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OZET

Glnumiz korfeksyon idenheri, yliksek hiza sahip nmotolala donailan dkis
maki nd erin kdlanmakt adir. Yiksek hiz sebehbiylei dil ere gd en gerili her veigne
batis kuvvel i ¢ok art mgir. Sonug daak, dkm sirasinda hemd ksipiKei hem
de d kilen md zemedeki ipiK e zarar gor nektedr. Qusan bu hasar, denmg b sik
kdinve agr yapli kumag ar kdlanld g takdrde daha da ddd d rmaktadr.

J ddetli i gne batis kuvvetl e nden kaynak anan bu sorunun Ust es nden gd nmekign
oncdil e dkg sirasinda etk yen kuvvell e andizet mek gerek mektedr.

Litedirdeigne batis kuvveleiyeildli cok az hilg vardr ve dan ain ¢ogu da
yeters z sensdr ve veri al mateknd gis il e gergekl egtiril mgtir. Bu ¢di1gmanin heddfi,
kilit dkisidenn sirasindaki i gne kuvvetlerini analiz e nek amaciya bir diklehlidik
test d haz kur maktir. Srdn gaugetipg kuvve sensérl @i ve ylksek hidi veri d ma
Unites kdlanlaak gercek zamani daak igne batis kuvveleinn idennesi
md mkUndur.

D kil eldlidik test dhazin kurmak ign 3 nger 591 D300A kilit dkis makines ile
beraber, d¢lim Unites daak Hottinger Bd dwn Messtechnk (HBM fir masi nca
Ureilen stra n gaugd e ve ESAM Travdl e anplifika & kdlanl mstir. Dkis d namg
Uzerindeki e kilein gormekidn bestip hamden mkumas, U¢tipigne (S nger 16,
18 ve 22 nola) veiki tip dkisifdig (40 Tkt ve 20 Tkt elike numardi) sedl msgtir.
Maki ne hiz daki kada 1100 devir d varinda d acak sekil de ayarl anmstir. Numund er,
ilaik ¢cdismdarda da kdlanl md a1 dardand gndan, ASTM D1908 standard na
gbre hazirlanmstir. Sekil 1. kurd an s sseniin genel gérdnlsini ver mekt edr.

Sekil 1 Sstenn gend gor Gnls

Xii



Srdan gaugd erden dinan verile, ESAM yazilim taaindan degerl endril ms ve
filterd ennigtir. Sonud ar, bu sistenin dedsenigdem paranetrd eine bagi daak
6zd dd gaboyl a1 verd gni goster mektedr. En disik ve en yuksek gramgj a sahi p
kumaglar dedind gnda, 40 Tkt dkisidig ve Snger 16 no.igne kdlanldd zaman,
ik fadi snyd dde edil mgtir. Sekil 2 ve Sekil 3 buik faki dks satindak
ded ¢ neri srasiyl a goster mektedr.
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Sekil 3 1142 kod u numuneden d de edl en dd gaboyl a1 (en disik g amgli kumas)

Sekil 2 ve Sekil 3 ten de acikgca gorieblece§ ghi, en yiksek gramg a sah p
kumast a en yukseki gne bati s kuvvell i géd enni stir. Ayrica sekillerdeni gne batis
kuvvetl erine @t 6zd dd gafa nhart ve burl arin dizen de gord ebil nekt edr.

Hstogranmhar incdend nde, sigenin idem sirasinda kumas kalain tand g
sOyl enebilir. Sekil 4, deneyde kulanlantimkumas nunmund eriign 3 nger 22i gne
numarasl ve 40 Tkt dkisidig kulanld@nda igne batis kuvveleirin tek kath
d kilen kumagl ara aran a gft kalil ada daha yuksek d dugunu gost er nekt edr.

Needle:Singer22 - Yarn: 40tkt

5
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Sekil 4 Kumas kal ainnigne bais kuvvetl eine dan e kil e
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Sonud ar agikca gostermektedr ki, daha da gdidinldg takdrde, ssstemdegsiktip
igne numard a1 ve malzeme er agisindan i gne batis kuvvetl eriri bdideyecek hir
dklellidik test dhaz daak kdlanlablir. Boyl ece, konfeksyon ve tekstil
Ureidleaine kdite prodenheri ile karsilasmaksian idenherin ayarlama gicund

ver ecektir.
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SUMMARY

Modern gar ment manufaduing processes use notaized h gh-speed sew ng
machines, which exert very hightensons inthe thread and dso high neede
penetraionfarces. As aresut, bahthe sewng thread andthe yarnsinthefalric
get abraded severed duringt he seanming process. The extent o damage becones
mor e criticd ift hef abri c be ng usedi s of a dense, t b ck and heavy constructi on such
as den m

To overcone prod ens, depend ng on the penetraion forces, a fird, the forces
acti ng duri ng sew ng nust be and ysed.

Thereis alittle knowedge about need e peneraionfarcesinliteauwe nost o
themwer e done us ngi neffid ent sensor or dat aacqui Stiontechnd ogy. Thet arget of
tHsstudy, toestadisha sewahlityt estert o and yset he need e penetrai onf orces of
al ock-itch mach ne during sew ng process. By us ng stra n gauge and high speed
dat a acqui Stionsystens, it can be poss deto nmonita need e penetr aionforces on-
line

To estadish a sewalility tester, stran gauges produced by Hottinger Ba dwn
Messtechrnik (HBM and ESAM Travdler anplifier were used as nmeasuring unit,
bes dest he 3 nger 591 D300AI ockstitch sewng mach ne Hve dfferent construct ed
orey den mf abrics, threetypes of need es (S nger 16, 18 and 22) andtwo types of
sewngthreads (40 Tkt and 20 Tkt) were chosento seethdr effedsto the sew ng
dynamics. The mach ne speed was kept around 1100 rpm The sanples were
prepared accordng tothe ASTM D1908 standardfaor the futher study. Hgure 1
shows the generd viewd the system

Hguel Generd viewd the system

XV



Dat a taken for mt he stra n gauges were processed and filtered using the ESAM
sdtware Theresutsshowedtha thH s systemg ves spedfic wavef o ns accord ngto
the chang ng sew ng parameters. For exanpl g for t wofabrics, havi ngthe maxi nrum
andthe mn mum wei ghts, two dfferert ssignds were oltdned fa a 40 Tkt sew ng
thread and 3 nger 16 needetype FHguwe 2 and Fgwe 3 shows ths dfference
bet ween the t wo sew ng condti ons respecti vd y.
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Fgue 2 Wavefans oltdaned far the sanp e coded 1112 (fabric having the
maxi mum we ght)
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Fgue 3 Wavefans obtaned fa the sanp e coded 1142 (falric having the
m i mum we ght)

As can be seen dearly fromthe Fgure 2 andthe Fgure 3 nmaxi mum penetraion
faces are higher far the heavier fabric Asothe spedfic wavefor ns of the need e
bar farces andthar ader can be seenfromthe figures.

If Htogans are exanined, it can be sadtha,th s syssemcanrecognizethe gdy
dfferences during sewng Hgue 4 showstha for Snger 22 andfor 40 Tkt sew ng
thread need e penetrdionforces were higher for 2 diedfabricsthan 1 plies of the
dl fivefalrics used duingthe experi nent.

Needle:Singer22 - Yarn: 40tkt
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Hgue 4 Bfeds d falricdies onthe need e penetrdionfaces.
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Resuts apparently showtha ths system if devd oped f urther, can be used as a
sewahlitytestert o det erm ne need e penetraion faces of dfferent types of need es
o materids enpowering appard andtextile manufact rerstotunet her processes,

ava d ng qudity prod ens.
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1 I NTRODUCTI ON

The wearing of d ahng became a necessity very many years ago, fa reasons of
modesty, confort and pratection Th s hecessity has survived over the years but t he

reasons become nore conplicaed andinvd ve sod d and psychd og cd factars[1]].

The nost acceptald e means of jdringtextile materid sfor appard usei s by sew ng,
and dthough a her techn ques have been invented such as utrasonc we dng
fusng and dung they have found li nited use due to thear low strength |ow
ext end Lility and rd a&ivdy high cost [1].

Inthe appard industry, sewngis one of the man processes, in whichthere has
been a constant i ncrease of t he degree of auometion The processitsdf howeveris
na tadly contrdled Mathenmeticd nodds are nornmdly unavalade or o little
practicd use, and quantitaiveinfa netion about the operaing paranmeters of the
machines arein grea pat unknown and o nat used in practice The ex sting
know edgeis mai ly emparicd, acquired over the years by appard, sewng nmach ne
and accessari es manufact urers. Cha ce of need es, threads, and mach ne settingsi s
based on generd gu ddines, experience andtrid and errar. Theincreasng vari gy
o fabricsto be sewn, combi ned wtht he s grificant reducti on of order s ze, boost t he
needtoreducel eadti mes andto avad d qudity prod ens, wh ch nor ndlly i ntroduce

seri ous producti on dd ays [ 4.

Appard manufactuingis tradtiondly very [ abour i tens ve due tothe extens ve
sty e andf abri c vari @i on of t he products. Most of the sewng mach ne manufacturers
and sone of thel arger appard conpan es have devd oped sem-au omet ed sew ng
stdionsto perfa moperations, which are constart across al arge sty erange. These
nor ndlyrequre an operaa toloadthe machine, whichthen autonsticdly sews
and st acks the conponents. Athough such staionsi nprove producti on effid ency,
theyrenovethe d nost unconsd ous oper a o i nspecti on of t he oper aion Theresut
istha oly mg a seamfadts are observed, fa exanp e thread breaks. Q her
fadts nis-stitches or non- i nd uded seans for exanp e may nat be detected until
the gar ment is conpl eted or perhaps nat until after laundering A tHs pant, the

manufadue’s costis at a maxi rum | n order to reduce the nunmber of def ective



gar mentsitis necessaryto devd op conpl ée seam nonitaing systens tha neet

the appard manufadurer srequrenments o flex blity, cost and rdiahlity[ 34].

Hlbres are a vduade nauwd resouce and the mass production of dahng
consumes nmuch energy. It istherdoei nportant tha we produce oy qudity
gar mentsto di mna e wast e and conserver esources. The eng neer ed producti on of
hi gh qudityfabrics and gar nentsis an esserntid factori nthe cons gernt producti on
d hgh qudity gar nents. Infuue we nust produce only good gar nents and not
produce poor ones, because filres are vdualde nawd resources, and mass
production spends a la o energy. For these requrenents, the eng neered
producti on o Hh gh qudityfalrics and gar mentsisessentidlyi nportart [5.

H gh qudity gar ments are essertid fa conpetingintoday s hghHy conpetitive
dobd market. Seamconstrudionis a criticd processin assenbling nost appar d
products. Tradtiondly, seaminspection has been the respons Llity of a qudity
contrd inspecta and the operaa toinspect the seans for defedts. This sort of
qudity contrd is capade o deteding oy visud seam defects during the
construction of the garment. Less naicead e or hidden flaws tha may na be
detected urtil the gar mernt is conp eée Whle sone o the defedtive gar nents so
produced may be repared or sdd as seconds, others nmust be dscarded at the
manuf act r e’ sl oss. Whil et he prospect o seni- andf uly aut ometi c sewng st ai ons
ofers the poss hlity of increased production effidency, tradtiond qudity contrd

measures nust bered aced wth online au ormet ed seam nonitaing systens [ §.

Aut omet ed sew ng machines wll increasethar use gradudlyint he appard i ndustry
toi nmprove the labour-intensve style of appard manufactuwing The irntdligent
sewng mach nes which can be contrdled by fabric properties wll become more
popu arinthe near fuwe. The autometion of i ndividud nmachi nesinthe producti on
lineis much norei nmportart thanthe conp e dy continuous atonetedline a ths
stage. Frg, the conp éion of the conponent machi neis necessary andthen atad

systemcan be des gned [ 7.



2 ST TCH FORMATI ON AND SEW NG MACH NE

2 1Sitch For nmati on

For the purpose of standard zaion of stitch and seamf or netions, two standar ds
wer e devd oped abou the saneti me The United S aes Federd Sitch and Seam
Spedficaions (Federd Sandard 751a) and The British Sandard BS 3870
Schedu e d Sitches, Seans and Sitch ngs.

Federd Sandard 751a makes the fdlowng d ginctions by defiringthese te ns:

e Astitchis one unt o confor netion of thread resutingfrorepea edy pass ng
a strand or strands and/or I oop or | oops of threadirnto or through a materid
a unifa nhy spacedirntevdstofa ma series d gitches.

e Aseamisajdn condsting of asequence of stitches unitingtwo or nore
peces o nmaterids andis used for assending partsinthe production of

sewnitens.

e A stitchng consss o a sequence o stitches fa firising an edge or for

ornamentd purposes o bahin preparing patsfor assentling|§.

Much of the apdicaion o technd ogyto d ahng manufad ureis concerned wththe
ach evement d sdaidadorily sewn seans.

The achievenent, a an economcd levd, o the various requrements of
appear ance and perfamance of sewn seans, bahintidly and during use, isthe
resut o the sdedion of the cored combinaion o five fadors during
manufactring Namey,

e The ditchtype whchisa paticd a corfiguraion d threadinthefalric

e The seamtype whichisa particd a corfi guraion d fabri (s),

e The need e whchinsertsthethreadirtothe fabric,



e The sewngtypefeed ng mechan s mwh ch novesthefabxic past the need e

and enab es a success on d gitchesto befa ned

e Thethread, whichfa s the gitch wh ch @ther hol ds the fabri ct oget her,
neaens a decoraesit[9.

2 11 Sitches

2111Sitch Properties

Pr operti es o stitchest hatrd a et o aest heti cs and perfa mance are si ze tens on and
cons gency. Sitchsze hasthree d nensons. lengh wdh and depth Each may
aff ed the aest hetic appear ance, duraklity and cost d a gar ent.

e Sitchlenghis spedfied as the nunber o stitches per inch (sd). Itis
deter nined by the anount of falric tha is advanced under the needle
bet ween penetraions. Hgh sp nmeans short stitches, whi ch are usudly nore

dural ethanlong ones because d sulj ectingto abras on

o Sitchwdhreestothe horizorntd span (hght) coveredinthefaor nati on of
one gitch a dnd eline of gitchng

e Sitch depthisthe dgance bet ween the upper and | ower suface of the
gtitch

Threadtens oni nvd ves the ba ance of force onthethreadstha for mt he stitch and
the degree of conpresson onthefalric creaed by thethreadstha as a stitchis
famed. Tenson ensures the unfa msupdy o thread and deter nnnes how wel
stitches conf o mt he standardfor metion Tens oni s contrdled by ad usting a screw
that hd dsthe pressure disks.

Sitch cons gency isthe unfa nity wth wh ch each stitchisfamedin a row of
gtitches. There nust be a conpatilility of fabric, stitch and seamtype, need e
thread and nachi ne settings [9.

2112 Sitch Qasses

Every caegary of sewng machine produces a spedfictype of stitch for netion
depend ng on the number of needes, loopers and threads, which conbine to
construct the stitch Each o t hese corfi gur i onsi s known as a stitchtype andt hey
are d assfied accord ngtothdar na n charact erigics [ 14.

British S andard 3780: Part 1 1991 Q@ assficaion and Ter nnnd ogy of Sitch Types



isthe standardreferencet ot he wderange o stitchtypes. It defines a stitch as “ one
unit o corfa metion resuting from one or more strands or loops of thread
irtrdoogng ineloodng a passnginoo through neterid [9 11].

Irtrd oopi ngisthe passing of aloop o threadthrough ana her | oop formed by t he
samethread, i nterl ood ngis pass ng of al oop of threadt hrough ana her | cop f or med
by a dfferent ttread, andineladng ate ma sousedinrdaiontocertan stitches,
isthe passng d athread over a ana her thread or [oop d ana her thread.

A series o recuring stitches of one corfigurdionis defined as a stitch type. BS
3870 dvidesthe many types whch ae avalad einto 9x dasses[9.

e (ass 100 cha ngtitches

e (dass 200 ditches ai g nating as hand gitches
e (O ass 300I ockstitches

e (ass 400 miti-thread stitches

e (dass 500 overedge sitches

Q ass 600 fla seamaor covering gitches [9 10

The prind pd type of sew ng mach nerems nsthel ockstitch whichis most wddy
used andislikdytoremai nthe nost common and versaile mach ne for the near
fuue particd alyfa sew ng wovenfablrics[12. The commonest stitchtypein use
inthei ndustryisthel ockstitch Itis d sothe one wth which peod e arei ritidly nost
faniliar d nceitisd nost un versdly usedi n domesti c mach nes. Becauset hi s st udy
was done onl ockstitch sew ng machi ne itisfoundto be necessarytoony menti on
abou | ockstitch properties [9.

The comnmonest stitchtypein useinindustryislockstitch[11]. The stitch typesin
thsdass arefa medtwo or nore groups o threads, and have generd charact erigic
theineladng of the two or nore groups. Loops of the one group are passed
throughthe neterid and arethe secured by the thread or threads of the second
group. One groupisnormallyrefered asthe need ethreads andt he o her group as
bobb nthreads. Theirnerladng of threadin stitches of ths d ass makes themvery

secure and dfficdt to unraved. The appearance d the gitchis shownin Rgure 21



.......

H gure 2 1 The appearance o the gitch

Lockstitch has enough strenghfa most purposes, provdedtha sutabdethreadis
used, and enough stretch, when corecly bd anced, far convertiond and confiort
strech fabrics streching up to 30 per cent o even nore It has the sanme
appear ance on bath sides, and advantage denedto virtudly dl aher stitchtypes
and o dgrificance inthe assenby process of gar nents. The stitch is secure
because of t he breaki ng of one stitchin wear wll nat causet he whd erowtounravd
and addtiondly the end of aline of stitchng can be secured by reversng or
‘backtacki ng. Aternaively, ifthe backt ackl everis ddiberadyrestrided a group of
smell or condensed stitchesi sf o ned whi ch secur est he end of t he stitchi ng wt hout
the mach ne actudly sew ngi nreverse Thethreadinl ockstitch generdly beds well
inothefabric whchinproves abrasonres sance[9.

212 Seans

The pri nary function of a seamisto provde a unifa mstress transfer from one
pece of fabric tothe aher, thus preserving the over-dl integity o the fabric
assenmd y[11].

Seans nust havefl ex kility and strength Gar ment desi gn, end use, fabrictype and
wei ght, opera o skills and equ pnent are and ysedt o det er nine whi ch seamt ypes
arethe nost appropridefa apaticdar gye[§.

2121 Seam D nensi ons

Seans havethreed nensons: lengh wdhand depth They affect gar ment qudity;,

perf a mance and costs.

e SeamlLengh Itisthetad dsance covered by a cortinuous series of
gtitches, such as s de seamor shou der seam and deter mned by gar ment

des gn and dze

e Seam Wah Itsconsideraions are dvidedinothree seamadlowanceis
measuredfromt he cut edge of fabrictot he mai nline of stitches. Thisisthe

amount of fabrictha extends beyondthe actud seamline Seamhead ngis



the d gancefromthefdded edge of thetop dy tothefirg line of stitches.
The wad h of the stitches isrd divet ot he seamvari es wth stitchtype, | a erd
move ment of the need e bar and spreader, or the nunmber of need es used
Seam wdhis the dstance between the ouernost lines o stitches as

det er nined by the space bet ween the need es on the need e bar.

o SeamDepth Itisthethckness or conpresd hlity (flaness) of a seamwhich
affedt ed by fabric wa ght, falri cation and sd edtion d aseamtype[§.

2122 Seam G asses

A seamis ajdn where a sequence o stitches unites two or nore pieces o
mat eri d. Seans, like stitches, are d assified accord ngt o mai n and sub-dasses|[ 10.
The chd ce of seamtypeis det e nined by aestheti c standards, streng h, duraklity,
confiortin wear, converienceinassenbyinrd aiontothe mach nery avail ad e and

cost. Talle 2 1 shows seamd asses descri dions.

