CVE in ihe bottom is the
Fast bourser Transform graphic (FFT).

Neaw, 1t 1s under development an industrial nei based on
micre contretlers RISC aflowing Digjtal  Signal
Processing ond distributed and reai time control. The
cemieal unit nionitars the cvents (such as broken cnds,
rieps. hohbin ends). reports aroduction date wid updates
comrre! algorisuns The final result s the Abselute

pesessifs to fmprove monitoring, for sxampieto provide
dprals (Lamps) ind eating those posilions af which the

ererative’ s presence is currently needud.

5 Results

! the yern mass evaluated signal it is possthle
caloufate evontiess values, which is of wimost importance
o extract information regarding the quality of ihc yarn.
Several lesis were performed with different bobbins
from epen end spinning syslem, ring spinning system

Rkt A

2:08

t
1000552 10050 10:

and fitament fype fibers) in order to detect the influence
of the lincar mass.

Tahis 1 displays the U% and CVY% values in several yam
samples.

Tahle 1 U% and CV% values

1 -
Fiber Yarn L Ceg
Masy

frex)

Cottos 37 L8.59
Catton ] 1588
Colifon iy 14.09
{ntten 20 17,55
Cotton 2 20608
Cpiton it 15.06

Polvamide | 76.3

YARN _MASS

bty :“"‘,‘i”ﬁ'f“g‘ ;‘-Juri,!”,__r‘3:_:I.I.L. ‘M“Tl

“""i\l’l‘!

- - 0 - Ty B i
.0 2.5 =.0 7.5 1.0 125 150 175

Figure 7 - Control panel

JTEEE ICT70Z, Bangkok, THATLAND

e



I ovder to evaluate the yarn faulls, previcusly defined as
a devtease (30%0) 10 the mass during o short length (thin
wom the mass, usually lower than
200k (thiek places) and o buge mass of varm i a shon
Tength (NEPe), we mast state that with a short difference
i th threshold, results have strong
change These resnle are displayed i Tabje 2.
Woomust poinl oout that neither thin places can be
oblaincd 1 a 182% threshold or neps in Jess than 182%
rnge
The primary goal of the project was 1o analyse only
cotton yarns, but in order fo expand the sysiem
application {icld some tests were made to detect Lver
vurns with small fmear mass (less than 6 tex, gfhmy).
Although Lyera has o higoer diclectric conslant, its smail
lincar mass prevents the good performuance of the

plicesls anoneres

-
o

o arrepulaniny

svstem.

At the moment woe are working on the adapiation of the
developed systen: Lo be able to detect Lyeri varns and all
types of yarm with less than 6 tex,

6. Conclnsion
The results posnt aut that the evaluation of yarm mass
ey than orex), with this approach, s feasible at leas!

Table 2 Yarn fuulis

Neverthetuss, resulis are still unde: 1
cambination of sensors 18 being tested.
An alernanve siep i this work 15 by gy
with dmi mnd Smim length, respactivep

"
S

goal e Mg
BTy
Stne Do
mass wiil he delermined employing di(_aliw-ih:”-'
processing technigues. T Mg
The main poal of this project s 1o devgly,
technique that allows the on-Hne measuremer, -
yarn mass in a spinning frame.
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