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3.363.459 
MULTDF?AMENTYARN ?NTER?OCKING 

ANA?YZER 
?arold Fain Brown,Kingsport,Tenn,assignor to East 
man Kodak Company,Rochester,N.Y.,a corporation of NewJersey 

FiedSept.22,1964,Ser?No.398222 
4Claims?{CI,73?l69) 

Thisinvention relates to a measuring device for use 
on multiflamenttextile strands and the ikeyarn prod 
ucts,More particularly,it concerns a capacitive pickup 
analyzerforusein determiningthe internalinterlocking andotherdataconcerninginternalyinterlockedmultifla mentyarns? 
Myco-workersandothers have developedSeveraltypes 

ofmuitiflamentyarn referredtointhetradeasinternaly 
interlocked,entangled,twined fiamentand probably by 
otherterminology.Suchtypes ofyarn whie in Somein stancesdiferinginexternalappearanceandintheappear? 
ance of the fabric woven therefrom do have a commOn 
feature.Thisfeatureisthatwithin the body of theyarn, 
frequently Zero twistyarn,some ofthe flaments areen 
tangled orinterlocked to Some extentimpartinginternal coherencytotheyarn.Theinternallockingandentangle 
mentusualyisnotobservable by visualexternalinspec 
tion of SuchyarnS. 
Examples of some of these types of textile products 

having the interlocking of the fiaments may be noted 
in more detailbyreference to my co-workers”U.S. Pat? 
ents2.904050,2956328,3.099.064,3,103,098and pat 
ents ofothersSuchas2.985.995and3.083.523asWelas otherpatentsandpublicationS. 
Forcertain purposes respectingsuch type fianentary 

textile productitmay be desirableto have data concern 
ingthe amount ofinterlocking,the frequency,geometry, 
probablefabricappearance andsimilarinformation?That 
is,before makingSuchtype ofyarnintoafabricorother 
product or for matching one batch of such yarn with 
another batch orfor other reasonsit may be usefulto 
have data on such type yarn in advance offabricating 
theyarninto a cloth orothertype product? 

Certain ways of meaSuringthistype entanglementin 
such type yarn have been proposed,For example,the 
aforesaid U.S. Patent 2.985,995 describes Several test 
methodsin detail.One ofthe simplermethodsinvolves 
the use of a stylus or hook puled alongthe yarn until 
azone ofinterlockingisencountered,Some ofthe meth 
ods referred to or which are otherwise known involve 
complicated oreXpensive equipment.Amethod knownas 
the balancedairsystemisaccurateandreliable butsome whatlimitedinspeed.Aso-caledelectronicentanglement 
testergives desirable resuits for 100 denier and higher butisconsideredtoocomplexforproductiontesting, 
Hence,itisapparent thatthe development ofatester 

oranalyzerofthe classindicatedwhichisusefulforyarn 
of al deniersyetissimple of design,operationand rea 
sonably economical of construction represents a highly 
desirable result,After extendedinvestigation I have dis 
covered Such type Of device for analyzinginterlocked 
multiflamentyarn ofthe classindicated,which device de 
scribedhereinisbelieved simplerand betterthan presently availableequipmentforthestated purpose. 

In the broaderaspects of myinvention I have found 
thatwhenyarnisdrawnoveraguide,untwistedyarn has 
atendencyto spreadinto a bandorribbon whiletwisted 
yarn willremainin a bundle.The higherthe twist,the 
more densethe bunde wilappearto be.Also,the height 
of this bunde wilincreaseascompared with theribbon 
aforementioned as the degree oftwistincreases?I have 
further found that a Somewhat analogous efectoccurs 
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2 
with the so-caledinterlockedorentangledyarnsasabove 
referred to,Thatis,the density and thusthe height of 
theyarn bundeincreasessomewhat with anincreasein 
internal entanglement?Whie this may not be visuaHy 
observable or otherwise ready noted particularly with 
Smal denieryarn bundes,such changein bundle dimen 
sion as heightincrease,occursto an extent thatit may 
be Sensed bya Suitablysensitive measuring device? 

In the present invention I have discovered Such an 
analyzing device which gives various usefulinformation 
aboutthe multiflamentstrand beingtested?Fora more 
complete understandingofmyinventionreferenceismade 
to theattached drawingformingapartofmyapplication? 