Tabd e 21 Seam @ asses

British Sandard Federd standard Descri i on
Qass 1 SS Superi nposed
a ass2 LS Lapped
Q ass3 BS Bound
Q ass4 FS Ha

The British Sandard dvides stitched seans into e ght dasses accordng to the
mn mumnumnber of partstha make upthe seam t wo of themwer e addedi n 1983
edtion o British S andards wthou descri tive names. Theset wo addti ond d asses

areindudedinthe US S andards as|apped seans [9 11].

e (Qass 1 (Superinposed Sean) (S9: The nost comnonest construction
seamon gar mentsis Superi nposed Seam( G ass 1) The si np est seamtype wthn
the d assisfa med by superi npos hgt he edge of one p ece of naterid on ana her.
Avaridy do stitchtypes can be usedinthstype of seam bahforjdnngthefabrics
andf o neat eringthe edges or for achieving bathsi mitaneoudy as can be seenin
Fgue22[9



(i) (1) (i)

H gure 2 2 Superi nposed seans

e ((ass 2( Lapped Seam) (LS): Itis defined astwo or nmore p eces of fabric
janed by overlappng at the neede Thsisthe lagest seamd ass, indud ng 101

dfferent seamtypes. These seans may be sewn vith al ockstitch o cha nstitch

e (dass 3(Bound Seam) (BS): Thsdassrequres a separae piece of fabric
tha enconpasses the edge of one or nore pieces o the gar ment. They may be

sewn wth al ockstitch, cha n sitch o cover sitch

o (Jdass4(Ha Sean) (FS): Thefa nmation of ths seamoccurs wtht he butting
together of t wo pi eces of falric but nat overl appingthem They extend acrossthe
seam hddng bah pecestoget her and coveringthe seamon one o bahsdes. [§

e (ass 5(Decoraive Sitchng): The mai n use of the seami sfa decorative
sewng onthe gar nernts.

e (ass 6 (Edge Neatering): Seamtypesinths dassindudethose where

falri c edges are nea ened by neans d ditches.

e (Qass 7 Seansinthisdassrdaetothe addtion of separaeitensto the
edge of a gar ment part. They are s nilar tot helapped seamexcept tha t he added
component has a defirte edge on bat h g des.

e Qass 8 Inths dass, ony one pece of mateid need be invdved in

construcingthe seam|[ 9.

2 13 Feed Systens

The mat erid handing components of a mach ne are dftenreferredto asthefeed ng

system For a predseline of stitchesto befamed, falric nust be novedt hrough



the stitchfarming area of the mach ne wth accuracy and predson The feed ng
systemcontrd sfabric movenment. It usudly consists of three parts the presser foa,
thethroat pae the feed dogs (the feed mechanisn. They are spedfictothe
mach netype numnber of the need es used, type of the ad ust ments used andthe
types o operdions[§. FHgue 2 3 shows thefeed sysemconponerts.

Theoat plate

Hgue 2 3 Feed sysemconponernts. presser foot, feed dogs andthroa date
2131 Resser Foot

The presser foa, whichis atached tothe presser bar, isthe upper part o the
feed ng conmbi nationthat hddsthefakricin d ace fa the feed ng acti on and stitch
fa nmetion It contrdsthe amount of pressure g aced onthefabric asit fed t hrough
the machine[§. Fgue 2 4 shows the presser foot andfeed dog[13

|

T

Fgue 24 Resser foa andfeed dog

2132Throat Rae

Throa faesarerenovad e metd daes atachedtoanadaper daeorthroa dae
support, dredly under the need e Throat daes support the fabric as the need e
peneraestofa mthe gitch[§.

Ths provides a snooth sufacefa the nmat erid to pass over, and has one or nore

dastoaccommodatethe nmovenent of thefeed dogs. Thethroa gae dso has a



need e hd gs) and sonmeti nes a da fa sewng need e actions such astha o a
Z gzag machine[1Q.

2 1 3 3 Feed Mechani sms

Feed mechan s contrd the dredion o fabric movenment andthe armount of fabric
movenment fa each stitch These nove the materid faward a pre- det er nined
d sancet o dl owsuccess ve penetraions o the need e The stitchregd ata fittedt o
mach nes cortrd sthe dstancethe worktrave s bet ween each penetraion, andths
d sance cdled stitchl engt h[ 1. Most mach nes have batom dr op osdll ai onf eeds
cdledfeed dogs, mg o part o nost | ower-feed systens, tha raaeinan dligicd
pattern bd owopenings inthethroat dae Feed dogs (feedteeth) rise abovethe
throa dae and carrythe fabrictoward and away fromt he need e and drop down
and away fromt he falric as the need e descendsirnothefabrictofam a stitch
Variad es aretoa h he ght, shape, ande wdh nunber of rows, nunber of teethin
eachrow andthe g acement o therows. Topfeeds can be used wthfeed dogs or
operdeindependently d batomfeeds|[§.

There are various feed systens in comnon use are drop feed conpound feed,
unisonfeed drop and variadetop feed, dffeaenid batomand variade top f eed
[10.

2 14 Need es

These were probaldly amongt hefirg tod s devi sed by mant hat still rensa ni ngi n use

today [10. The functions d the sewng mach ne need eingenerd ae

e Toproduce ahdeinthe materidfoathethreadto passthrough andtodoso

wthou caus ng any damagetothe net erid;

e Tocarythe needethreadthroughthe met erid andtherefa mal oop which
can be p cked up by the hook onthe bobhki n casein al ockstitch machi ne or

o her mechan smin aher nmach nes;

e To passthe need ethreadt hrought hel copf or ned bythel ooper mechanism
on machines a her than | ockgtitch[9 14]. The comnonest need e shape,

wthits vari ous sections labdled is shownin Fgure 25
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Hgue 25 Pats d asewing mach ne need e

Need esizeind caesthe d anmet er o t he need e bl ade shortly abovet he scarf or the
shart groove [15. There are about 30 need e size systensin curent use andthe
equi vd erts bet ween systens are usudly showninthe manufad ure’s handbook,
which comes wththe sewng nmachine[10, 16]. Need es are avadladein a wde
range of szes and the chdce of szeis determned by the fabric and t hread
conmbi naion whchis to be sewn Correct size is essertid to good sewng
perfa mance but asfabricstendto becone finer and, i n many cases, nore densdy
construc ed the demandi sfor need es andt hreads whi ch can be used satidad aily
insmele szes Dffeent neede manufacturers use ther own nonendaue to
describe need e sizes bu the s np est sz ng systemisthe netric one. The netric
szeor Nmof aneedeisrddaedtothedaneter atapar athe nmddeodf the b ade
abovet he scarf or short groove but bd owanyrenforced part. Th's measurenent,in
mlli metres, muti gied by 100, g vesthe netric nunber. Thus a d aneter of 0.9 mm
isan Nm90, adaneter of 1,1 mmisan Nm110 Fgue 2 6 shows metric need e

s 4ng

0f4

Examples of diameter
in mm Nm
065 x 100 = 65
0.90 x 100 = 90
1.10 x 100 = 110
1.30 x 100 130
2.50 x 100 = 250
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Hgure 26 Mitric need e s 2 ng

Typcd netric need e sizes are showninthe Tabdel 2 dong wththe equ vd ent
szesinthe 9nger systemandtydcd thread szes, gveninthe tickee number
syssemfa syntheicthreads [9.

Tabd e 22 Need e and thread g zes

Thread sizes in syntheticNeede szes in metriclNeede szes in 3nger
ticke nunbers system system
8 180 24
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16 140 22
30 120 19
50 110 18
75 90 14
120 80 12
180 70 10
320 60 8

The shankisthe upper part o the neede whichlocaes wthinthe need e bar. It
may be cylindicd o have a fla sde accordng to howit is secured ino the
mach ne Itisthe support o the need eas a whde andis usudlylargerind aneter
thantherest d the needefa reasons d sreng h

The shou deristhe sectioni i er med & e bet weent he shank andt he b ade, thel ater

fa mngthelongest part of the need e downtothe eye

The Hadeis suject tothe greatest amount o fridionfromthe materid through
which the need e passes. |n needes designed for use in hgh-speed sewng
machi nes the shod der is often extendedinothe upper part of the Hadeto gve a
tH cker cross-section whichjust entersthe nat erid whenthe need eis aitsl owest
pa rt on each stitch This supd enmentary shank or re rforced d ade strengt hens t he
need e and dso edagethe hdeinthe materid whenthe needeis a itslowest
pa rt, t hus redud ngfridion bet weenit andthe mat erid during wthdrawa after each
stitch

Thelong grooveinthe K ade provides a praedive channd in whichthethreadis
drawn down throughthe met erid during stitchfor netion Sewngthread can sufer
consd derald y from abr asion during sewng as a resut o fridion aga nst the fabric
and a corredly shaped long groove, o a depth matchedtothe thread d aneter,
oferscons derad e praectiontothethread

The short grooveis onthe side of the need e whichistowardsthe hook or | ooper
andis a groove, whch extends alittle above and bd owthe eye It assssinthe

fa metion d thel oopinthe need ethread

The eye o the need eisthe hd e extend ngt hr ought he bl ade fromt hel ong gr oove
on one sidetothe short groove onthe other. The shape of theind de of the eye at
thetopis criticd bahin redudngthread damage as the need e penetraes the
materid and in produdng a good | oop for netion On sone need es, known as
bu ged eye need es, the eye area has al ager cross-sectionthanthe rest o the

b ade Th sserves as nila purposetotherd forced shod der nmenti oned abovein

12



tha, asthe need eentersthe materid, it creaes al arger hd et hani s needed byt he
mai n part d the H ade, thus redud ng need et ofabricfridion

The scaf or dearance cu is arecess across the whd e face of the need ej ust
abovethe eye. Its purposeisto enald e a d oser setting of the hook or | coper tot he
need e Thsensuresthatthel oop of need ettread wll be morereadly entered by

the pant d the hook ar looper.

The pant o the need e is shapedto provdethe best penetration of eachtype of
mat erid accordngtoits natwe andthe appearancethat hasto be produced Itis
dsothe part o the need e which must be correctly sd ectedin order to prevent
danmagetothe nmaterid of the seambe ng sewn[9. The nost i nportant aspect of
need e designisthe pant, becauseit hasto penetraethefakbric wthout cutting or
caus ng aher damage. As arue fineround parnt needes are used for ddicae
falrics whilestuwd er round pans are preferad efor coarser dahs[1(0. A sutalde
sewng needeis very importart for qudity assenbly of garments parts Good
know edge of ki nds and pr operties of processedtextile nmet erids as well as of types
o sewng need esis neededinorder tosded the appropriate sewng needefa a
cetan mateid [14. The basic dvison of neede partsisirnocuting parns and
dahpdns Ague2 7showsthe need epadris Thsdvdonisnecessary because
o thefundanmentdly dfferent constructions of thet wotypes of nat erid which nmust
be sewn, nanme yl ea hers and p astics whi ch ar e essertidly sheet net erials wth no
gaps wthnthe struct re, andt extil ef alri cs wh ch, whet her woven, kritted or made
frombonded t extil efitres i n a non-woven fa m have spaces wthnthe structue
through whi ch a need e can penetra e | na sheet mat eri d, the need e pa nt must cut
a suffidert hdetha the neede Hade and thread can pass through it wthou
excess vefridion but there must be suffident strengh of et erid | €t betweent he
hd es tha they do na runtogether, esped dly when under stress, and cause the
gar ment to sdit. Inatextile materid cuting of thefilresis predsdy what nust be
avd ded s nce depend ng ont he falric construdion yarns may run back fromt he

hdetha is aedaed causing poor appearance and a weak seam[ 9.

13



i
N
%\xj oo
.

—c5 > 0 | —

: ———
e

(a (b

FHgue27NeedeParts(a) Cutting pans, (i) Wedge pa rt, (i) Narrowr everset wst
par, (iii) Goss parnt (b) Gah pans se pant, heavy set par, light bdl par,
med umbdl| pdnt, heavy bdl pd .

Dfferent shapes of neede pans are usedinsewng Frg o dl the shape of a
need e pd nt depends on processed net erid. The need e wthanor md need e pa nt
(nadion R or wthou na aion) can be used for sewng of the nmg aity of textile
mat eri d s. The need e poirtislighlyrounded and duri ngt he penetr aiont hrought he
mat erid pushes away the threads wthou damagng the materid. Need es with
rounded or bdl pans(naaion SESfo light bdl pant and SUKfa med um bdl
pa rt) are used fo kritwear process ng The need e pa rnt pushesthethread | oops
away effetivdy s nce not hread danages are dlowed because o poss Llity of | oop
bursting Hagtic naterias wth bult-in d astic threads require sped d heavy bdl
pa rts (na aions SKL and SKF [14).

Thetipisthe extrene end of the pa nt, whi chcombi nes wththe pd rntindefiringthe
penetr &ion perfa mance [9.

2 15 Threads

Sewngis done wth a need e and sewngthread either manudly or by mach nes.
Sewngthreadis one of the nosti nportart d enmentsrequiredto produce neat, firm
and durad eseam whi ch g vesthe gar nent t he necessary aest hetics and the stamp
o a qudity product [ 11]. They are usedin gar nents, uphd sery, hgh-tempera ue
apdicdions and gea extilestojan dfferert conponents by far ning a seam|[17].
Sewng thread may be defined as snoath, evedy spun hardtwsed gy yarn
treaed by a sped d firish ng processto nakeit res gart to stressesi nits passage
throughthe eye of a need e andthrough met eridi nvd vedi n seaning and stitch ng
operdions. It jdns dfferent conmponents of fabric by for mng a seamt hat pri narily

provi des unfa mstresstransf er fromone p ece of fabrict o anat her, t hus preservi ng
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the over-dl integity o the falric assenmd y[11, 17].

A wde varigy o threads is avalad etha dffer infilre type construction s ze
cd our, andfirish The chad ce of thread depends ont he perfa mance of the avalad e
sewngthreads andthe mat erid bd ng sewn[11].

For the sewng process to betroud efree thethread nmust be of urifa md aneter,
freefromknats, and nmust have nin numt endencyto snarl. Al conventiond sew ng
threads beg nther production cyd e as sind es yarns, generdly having S-drection
twd, andre next twstedtogetherinthe Z drection Threads are generdly 2-, 3o
4-dy(fdded) o acad(cad ed) [11, 1§

Characteidics d sewngtlreads ae asfdlows:

e Sewablity Alhlityto produce a seamwth niri mumt hread br eakage during
sew ng oper i on

e Seamsecurity. Security dof seans duringlong use o fakxics, gar nernts.

e Cd o netchahlity Must be accept a wderange of cdowsto match wth a
w de range o fabrics shade[19.

2151 Thread S zes

When choosing athread for a particd a apgication thethreadtype (caton spun
pdyesterfire core-spun et c.) and s ze or ticke nunber nust be spedfied. The si ze
and streng h of a sewngthread nust be appropriagetothe we ght, thckness and
d oseness o thef abrictobe sewn. It shou d be suitad ef o t he need eto be used. I n
generd, thHckerthreadis usedfo heavi e falric The d ah ngindustrytendsto use
thefinest threadtha provi des adequat e seamstrenghin a g ven appgication|[11].
The size of a sewng thread is gven by its ‘tickd number’ (Tkt no.), whichis
irtendedt o hd pi nchoos ngthe corect ttreadfor a particd a purpose. In BS 4134,
sewng threads made whdly o partly manufactured filres (for synthetic and
corespun threads) have ticket numbers approxi metdy equd to three ti mes the
metric court (Nn) of thethread (tha isto say,inthethreefddthreadthe netric
cournt of the s nd es component). Sew ngthreads made of whdly caton haveticke
nunbers approx natdy equd tothreeti mes the catton count (Ne) of the thread

Some sewng threads carry a dedtex numbering and ths confanms to the
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standard saion o the tex yarn numbering system wth the texileindustry. The

den e systemi s usedfor nondfilament sewngthreads Tal e 2 3 shows howti cket
numbers shod d berd @aedtoranges d thetad nomnd dedtex|[1§.

Tab e 2 3 Rd a&ion bet ween Ticket nunbers and dedtex

Sew ngthreads contaring manufactwed | Whdly caton sewngttreads
filre
Dedtex (dex) Ti cket nunber Dedtex (dex) Ti cket nunber
(Tkt) (Tkt)
158 180 274- 324 60
178200 160 324- 398 50
354- 388 80 398- 468 40
575 635 50 540- 665 30
710- 805 40 665810 24
1430- 1580 20

2152 Types of Sew ng Thread

As wth aher textile materids, sewng threads are conposed of afibretype a
constructi on and afirish each of which mayi rfl uence ba ht he appear ance andt he
perfa mance of thethread The s npest dvison of sewngthreadsis, inter s of
materids inothose made fromnatud filres, those from man- made filres and
those madefroma nmixture and, i nter s of constructi oni nt ot hose spunfromstap e
o short fibrel eng hs, those made fromconti nuous filaments and t hose which are a
conmbi naion o thetwo [9].

The mg arity o sewngthreads used bythe d ahingindustry are nostly made from
caton and pdyester filre. Sewngthreads madefromnaturd fibres such aslinen,
slk and certan man-made filres, for exanple pdyanmde fitres, acrylic fitres,
pd ypropyl enefibre PTFEfilre Keu a aramdfibre d assfilre and vi scose ar e a so
used but thar appicaions arerestrided owngtothearinheren li mtaions. Aso for
sonme spedfic apdicaions, like enbradery, hghtenperaue and gedexile

apdicaions, sewngthreads are eng neeredto nmeet cetdanrequrenents[11.

e Cotton Threads: They are made from good quality | ong fi ne catton fibres.
Cottont hreadsi n general provi de a good sewi ng med um bu strength and abras on
resgance areifeiatosynheicfilresthreads of equd thckness. Cottont hreads
wthstand h ghtenperaures better than syntheticfitresthreads and aretherdae
less af et ed by need e heatingi n sew ng and by hi ghtenpera ue pressng. Cotton
threads are d threetypes: sdt, d ace (pdished), and nerceri sed
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e Linen Threads. Threads spunfromflax are stronger thanthose of caton but
if they areto be exposedto bacterid actionin wet condtions, they shodd be ra
prodfed Today, they are na Ay superseded by nodern syt heticfilrethreads.

o dlkThreads: Slkisavalal e ba has continuous filarment tha i s extruded by
the silk wor mand as broken filanments spuniro a yarn It has h gh extend hlity,
good | ustrous appearance and perfa mance, but its high cost restridsits useto
some sped d aeas.

e Synthetic Hlre Sewng Threads. Syntheticfilrethreads generdly havel ow
shrinkage in dry d eaning and under nor e wash ng condtions. This propertyis
essertidtoavd d puckeringin mn numcare garments. They ar e stronger and have
agred e res ganceto abras onthan o her t hreads. Further, synt heticfilret hread of
high extend Llity can be eng neered for kritted or stretch fabric. They are nat
s grificantly effect ed by ra, nil dewor bact eria They have hi ght enadties, esped dly
in corti nuous-filament form and dso hghresstanceto abrason [11]. They are

dvided nadyinottree sub-d asses:

a) Core Spun Threads: Corespunthreads cons & o a hi gh-tenadty conti nuous
filanment pdyeste core covered by either a sheath of along stad e catonfibres, to
provide nawd appearance and to reduce the heat generaed by constant fast
movenents o thread through the neede (Pdy Cotton), oo a pdyester filre
covering becauseitislonger-lasting stronger and non-flammab e (Pd yPdy). The
threadisfo nmed by t wsting severd o these corespun yarns together to provide
cohes on o thefilre covering[11, 1§.

b) 100% SapdeHRber Thread The nost popda thread fo dahing
manuf act rei s a spun stad efilrethread of 100% pd yest er-filre yarns. The r eason
fa produd ng these filres opposed to corti huous-filanent synt hetic-fitre sew ng
threadsistoincreasethe bu k or fulness of the thread The conpar aive hairi ness

o thethread hd pstoreduce thethread fridion andi nprove sewahlity[1]].
¢) Continuous- Rlament Thread Thisdassissub-dvidedinosxdasses

i. Mondfilanment: Eachthread cons g¢s o onyonefilament. Ndon6.6. i s
usudly used because of its higher melting pant, whichisi nportant when need e
heating occurs. The thread is stiffer than nost sewng threads, but it is da nmed
advarnt agei st ha, g nceitistrand ucen, the cd our of thefabricthat i s ba ng stitched
shows t hrough and consequerntly a w de range of different-cd oured sew ngt hreads

is nd needed. Mondilarents tend to shrink and cause seam pucker. They are
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harsh on the machine causing accd eeaed wear on machine parts, and ra her
irflex d e because of its cross section never varies asit wod d wth mutifilanments.
Thesethreads are o li mted use[11, 1§.

ii. Multifilament: More converntiond construdions of corti nuous-fil ament
thread arein mutiflament fominsing es or died or corded In s ng e ply-threads,
eachthread cons g¢s o nunerousindvidud filarents andincorporaes a bond ng
agernt to prevert filanment separdion The threads are sutadytwsed and then
tregted wth alight-bondingfinsh Inpdiedthreads, eachthread cons s of two or
mor e yarns, each contan ng numerous i ndvidual conti nuous filanents the t hread
may be bonded

iii. Bonded Cortinuous Flament Thread They are conti nuous-filament
threads wthlowt wst to which a sutald e bond ng agent has been appied Bond ng
o sewngthreads cons stsinthe appicaion o a urifa mcoaing comnony nyl on,
ater whichthethreadis|lubricaded The bondng agent praedsthe thread from
poss d e heat damageinsewng prevents cu endsfromfraying and d so prevents
rurt back o thetws [11].

iv FdseTws Textured Polyester and Nyl on Threads: By virtue of thar
crinp rigdty, texuwed threads are very sdt and extensde They are ided for
coveringvery extend i e seans i nknit wear, under wear, sw maear, f oundati on wear
and tights wth and added advarntage o thdar sdftnesstothe skin[18]. Textuing

reduces the hi gh srengthin corti nuous fil anment threads [ 11].

v. Ar-Textured Continuous Hlanment Thread Because ar-bukng
process g ves a d scortinuous surfacetothethread, danger of threadfus on a h gh

sew ng speedsisreduced These yarns provide better lockinthefabric

M. Ar-Jet Internind ed Pd yester Flbre Thread Thsthreadis conposed
o a cortinuous filament core surrounded by filament st ha have been entand ed by
an arjd [11].

2 2 The Thread Pat h

The need ethreadistakenfroma supdy package andthen passesthrough a pre
tens oner and bet weentwo prdiled metd d scs hd dt oget her under spring pressure
toprovi dethe mg or fridiond res sance onthethread The spring pressureonth s
master tensoner is adusted by turning the threaded nut through the | ooped

extend on of the check-spring whichis a cdled spring workingin atoque node.
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The check spri ng addsfurt her res s ancet ot hethread movenent, andit d so actsto
reman a snel reservdar o threadin aloop held by the spring Fomthe check
spring the need et hread passes through a gu de andthenthroughthe eye of the
take-up lever. Thslever provides fundanental cortrd o the novement of the
threadt hrought he sewng mach ne andits drive geonetryis suchthat, during each
stitch cyd g it rises twce as fast as it fdls For mthe take-up | ever; the thread

passes trough ana her gu de andthrough the eye d the need e
2 3 The Sitch For mati on Sequence

The | ockstitch creation cyd e commences wththe sewng the need e descend ng
inothefabricdies, whcharestaionary onthethroat gdae of the sewng mach ne
The take-up lever fdls duringths action and rd eases thread whichthe neede
draws downt hroughthe need ehd einthethroa dae Aterreachingthelint ofits
downward excurd on the need e beg nstorise ye, thetake-uplever continuesto
fdl. Oncethe need e hasrisen by approx natdy3 mm(thsis mach ne- dependert),
the fridion of the neede-thread aga nst the fabric coud ed wth the absence of
thread-feedt ens on causes al ooptofa minthe scaftotherear dftheneede This
loopis peneraedbytheraayhook a thetop ofitscyd e The downward noti on of
the hook, cormhi ned wththe geonetricd prdile ofthejibontheraay hook, causes
thel oopt ot wst t irough 90° andt o extend ar oundt he bobhi n, t he bobhi n-case, and
the base Thetake-uplever, incontiningtofdl, supdiesthreadfar this purpose
andthe check springis dsotens oned bythsthread notion The need ettreadis
taken downtothejibon theraay hookthroughthe need e hdeinthethroa pae
Asthethread passesroundthe maxi numhook and base d aneter, tointerl ace wth
the bobb nthread, thejib casts df the stitch Thetensoninthe check springis
rd eased and assig¢sthe renovd o the yarnfromt hera ary hook by drawngt hread
irnoitsreservar. A thstime too thetake-uplever commences its ascent and
draws excesstiread up throughthethroa g ae andthroughthefabrxic thus pulling
the intelocked stitchintothe falbric dies. As the need e assunes its h ghest
position the serraed dogs o the fabricfeed mechan smrisethrough slatsinthe
throa dae and danp the fabric aganst the unders de of the presser foa. The
fabri ci sthen advancedthrought he sewi ng machine by one stitchl eng h under t he

action o thefeed dogs.

Wt ht hef abri cf eedi n mati on, threadi srequiredtof o mt he upper andl ower | engt hs
o the next stitch During the fabric progress on thetake-uplever approaches the

top of itsverticd travd, andth s upward excurd ond socrea es a demandfor thread
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The need ethread, whichisrequredtofa mtheincreas ndylagel oop aroundthe
risngtake-uplever andtofao mthe stitchlengh, isiritidlytaken fromthe check-
springreservdr, andt he check-springistens oned asth sthreadi s drawn away as
part of theiritid saidadion d thisdemand The dampi ng acti on of t he check-spring
usefulyreduces the peakthreadtens on during yarnfeed Whenthe check-spring
reservdr is exhausted the check-spring reachesthe stop a the end o itstravd.
Threadi stakenfromt he supp y package by draw ngit throughthetenson d scs on
thetens on barrd.

As thetake-uplever beg nsits descent, the stitchinterlockis set ino a bd anced
stae wthinthefabric dies, a ded bytherecovery o the check spring whichreturns
toits stat position extractingthreadtorederishits reservdr, whch action d so
preventsthe descend ng need efrompi erd ngthe need ethread The processthen
repeatsfa the creaion o the fdlowng stitch[20]. The processis shown onyfor
need e and bobb n casein Fgue 2 8[9.

Hgue 28 The mechan sm o gitchfa nation
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3. SEAM APPEARANCE AND PERFORMANCE

The pressurefromi ndustryf o hi gher productivity has been mat chedinrecent years
by cond derald ei ncreases i n sew ng speeds. Apart fromi ncreases i n speed, new
types o textile met erids and newfiner sewngthreads have d so been devd oped,
which have requred finer sewng need es and i nproved contrd o the sew ng
process. These devd opments have na been wthou thdr assod aed prold ens
during the course of dahng manufactuing eg ach evng puckerless seans at
h gher sew ng speeds r equiredfi nd ngt he appr opri & e co i nati on of need e thread
and sewng paraneters. I n each case the sd uion of such prodens requred an
understand ng of comnerdd sewngrd aedto seamcharact eri gics and properti es
such as seamstreng h extens on, damage, and appear ance [17.
Seamappearance and perfa mance affed s ba h the aest hetics and perfamance of
agar ment anditisveryinportarn toits sd ealilityandl ongetivity. Seamappear ance
and perfa mance is dependert on the interdaionsh ps of fabrics, threads and
need g stitch and seam sd ecti on, perf a mance of sewng and press ng equ prrert;
handing o et erids and appr opri & e oper aion and na ntenance d the equ pnent.

Seans are evduaed by the manufactuwe during product devd opment and
pradypetesting Consumers evd ua e seam appearance and perf o mance before
purchase based onthear standards and past experiences and after wear and care
procedur es based onitsorignd sae[§.

3.1 Seam Appear ance

Seam appearance is evd uaed on drapeallity, consgency of stitch and seam
fa neti on and fl & ness.

3 11 Drapeability

Itis affected by theflexhlity of materids and seamconstrudion Seans needthe
same anount o drapeahlity as the rest o the gar nent. Use of heavy thread,
conmpl ex seam strucdues and other fadas tha cortribue to bukiness can
contribuetotherigdtyof aseam[§.

3.12 Consistency o Sitch And Seam For mation

Itiscriticd togar ment appear ance. Varying stitch density(sp), irregu aitiesin stitch

and seamfo nation and |oose thread ends dl &afect the appearance of the
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gar ment. Irregu aityi ntheline of stitch ng aff edtst he shape of the gar ment and can
cause poor fit and ung ghtly appearance[§.

3 13 SeamH a ness

Hgh levd o rdaxation shrinkage and | arge hygrd expansion can cause seam
pucker [21].

Pucker is a winl ed appearance d ong a seamin an a herwse snoath fabric It
generdly appears asifthereistoo muchfabric and not enoughthreadi nthe seam
asifthethreadis drawngthe seamin For thisreason the sewngthreadis dten
bamed for causngthe prodembu there are severd fadas, which contributeto
pucker [9.

Afla seamisfree o fabric creases, wavi ness and pucker. Some factors aff ecti ng
seamflaness may be cornirdled by pressng top stitching and cover stitch ng
Seanstha are na fla are puckered Seampuckerisa qudity prodemt ha affecs
appear ance but does na t hef abric damage. Seam pucker i sripding of a seamt hat
occursjust after sewng or after laundry, caus ng unaccept ald e appear ance. It has
d ways been a mg o prod emi n gar nent assembly. Changei nfabrics, stying and
technd ogy crea es newpa ertid fa pucker [§.

It codd be sadtha thereis pucker presert in dl sewn seans because it is
i nposs H etoinroduce stitchesintoafabric wthou it suffering sone d storti on, but
inpractice there are manyfabrics o | oose constructi onfromsaft yarns, wh ch show
no vise pucker a dl. By contrast, many o the modern snoath fine synthetic
falrics are d nost | nposs deto construct vithou pucker [9.

Puckeri ng prod emcanna be sd ved byt he settings of the sewng machi ne onl'y and
it depends onthe fabric mechan cd properties. Seam puckering occursfor three
reasons as fdlows: inappropride nechanicd property of fabric the rd axation

shrinkage o falric the poor setting d sewng nmachine[3.

Seam pucker occurring when sewng kritted fabrics is caused by. dsd acement
bet weenf abxicl ayers, sewngthreadtens on sew ngthread contraction dfferertid
shrinkage, d aneter o sewngthread and need e, type of stitch pressure of presser
fod.

Seam pucker occurring when sewng woven fabrics is caused by a number o
vaiousfadas Thesefactas can beliged underthefdlowng head ngs. Fabric its
strucuwre mechanicd properties and d mensiond stablity, Sewng thread its
tens on extens Llity andrd axaion daneter and shrinkage, Sitchtype length and
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seamtype | nconpati blity of fabric andthreads, Sew ng mach ne itsfeed need e
need € throa fdae assenbly and sew ng speed [22].

Four mai n probald e causes of seampucker are d scussed here[§. The conpl exity
o the prod em means that comnhi naions o the above types of pucker are usudly
found Thelighter andfiner thefabric the nore dfficdtitistofindthe cause of the
prod em[23 24.

3 131 Feed Pucker

It happens duetothe drag of the presser foat onthetop dy, astwo pies of fabric
are sewntogether. If thefakbric onthe batomisfed norerapgdythan thetop gy,
the batom fakric puckers. Feed pucker can be detected when a garnent is
puckered on only one side o the stitched seam F gure 3.1 shows t he feed pucker

asy mmetricd tothe seam[23.

L

F gure 31 Pucker asymmetricd tothe seam

Dfferertid fabric stretch of thet wo pies be ng sewn may d so cause ony one si de
o aseamto pucker [§ 24].

3. 132 Tensi on Pucker

It may be caused by tight thread tension which causesthethreadto dongate as
gtitches arefor med. Ti ghttend on setti ngs on upper or | ower t hr eads duri ng stitch ng
or bobki n wnd ng o damagedt hread gu des may be causes. Bobki n wnders may
be set tootightinorder toget norethread on a bobki n and reducethe number of
changes necessary [§ W nd ng the bobbinthread nmust be done very carefuly,
becauseif thethreadis woundtootightlythereis arisk of streechingit dongits
ertireleng h th's meansit wll then be stitchedi ntothe seami nthiscondtion Ifths
happens, t her e will d ways be puckering of the seamwhenthethreadl daerreturnsto
its orignd unstreched condtion Too | oosdy wound bobhins are the reason for
urti dyl ooki ng stitchf or metion andt hread breaking prod ens [ 23. Fgue 3.2 shows
pucker sy mmetricd tothe seam
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Hgure 3 2 Pucker symmetricd tothe seam

During sewng, the sewng threads are under some tenson When the thread
tensonisrdieved the threads stat to contract, resdtingin a decrease in stitch
leng h If the decreaseinstitchl engthis grea e thanthe contracti on of fabric wthn
the stitch the seam wll pucker. The anmount of thread d ongati on and cortracti on
depends on sew ngt hread conposition andtenson. Threads of | owd astic nodu us
(generdly synthetictireads) are eas erto d ongate The anmount of d ongati on, and
dsothe contradion duetothe appiedtensontothesetihreadsis greaer thanfor

threads of high d astic modu us (caton) [24]. Tend on puckeris pri marily a prold em
wthsyntheicthread Asthethreadrd axesit can causethefabricto drawt oget her
and pucker. Poar qudityand wong size or type of threadis a her probabl e causes
[§. The suface fricdion of the sewng thread is i nportart internms of seam
appear ance, because a h gher t hreadt ens on devd ops when sew ng wt ht hr eads of

a hi gher surfacefridion andtheref arethe contraction of t het hreads, &fter sewng, is
grea e and probahlity o seampuckerisincreased The hi gher fridion bet weent he
fabric andthethread duringthefor netion of a seam the hi gher thethreadtens on,

andthe gea e thetendency fa seam pucker [ 25)].

3133 Dspacenment Pucker or Jamm ng

Itis caused because o the d sdacenent o fabric yarnsfromther orignd position
asthe need e andt hread passthroughthefabric. Fabricyarns are pushedt oget her
bet ween need e penetraions, wh ch causes puckeri ngtha canna beremoved. The
tendency for jamning i ncreases wth nore stitches per inch h gher court fabxics,

finer fabrics andt hicker sevingthread[ §. Itis generdly bdievedtha a hghfahric
set | eaves little or no roominthe fabric to accomnodate the need e or sew ng
thread, sone of thefabric yarns haveto be noved aside d ongthe seamline Ths
leadsto sone fabric d ongati on and conpress ng d ongthe seamlineresutingin a
puckered seam[24.

Inevery stitcht he unava dal et ens oni nt het hr eads sulj ect st hef abri ci nt he stitch
to bend ng and conpress on If thefabricis compress d ethethreads canrecover

wthou caus ng pucker. Ifthefalricisjammedt he stiffness of thefabric andt hread
contrd the occurrence of pucker [24, 25. Irregd arity of sew ngt hreads can have an
effed on seam pucker because thethick gdacesin a sewngthread can cause
strucdurd jammed seam pucker, inthe same way as a coarsethread[25.

The risk of dsdacement pucker arises particulaly a high sewng speeds. Thi s
prod emis very typcd because of today s findy woven nicro fibre fabrics. The

strudure o danwovenfalrics neanstha these are norelikdyto be aff ected by
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dsdacenent pucker than sain woven or twll woven fabrics. Fgure 3.3 shows

schenstic viewd falricd sdacenent bythe sewingttreads.

Hgue 3 3 Schenstic view o fabric dsdacenent by the sewngttreads

To prevent fromt hat ki nd of pucker, itissonetimes requredtorunthe seamline at
adight and etothe warp dredion Inthe des gn of t hefirished gar mrent andinthe
cutingroom attertion shou d dready be g vento ensuringthat dl edgesrunn ngin
the warp drecion are digned a anangded 5to 10° Ctothe seamline If the seam
lineisa anand etothe warp drection the d sdacenent o thefabricthreads wll be
dvided anong severd warp and weft threads [ 23.

3. 134 Moi sture Pucker

Itis nat a product of the sewng process, bu one o concern to the |lasting
appearance o a gar nent. Its cause is dffeentid shrinkage of the shdl fabric
(dffeencein d mens ond changes o the seam fa nming fabrics, whichtakes pl ace
whenthefalrics are nat conpatitdeinter ns of their d nens ond stakllityt hread or

a her attached meteridssuch asintelirings [8 24]. Insuch casesthe seam may
appear pefedly fla and unpuckered as it leaves the nmachine However, on
subsequert laundering or steaning pucker may occur due to the dmensi ond

ing akility d the seamcomponernts.

When the shrinkage of sewngthread, dueto steaming |aundering wetting dry-

deaning ecisgeae thantha o thefabric the newseaml eng his small er than
thefabriclengh, which hasto be accomnodatedinthe seamlengh Ths kind of

pucker can bei dertifi ed through conpari son of the seans bef are and after wetti ng

laundering, éc. unshrinkal ethreads wou d hd ptoreducetlis prodem[24].

The effedt t hat sever e seampucker can haveinagar nent may be aesthetici.e the
gar ment | oses its aest hetic apped tothe customer, o/ and functiond, i.e it can
downgradethe gar nent inter ns o drape and o confiort [2§.

3 2 Seam Perf or mance

Good seans are essertid fadasin gar ment qudity. The characeristics of a
properly constructed seam are its strengh dastidty, durallity, stahlity and
appearance. The fadas tha governthese properties are seam and stitch type,

thread streng h and d astidty, stitches per uritlengh of seam threadtens on, and
the seamédfidency o the materid (falbric) [11, 27].
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The sew ng perf a mance depends onthe sd edion of theright thread for the ri ght
need e a theright machine sutingtothethickness, struct ure andfirsh of thefabric
to be sewn [ 2§.

Perfar mance of seans means the achievenent of strengh dadtidty, duraklity,
security and confort, and the mairntenance of any speddised as strong as the
fabric indredions bath pardld toand a right and estothe seam They nmust d so
stretch and recover wth the fabric Seans must dso be durableto the kind of
abr as on expect edi n weari ng and washi ng as well as secur e aga nst fraying apart or
the unravdling of stitches. A seamin a d ose-fitting or under wear gar ment nust nat
present an unconfortalde ridge o roughnesstothe skn[9.

3 21Hastidty

H astidty invdves two fadas dongaion and recovery. Seam d astidty is the
degree of aseamrecoverstoitsarignd lenghi mmed ady after d ongaion. Seans
varyin dongation paenid.

H ongaionisthe ampunttha a seamcan be stretched wthou breaking If a seam
wll nat dongate as much asthefabric the stitches and thread wil usudly break.
Seameéongaionisrdatedtothread properties, thread tens on, seamtype stitch
type sp andf abri c properties. Mor e stitches per inch can produce nor e strech, but
too many may stressthe yarns and cause f abri c danage.
Recoveryisthergund t he seamtoits ori g nd leng h whent he stressi srenoved.
Seamrecovery can beinh hted by the sd edion of i nappropri & e stitch and seam
type too many gitches perinch andthreadtha istoolarge[§.

322 8Srength

Seamstreng hisi nportant factar in deter mning the duraklity of a garment. Itis
deter nined by res gance to pulingforce and abras on Seamtenadtyistheforce
necessary to break the fabric or the weakest stitch of a seam Seam abras on
resganceisthe anount o rubldng action needed to wear away stitches inthe
seam Seamstrenghisrdaedto stitchtype thread streng h threadtens on seam
type seamwdhand sd [§ 9 29.

Seamfadluein a gar ment can occur because o dther thefdlue o the sewng
thread leavingthefalricinerac, or fabricrupture I eavi ngthe seamirntact or bah
breaki ng a the sane ti ne[27.

When stressis apdiedto a seamat right ang estoitsleng h thel oadis carri ed by
thei nersectingl oops of the sewngthreads, and whenthel ate rupure t he break
occurs a the opening of thel oop. The strengh paraneter tha appiesisthereoe
thel oop strenghraher thanthe strd ght tensle strengh of the sewngthread [ 8
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22.

Athough seamstreng hisi nportart to durakility, the seam does na needto be
stronger thanthefabric of whchitis bd ng constructed|§.

Dur allity of the seamlargdy depends onits strengh anditsrdaionshiptothe

dagtidty d the naterid. Itis measwedinte ns of seam effid ency where

Seam Hfid ency=seamtensil e greng I falrictensil e greng h) x 100 (3D

Ingenerd, it ranges between 85 and 90 % whi ch can be opti msedt hrough vari ous
fad as, such as seamtype, type and density of stitches, andt he sd edion of sew ng
threads and need es. Under stran it d ways preferredf o the sewngthreadinthe
seamt o break bef orethe met eri d becausethe seamcan berestitched, whereas an
expens ve falric cannat be re-woven[11, 18 27, 2§].

3 23 Seam Dur ahility

Thelengh of life of a seamin a gar rent shoud be aslong astha o the ot her
mat eri d s and bath should be appropriagdetothe required end of the gar ment. An
immed aefalue o the thread wou d beregarded as afalue o seamstreng h or
ext end hlity.

324 Seam Security

If thelast stitchis nat properlylocked, if athreadis broken (whch causes the
prod ens of seamstrengthand stretch), orisastitchisdips becausethe machi neis
i nproperly ad usted or it sews over ath cker section of fabrig it wll run undone very
easly[9.