In the drawing FIG.1 isa side elevation view party 
in Section ofthe pickup oryarn Sensingunit, 
FIG,1Aisa partial croSS-Section of FIG?1alongline 

A?A showing the line of travel of a yarn product throughtheyarn Sensingunit? 
FIG.2isa diagrammaticiustration ofacircuithook 

up which may be usedin connection with the sensing 
device of FIG.1? 
FIG.3 comprises a plurality of chartsilustratingre 

cordings from the apparatus combination of FIGS?1 
and2. 

Referringto FIG.1the over-alhousingforthesensing 
device is designated ?0.The housing may be hinged or 
otherwise Suitably constructedat11and12sothatthe 
housingmay be opened ordisassembledforaccesstothe Severalpartstherewithin? 
Asis best shown in FIG?1A,within the lower part 

of the housing,namelychamber13,thereispositionedin Spacedrelationshipthe severalcylindersorrolersorike 
yarn bearingSurfaces2,3,4,5,6and7acrosswhich the 
yarn20is directed,ItWilbenotedthese partsarespaced 
ina Staggeredrelationshipsothattheyarn passesoveror 
Underone roll device then overorunderthe next.How 
ever,rol parts4and 5are inimmediate adjacent rela 
tionship as wil be discussed hereinafter,All of these 
rols orguides are constructed of low friction metalor 
ceramic.?n otherwords,the minimum offriction on the 
yarn passingthereover and againstis preferred.Asta 
tionaryguidememberlikewise ofceramic orother1ow 
friction materialis positionedat1to centerthe feed of 
theyarn Strandtoandthroughthe unit? 

Turning now to the parts4and5,rol5is fxed and 
Otherwise the Same orsimilarto the rols2,3,and 6, 
However,rolorrod4is movable andattached toa1eaf 
Spring15andto plate16,Thisattachmentisby project 
ingmember19,Plate16servesasone plate oftheoveral1 
capacitor Ortransducer?7containedinthe uppercham ber18? 
The operation of the partsjustreferred toarefairly 

apparent from the drawing but wilbe briefydiscussed 
as folows:The yarn strand to be analyzedispassed 
through the guide system 1,2and3 referred to and 
between thetwotangentialy paralel parts4and5.As 
the Strandispassedthroughtheguidesystemitisbanded 
orfattenedinto a band?Rod4ismovableandasabove 
indicatedis attached to plate 16 which servesas one 
plate ofthetransducer,Asa Zone ofinterlockingmoves throughtheSeadjacentypositioned tangentialyparalel 
parts the yarn bunde increasesin dimension,namey height,andthusthe movablerod4isat1eastminutely movedmorethanthemovementoccasionedbytheaver 
age ornormaldimension ofthestrandwhichinterlocking, 
therefor,inturn movesone plate ofthe capacitor, 
Referringnowto FIG.2theelectrica1portion ofthe 

analyzerwilnow beconsidered,Itconsists oftwoarms, 
31and32,0fa hybridbridgecircuitwithtwoarmscon tainedinsideacommercialyavailableAC.ampliferand formedbytwoinductances33and34? 
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The armsare(1)abalancing capacitor32 and(2)a 
variablecapacitor3? which Servesasthetransducerfor 
the measurement of entanglement,An audio-frequency 
oscilatorrunningat4 kc.feeds the bridge circuit.The 
two inductancesare Wound on a commoniron core SO 
that currents fowingthrough them produce fux which 
oppose each other,Afurther couplingwinding35 existS 
on the same iron core;and when the current fowing 
through one arm ofthe bridge circuitisgreaterthan the 
currentin the other,a 4 kc. votage appears on the 
coupingwinding.Thisoccurs wheneverthe bridgeisun 
balanced.The4kc.signalisamplifed bya variablegain 
amplifer36,rectified,andfedintoa D.C.amplifierwhich 
driyesarecorder37. 
Any high quality commercialy available capacitance 

sensitive amplifierandrecordermay beused.Ingeneral 
I preferan ampifer having the following construction 
and characteristics:Acircuitarrangementin which the 
two capacitances in the Sensing head form part of a 
bridge network as exemplifed by FIG.2,conventional 
fulwaverectifier(powerSupply},voltagestabilizer,two 
stage variable gain A.C. amplifier,diode detector for 
rectification of the A.C. signal,D.C.amplifier Section, 
built-in meter,andrecorder Output. 
The choice of the recorder wil begoverned to Some 