325 SeamH ex blity (Seam Co nf ort)

Seamfl ex Llity aff ed sthe dr apealility, coniort and abras onres sance of appard.
Hex e seans dlowfor nore body confa nity and movenent. Rgd seans can
cause body d sconfiort andirritaion[§ Particd a prod ens assod a ed wththe use
o nondilanment pdyamdethreads[9. Aflex deseamisal etobend shftandfdd
wthou danmagetothe seamor changetothe slhouette of the gar ment. Vit hout
flexi blity, abras on and wear wll occur inthe sanme | ocaion or tothe sane set o
yarns. Fabricstrudure and wel gt and seamtype are mg or fad arst hat aff ect seam
flex blity [ 9.

33SeamPobens

Seamprold ens aff ed appear ance and perf o mance. Seamf dl ure can cause costly

repars, consuner dssaidadionandretuns andi ncreased costs. Causes of seam
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fdlueindude i nappropriade chdce of stitch or seamtype, i hconpahility anong
thread type and size needetype sze and fabric i nproper ad ust ment of feed
mechan sns and machne settings and operaor perfa mance [§. Seam prol ens
are exdaned bd ow The prod ens which arise when materids are sewn varyin
thdr seri ousness, wth some caus ng oy ninor appearance prold ens, nedigHdein
low price gar ments, whilst ahers cause damagetothe maeterid whichit wou d nat
be economctorepar evenifit were possde[9.

331 Dstortion

Dstationisthe dsrupion o the fabric surface of the def or netion of a gar nent.
Incorect handing duri ng gar ment assently oftencontribuesto d st ation | ncorrect
mach ne settings, poor machi ne mai ntenance, excess ve need e hea andi ncorrect
need e andt hreadtype and size are can ber e erred asthefad arsi nthe creaion of
dgation It can be prevented wth better tranng of operaas, better mach ne
mai nenance and appropride sdedion of thread, need es and stitch and seam
types[§.

332 PRobens o Sitch For mation

The mai nprod ens whi ch arisefromt he actud stitchf o meti on are di pped stitches,
stagger ed stitch ng, unbd anced stitches, varialde stitch density, need e bobhbi n or

| ooper thread breakage.

o dipped (ski pped nissed) Sitches: Ski pped stitches are a common sewng
prod em aff ecting qudity, seam perfa nance and aestheics of a garment. It is
caused by thefaluein stitchfor netion whenthe need ethreadl oopis nat p cked
up by the hook or | ooper.(the sewng mach ne' nnsses ou' one or nor e stitches and
then' dcks up the stitch and carries on nor mely. Theresutinl ockstitch and sing e
need e doul e cha ngtitch seans is tha when ms-gitches occur stitches in the
upper suface of the seamaret wcethe nor nd dze or evenlarger. Ifthe need eis
toolargefor thethread there wil be poor cortrol o thel oopfor meti on, whi ch may
cause dipped stitches. M s-gitchingis nore common in knitwear manuf act uri ng
wherethe krittedfalric tendsto vitrae dightly wththe verticd novement o the
need e afedingthe shape and size of thethreadl oop[3(. I nal ockstitchtype of
machi ne during nor mel stra ght sew ng, the need e and hooktendt oi nsert some Z
twatothe sewngthread Athread with St wst becones unt wst ed by t he acti on of
the mach ne and t hen frays and breaks, i nproper balooring of thethread occurs

during the up-and-down of the need ¢ whch may | ead to nissed stitches [11].
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Ski pped stitches create al ack of unfa nityinaline of stitching and are susceptild e
to snagg hg They dso becone the weak link and have paenid fa breakage.
Ski pped stitches are nostlikd yt o occur when changes are madei nfabxic, thread or
need es Ms-gitch however, can happen qute randonmhy wthou any apparert
reasonin a way whichis dfficdtto predda and hence det et. The fadty seamin
most cases is recognised inthe qudity contrd stage ate which the seamis

unp cked and thenresewn, thisis expens ve[30.

e Saggered Sitching It can be caused by yarns inthe fabxic defl ecting the
need e away froma stra ght line of stitching gving a poor appearance. In sone
hard wovenfalxics, redlystraght stitch ng wil only be achieved a a digt and e of
bas[9.

e Unbd anced Sitches: I nlockstitch ng canreducethe patentid for stretchina
seamin a krittedfabric and, | eadt o seamcracking [ 22]. Bobhki ntens on shou d be
ad usted until afdl bobhbi ninits case wll just slide downthethread when hd d by
the end of thethread Need ethreadtens on shod d be ad usted sot ha thet hreads
irntealockinthe mdd e d thefabric, url ess dfferent cd our ttreads are beng used.

o Varial e Sitch Density: It arisesfromi nsuffid ent foa pressureina dropfeed
system caus ng uneven feed ng o the fabric through the mach ne It can occur
particd aly wth met erids wth sticky or dippery sufaces[9. A high speed sew ng
the presser foa “bounces andl oses contact wtht hefahrics, duetothefactthat t he
feed dogrises abovethethroa dae and hitsthe presser foa. Thislack of contrd,
just whenitis nost essertid usudlyresdtsinanirregd a gitch[31].

e Neede Bobhkin o Looper Thread Breakage Itis a common prold em with
many causes such as need e hea, i nconpahility of need e thread and falric, and
def ective mach ne parts and ad ust nernts. Needes nust be re threaded and seans
restitched If stitches break and are na famed coredly duing the sewng
operdion, itis very dfficdt and ti ne consuning to go back and repar aline of
gtitcing [8 22. Aso thread lubricdion has an i nportant effect on the thread
breakage. If thefirishis na regu a, anirregu arly bd anced seam wll resut, wth
rd aivdy hghthread breakage [ 3.

333 Seam O acki ng
When a seamina knttedfalricis extended d ongitslengh the extensonli mt of
the sewngt treadsisreached bef orethat o the falricitsdf, andt he sewngt hr eads
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tha break a one or nore pad rts d ongthe seamcaus ng an effed known as seam

crackng andthis wil lead to seam breakdown [9 33.

334 Seam@in

Seamgrinis a separaion of a sewn seam as a resut o transverse stress t hat
dlows the stitches andthreadto show Itis a condtionthat islikdyto occur wth a
low stitch court, insufidert tenson on threads, o i nproper stitch and seam
sd edion[§. Tool oose atens on or t ool arge a stitch, or the use of wong stitchtype
causes seamgin[22 3.

3 35 Seam i ppage

Seamsdli ppage occursin wovenf abri cs when yarns didet oget her d ong other yar ns
o aline o stitchingthus dlowng seamgrin[§. The amount of dippage nainy
depends ont he weave, fabricraw mat erid, type of seam stitch density, and sew ng
thread tenson [ 18 27, 35 36]. It may be affected d so by stitch type and size
tendon seam size thread chdce and excessive use o fabric |ubricant. Most
dippage occursin seanms tha run pardld tothe warp. Sippage wll more likdy
occur infalricstha havefilament yarns, | owcount or unbd anced weaves [ §. The
tighter t he stitch gri psthef abric thel ess seamslippaget here vill be. I ncreas ngt he
w dh of the seamalowanceincreasesthe number of yarnstha are betweenthe

seamandthe cu edge which creaes aresgingfaceto dippage[8 22 34, 37].

336 Sew ng Damage

Sewng danage is two types. hea damage and mechanicd danmage. During
sew ng, thefabricred gs penetraion bythe sewng need e Thisfridiond res sance
resutsinthe generaion of hea and d so produces mechanicd stransinthe yarn
andinthefabric[3§.

Sewng danmageis a serious prod emi n gar ment producti on, | ead ngto poor seam
appear ance and perfa mance and, i n a severe case, to conp e e breakdown of the
seam

The prodemis espeddly serious in kritted fabrics because they wll ladder if

damaged and because the damageis dten na apparent whenfirg sewn It ody
becomes evident when flexingin wearing and wash ng causes the damaged or

broken yarntorun back and becone vistde

The prodens which occur in sewng can be dvidedinothose of mechanicd

danmage andthose d need e heating danage[9.

3361 Need e Damage (Yarn Severance)

Yarn severanceisthe breakage o falric yarns tha occurs during stitching dueto
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inconpaklity o need g fabric and sewng speed Danmagetothe strudure of the
fabric occurs whenthe falricis penetraed by the need e Snce no dlowance is
made f or the position o thefabricl oops duri ngthe sew ng process, the need e can
penetratea any parntinthefabric It cant heref ae def or mt hef abri cl oops or cause
the fabric structre to be opened to such an extert tha it wll be torn open or
damaged. | n many cases, thHstype of damageis caused by afinsh ngtrea nent of
thefabric whichistoo hard Ths nakesthe fabricloopsrigd andirflex d e and
preventsthemfrombe ng d sd aced by thetip of the need e[23. Danageis nore
likdyto occur ontighter, denser falrics[39.

Sew ng damagei s generdly caused byl ack of mohilityi nt hefilres of the yarn, due
toh ght wgt; byl ack of mohility of t he yar nst hens e ves duet o d ose construdti on of
thedahortothe natwe of thefinsh ortothe use of over-large or Hunt need es

[18.

The penetrdion force o the sewng needeis the quartitaive measure of the
danmage which appearsinthe gar ment astheresut o the sewng process. To get a
better ook a ths process, knowedge of the fabric the usedthread, the sewng
need e andthe sewng mach ne nechanisns areimportart [39.

As combiringrows of | oops makes kritted fabrics, thereisthe poss llitytha the
need e can destroyl oops. I n choos ng a proper need g itis absd udy necessaryto
find ou the cored neede size and pant fom Hgwe 3 4 shows the neede
damagesto kritted fakrics [15.

FHgure 34 Need e danmages to krittedfabri cs accord ngtothe need e g zes

Need e damageis na dways vid ldei mmed adyafter sewng bu afterthe gar ment
has beenfl exed and stretchedin wear, or after mach ne wash ng, burst | oops wou d
show up as frayed yarn ends or as | adders runn ng back fromt he seam Knitted

fabri c devd ops| adders, whichrad a efromt he danaged seamanditisthe dense,
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fine-gauge, doul ej ersey structrestha are particd alyliad et o such damage [ 18,
4.

Yar n sever ance can be a serious prod emwth weft knits Runs may f o mandtravd
beyond the pan o damage. WWth woven fabrics there may be broken yarns,
weakened seans and poor aest hetic quditi es. Excess ve yarn severance can mean
second qudity gar ments and custoner reuns.

Causes o yarn severance are damged need es andincared type, pant and s ze
rd d@ivetothe fabric beang sewn. Incored thread type and size and high sewng
speed are dso paertid causes. Thck seans dtenrequrethcker needes and
coar ser feeds, whi ch can damage yarns. H gh speeds do nat dlowti ne fa yarnsto
move away fromt he penetraing need e pan which may resutinrupured yarns.
Lubricants may add during fabricfirisi ngtha will fadlitae yarn nove ment during
the sewng process|[§. Fgure 3 5shows the exanp es of damagetothe structure
o thefabric[23.

Hgue 35 Eanpes o damagetothe structuwre o thefabric

Itis wall known that if an excessve need ethicknessis used, thefabric structue
can be defor med beyond its dadticli nt and as a resut can be subjed to an
irrecoverad e stran Ths canresutin sgrificant damage tothe strucdure of the
falric Bdl-pdnt need es wll prevert damages as well. When sew ng knitted f abri cs,
itisbenefidd touse need es wthasmndl bdl pant shape(SES) fo finefabrics, or a
med umbdl pan shape (SUK) fa heav er fabrics. These pd s wll na penetrae
inotheindvidud threads or capllaies of thefabric buinstead wll s ndy d s ace
themsdlightly. For spedd fabric grades, the use of need es wth a her tip shapes
may d so befoundto g ve good sewngresuts Eventhe dightest damagetothetip
o the need e wll auoneticdly cause damage tothe strucue o the fabric each
ti me the need e penetratesit. The need e shodd t heref ore be checked constartly

and changed whenever necessary. Pracicd experience shows tha frequent
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changng of theneedea regdarintevds grealyreduces damagetothe structure
o thefalric HFguwe 36 shows the damaged needle pd nt [23.

Hgue 36 Damaged need e pant

The size of the need e hdesinthe need e g ae shod d d ways be matchedtothe
need et h ckness, becauseifthe need e hd es aretool argethefakric wll be puled
throught hemi nt he shape of afunnd. Thisis ana her wayin wh ch damage can be
causedt ot he struct ure of t hef abri ¢ If t he abovereco mmendati ons aref dlowed and
thef alxi ci s still darmaged, t he cause may be an excessvdy hi ghr a aiond speed of
the machine Redud ng the speed of the machine wll d ways g ve better sew ng
resuts[23.

The prod emaof mat erid damages as a consequence of unsutald e sewngneed ei s
above dl present duringsew ng of krnitwear. Because of spedfic positions of yarns,
bultinfabric and kntwear, ma iy mechan cd andther mtd danmages occur duri ng
the sewng process. The fabricis conmposed of t wo rectangu a thread systens.
When the need e penetra es the fabric the yarns are be ng pushed away. Evenif
the yarnis damaged, the consequences are na heavy s nce d her yarns support it.
Damaged spas extend oy alittle I nkntwear, the yarns ar e connect ed wt hl oops.
The need e pa nt pushes away t hel oops duri ng need e penetraion The w app ng
and eis here cons derably great er thaninthe previ ous case. \Whil et he penetraion
farce during sewngthe falricis beng dstribued onfour yarns, itis concentra ed
ony on one yarninthe case o sewngthe kntwear. Damage of met erid appears
whent he need e penetratesinothel ayer(s) and hitsthethread Thethread can be
damaged or even broken if the needeistoothck Damages can be seenin
mat eri d s producedfromna wd o man- madefilres as hd esthat spread acrosst he
dagticthread system They can have dffeent forns and can be dearly visHde
under the microscope. Bursting of filres nostly appearsin materids made from
caton whilether md damages ar e char act eri i c of syt heti cfitres. Fidion bet ween
the sewng neede and textile materid tha acts a hgh sewng speeds causes

heating of the need e The need etenperd ure can exceedthefibrés nelting pa r,
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which resuts in meterid damage Neede size has a dedsdve rde on the
appearance of nmeterid damage. An overd zed need e can cause bursting of t hreads
or tend on aroundt he stitch area, whi chresutsintool age hd es. Fortha reason as
fine a need e as poss de shou d be used However, one nmust pay regard dsoto
consi deral e vibraions o finer need es a hi gh sewng speeds, which canresutin
frequent need efract wres. Type andfineness of a sewngthread d soi fluencesthe
dze d asewng need e[14].

3362 Need e Heating

Heat is generaed during the sewng process as a resut o fridion between the
neede and the filres inthe threads formng the fabric The extend of heat
gener &i on depends onthe mach ne speed, t he size shape and surfacefin sh of t he
need e the density, th ckness andfirish of thefabric andthetype sze andfinsh
o the sewngthread[11].

Need e heat istheresult o fridion It occus when sew ng heavy falrics a h gh
speed or when stitchng severd fabric layers wth d ose stitches [8 18. Dense
falrics crea e norered stance and nmorefridion Iftenpera ure exceedsthe melting
part o thread thethreadislikdyto medt when sewng stops. Need e heat causes
thread breakage and fabric danage and it may fuse synthetic fabric and t hread

Br eakage usudly appears & the stat-up of the stitching Exanination of t hethread
under a mcroscope wil hd p deter mmneif mdting was the cause o kreakage[§ 11].

Need e heati ng causes sew ngt tread br eaks, cross-threads, sk pped stitches, seam
damage and phys cd damage d the need e[ 27].

The type of need efirish andthe need e shape arefactorstha afed the fridion

Need esfar sewngd ahare oftenfirished wthanickd o chrome d aingor Tefl on

The chrone firish hd ps dsspae hea as well asres s nelted partidestha may
cdled need e hea may be reduced by using a srmeller neede size a bdl eye,

addtiond fabric andthread | utricants, a dffeent thread type and size or need e
coders, tube like devices tha Howar onthe needetoreducethetenperaue
created byfrigion[§.

Need e heati ng generdly resutsfromfri dion when sewng at very hi gh speed, the
most severe prod ens are caused when sewng wth synthetic fabrics or threads
[19. The highther md load ng coud ed with mecharnicd load ng may | ead to yarn
br eakage [ 11].

The nost serious prod eminthe process of sew ng synthetic meteridsliesinthe
low heat resistance of the syntheticfitres. Ther sdftering pantis bet ween 180°C
and 230°G and the mdting panrt is bet ween 230°C and 260°C In h gh-speed
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sewng thetenperauwe of the need e reaches the nmelting pant o the syntheic
fitre soon andthenit begnsto madt and adheres tothe groove or eye of the
need e As a consequence, stitch ski pgng andthread breakage occur and nat urdly

the sew ng operaion wil gop[15.
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4. TESTI NG FOR TA LORAB U TY AND SEWABIUTY

The question o testing mat erid s pri arto productionfor what i ster med “tal arahlity’,
which is the ahlity and ease wth which conponents can quditaivdy and
quartitaivdy be sewedtoget her tof o ma gar nent but here | argdy pucker, andfor
sewalhlity, i.e mechanicd danage and need e heating damage [4]]. Testing for
such properties shodd be as autonstic as testingfa aher aspects o materids
perf a mance whi ch wll affed a gar ment duri ng maki ng up, weari ng and d ean ng but
itis na dten so. There aretwoinstrunents which have been avalad efor sone
yearsforinvesti gaing sewahility andt wo norerecert i nstrunents whi ch have been
devd opedtoinvestiga e tal aaldlity[9.

4.1 Tal orahlity Testi ng

The Kawabata Evd uaion Sytemfo Fabrics (KESF) was origndly designed to
measure a range of mecharnicd and physicd properties of fabrics, which were
rdaedtothe hande of afabric The systemconsss o fow instrunents, which
bet ween them measure the tensle shear, compresson bendng and suface
properties o fabrics. Fomthese mechan cd properties (dsoind ud ng wei ght and
th ckness vd ues of fabrics), the various pri nary hand vd ues (HV) o a falbric are
cdcu aed us ngtrand a@ion equati ons. The pri mary hand vd ues arethen trand a ed
irto fabric qudityinterns of the tad hand vdue (THV) by ana her speddly
devd oped trand dion equation The THV s are describedinter s of 5 excdler,
4 good, 3 average, 2fdr, and 1 poor. Fi nary hand vd ues areraed as 10 strong,
5 med umand 1 weak. These properties can d so be usedto pred ¢ howeasilythe
fabric wll make up into a garnent, i.e the ‘talaablity o the fabric Fabric
mechan cd prod ens can d so be pg dted and connect ed by aline on a HESC ( Hand
Evd uaion and S andard saion Comnittee) data chart, a so-cdled “snake chart”
whichindcaethe dlovab eli nits far each of the mechanicd properties before
prod ens aiseincuting sewng dc [5 9 22 42, 43 44.

The FAST equ prent (Fabric Assurance by Smple Testing) was devd oped by
Cd ROI n Austrdiaspedficdlyto measurethe mechan cd properties of wod en and
worsted fabrics, which wererd evart totdl aakllity[9. The systemcons sts o four
ingrurments. FAST-1 conmpresson neter deternines fabric thickness a vari ous

loads, fabric surface thickness and rd eased surface t hi ckness (the variahility and
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durahlity o the thckness df the fabric surface | ayer). FAST-2 bendng meter
measur es fabric bend ngl engh whichisrdaedtothe ahlityof a materid t o drape
and the fabric bendng rigdty rd aedtothe qudity o stiffness when afabricis
hand ed The bendng rigdtyis particdaly crudd inthe talaing o light wa ght
falrics as a very flex e fabric (I ow bend ng rig dty) may cause seam puckeri ng
FAST-3 extension nmeter measures extend lility at various | oads. During gar nent
maki ng-up, i n particd ar fabri c shap ng and sew ng, thefabric needsto be stre ched
tocertandegreetoconfor mtothei mended shape This akility of afalricto stretch
a | owl oad, or fabric extend hlity,is o mg or concerntotalas Thisinstrunment d so
deter nines b as extend kility, shear rig dty (the ahlity of two d nmensi ond pece of
farictofoma three d nensiond gar nent). FAST-4 d nmensiond stallity tester
measur es rd axati on shrinkage, caused by the recovery o filres strdned during
manufacing and hygrd expans on caused by the sweling or desweling of
hygroscopicfilres. Hghlevd o rd axaion shrinkage and | arge hygrd expans on
can cause seam pucker [21, 43. In addtion tothe a orenentioned properties
measured by FAST, thereis a new property namely Pressing Perfa mance. This
measurenment hdpsto predd the seampressng perfarmance of afabric pria to
cuting[2]].

The resuts are pddted on a chart s nilar tothat used far the KES- Finstrunents,
wth upper and | ower li nits marked f ar each property. Fabrics whose propertieslie
wthntheseli mts shod d nake upirno gar nrentswthou any probdens [9 43.
Unlike the KES F System FAST ony neasures the resgsance of fabric from
def or mation However, FAST Systemis nuch cheaper, s nd e and more robust
and perhaps nore sutedto anindustrid environment [44].

4.2 Sewability Testi ng:

Modern sewng nmachi nes can nowrun a speeds of upto 10000stitches/ min, and
operding speeds of 600-800 stitches min are na unusud. Such machi nery can
accdeaetofdl speed fromrest i nfewer than hdf a dozen stitches and t he most
moder n machi nes can do soi nlessthan one stitch Wththese mach nes be ngrun
a very high speed andin stop-sat manner as gar nents arefedin prodens are
common. Damagetothe mat erid bd ng sewn or tot het hreads usedi si npossid eto
avaddandistdeaed solong asit does na cause kreakdown o the seam|[1]].

The purpose of qudity contrd istoi nprove the qudity of the seamfor better
sewahlity.[7] Sewahlity testers andtest devices have been devd opedto quarntify
sewahlity, andinsone cases sandards[11]].

The Hatra Sew was devd opedto measuret he need et enper & ures produced when

sewngthefalric enpoyingthetenperauwe as s nmeasure o the fabric fridiond
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condtion Itis usedin corjunction wth a sewng mach ne and it measures the
tenpera wurereachedi nthe sewng mach ne needl e when sew ng a particul a fabric,
maki ng use of aninfrared detection device[9 11, 45. An Findexis generaedt hat
characterizes the fridiond condtion o fabric sanp es sewn under standard
condtions. Surface firish has a cose cordaion wth neede tenpera we [45.
S nce the fridiond condition of the fabricirfluences baththelevd o mechan cd
danmage andthe need etenperawes atta ned, measurenents o d@ther one of t hese
paraneters servesto nonta bah[3§.

The L&M Sewahility Tester operaes independertly of a sewng machine It
measur est he need e peneraionforcesi n order todet e ninet hefridional condtion
[46. Becausefalxics, by virtue of thar construction the materid o whichtharfilres
o threads are made, o thdr firish have dffaent degrees o redstance to
penetraion by a sew ng need eth s devi cet estsfabric sew ng properti es conpri g ng
afabric support and a need e head rd divdy novald eto effat o atempt need e
penetraiona a g wditydf spaced apart pd nsonthefabricand measurestheforce
reguredto push a needet hrough afalric[9 47].1t enal es consecuiveread ngs of
face penetraion of thefabric by a sdected needeto be neasured on a sndl
sanpe o fabric & arate of 100 penetraions min Using athreshddfigure hgh
counts arerecarded whenthethreshd dis exceeded Good sewahlityisind ca ed
by the absence o ‘H gh counts[4§.

Thereis afdrlygood corrd aion bet weenthe L & Mandt he Hatrasewvdues. Bath
tess are based on daafromneed etoyarn andin eryamfaciond faces [49.
Boththese nmethods areindred, and thar rdaionshipto actud sewng danmage
must be deter mined empiricdly [46. Al o these tests are dof-ine met hods of
acquiringinfa netion abou fabric The Hatratester is used while sewng, but the
device is nmeant as a rapd screening test. The L&M testea s nudaes the
falbrid machineineracdion bu itis used a oy 100 stitches per mnue, fa from
industrid speeds of 4500 stitches or nore per mnue None o these devices was

inendedto dl owthe sew ng mach neto adapt [49).
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5 SEWAB UTY

Today, appard manuf actuingi ndustryfaces wththe production of smellerladsina
faster ti me but a the same ti meincreas ngthe percentage of firg-qudity product.
Thisisachdlengeto autonsati on s ncefrequent changes of fabrics as well as styl es
cause extensve set-up times for the equpnent. Any systemtha dlows for
cons gert mach ne settings far a gven fabric fromla tola and workstaionto

wor kst &i on wil enhance the appard assently process [50.

The appard industryistrying to respond to forda gn conpetitiori s pressure by
chang ngits producti on phil osophy t o accommodat et he consuner de mandf or ever
incread ng sty evariaionandredle demandsfor norefrequent Just-InTi e (J T)
ddiveries of sl e orders. The appard i ndustry nust be al etorespondtothese
demandstorensa n competitive Appard manufactuingina Quck Response (QR
environment rmust havethe ablityto qui cky optini seits processes whenfaced wth
rag dy chang ngfabrics wth variald e met erid properties. Thi s vari alilityisi nherert
(saidicd) vithina gven falric and bet ween dfferent types o fakri c[5]].

A the centre of the sew ng operaionisthe sewng maching andin generd, an
experi enced opera arisrequiredtoset upthe sew ng mach neto properly seweach
falrictype. Asthe manufact uingindustry novestoward sneller lds wth greater
product vari alility, the sewng operaion becomes increas ndy i neffident due to
frequert trid and errar dteraions o sewng mach ne paranmetersto match fabric
properties. As aresut, the quartity and qudity of goods producedis drectlyrd aed
tothe skill o the operdaor. Autonetionis seen as a means o deskillingthe sew ng
operaion and providng a means of ach ev ng new nmet hods of manuf act uri ng such
as JiTand QR Tofulyauonste appard assenbly, the sewng nmachine nmust be
ald eto sense and conmpensa e chang ng sewng condtions. If the fabric type or
number of dies be ng sewn changes, the sew ng mach ne shou d det ect t his change
and dter sewng paranmgters to opti mmse seam qudity, i.e, the sewng machi ne
shod d adapt [45.
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Qahng manufad uing operaions are bascdlyinvdved wth the converson of
intidlyfla texile materid sinoathree-d nens ond. Gar nent, through a nunber of
oper dions, the mg aity of whi ch are sew ng operationsin wh chfalric sewahilityis
afado d the u nost i nportance [ 17.

Thel ast t wo decades o research on sewallity havel edto a grea e under st and ng
o the conpexineadionsinvdvedinjdringtwo or nore dies of mateid wth
thread Athoughitisd nost 150 years s ncet heinvertion o the sewng machine, a
sgrfican andyds of thsjdring sysemdd na energe until sewng speeds
increased beyond 3000 stitches per minue The nunber of prodens rd aedto
sewahlityincreased wth the hi gher sewng speeds usedtojdnthe newer textile
mat eri ds. Changestofiner gauge knits andfabricsfirished wth dfferent dyes and
fin shes, toget her wththe w despread accept ance of synt heticfibersin ba hfabrics
and sew ngthreads, aeaed newsewallity problens.

Previous researchers have investigaed these prodens wth a wde range o
ingrunments and recommended a numnber of approachesto min nizethe prold ens.
As the appard industry beconmes nore and nore aut onat ed, however, the sew ng
machi ne wll be sujectedto newrequrenents, dncethe opera o wll nolonger
have dreca contrd o thefabric and mach ne Infu wre manuf act uri ng environnents,
the sewng mach ne wll havet o be nor efl ex H eto perfa mequdly €ffid entl y acr oss

a wder range d fabrics[1].

Andyds o sewng technques indcaed tha hgher qudity appard assenbly
regured research into the fundamentd aspecds o sewng cortrd. Fomths
andyss thetwo courses of researchto be followed were the determi nation of
met hods for charad eriangthe dynanics of h gh speed sewng nmach ne and f abric
irteracions, andthe deter nmnation o et hods of adaptivdy cortrdlingthe sew ng

systembased onthe on-line evd uati on d the fabrid mach neirteradions [5]].

5.1 Sewability Definitions

Knowedge o the behaviouw o fabrics inthe manufaduing process is nost
i nportant in gar ment design and production preparaion as this dlows fo a
predeter nination of the paranmeters o the process. These parameters are

commony cdl ed‘sewabilityfacdors [17.
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Sewabhility has becone a genericter mi ntexile sd ence andtechnd ogy, mean ng
the ahlity o the nmaterid to be jdned effectively and to confam wthn a gven

spedfication o qudity and perfa mance acceptald efar its end use[57.

Sewability was definedin 1989 by Curiski s as ‘the effiacency of jaringtwo or nore
layers o fabric materid wth thread via machine sewng. Uchiyama defined
sewahility as the‘ ease with which a g venfabric can betransfa medintothe find
three-d nensiond gar ment’. Add ngtotH s defirition words such as* wthout causi ng
sewng prod ens o ‘damagetothe product’ can exd dnthister mnore exdidtly. It
isdsousefdtopdnt outha fabricsewaklity has quditdive as well as quartitdive
aspects, which shod d na be exd udedinthe evd uaion o sewahility[12]. Behera
et. d. defi ned sewalility ast he allity and ease with wh chf abri cconponents can be
quditaivdy and quartitaivdy seanmed together, to convert a gar ment. The
characteridics of a h gh-qudity seamare strengh, dagtidty, duraklity, stahkility and
appearance. These qudities can be nmeasured by seamparamnet ers such as seam
effid ency, pucker, dippage, damage and appearance [53.

Good sewahlity i ndies better ease of for nation of shdl strudues fromt wo-
d mensiond fabrics, resutingin ddgationfree unpuckered gar ments. | nproved
sewahlity requires opgtimumintegraion of such variald es as stitchlengh thread

tend on thread and falric charact eri gics, and sew ng nachi ne set up[11].

For good sewalhlity, itis necessaryto min nmzethe forcesrecordedin penetrdion
and wthdrawd o the need e andfoa manufact urersto opti mse need e penetraion
by combi ni ng proper fabricfinsh and constructi on and sewng paraneters[]].

Investigaions into many new prodens in sewing aridsng fromthe use of new
synt heticfalxics, evdved fromthe appicaion of basc engneering prinddes, e g
measurenents o the need e penetraion farces and neasuwenent o the hea
generdaed by the need e andits effect onfalric damageinthe process o sew ng
Thstype of workledto many innovaionsin sewng such as new shapes and
coaings o needes, lubricaion of threads, the firishing o fabrics and

recommendati ons onthe rev sed setting d sewng nmach ne paraneters|17).

Inordertosdvethe prod emabou sewahility, sgnd s nmust be generaed which are
ind caive o fadtsinquality. If tHs can be done successfuly, thereis a chancet hat
the sew ng process can be autonmet ed The qudity of the seamis nmei Ay irfluenced

bythe amount o thread consumnmed, t he need e penetraionfarce andt he fabricf eed

[54.
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5.2 Sewability Measurement Met hods

Early work on sewahilitywas rd aed prind pdlyt ot hef dl owng ar eas: t he searchf o
a s nde methodfa mi aof assess ng sewahility through, for exanp ¢ need e heat
or seameffid ency, based on a know edge of alimted nunber of paranetes mainy
fa quditaive assessment, evduaion o separae conmponents o the sewng
process, far exanp e neede penetrdion faoce or sewng thread tenson fo
quartitaive purposes. These neasurenents were based on the apgicaion of
commony avalad einstrunents usedinthe eng neeringfidd which were usudly
adetocdled oy asnmdl amount o data and neededti me consuning cd cu di ons.

Early contri bui ons towards an understand ng of sew ng technd ogy came from a
paper puldished by Daviesin 1933 which contansresuts o aninvestigaionirno
stitches and seansinthe coursedredioninp an, knttedfabrics. S xtypes of seam
were measured wth respect to streng h extend Llity and thread usage, and the
resuts prov ded a basi s fa and yd s and subsequent i nprovenent of qudity andfor
a costing o thread usage. Thi s constitited one of the firg pudished exanp es o
sewahility, treaded as a'prodd emin sewng.

Int he paper pubishedin 1939 bythe Shirleyl ngtitie(one of a series of reports on
qudity o fabrics, gar nents and sewng, statedin 1936), the causes of seamfalue
inwovenf alrics produced by transversel oad ng wer ef or thefirg ti ne, defined and
cat egorisedi rt o br eakage of t he sewngt hread, breakage of t hef abric, and sli ppage
o theddahyarnslyingcloseto and pardld wththe seam The work of the Shirl ey
Ingitue was the firdg exanp e of such systendtic researchinthe world and it
conti nued during and ater Worl d War 1.

The firg work, which dthough rud nmentary, was done in 1951 by Scott who
and ysedt he need e penetrdiontraces generaed by af orcetransducer pacedina
machi ne far sewng sacks addtiondlythe thermal danmage caused by the need e
was observed but na quartified The firg instrumented machi ne mentionedinthe
liteeaure was a bagg ng machine which had a facetransducer nounted onthe
need e bar. Need e penetraiontraces were olta ned andthe danagetothefabric
was evd uaed However, nofuther detdls abou it cod dbefoundinany avalad e
litrary cdl edion

The second work carried out a& Quarter Master Generd in Philadd phia wasrd aed
tothe met hod d quartifyi ng seam €ffi d ency.

Furt her research ont he sewng condtionsresutedin an expans on of the range of

i nvesti gati ons of the causes of damage by a need etothefabric, e g, dueto heat
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generdion[12. In 1952 Federick stud edthe effects of need e damage on seam
streng hin catonfalrics. He definedt he sewahlity of afabric asthe degree of its
resgance to neede damage [12 37]. Hs report i ngied tha dl seans fdled
through f alri c br eakage caused by need ecustothe yarn Hs work demonstra ed
the needfor a better method o cd cd aihg seam eff ectiveness. Inthe d d met hod
the nunmber of damaged yarns had been counted and thar vd ue was taken as
characterigang sewng effidency. Fredericks work resdtedin ani nproved seam
effidency fomi g the raio of seamtensle strengh to falric tensle streng h
expressed as a percentage This dlowed nore accurae conparisons of seam
effid ency a the stage of gar mert des gn Neverthd ess, th s was still i nadequat e as
the sde neasure o fabric sewahlity, s nce aher investigaions had d scovered
many norefados o i nportance, such as sewng environnent and humanfada's,
whi chi rfl uenced sew ng oper aions [ 17.

Four factars, which affects nostly on the sewalility are as fdlows: the effect o
ther md damage on sewalility, t he effedt o needle penetrationfoces on sewallity,
the effed o sewngthread on sewahlity, the effect of fabricfeed ng on sewahlity.

Researches ae dvidedintofou pats accord ngtoth s d assficaion

5.2 1 The Bfect of Need e Penetrati on Forces on Sewability

In1972, Nowak d dveryirf o neti ve work and carried out one of the nosti nport art
snde peces of research thus far, when he andysed the characteigics o the
need e peneraion processin quasigaic and dynanmicfaminred, na si mi aed
condtions, in contrast to previous researchers. Hs resdts showed tha need e
penetraion forces are of the same character under quasigaic and dynanmc
condtions, but the magnitudes are fou ti mes higher in dynanic condtions. Fom
these experi nents, it was obvious tha quas s dic condtions were nat sutadefor
the evd uation o need e penetraionforces, and cod d only be used fo quditaive
assessment [17.

In 1978 Leeming and Munden studed the factars affeding need e penetraion
facesin kritted fabrics and des gnedthe' L&M Sewahility Teste', wh ch has d so

been used fa woven fabrics [47].

INn1979, Nestle and A nd d contributedto knowedge on sewahility by i nvesti gati ng
therdaionsh p o neede peneraionfoces andther nd damage in a |ock-stitch

sewng rmach ne[17.
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The strucdure of fabric anditsressanceto need e pierd ng was wddy d scussed
by, Dorkin and Chamberlan Gduszynski and Gersak and Knez [12 36].
Gal uszynski exanined the effeds of fabric structwre on the fabric resstance to
need e perdng He used al ockstitch sewng mach ne Wbd- woven f abrics were
sewn wth and wthou thread and wthttree dfferent need e nunbers at a speed o
1740 rpm The resuts ohta ned showed a good corrd dion bet ween the need e
penetraionface and fabrictighitness and mass [55)].

In 1995 Syios and Xu investiga edtheirfluence onthe need e penetration f orce
caused by t he shape of the cross section andt he prdilecurve a the need e pa .
They and ysedt hef orces acti ng bet weent he constituert f abri cyarns and the need e
suface by neans of the mechanicd prinddes of dagidty. They found that the
fadas irfluend ng the penetraion force of the sewng machne neede nmainy
ind ude the mechanicd properties of the texile materids the variaion rdio o
need e rad us, the contacting arc lengh the fridiond coefiden o the neede
surface and the machi ne speed Hgh penetraionfaceis one o the key reasons
caus ngthe sewng damage. But the magnitude of the maxi mnum penetrati onforce

can be changedifthe need e pa nt prdil eis changed[56].

In 1996, Lonmov conpued the maxi num neede peneraion forces wth a
mat hermeticd nodd. He d so d dan experi nentto conparethe measured data wth
the predded ones. He used five 100% caton woven fabrics, having dfferent
strucdures, and onetype of chrommumcoa ed need e He neasured the maxi mnum
penetraionforce onlnstron equ pnent. THs measurenent gave st aic penetrdion
faces of the neede Resuts showed tha, there is a drea dependence of

penetraionface onfabric srudud paraneters[57].

The need e penetraionforce can be cd cd @edin dfferent ways: as afunction of a
nor mdl farce and fridion coeffid ent, wherethe nor md farceis expressed wththe
ressanceforce of ayarno as afundion of nor md farce and need e prdil e and
speed The novement o a sew ng need e depends on a char act eri gic movenent of
a whd e nmechan sm which noves need e bar or need e Vd ues of need evd odtyin
the penetraion area coudd be obtaned wththe hdp of s md a&ion of need e bar
mechan sm novenent. In 1998 Lgen s mi aedthe need e bar mechani smusi ng
the programpackage ADAMS Theresutsshowedt ha, t he constructi on of a need e
bar mechan sm has ani nportart ifluence on vd odty and accd eraion vd ues.
H gher main shaft vd odty resdtsin hgher v odty o a sewng needeinthe

peneraion area I naddtion the penetirdionforceis higherintha case Achi eved
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i rf ar rreti on on vd odties cod d be usedfa cd cul&ion of the penetraion face of a
need e[5§.

Fabrics by virtue of thar construction the materid of whichther filres or threads
are made, o thdr firish, have dffaent degees of res sanceto peneration by a
sew ng need e[47].

Need e penetraionfaceresdtsfromtheres gance of thefabricinte s of fridion
face onitslaerd suface duringthe dternaing novenment o the sewing cyd e
Q her fadt ors such as need ethreadt ens on andthei nerti af orces caused by need e
bar accd eraions cortribuetothe variaion o thsface[59 6.

Generdly, there are four nmg o sources of fabric res sance to the penetraing
need e

(D Menbrane stressresutingfromt he fabric bend ngi nthe dredion of the need e
moti ory

(2 Fidion bet weenthe need e andthefalric

(3 Threadsres sdanceto adsdacenentinthevidrity of the need e resutingfrom
threads res g ance to bend ng and fri di on bet ween war p and weft threads;

(4 Threadstens on owngtothdr d ongati on dter the d sd acenent [57].

Hgure 51shows thefaces, ading onthe penetrating need e

I f .
N uN
F
/

F

FHgueh1 Foces adingonthe need e

FHgueb5 2shows atypcd s midaionresdtfromthe Fnte Henment Andys s(FEMN
o sew ng need e penetrati on d sd ayi ngt he needl e cutti ng acti ons. Fomt hefi gureit
is seentha when the need e reaches the fabric the fabricfirg bends and t hen
yidds, fa ning a hd e[ 61].
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3 e

Hgueh?2 The d mi a&ion d sewng need e penetrdion us ng FEM

The penetraionforcerepresentsthe vectaid sum of dl thereactionforces, which
occur whenthe need e penetraesthefalric as aresut o ti me-dependent i npact,
dsdacenment, and fridiond farces. Thei nmpact forceis deter mmned mai nly by the
shape o the need e pant, the fl ex hlity/and support o the fabric as wdl asthe
shape of the stitch hd e andi npact speed. The dsdacenent farce or red sance of
thef abric depends| argdy onthefabric sstruc ure andrhed og cd char actei gics as
well as ont he need & speed. Therhed og cd charad eri gics of t hef abricind udet he
fitre suface/ charadeistics and the crosswse farces which occur inthe fibre
assently, i.e the fibrefilre fridion the conpactness o the kntting yarns; the
dsdacenment and conpress on effect of the cone and € the cross-section of the
need e pd n; the size and shape of the stitch hd e and the nunmber o layers o
falric. Thefridiond forces bet weent he need e andt hef alric ont he ot her hand are
afunction of the conpress onfarcesint hefalricand of t hel ubri cart present ont he
fire meterid, i.e the filre metd coefident of fridcion The dsdacement and
conmpress onfarces depend, intun onthe construcion and density o the fabric
[63.