extent bythe mannerin whichitis desiredthatthe data 
be delivered,In other words,ifa permanentrecord or 
chartis desired,thenarecorder Such as describedabove isemployed.Suchrecordershavethefolowingconstruc 
tion:Voltage range 4,8,20 volts fulscale,100 c.p.s, 
frequencyresponse,pen bias(fulscale),chartspeed25 
mm/sec,If merely a causalinspection of datais desired 
thena visual recordersuch as the buit-in meter on the 
commercialy available MANRA Electronic Unit No.1 
may be used. 
Referenceisnowmadeto FIGS.3a,b,c and dwhich 

depictedsome ofthe recordingsproduced bytheappara 
tus of the presentinvention.These recordings difer de 
pending on the degree ofinterlockingorentanglement, 
frequency and the like pertaining to the yarn passed 
through the device of the presentinvention?Afurther 
understandingof FIG.3wilbeapparentafterconsidera 
tion oftheseveralexamplesto be setforth below.These 
severalexamples wilalsoprovide a further underStand 
ing of the utilization ofthenew apparatus ofthe present 
invention? 

Example P 
Inthisexamplethe multiflamentyarntested wasZero 

twistacetate yarn of a denier perflament of 3.95and 
atotaidenier of i50.The average number offiaments 
makinguptheyarnwas38.Theyarn hadbeen processed 
underconditionsgeneraly withintherangessetforthin 
thetable belowtoimpartconsiderableinternalinterlock 
ingto the yarn?The particular conditionsand methods 
used tointerlockthe multiflamentsisnotalimitation on 
the presentinventionandany previously used orcurrent 
? used procedures may be used to provide the yarn 
strandsforthe analyzingtests herein? 

Tab? 

?et?????----------??????------------??? No?92? 
Typeinsert?????????????????????????? Stee?, 
AirPressure?????????????????????????? 15, 
Tenson?????????????????????-????????? 15 gm? 

Theinterlockedyarn ofthisexamplewasrunthrough 
the sensingdevice of FIG,1.The relativey high degree 
of interlockingin this yarn acted upon rols 4 and 5, 
which movement was transmitted to the plate of the 
transducer,The signalwas amplified and recorded pro 
vidingachartsuchas depictedin FIG.3a. 
Fromaninspection ofthischartthefolowinginforma 

tion is apparent:From the multiplicity of rather high 
peaksitwasapparenttherewasa high degree of,orrela 
tivelytight,interlocking.From other predetermined data 
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4 
with respect to which the chart had been correlatedit 
was known from the chart thatthe spacing of the inter 
lockingWas Ofthe orderof1inch, 

Fabric appearance can be correlated from the fash 
factor whichistheratio of spacingto amplitudeortight 
1ess,The fash factorreferred toin F?G,3 hasthe fol 
lowing significance. FIG,3 represents tight,medium, 
1ocse,and Zero entanglement?When thesesampleswere 
woven as filing and graded for fashiness,the results 
were asindicatedin parenthesison FIG,3.Since these 
gradings agreed with the fash factor,itisconcluded that 
the fashinessis directy proportionalto the tightness of 
entanglement and inversey proportional to the Spacing 
of entanglements.Severalseries ofyarn have been ana 
?Zed,and there has been a high degree of correlation 
(80—90percent)betweenthefash factorandfabricgrad 
ingin each Series, 

Exampie I? 
Inaccordancewith thisexamplethesametype ofyarn 

as usedin Example Iwasprocessed,However,the proc 
essingconditionswere altered sonewhatso thataiesser 
Ormoderate amount ofinternalinterlockingwasaccom 
plished?The resultantyarn was then run through the 
anayzing device of the presentinvention producing a 
chartas depicted in(b)?As maybe observedfrom this 
chart b,theinterlockingwasmoderate and the geometry 
and uniformityweregood? 