In 1999 Y evic described the mei n characteidics of caton knitted fabric finsh ng
and sotering The appicdion of a new device far testing | oop damages is
d scussed, together wth the nmeasuing system for testing the sewng neede
penetraionforce Thereduction o theina dence of | oop danage, in rd a&iontothe
sew ng need e penetraionfarceisinvestigaed onthe sind ejesey caton kritted
fabric[63.

5.2 2 The Bfect of Sewng Thread on Sewabhility
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Athoughthe charad eristics o curent sewngthreads are adequate thdrtechn cd
pr operti es still requirei mprovement to match nore de mand ng process requirenent
mor e d osdy. The physicd and mechanicd properti es by whi cht he qudity of t hread
shodd be judged indude breaking strengh dongaion a hreak varidion of
phys cd and mechan cal properties, andtwds thread livdiness). During sewng, a
threadis subjectedto a multitude of frequent changes of tenslefarces, which are
destructive and reduce thread streng hinlockstitch mach nes by 30% and nore
Thisreductionin seam streng hrequres stronger threads, wh ch are consequently
mor e expensive A weakenedtlreadis dso prone to break, whch consequertly
leads to s oppages o the sewng rmach ne

Past researchino sewngthreads has been concentraedintwo mai n dredions:
defiri ngt he proper paramet ers carrd aed wtht hread br eakage and quantifi cai on of
facesto whichthreadis suljeaed thar causes andthear d sri bui on during stitch
fa mation[17. A good sewngthread shou d g ve an accept ald e seamappear ance,
i.e poper gitch geonetry andtight, unifa mand unpuckered seam[64].

In 1952 Kd esnkow Pankowa and A exeev pubished ther research on sewng
thread tens on varidions during the sewng process, whch they linked to the
nunber o res sance pointsfromt hread gu des whi ch cause anincreaseinthread
tend on Theresuts o ther work, dthoughina rud mentayfo m were anongthe
firda pubished and stimul @ed irntens ve researchin academa and dso by the
thread and need e manufact uing sect as over the fdl owng decades.

The experi nents whch focused on measuwing thread tenson and definng its
magnitude during the sewng process are perfor med by fdlowng researchers:
Tomanec and Sanek, working on the | ock-stitch machne dscovered tha a
rddionship ex s between the stressinthe thread and theload onthe pae
tend oner o the sewng machine Nowak and WeZ ak measuredthe d sribution of
dynanic stresses of the sewngthreads ontwo | ock-gitch sewng machi nes and
foundtha maxi numvaues were a speeds of 500-1000 rpmand 800-1800 rpm
A sothetens on decreased wththeincrease of the sewng speed, whichwas| der
corfir med by Deery. They cond uded however, tha the maxi mum value of the
dynamc tenson was lower than the strengh of the threads used In sone
drcunstances particd alyinthe urfavourald e speed range wth maxi nrumt hr ead
tensons, ahigh staictens on andthe exisence o weak pgacesinthethreaditsdf
codd cause thread breakages. This investigaion was li mted to two sewng

machines, and thereis a need for futher investigaion usng newer types of
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machi nes[17.

The stud es o dynanictens oninsewngthreads have generdly beeni ntendedf or
i nprovi ng seam qudity. Contrdlingthetightenngtens on of sewngthread during
h gh-speed sewng cod d be usef U fa i nproved sewahility[11].

In 1991 Gersak and Knez neasuredthread strengt h reduction and dynamc stran
us ng PG basedi nstrument ai on andf oundt ha these wer ef uncti ons of t he f dl ow ng
fadas the nunber of passagesthread makes over thread gu des, threadf acti ond
properti es, thread fi neness, and the pressureforce tha the dsctensoner exerts
upont he sewngtthread They d so and ysedtheload ng o t het hread and confir med
the srengt hreducti onrange neasured by the previ ous researchers[17.

5.2 3 The Bfect of Thermal Danage on Sewability

Earl yresear ch on sewability was char ad eri sed byi nvesti gati ons of damagetofabric
caused by the need e Ate Scdt, there were severd atenptsto assessther nd
danmage. Sd dhd m d scovered tha wax contert in a caton fabric reduced the
needetenperauwe as dd aher lubricants. Frederick and Zah eboylo nount ed
slver sddered constantan wire in the back groove of the neede a dffaen
positions. By using a spedd pyroneter the needetenperaue was measured
during sew ng and t he cond us on was reachedtha theineaia o the need e was
hatest andtha the heat generaed was afunction of filrefridiond properties and
dahtightness[17.

Dorkin and Chanberlan studed the effeds of increases in mach ne speed in
rdaiontoase o vaiousfactas(the need e thefabric andt hread charact eri i cs,
the nunber o dies). They d so measured need e heati ng usi ngt her nrocoug es, by
theinsertion of asndl dianeter farous wreinsdethe need e eye and by sd dering
thsinothe need e goove a dfferent pdrs uptothe need e shod der [ 39].

Khan et.d, studed the behaviow o neede penerdion foces in simiaed
condtions, usng an Instrontendletestinginstrument, wththe a mof iderntifying
need efalric ineradions leadng to hea generaion The peneraion and
wthdrawd farces and energy expended were nmeasured as functions of need e
vd odty. The need e vd odties were however, 3-4ti mes| ower thaninactud sew ng
condtions. Theresuts oltd nedfor three mg o variad es (the number o layers, the
need e daneter and need e firish) corfirmed tha they affed the nagritude of
need e penetraionfoarces andtha therd aion of the need ep erd ngfarceto need e
daneterislinear. Th s was confirmed d so wthrespect tothe nunber o t hefabric
layers. However, inthdar study, the farces were measured under linear vd odties
ingead of s nusddd inthered sewng process. A so the magntude of the vd odty

isdgnficartlyl ower thanthe actud sewng vd odties Howard corfir medt he eff ect
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o increas ng need e d amet er i n gener aing more heat. However, becauset he heat
detectar codd na respondtorapdchangesinneedetenperaue the prdile of
need etenpera ure d gribuion wasinaccurae

As a resut o irntendve investigaions ino prodens o needéthreadfabric
ineactions, many technicd i nprovenents were devd oped indudng a spedd
need e design need e coaings, falric and thread firishes, fabric lubricants and
need e coding net hods. For exanp e Schetz devd oped a sped d need e cdl ed
'the 0 ued, bu ged eye need €. The eye of thHs need e was en arged, whichreduced
the contact ti me wththef abric duri ngt he passage o the need ethroughthefabric
layers. Al the above mertionedresearchresutscontribued grealytothe body of
know edge on sewahlity of kntted and woven fabric[17.

53 Integraed Conputer-Based Sewability Measuring Systens ( On-Line
Measur ement)

The early work contribuedtothe body of know edge on sewakility and showed t he
conpl exity o the prod ems fad ng the i ndustry, particd alyinthe process of the
devd opnent o sewahlity pred dion methodd ogy. Thi's however requred nore
advanced techn ques and i nstrunent a&ion such as falric olj ective measurenent
technd ogy andinstrument aion of the sewng mach ne wth very sensitive sensors

inregaedin PG based equ prent [17].

Continuous nonitaing of the seaming process on the sewng nmachine as an
i nportant prerequi steforthe au onation of sewng staionsis carried out al tooin
frequently. Itis absd udy\itd tha the fadts be det et ed whil ethe seamisactudly
be ng sewn, sotha sew ng mach nes do na produce rgecs, even wthout be ng
supervised by an operdive thereby redud ngthe costsinvdvedinredifyingfauts
laer on[54.

Advanced sewng machines shou d be abd eto set up autonsticdly, detect sewng
fadts and sdf-adust to required settings. In order to achieve this oljective a
sew ng mach ne has beeninsrunmented wth sensors, sotha wavefa s of need e
penetraion and wthdrawal forces, presser-fod conpresson farce and sewng

thread tend ons can be capt red and and ysed

Saidicprocess contrd isfundanmentd toach eving astae o excdlencein qudity
and "zero defects” On-line process contrd can adequatdy nanage qudityin a
modern advanced manufad uing system by finding and di mnating the causes o

defects Inthe past fewyears, eventhough consideral e progress has been made
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inareas such asred-ti me sew ngroomproduction manage ment, t he on-line cortrd
o sewng paraneters has na yet beenfdlyindudedinthe overdl package[59 6Q.
Conputers have made qu ck and accurae measuring possde as wel as staing
qute nunber of measured datai tothe conputer nenmory banks, together wththe
subsequent mat henaticd processing and andyss of the dataobtaned Hgue 5. 3

shows the prind d es d measuri ng [ 65.

Today, it has becone possldeto observe and record dynamc changes wth a
preddon in tine as fine as 10°seconds. Such measurenents can provde
invd uald ei nd ght si nt o high-speed sew ng (speeds above 3000 rpmf o al ock-stitch
machi ne) and shod d hdpin appard process ng

In the light o recent devdopnents in instrunentaion which enade rapd
measurenents to be made, the dynamc components of the sewng process
partid paingin stitch formati on can now be nmeasured wth higher accuracy. The
i nportance of these measurenents o the sewng processistha quantificaionis
rdaedtored-timg nato s miaed condtions. The present nmeasurements are
'nearlyred". The resd uionreaches 10°sec., and conpu sory pauses i n b ocks of
data acquidtion are smdl, sotha itis acceptadeto cdl the acqu stion of data
‘cortinuous, as if it was acquredinred time Wth the capahblity of nodern
ingrunmentaion many more factas, besidestha o the need e penetraionforce
can be neasured s mitaneoudy, lead ngto a more accurae and precise sew ng
process and ys s. Vit hi ncreased sanpling capahlities many unf oreseenf act arst hat
arise can be quartified and provide fresh inpu for (falkric thread, nach ne)
des gners[17.
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In 1976, Hurt and Tl e measuredthe need e penetraionforce by using a stran
gaugeinthethroa fdae o alockstitch machine A speeds of upto 2000 rpm it
was foundt ha t he damage occured a the neede eye, andit was da nmedthat the

penetraionforces was greater a | ower speeds, perhaps owngtoincreased fabric
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defor mation It was dso panted out tha peneraionfarces are vecta forces and
dffer wththe fabri c construdion[66.

Inthe 1980s, dynamc need efarce andthreadtens ons prdfiles were capturedin

red ti me by ud ng conpute/ sensar technd ogy.

The firg inportant computer-based neaswements were carried out by the
Denkendorf I nstitut e of Technd ogy and reportedin 1985 Thethroat dae o al ock-
stitch machi ne was stran-gauged aroundt he need e hd e wtht he cut dof part of the
presser-foa prevertingineference wththe d um numgauge. The and ogue i nput
sgnds were anplified and convertedto d gtd for mand and ysed by an Appelle
mcroconputer. The sampling rae was 30 KHz. The programme was wittenin
BAS Cand d sd ayed 255 datapansin50cydes, wth5datapdnsper cydeony,
asforce magntudei nstick and/ or bar for ns versusti me. Tests were carried out a a
speed of 1000 rpm wth and wthou need ethreadtoinvestigae dfferent fabric
finshes. Th s systemis worth mentioring asthe fird known attenpt toirnegrae an
ingrunmented sewng machne wth a conputer. However, the system exh lited
some shortconings, firdly, i nstalility of t he stra ngauge, | oca edtransversd ytot he
axi s of thefabricfeed drection secondy, the 1000rpmspeed| evd was insufid ent
to expose the ful neede pedngforces, andthirdy, there was no capahlity to
measure wthdrawd forces [12]. Besi des, the sewahlity testers which has been
conducted using a strain gauge attached to the undersde of the throa pae
generdlyyiddconparaive need e peneraionforces. Ad aity of farcesis dfficdt
toohtanbecausethethroa daeissuljededtoaddtiond farcesfromthe presser
fod. Sone workers have tried to min mze presser foa irfluences by using an
dtenaefeedng mechanism Whenths approachis used the practical vdueis
limted because o the dteraion of the sewng system under study. Addtiondly;,
previoud y puldished stud es and sewahlitytesters appear to beli mtedinter ns of
adequat eresd uion of forces a h gh sew ng speeds, | os ng d aity a 2000 stitches
per mnuel[]].

9 nce one o thei nportant prod ens i n sewakllityis fabric danmage, and her very
ineresting research prgead by SJios is worth ouliing In 1986, he studed
dynamc sewngforces onthe sewng mach ne wthou nodfyingits action (unike
the one devd opedi n Denkendorfinthel nstituefor Textil e Research). Ani ndustrid
overlock mach ne nmost comnony used for kritted fabrics was sd ected (R nd d-
Qion627) andstrangauged a thethroa d ae(part o the g ae was convertedto a

cartilever, through cusinthe paeitsdf) and on the sewng neede (apdied
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successfUlyfar thefirg ti me) toinvestigaethe forces acting uponthem[67]. The
top and undersde part o the cartilever contaned two pezoredstive sen-
conductar stran gauges. The throa-dae cantilever's naud frequency response
was 35 Hz. Inthelight o current researchtrends, the frequency response of the
transducer wast ool ow whichledtosnoa hing ofthe signd andtotherisk of some
o the h gher frequend es of the si gnd bd ng nissed, particd alyinan andys s of the
ineactions o the a her k nemetic conponents of the mach ne Each sew ng cyd e
was marked d edrori cdly usi ng a shaft encoder. Thei nstrunent ed sew ng mach ne
was i ntefaced wth an | BM persond conputer. The data acqu Stion programme
was witteni n Language C The nunber of data parts was 228 per cyde at 3220
rom The auhor dd medtha the systemwas fuly portald e and cod d be used for
testing ather machi nes. However, a doult exi s over the rdialility of the gauged
need e in repditive measurenents fa commerdd apgicaions. Addtiondly the
need e penetrdion signd was cordaed wth a video canmerafao the purpose o
monitaing knitted fabric danmage. The cordation of the pauwes (the neede
ineaction wththefabric, a the stitchfao nation zone) wththe need e penetraion
faces was acconplished and ths exanp e showed the poss lility of monitaring
krittedf abric damageinred-ti ne It was shownthat damageis afridional prod em
bet ween yarns and the meterid o the sewng neede and neede pdae The
danping o yarns in fabric depends upon fabric fridiond properties and ths
exd dnedthei nportance o falbxicl ubricationinredud ng sewng danage [12, 67].

Kanmet a et.d.(1987), stud ed on d aifying the generaion mechan smof tighten ng
tend on(wave) on a verylowspeed sewng by a conpute s mi &ion They used

wth anindustrid dnd e-need el ockstitch sewng machi ne Janome DB-J704 [ 6§|.

In 1988 Matthews and Littl e devd oped a measuring systemt o capt ure and and yse
faces dredly encourntered by the need e bar and presser bar froma high speed,
s ngd e need el ockstitch sewng machinein North Cardina Sae Universty. The
facesrecordedfromt he need e bar r &l ed t hose encourt ered by need e penetr ai on
and wthdrawd. Thefarces recordedfromt he presser bar arethosetransferred by
the feed dog as it advances the fabric each sewng cyde A measuring system
known asthe NCSU sew ng dynano et er i s capal e of det ecti ng changing sew ng
paraneters, indudng varigions inthe materiad beng sewn, increasng pies o
fabric, fridiond farces on the sewng neede and the dynanics o the feed ng
system Forcetransducers were nounted drectlyinothe shaft of the need e bar

andthe presser bar, as can be seenfromHAgure5. 4[45.
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The data were recorded dredly to a two-channd record ng osdlloscope. To
standard zetherecoard ng andf adlita et he process ng of wavef or ns, datarecord ng
was triggered by a si gnd fromt he need e positioner. An X Y dte was usedtopd a
the dgtd infa netionin and ogue faom They chosethree nateridstoillustrae
dynanmic forces. paper, rubber and den mfabrics (firished fabrics). Meterids were
tetedin one two, three and fou dies a sew ng speeds o 4300 stitches per
mnute During thar study, researchers subtracted the trace obtaned wthou
mat erid under the needleg i.e inatiafarce oy, fromtraces obtaned by sew ng
aher three materids The reason for tha, accordngtothe auhos, was need e
bar's traces contaring addtiond tenson and conpresson farces because of
accd erdion and decd eraion o theres dud mass of the need e bar andthe need e
bd owt hetransducer. Fgure 5.5 shows an enl agedtrace of thefarces exerted on

the need e bar duing one sewng cyd e

7.26 3

Ibs “’&( JV/"M’\‘

-5.57 9

lgw..dln- 18iny ]
(o] milliseconds 1279

Hgue 55 Qiticd pdns observed during needle penetrdaion and wthdrawd. 1-
ned e a thetop of cyd g 2-pad rt penetraion 3-eye penetrdion 4-scaf penetraion,
5frigciond farces on the shank, 6- shoud der of the need e penetraes, 7-1owest
positioninthe cyd ¢ 8 marksthe change byinertid bythe need e bar, 9-fridiond
faces during wthdrawal, 10-scaf wthdrawa, 11-eye wthdrawd, 12-pdn
wt hdr anel
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They found t hat, need e penetraion and wthdrawa forcesincrease asthe number
o dies of meterid sewnincreases andthsincrease depends onthe properties of
thefabric Aso theyindicaedtha fa dl sanyes, need e penetraionforces were
orea e than wthdrawd forces [49.

In 1991, Catchpde and Sarhad noritaedthetens on onthetwo neede threads
and the | ooper thread of an industrid cha ngtitch sewng machine using stran
gauges and the datarecorded us ng an and ogue-to-d gtd converter and 68020
based microprocessor. The dat acdlected and ysedt oi dentifyt he vari i ons r d aing
to nmissed stitches. The study a ned spedficdly & devdopng a means for
idertifyi ng nmis-stitches asthey occur. Depend ng onthe cost, the resuting system
cod d be used as a qudity contrd device far ex ging machines, as a d agnostic
systemf o mach ne and threadtroul e-shoaing or as a monitaing systemf or such
fuue auonet ed systems. The sewng mach nes usedinths study were a par o
R mdd B63 cha nstitch machines wthtwo needes, produd ng a dould eline of
stitches wth a common|ooper thread For thesereasons a new gauge set based on
p ezod ectric ceranmic-gauges was beng bult having a nmuch hgher naud
frequency. Thetarget farthe s npg e ms-gitch detecta was a system which can be
atached per manentlyto each of the sewng mach nes, ina med umsi zed gar nent
facdary, andit nust therefae bel ow cost and s nd et onnmass- produce. Accord ngto
the authors, to usetheresutsinindustry, ared-ti me system nmust be devd opedto

hand ethe process ngfor a mach nerunn ng a | east 6000 rpm[ 69.

In 1991, Little et.d. studed on the irfluence of fabric properties on sewng
perfa mance, espeddlythe feedng of dies of texile materidsthrough a sewng
machine Hd&f 463 drop feed | ockstitch sewng mach ne was equ pped wth high
dynamc response transducers on the presser bar and neede bar. A Kstler
p ezod ectri cl oad washer wasi nsertedi nt he presser bar j ust abovet he presser f odt
mounti ng and a prox nity sensor was nount ed directly abovet he ext ended presser
bar on top of the sewing head to get the feedng farce wavefar ns and the
dsdacenent o the presser bar. The data acquidtion system is shown
schenaticdlyin Hgue 5.6 The machi ne speeds usedfortrids were 163, 338, 619,
1017, 2600, 3886 and 4600 rpm Presser bar dsdacenment and force wavef or ns
were andysed bathintheti me and frequency donmeinsto evd ua e how nat erid
properties cod d be used to contrd o ad ust machi ne settings in an autonet ed
appard environment. Feed ngforces were corrdat ed wthfabri c properti es. Presser

foa bounce was shownto depend on speed, sewng conti nati on andt he properti es
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o the met erid be ng stitched Presser bar d sd acenent andforce wavefor ns were
andysedto evduae how nmaeterid properties codd be usedto contrd o ad ust

machi ne settingsin an autonat ed environnent [50.
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H gure 56 Conponent corfigur aion o the NCSU sew ng dynano et er

In 1993 BUH e and Hennrich constructed atest rig based on a doub el ockstitch
maching Hdaf dass 483 wth whch the effeds o thread tenson neede
penetraion farce and the horizotd and verticd presser foa farces on sewng,
coudbestuded Anewdevd opnent wast he presser fod sensor far convertingt he
mo mentary pushing and pressngforcesinodedricd sgnds | nprovements were
dso madetothel TVneed ed @aesensor for measuwringt he need e penetraionforce
andthethread tens on sensor from A af fa measuringthe tenson of the upper
thread, enalding mssed stitches to d so be detected The dagram of the need e
penetraionfocerecorderisseenin Fgueb5 7. They carried out thetests on knitted
falrics The fdlowng aspects were cons dered wth a viewto nontaing sew ng
machines by neans o sensas, takngino accourt industrid regurements and
std e d-the at technd ogy. thread feed ditchfamati on fakricfeed

The a@ mwas tofind ways of auongticdly contrdlingthe mach ne functions usi ng
the measurenent sgndsinordertoach eve optimumsew ng duri ngf uly aut orneti c
oper dions. Anat her olj ective wasto nonita stitchfor nmati on as regards the nature
and position of thread loopng and laying sotha fadts inthe seam coud be
avd ded Theresuts of the neasurements were and ysed and d sd ayed usi ng an
MS DOS conpatide computer. A nonta and a prirter were used fo data out pu
[54. Fgue 58 showsthe arangenent d the sew ngtest equ pmnert.
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Hgue 58 Arangenent of the sewngtest equ pment

In 1993 Ferrdra et.d investigaed the s mitaneous neasurenent o both the
need ethreadtens on and bobbinthreadtensoninter ns of tensonvaridionsin a
stitch cyd e and how dfferent fact ars affed thar behaviour [ 70]. And they defi ned
thet hreadt end on setti ngs, based onthe measurenent of peaktens ons, accord ng
tochangesinsewng paraneters, to ensuret he producti on of bd anced seans [ 7]].
They showed tha the bd ance of the seam was a function nat ony of baththe
need e and bobh nthread tens on vd ues, as was tradtiondly bdieved bu d so of
the stage a whichthe appropriae rd aionsh p bet ween baththe neede and the
bobhi nthread tens ons occurs [66.

Thetens on ont he needlethread duri ng a stitch cyd e was measur ed on thet hread
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line bet ween the take-up lever and the neede by sensing the deflection of a
cantilever beamusi ng bondedfdl stra ngauges. | n order to neasurethetens on of
the bobhi nthread, a cantilever beam was made t o support the strd n gauges and
convert the vari &ioni ntens oni o a defl ection o the deviceinthe area wherethe
stra n gauges wer efixed. The carntil ever beamus ng bonded f dl strd n gauges was
fixedi nfront of the bobkin case wherethere was a sall gap bri dged by the bobhi n
thread S nger Cent uionl ockstitch sewng nachine ( S nger 121D300BA) was used
inthe experi mentd program The datacdlededinthe experi ments were processed
us ngthe mitigeregress ontechn que[70Q.

IN1994 G app et.d studedina prgec funded by Nationd Textile Centre( NTQ on
i nvesti gati ng newtechnd ogy which codd be usedto auonsaticdly nonita sewn
seans, indud ng sk ppedstitches, i ncoredt tend ons, seam alowance vari aions
andthe nunber of dies sewn. Ther olj ective wasto atachto a sewng mach ne a
“‘thack box’ whi ch wou d aut oreticdly ad ust the sewng machi ne settingsinred-
ti meto opti mse perfa mance. Researchers st udied on devd op ng an econonicdly
fead H e onli ne stitch quality monitaing system Th st echni que uwilized commerd dly
avalald e | owcost [ ezod ectrictransducerstha respondt ot he v br &i on caused by
thethread notion The sensor outpu was cdlected by a PG based LINUX data
acqu dtion systemand used to study and nodd the fo nation of sinde sk pped
stitches. Periodc occurrences were idertified and atribued to proper stitch
fa nmationn whereas, the absence of perioddtyin such events can signd the
presence of singd estitch def ects and d agnoset her causes. Inan effatto modd the
need ethread notionfor a 401 cha nstitch sewn at 1800 rpm they found t hat t he
criticd portion of each stitch cyd e occurs as the need ethread was puled down
throughthefakricto be jdned wththel coper thread, which can be seenin Fgure
59 ThHsfeauwe was dearly absent in FHgure 5 10, whichillustraesthe occurrence
o asing e skipped stitch over four stitch cyd es. This def edt was vi sudly corfir ned
onthe sanp e[4.
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Hgue 59 Four properlyfa med cha nstitches
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H gure 510 A sk pped sitch over four gitch

INn1995 Pora et.d. developed an opticd system at her than dynancdly monitaing
the thread tenson to detect mis-ditch(skip stitch) as it occurs on cha nstitch
machines. A sinde neede cha nstitch sewng mach ne (401 stitch type) was
sd ectedfor the study. Andthey stud ed wth knitted f abri cs. I nt he syst emdecri bed,
afi ber opti c probe used as afl exiH elight gu detotrans nit t heli ght t ot hel ooper and
cdled the refleced light fromthe | ooper surface The anmount o relected light
ind caedthe presence or absence of need ethreadl oop onthel ooper (in practice
the grea nmg aity o misstitches wer e caused byt hel ooper falingto enter thel oop
o the need ethreadtralingfromt he need e eye ast he need erises). The ana ogue
signd produced by a pha odet ect o and anmplification crcutry was read through an
inaface board contaring an 8 hits A D converter. Data onthe nmachine position
was derivedfrompu ses genera ed by an opticd swtch connectedto a sldted d sc
located on the sewng mach ne drive shat. These puses provded an accurae
w ndowi n whi cht het hread presence was checked. The anylitude and shape of t he
s gnd o the pattern was dfferent far misstitch and properl yf or ned stitches, as seen
fromthe Hgure 5. 11 Thel ens hous ng wasi nsertedt hrough a hd e drill ed under t he
throa dae sotha the light beamcoud be projeded perpendcda tothe target
resutingi n maxi mumr eflection Thefed dog was dightly nodfiedtodlowd earli ght
pah Experi ments were done a 2100 rpmand 6500 rpm and system proved its
rdialdlity[30.
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INn1995 Amirbayat €. d. investigaedthe conb ned effects of machi ne variab es and
conpressond parameters o kritted fabrics on seam shrinkage and thread
consu npti on duri ng cha n-stitch, type 401, sewng They d so d scussedthefad as,
whi ch affect the dynanmic peak, averagethread tens on andthe novement o the
pressure bar. Forthis purpose a R nd d s nde-need e mach ne was used Duri ng
sewng, the dynanicthreadtens ons were nonitored by a stra n-gauged cartil ever
armandthe verticd dsdacenents o the presser bar were measured by using a
Hall-egfed position sensor. But they d drit andyse the subject deedy. They j ust
monitaed about th s subjed as an append x[77.

In1995 Chnieowec studedontos mitaneoudy neasure need ettreadtens on,
need e penetraionforces, presser foa dsdacement and presser foa pressurein
red time. The system was devd oped in Hong Kong Pdytechric Un versty and
presernted as a PhDthessin Leeds Univerdty. In 1995 Heinstrunmented a sind e
need e F af 563 mach ne wthtransducers. Sewing speed was upto max num of
5500rpm He gavethe name‘ RSTM (whichstandsfo Rchard s Sewahility Testing
Method) tothistester. He dso devd oped a seam pucker neasuwrement system

us ng dgtd i mage process ng[19.

In 1996, Dorrity and Q@sonin Georgalnsitue of Technd ogy, stud ed on t hread
motionraio( TMR) to monita sewng machi nes. TMR was defi ned asti ne of thread
motion overtad s ng esewng cyd eti me. Accordingtothdr work, ti me of moti on of
threadisrdaedto stitchlengh a constant speed and stitchlength generdlyis a
goodind ca o o stitch qudity. To measuret hread consunpti on wthti me of noti on
a pezo-dedrictransducer was used They used 301,406 and 504 stitch types.

Experi ments wer e done on den mfabrics[73.

In1996, Aagha et.d,inUM ST, stud ed ont he effed of sewng variald es andfabric
paraneters on the shrinkage of cha ngtitch seans sewn by two dfferent thread
feed ng systens: conventiond and positivefeed met hods. They stud ed wth kritted
falrics through ther experi ments on a sindg e need e dould e cha nstitch R no d
machi ne (401 stitchtype). Duri ngt he seamconstruction the dynanmcthreadtens on
was nonitaed by using a strd n-gauged cantilever ar mand a bridge circut. The
mean of the hi ghest peaktens on was cd cd @ edf or each sanp e The presser fod
he ght fromthethroa da e was d so dynanmcdly nmeasured Cons deringthe eff ect

o machi ne speeds on peak need e thread tend on and eff ective fabrict h ckness
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under t he presser food, theytriedtoj ustifythe use of thethreadfeed variaion as a
means d afabxic shrinkage cortrd [74.

In 1996, Zeto et.d. described a comput er-based sewahilityt esting systemi nstdl ed
onindustrid | ockstitch and overl ock stitch sewng machines. Thistester was the
same but the nodfied verson of Chnid owec s systemi n Hong Kong Pd ytechnic
Univerdty. The system used commerdd hardware and devd oped software to
acquire and andyse the cdleded signds o needethread tens on presser foat
dsdacenent, presser foat pressure and neede penetraion wthdrawd forces. In
th s work, theyi nvesti gaed sew ng process dynan cs and sew ng penetr ati onf orces
using a conputer-based systeminstdled on industrid | ockstitch ( F af 563) and
overl ock stitch ( Mauser spedd L52-54) sewng machi nes. The effects of sewng
speed, need e size and the nunber of dies of a falric sewntoget her on vari aions
in measur ed need e penetrdion andthdr rd ei n sewng damage wer ei nvesti gat ed
The sew ng perf a mance fromt he ti me-frequency response o need e penetraion
face was nmeasuwred The schenstic dagramof the experi nentd unitis shownin
Hguehil2

AL Pt Tt Vo

AL P Far Prossan
A P P > i
R

Hgue 512 Aschengticd agram d the experi mentd sewahility urit

The mcroprocessor-based data acqu Stion and andyss system captured four
and og s gnd sfromt he transducers (g ezo-d ectric K stl er quartzl oad washer, type
9001 A nounted dredly ortothe shaft o the need e bar o the sewng mach ne
And og signd s wer e convertedt hrought he dat atrand aion boardto d gta fa ns at
athroughpu ra e of 750 KHz. Three dfferent need e nunbers, threef abri cs and 500
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to 5000 rpm sewng speed in steps of 500 rpm were the paraneters of the
experi ments. Cbservaions, based on ali nted nunber of experi mentd vari ad es,
indcaed tha penedraion and wthdrawd farces were dgrificartly affected by
sewng need e size and, to ali nited extent, by the nunber of dies sewntoge her.
They d so cond uded t hat ba h penetraion and withdrawd farces roselinearly wth
machi ne speeds above 2000 rpm Further nore the magnitude of penetraion and
wthdrawd faces was dnil a over the ertirerange d sew ng speeds [ 75.

IN1996 Rocha et d.,inUniverdty o Mnho, a medto makeit poss d et o under st and
the dynanmics of sewng a the various inefaces (sewng threadfabric sewng
thread sew ng mach ne fabrid sewng mach ne) andt o devd op a conputer program
and adequat e har dwer eto contrd the sew ng oper di ont hr ough an " on-li ne adapti ve
contrd system. I n addtion the equ pnent codd d so be usedto devdop sew ng
spedfications, fa quck set up, andtotest sewahlity. Theyinstrunented a S nger
overlock sewng machine nmodd 882 U by putting mrniauwe pezodectric
transducers (workingin compression) on the presser-foad and need e bars, and
decricfdl stran gauges (workngin bend ng) onthe need es and | ooper t hread
pahs. Hgure 5 13 shows the need e bar transducer arrangenent. Adust nent o
threadtens ons and presser fod pressure was done wth minauwe stepp ng not ors.
To trea the signds capwed by the transducers before they are sent to the
computer far process ng, they devd oped a signd condtionng syssem A data Lab
PC+ da a acqui stion board Thar sanp efrequency was 83 3 KHz
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Hgure 5 13 Need e bar transducer arrangenent: (1) need es bar, (2 3 insertionsto
transducer postion ng (4) dezod ectrictransducer, (5 pre-tens on screw
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They andysed the perfor nance of the feed ng and stitching systens by sew ng
fabrics, g aity of them were kritted fabrics, wth dffeent mechanicd and
strudcurd properties and cordaed them with the neaswed farces. They
det er ninedt he particd a wavef or ns charact eri gic of sewngfauts Theresearchers
found t hat, need e penetraion and wthdrawa forces are grealyirfluenced by the
characterigics of textile mat erids be ng processed (such as thckness, cover and
fridion) andtharfinshing staes. Fgueb5 14 shows the effed of dyest uf on need e
penetraion and wthdrawal farces. By us ng adaptive conrd system they d so
cortrdled presser foa conpress onface and sew ngthreadtend ons [59 60.

b
- oo
e

needic pestwaiico force | N
3

|

sllighing cycles b= fogreei)

Hgue b5 14 Bfed o dyestuf on need e penetraion and wthdrawd farces, (a) dark
red fabric damage, (b light red fabric danage, (¢) due good perfa mance, (d)
b ack, good perfa mance. Jersey fabric o 50 %¢otton 509% ayon, K=17, 30 Ne, 150
g M mass, dyed wthreactive dyes and firi shed wt h 20 %sdft ener

Gotlih measured the sewng need e penetraion force in 1997, in Univerdgty of
Maribor. A matheneticd nodd fo the determnaion o the sewng neede
penetrdion force was devd oped and the resuts were conpared wth measured
vd ues for the chosen falric sewng need e and sewng mach ne The sewng
need e penetraion force was nmeaswred on the Braher EXEDRA DB2- B737-913
Mark 1l sewng mach ne The measuring devi ce was construct ed wth stra n gauges.
Theresuts were shown as a prirnt fromt he HP 54501A d gtd osdll oscope wththe
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prirter HP 2225. The measuri ng was done wtht he sew ng nmach ne shaft speed w=
47.59 rds The print of the nmeasured sewing need e penedraion farce as the
function of tinmeis shownin Fguwe 5 15fa warp dredion seam The maxi num
vd ue, far 100%caton da n-wovenf abric(war p density. 29 5 war pcm weft density:
27 weft/cn) was found as 1,44 N[39.

L' il R A IR e ! 1. 200 mV/div
A h offset: 0.000 V
;\—~ e i SGte Zop Na L = 1.000: 1 de
[
[ 1 IN = 100mV
!
] i
‘n ; 203 7 4. 400 mV/div
| offset: 0.00 V
! 1.000: 1 de
0.00000 s 100,000 ms 200,000 ms
20.0 ms/div
Vmarkar2{1 ) 143.750mV Stop market 131.600ms
Vmarker1{1) 0.00000 Vv Start market. 124.000ms 4, 100.0 mV
Della V(1) 143.750mV Delta t 6.80000ms
1/Delta T: 147.059m

Hgue 515 The measured sewng need e pendrdionforcefa seaminthe warp
drection

In 1998 MHld and Du used Frite Henent Modd (FEM to study the sewng
process. Inthe nodd, the fabric was approx neted by a nunber o perpend cu a
beamd enents wth d astic and g asti c capahkilities. Onthe o her hand, the need e
was noddled by asi npe d astic beam The variati ons of t he need e geometry and
thefabric met erid properties as well asthe sewng condtions were d soind udedin
the modd. The nodd codd s miaethe neede perdngthrough a materid, and
cdcdaedthe sewngfaces as well asthefabric def or metionfor ning a hd e It has
been verified experi nentdly and cou d be used to study the effects of the key
sewng paraneters such asthefabric met erid properties andt he need e geomnetry.
The experi nentd study was done by Gaointhe Univerdty o Wndsorin 1998 and
thsstudy was preserntedas an MScthes s To measurethe sewngforce, a sped d
sensor was des gned as showninFH gure5 16. The sensar was a p ezod edricstran

gauge nourted on a packet.
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mounting black

Siraen gage:

Hgue 516 |llustraion d the sewngface sensar

It was foundtha the pdnt and e varidions dd not changethetip pedngforce
However, the sharper the need g the small e the need e cuttingf orce becauset he
hd e was en arged nmore slowy. Thefridionfarceis proportiond tothe part and e
becauset he falric has experienced al ess fd astic def or meti on vith sharp need es.
Fgure 517 shows atypcd sewng face accordngtothe s miaion Fomthe
figuwe itis seentha the sewngfarce cons &s of three conponents: the need etip
face the cuting force (generaed by the conc portion of the neede), and the
fidionforce Each conponernt hasits own charact erigics. For exanpl g the need e
faceis ani npuse of abou 5Ntha dsappears after the need e custhroughthe
mat erid. The cutingforceis abou 1 5N and has alittletdl corespondingtothe
wthdrawd o the neede The fridionforce can be futher deconposedinotwo
parts. Thefirg partis abou 0. 7N corespond ng tothe need e p erd ngt hrought he
falbric. The second partis sndl e, correspond ngt ot he need e wit hdraw ng because
the hd e has beenfa med FH gure 5. 18 shows atypcd sewngfaces gnd cdleced
fromthe sensor, because of the sensor set up, the signd is reversed when
conparingtotha in Hgure5 17. The max mnumneed e penetraionf o ce was f ound
around 6 New on, but detdls d the sewn neterid wasnt gven by the au hors[61].
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Fgure 517 Atypcd sew ngfarce cons sing d three conponents
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Hgue 518 Atydcd sew ngface sensor

IN 1998 Gxrvalo é.a., in Unverdty of Mnho, described the devd oprment of
sewngtest i nsgrunent used onthe assessnent o rd aionsh ps bet ween sew ng
machi ne set-up, met erid andthread properties, and generd sew ng condtions wth
the effid ency and qudity of the seans. Anindustrid threettread overl ock mach ne
was equi pped wthvari ous sensors and devi ces, the same nmachi ne used in1996 by
Rocha et.d. It was connectedto a commerd d data acquiStion boardin a PC A
sdtware programdevd opedi n LABM EWsupgi ed dat a acqui Stion. Threadt ensi on
was measured by cust om spedfi ed stra n gauge based sensorsiriroducedinothe
thread pat hs. Thread consunption d osdyrdaedto corect stitch geometry andto
thethread tenson was measured by d gtd encoders. To evd uaeths effed, a
p ezod edric sensor was bultinothe need e-bar shaft. The sensor nat onl'y pi cked
up the forces resdting onthe need e-bar fromthei rteraction bet ween the need e
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andthefabric but dso the undesired conponents of need e-bar accd eraion and
threadfarces. The signds hadto undergo afilteing stageto esti mat et he vd ues of
need e penetraion and wthdrawd farces. The measwenent o theseforces madeit
possdeto conpare dfferent need etypes and wdhs or dfferent fabricfinshng
processes. Research was be ng undertakeninordertoestaldishstraeg est o det et
wor n-out or def ective need esinred-ti mg, avd dng mat erid damage (bursted yarns
o strucdud dgationinthe sewn falrics). Mach ne speed was 2050 stitches per
mnue(spnm. Fgue5 19 showsthefarce onthe need e bar generaed duringt wo
conmp e e stitch cydes wth the machine operating unthreaded, wth a med um
wei ght den mfakxic (sdid) and wthou falxi c (dashed).

Fgure 519 Force on need e bar a 2050 spm wth nmed um wa ght den m(sdid
and vt hou fabri c (dashed)

The effed of neede penerdionis dealy visidein peaks 1 and 2 Peak 1
corespondstoafarce generaed at thefirg contact o the need eti p wtht hefabric
Peak 2is generaed when penetraion occurs andt he eye and b ade of t he need e
passes throughthe fakric strucure Peak 3isthe effed of need e wthdrawd, an
inverted peak, generdly wth alower magntudethan 1 and 2 Fgue 520 shows

the sane dtitches d figue ate subiracion
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Fgure 520 Neede penetraion signd ate subtragion Phase 1 fird cortact of
need etip Phase 2 penetraion o eye and d ade

They found tha dl o the cdcdaed vd ues present a greda variallity. Dfferent

need es and dffaent mateids werefound detectad e

To evd ua et he effid ency of thefeed ng systens, thefarce onthe presser-foa was
measur ed by means of a p ezod ecric sensar. Its verticd d sd acement was sensed
by an LVDT. The presse-foad novenent, as studed in hadidedly ony one
d evaion resudting fromthe verticd novenent o the feed dog A hgh speeds,
though, a second, undesired d evaion was produced (by presser foa bound ng)
which had to be carefuly observed Hgh peak vd ues of the pri mary and second
presser-foa devaion resdt inloss o corird of the fabric and consequertly
irregd a seans. It had beenfoundtha certanraios of these peak vd ues were
i nportant d assfiesfo cored stitchfor netion Def ectslike ski p stitches (when a
gtitch does nat compl etelyfar ned), d s ated stitches (sport aneous def or nati on of
the stitch geomnetry), tend on vari a&i on andi ncorrect bd and ng anong aher defect s,
wer e easly deeced[2 76.