Example IzT 
?nthisexample thesamekind ofyarnasin the preced 

ingexampleswasinitiallyprocessedfortesting?However, 
the conditions for processing were maintained So that 
only loose orasmalamount of entangement waSim 
parted tothe processedyarn.Theresultantyarnwasrun 
through the analyzer of thisinventiongivinga chartas 
depictedin(c);thischartwascomparedwith chart(d) 
which concernedthe Same kind ofyarn butunproceSSed 
and havingzerointerlocking,Fromaresult of this Study 
and comparison the folowingobServationsare made? 
The high peaks presentin theinterlocked samples3a, 

3b,and3cand the iack ofthese peaksinthe Zerointer 
1ockedsample3(d)alongwith the observation thatthe 
multiplicityandrelative height ofthe peaksincrease pro 
portionateyfrom the looselyinterlocked Sample to the 
tightly interlocked sample cleariyestablishes the abity 
of the present invention to discriminate between the 
degree ofinterlockingaswelasbetweenzerointerlocked 
andinterlockedfiaments? 

Example IP 
Inthisexample the conditions of operation and other 

factorsweresimilartoprecedingexamplesexceptingthat 
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theyarnprocessedandtestedwasa modacrylicyarn.The 
chartresultingwassimilartothose produced whentest 
ingacetateyarn? 

Exanple V 
Theyarnprocessedand testedinaccordancewith this 

exampiewasapolyesterzerotwistmultifiamentyarn of 
the folowingtype,a denier perflament of2.12anda totaldenierof70.Theaveragenumberofflamentsmak 
inguptheyarn WaS33. 
The results of the testindicated that the interlocking 

presentinthissample wasmoresparsethanothertypes 
ofyarntested? 

Example VH 
In accordance with this example a polyolefin multi 

fiamentyarn was processedand tested?Itwas observed 
from the charts thatthe degree ofinterlockingwith this 
type of yarn wassomewhatlowerand diferentthanwith 
theothertypes ofyarnsworkedwith? 

It isthought apparentfrom the foregoing description 
thatthere hasbeenprovidedarelativeysimpleandeco 
nomical but efective apparatus and method for ana 
?zingfrequency,geometryandotherpropertiesconcern 
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inginterlockedtype yarns and the liketextile products? 
Certain changes may be madein myinvention exempli 
fed by items suchasthe seyeralmentioned hereinafter? 
?inear variable diferential transformer,Strain gage, 
crystalpickup,or any transducer that transforms dis 
placementtoanelectricalsignalmaybe USed, 
Although the invention has been describedin detail 

withreference to preferredembodiments thereof,it wil 
be understood that variationsand modifications can be 
efected within the spiritand scope of the invention aS 
described hereinabove and as defined by the appended 
claims? 
Iclaim: 
1.Anapparatus foranalyzingthe frequency,geome 

try,and degree ofinterlocking between the Strands of a 
multiflamenttextile product comprising: 

(a)a housingwithin whichis defineda path of move 
mentforsaidmultiflamenttextie product, 

(b)a plurality ofguide means mountedin said hous 
ingsoasto defectand band saidmultifiamenttex 
tile productasitpassesalongSaidpath?Saidbanding 
Deing proportionalto theinterlockingcharacteristics 
ofsaidmultiflamenttextieproduct, 

(c)amovable meansmountedwithinthe housingand 

15 

20 

adjacent to one of Saidguide means So that Said 25 
multiflament textile product will continualy be 
gaged between Said movable means and the adja 
centguide means;and 

(d)Sensing meansinterconnected with Said movable 
means and further connected to a recordingmeans 
in such a manner asto Sense and directy record 
variancesinthe uniformity ofsaidmultifiamenttex 
tile product? 

2?The apparatus accordingto claim ? wherein said 
movable meansis biased towards the one said guide 
?1?3DS? 

30 

35 

6 
3.The apparatus according to claim 1 wherein the 

Sensingmeansis comprised of a hybridelectrical bridge 
circuit,one arm of Said circuitincluding a transducer 
whichisinterconnected with said movable means? 
?,A method foranalyzingthe frequency,geometry, 

and degree ofinterlockingbetweenthe strandsofamulti 
flamenttextieproductComprisingthestepsof: 

(a)Subjecting the multiflament textie product to a 
banding action whereby that portion ofthe multi 
fiament textile product whichis not highly inter 
?ocked wilbe bandedto a higher degreethan that 
Dortion whichishighlyinterlocked; 

(b)Sensingthe degreeto which themutiflamenttex 
tileproduceisbanded;and 

(c)recordingthe degree of bandingin the multifla 
menttextileproductwhichissensed. 
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