In 1998 Sundar esan et. a, stud ed ont her educti oni nfitre strengt h andt he danage
irfliced on fikres during high speed sewng on a Snger industrid | ockstitch
machine nmodd 191D200AA at a speed of 4000rpm The dynanic need et hread
tenson was measured by using a sem-conductar strangauge based tens on
met er. Thetens on probe wasi riroduced bet weent het ake-upl ever and need ej ust
abovethe need e bar. Theinstrunent wasi nterffacedt o a 386 persond conputerto
enal e dat a acqui Stionto be ach evedfa 75 stitches corti nuoud y. They foundt hat
dynanicl oad ng has a grea irfluence onfitre strengh They dso ddtensletests

onthe filres extracted fromthe parent and sewn threads on an I nstron Tensile
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Tester and conpared these vd ues wththe average spedfic peak-tenson vd ues
cdcuaedfromthe dynanmictendon daa[77.

In 1999 Ferdra e.d., studed on the feedng system of an industrid 3 nger
overlock sewng machine. They insrunented a 9 nger overl ock sewng nmach ne,
modd 882U which wasinstrunentedin Unversity o Mnho. The data acqu Stion
hardwer e usedinth s study consd ss of a LAB- PC+ dat a acqui sti on board p ugged
to a Pentium PC The sotware used to ease the acqu dtion storage and
visudisaion o the dfferent sgnds acqured using the Nationd |nstrunments
LabM EW graphicd programninglanguage. They stud ed wth kritted fabrics [ 31,
76]. Fgue 521 shows the sewng nmachi ne equ pnert.

Hgue 521 The Snger overl ock sewng nmachine, nodd UB82

Free ungu ded LVDT (with dedroricsto provide a DC outpu proportiond tothe
d sd acenent) was usedfor red-time nonitaingthe novement o the presser foa
bar This device together wth a p ezod ectricfarce transducer d aced onthe sane
bar, wll per mit futher understand ng o the feed ng systemdynanics during h gh
speed sewng Dffeent mach ne speeds were used, 186, 2077, 2810 and 465
stitches per minue (spn). FAgue 5 22 shows the generd view of thetransducers

arrangemernt [3]].
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Fgue 522 Generd view o thetransducers arange ment

In 1999 Carvd ho and Ferrara nonitaredthreadtens on andthread consumpti on
pressure foa face and d sdacenent and neede penearaionforces on the same

threethread overl ock sew ng mach neinthe same unverdty[7§.

In 1999 Slvaet.d developed a new act uaion systemattachedtothe presser foa

bar o the saneindustrid overlock sewng maching tored acethe hdicd spring

Accordng to the presser bar dsdacenent and conpresson force wavef or ns
ga nedfrom measuri ng unit, it cod d be poss d et o ach evethe desired presser f oat

dynamc behaviour a dl sewng speeds|[79. Ths study providedthe bassfo the
devd opnent o aredesigned and opti msed fabric feed ng system|[ 8(.

IN1999 Aa and Akam measuredthe strdan d thetens on spring produced by t he
bobbnthreadin a sewng machine in Tokyo Kase Un versty. To overcone the
dfficdty due to the intrinac nmechansm of |ockstitch fornetion a par o

irter mttertly working of brush-ter nnnd comb nations was attached tothe body of

the bobhin caseto estaldishthe bridge drcutin a measuring system[81]. Inthe
experi nents, thel ach of the bobb n case had beenrenovedin order to estaldish
two pars of inte nittent brush-ter mmnd contacts ontheli nted space of a bobhn
case However, thscaused ani nevitald efactar of unstald e sew ng at speeds h gher

than 700 rpm Inthe second series of ths sul ect, the authars nmodfiedthe system
to attda n sewng speeds upto 1900 rpm They foundt hat, thetighten ngtens on of
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bah neede and bobhin threads were neasured s mitaneoudy during stitch
famation us ngthar system Duringth s operaion the outpu o the gage bridge

was recarded by a dat aand yser as shownin RHgure 523[87.

FHgue 523 Bock dagamfa § mitaneous stra n detecting system 1-gandard
vdtage supdy, 2-contrdler; 3-AC servo- notor, 4 phao sensar, 5cartilever. 6
bobhki n case wth strd n gage, 7-8 angifie; 9trand ent recorder; 10-data and yser,
trang ent recorder and dat a and yser are changed when necessary

In 2000, Kennon and Hayesin Unversty, o Manchester | ngtitue of Science and
Technd ogy, i nvesti ga edt he stitchf o reti on process of al ockstitch machine ( i &f,
modd 463) wththe ad o transducers tha fadlitae red-ti e nonitaing o the
sewng cyde The dynamc need etlread tenson was nontaed a the sewng
speed of 1406 spmby using aload-cdl nountedinthethread pah bet weenthe
eye d the sewng need e andthe eye o thetake-uplever [2].

531 Integrated Computer-Based Sewahility Measuring Systems Using
Machi ne Lear n ng Techni ques

Textile materids are a caegory of li np materidstha we use duetotherinherent
ease of conformng ino three-d mensiond surfaces even when under dynanic
corfi gur aion such as wearing of d ahng Textilefalrics are conplica ed strud ures,
made of dffeent nawd and man nade meterids and undergo a varidy o
processes, which provde them wth functiond and aest hetic properties to f ufil
consunmer demands. They arei nhonogeneous and dfficut t o defi ne as eng neeri ng
structres. Athoughthere has been ala o researchinthelast 10 years deding
wthestadisi ngther nosti nportant properties, thear magnitudes andther met hod
o measurenert, thereis verylittte onrd aing andinerpretingthese propertiesin
the manuf act uing context. Athough process ng mach nery far textil efilres, yarns

and f abxi cs has been devd oped, and we are adeto m nmic struct ures such asthe
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suface andtextue of butefly wngs or peach skinorto produce artifidd slk and
leat her, veryfews grificant advances have been madeinthe manufacture of these
strucduresfa appard end uses such as dahng furshngs, dac

Despite eff atstofind a better and eas e neans of j d ri ngt extil ef abrics, stitch ng
wth a neede and thread has survived for centuies using an ingenous but
inherertly inadequate fa nodern manufactuing production mechan cd
arrangenment: the sewng machine The basc eng neering design o the sew ng
machine has na changed since the 17" centuy despte enhancenents in
mot ori sation speeds and various add-on devices. Sewng thread tens ons and
feed ngforces are d ways dffeert far the many stitchtypes, fa everyfabricto be
dtitched, far dfferent desgns and at dfferent sewng speeds. The operaa's skill
increasesthe conpl exity of those systens. These circunstances, if to be effectivd y
modeled need newthnk ng new met hodd ogy and non-conventiond approaches
fa povison d dfedive sd uions.

The posd blity o setting up the sewng machine auoneticdly accarding to the
falricto be sewnis now, afeas d e proposition andit rendersth s new gener ation
o "indligent sewng mach nes" irred aceal e for quick response technd ogy. In
addtion the pefamance o dffeent needles and feedng and stitchng
mechansns can be evduaed andtheinepeaaion o wavefa ns may |l ead to
better mach ne fakric and sewngthread des gn. The on-li ne appr oachto ad usti ng
the sewng nmachine accord ng to fabric properties and behaviour is expectedto
reducet he eff at spent testing meterid s, theref arei nprovi ngt he overdl effid ency of
theindustry[59 60.

The defirtion of ani ntdligert environnent i nt he textil eand appard context may be
onetha is ald eto det erm ne syst emnsti cdlyt he properti es of raw net erid s (yarn or
fabric), preda efedivdy thdr allity to be manufactued ino a gar nment
(sewablitytdl arakility), det er mne fit of certd n criteriafromthe mat erid properti es
onre eng neeri ng, opti nsefi ndly producti on mach nery process settings effid ertly,
and enall e sdfdearing sotha the syssemcan learnfromits own experience. For

anindligent emironnent, therefare onerequres thefdl owng systerns:

0 A fabric measurenment system For neasurenent o the properties whch
characterize the mechanicd behaviou o fabrics under | ow stress, equvden to
those under process ng and wear. These properti es constitu et he so-cdled” ‘genetic
fingerprint’ o a gvenfabric and are as fdlows: tensle shear hysteres s, bend ng,
th ckness, conpress on and surface properties. FFomthese nmeasurenents many

usefd paraneters can be cdcdaed which may, consequertly, define the
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perfa mance o the fabric and its ineradion wth the machinery during the
producti on process. Dfferent fakrictypes have a number o these properties and
thdr paraneters are nore predoninant than a hers

0 Sewahility tal aaklity pred dion system Th s systemis based on noddlingthe
irnteaction o fabric wth the mach nery duri ng processi ng and or its made-up seam
qudity, andis usedto pred d its dfficdty during production and/ or the maxi num
quditytha can be acheved during sewng wthout i ncuring prold ens assod a ed
wth uneven seans, defor med seans, danaged stitches, eic. Th s systemcan d so
provi de advi ce ont he amount t hat t he magnitudes and pr operti es needto be dtered
inorder to corect the processahlity of the fabric usudlythrough firishing or re
finsh ngtrea nents.

olrntdligen sewng machnes. The opti mum mechanicd adust nents of sew ng
thread conird and feedng foad pressure are made by notos dynanicdly,
depend ng on the properties o the fabri c bda ng stitched andi ndependently o any
oper &iond speed of the mach ne whichcanbe dtered bythe opera o a wll. Fabric
properties and o her paranet ers arei nput as barcodes, andt hey can betrans nitt ed
to any nunber of sewng mach nes, anywhere Advice on opti mumsewng need e
size may dso be provi ded by the system wher e necessary.

o Sdfdearing systens: Dfferent types of sewng machi nes have dfferent seam
qudity assessnent criterig thisis measured orline andthe signd is sent backto
the sewng machi ne contrd nodd todte or rarforceitscontrd criteiathrought he
i rt er acti on bet ween pr operti es and sew ng mechani cs. These systens are addedto
the sewng machine or they can be nade as aninegd pat o it. The basic
prind d es of t he above-menti oned systens are measurenent of mat erid properti es,
machi nery process ng condtions, perfa mance or qudity attribues of the gar mert,
and thdr rd aionshi ptothe understand ng the prevalinginerading mechan sns
wththeincorporaion wherever posside o peop €s experience Thsis done by
des gri ng and constructing t he appr opri & e har dwar e and sdt weref o the eff ective
working of those systems. Care was taken na to be rigd to the tradtiond
met hodd ogy and sd ertific d sd dines used, sotha aredigdic efedive and robust
resut can be ach eved Totha effed, dsdgdines were crossed over, resutingin
hybrid devd oprments which have a nmixtue convertiond and non-convertiond
met hodd og es whi chresutedi nthe newy evd ved areacdl ed’ indligernt textil e and
gar ment manufacuré’, its systens, ‘ ‘irtdligent textile and gar nent manuf act uri ng
systens’, and the new environnent, ‘ ‘irtdligen textile and appard environment ’.
Athough these ter ns are o academcineed, inthe manufad uing sense they

denae the new generaion of auomnetion flex blity and integraion bet ween
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fabri d mach ne/ man, which nmay be one o the nost s grificant areasforthisi ndustry
athetundthecentuy. Hgueb 24 shows a schematic d agramof the* irtdligent
texile and gar mrent manufactuing environnent’’, with enphasis on theind v dud
systens and thdarirnegraion The figwe s ndy shows theirndligen texile and

gar ment manufactre environnent [ 83.

Textile production Measurement and Apparel
prediction manufacture:
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Hgueh?24 Theindligen texile and gar ment nmanuf act ui ng environnent

The texile and gar ment industries lend thenseves to be perhaps the nost
chdlengngreddents ofintdligent manufactuing sinceit has been recogn sed as
the mg o nmeans far futher technd og cd devdopnent inthese fidds. The textile
and gar ment i ndustries, due tother product range, and be ngtradtiondly | abour
irnensve have ap e hara of ded g ons madefromskill and sulj ective assessnert in
numer ous situations. They have devd oped a cultuwe of human dependence where
experienceisthe predom nant fad o fa suvivd, gow h and prdit [57.

Neurd networks are used to predd the perfamance of fabrics in dahng
manufacduing An artifidd newd network is one of the new intdligence
technd og esfar dataand ys s Iti nmitaest he behavi our of ki d og cd neural net works
to"learn' a suject fromthe data providedto it. The ANN has been successfuly
usedin areas where alarge nunber of fadtars cortribuetothe evertud outcone,
but predserd aionsh ps bet weent hese various fad as andther oucomes cannat
be defined for exanple, nedcd dagnoses and credt evduaion in bank ng
Atenpts have recertly been nmade to apdythe ANNtechn quetotextiles[6].
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Need e bar farces occurring during h gh speed sewng can be used to idertify
fabrics online The neurd network acqures its data from a sewng mach ne
equ pped wthf arcetransducers. Thesetransducers neasuret hef orces occurring a
the need e during the sewng process. The neurd network istrdned toidentify
fabrics based onthdr force fingerprirt . Byi ndementingthe neurd network on a
m cropr ocessor, a practicd way exi ¢stoi dertify na orl ythefabri ctype but d sot he
nunmber o dies sewn Uilizng ths type of dasdfie, the autonmeted appard
assently station can adapt itsdf t o chang ng sew ng condtions and provi de qudity
checks such as maki ng sure dl dies were sewn [5]].

The synergsmaof a neurd, neuwr o-fuzzy approach has beenfound nost successfu
fa noddling the control d sewng machinery for conp exineradions wthli np
materids It is now poss deto opti mse sewng mach nery settings auonaticdly,
stdicdly and dynanicdly, under any net erid tobe sitched [84].

In 1996 Syios e.d. modfied two of the most wddy used industrid sew ng
machi nes; (al ockstitch and an Pegasusi ndustri d overl ock sewng machi ne) sot hat
thdr opti mum mechan cs cod d be opti msed dynanicdly duringthe operaion for
every newfabric used Hgues 5 25 and 5. 26 shows these machi nes respectivdy.
The fdlowng data codd be captuwed a dfferent sewng speeds. sewng mach ne
speed ( measur ed by shaft encoder); threadt ension (d aphragmtype strain gauge);
tend on d sk pressure(stra n gauge); presser foa pressure (stran gauge); f eed dog
pressure(strangauge); feed dog dfferertid (linear vari al e dff ererti d transf o ner)

was used duri ng experi merts.

F gure 525 Theirtdligent overl ock sewng nmachine Pegasus
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Fgue 526 The indligent |ockstitch sewng machne inegraaed wth fabric
measurenent systens

Inthis system the basc prinddeisto nmake suetha the thread tension and
feed ng pressure during stitching are opti rum a dfferent sewng speeds for any
materid used. The process thus fa is manud, very ti me consum ng and
incons sert. The mechanc feds the fabric befare stitchng by handing it.
Depend ng on skill and experi ence he/ shethenregu a es (i ncreases or reduces) t he
tenson and foa pressure of every sewng machineintheling usudly vith a
screwdriver. Actuaing mot ors have refd aced the process of hand diver far bath
machi nes, a fuzzy-neuwrd nodd has opti msed the condtions and dynamcdly
drivesthe notars, andt hefabric property neasurenment stdionis usedt o det er nnne
the properties, which arefedtothe contird nodd. The mach ne hadt tree st epp ng
motarsfor contrdlingthethreadtens ons, a compressed ar actua o for contrdling
the feed ng foa pressure and two steppng motars far contrd o the feed ng
dffeertid and stitchlengh The appropriae cortrds, were programmed by the
researcher. Th's was further andysedin a s ndified nodd schema of t he fuzzy-
neurd nework The sewability preddionis based on a sinde neuron (like a
mul tili near r egr ess on equati on) net wor k appr oach, wth appr opri & ef abri c pr operti es
asinput and sewahlity pred cion as an out put. Th s out pu, t oget her wththe sew ng
machi ne speed, beconestheinpu o thefuzzy contrd, whichis based ontherdes
det er nnnedfromt he sewing'falri d mani nter actions. The out put of t he contrd eng ne
was opti mumsew ng condtions a vari ous speeds (i ndependent) such as feed ng
fod pressure andthreadtens on ANN was usedtotunethe nme mbersh pfuncti ons
o the cortrd engne and, for the sdf-learring of the system an onine | earning
d gaithmwas used. Thisisiritigaed wthafaluwesd gnd, wh ch enald estun ng of t he
me mber sh pfuncti ons urtil it sati gfi esthe opti mum criteia It shou d be pa nted out

tha, inths deds gn any falric can be used and the sewng opera o is allowedto
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increasel decrease/ stop the sewng machine a wll, in aher words, the design
respects opera a perfamance (nonddaaaid). The systemfo orline det ection of
fdlue signd was alaser line coupd ed with a canerafocus ng onthe sewngline
(winK e detection) i nt he case of t hel ockstitch sew ng mach ne. Thefdluwe signd o
the overl ock sewng machi ne was based on a quartz transducer nmounted on the
feedng pae o the sewng mach neto measure penetraionforces whichcorrd ae

wth sewng danmage [83.

In 1996 Barre e d. described a sewng systemtha d assfies bahthefabrictype
and nunmber o pdies encountered during appard assently, so that on-line
adapt a@ion of the sewng paraneterstoi nprove stitch far reti on and seam qudity
can occuwr. The study was done in North Cardina Sdae Unverdty. Neede
penetraion farces and presser foa farces were captured and deconposed usi ng
the wavd & transfa m Sdi ert feat ures extract ed us ngt he wavd & transfor mof t he
need e penetraion farces fomthe inpu to an artifidd neurd network, which
d asdfies the fabric type and nunber of gdies beng sewn. A funciondly linked
wave & newrd network was traned on a noderae nunmber o stitches for five
falrics, and cod d correctly d assify ba hf abri ctype and nunber of dies be ng sewn
wth 97.6%accuracy. Ths nework wasinendedfo useto dassfyfalrics on-line
and cortrd sewng paranetersinred tinme. The ojed o thisresearch was to
investigae the on-line identificadion of a fabric wthn a firite s¢ o fabrics
| nd enenting these nethods of fabricidertification wthinthe context of system
irtdligence wou d dl owthe on-line adapt a&ion of sewng mach ne parametersto
opti mse seamqudity. The F af 483 sewng mach ne usedtoconduct thisresearch
was equ pped wthforce transducersin bahthe presser bar andthe need e bar.
Duri ng sanp e cdl edion, the sewng machine operated at 1435 spm They stud ed
wth five falbrics. A computer was equipped to sanp ethe sewng force signds
synchron zed wth puses froman encoder nmounted onthe sewng machine axd e
Theresearchers used 256 encoder pu ses, soregard ess of sew ng nmachine speed,
the same nunber o sanpes was cdleded for every stitch cyde. During
experi ments, they dd not use thread in order to reduce variallity due to
falri dthreadi nteraction Fftystitches of data were cdled edf o each coml nati on of
fabri ctype (fivetypes), gy nunber (1to 4 pies) and ori ent &ion(warp or weft). Ther
resuts showed tha, red-time sewng foce measwrenents provide adequae
irfa meti ontoidentify boththe fabrictype and number d dies ba ng sewn [45.
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6. MEASUREMENT METHODS

6.1 9gnds

Inthetechndogcd fidd, the man pu aion of signds a ning a the extracti on and
evdudaion of ifonationis ani nportant task Generdly speaking the dynanmc
representaion of the signdsis a powerfu tod when a systemis desgned Red
measured signds are and ogue quartities. The dgtd nanipddion of a signd,
whi chi s beconing more and nore comnon, presupposest hetransf o mation of t he
signd inoasanpedand dgtd fom Spedd devices cdled And ogue-to Dgtd
Converters (ADQ aretherefae comnmony used The ADCs are converteas o a
vdtage levd irtothe corespond ng nunericd vd ue wthin a predefined range.
Someti mes, it happens tha the outpu o the source (sensor or generata out put
etc) provides an dedricd curent signd. Intha case anplifies change the
variancerangetotherequestedl evd orifitis necessary, theylinearize the s gnd.
Likewse if the ssignd is na inthe desred foom spedd devices, known as
transducers, transfar mit irntotherequestedfor m The signds aresanp edandthear
vd ues are used by the autonati on or contrd systemin order to enal e reacti ons
andto nmake ded g ons ont he contrdled operdion The evd udioni s a sequence of
mat he reti cd oper ati ons.

The frequency i fo netion of asignd isusudlyqutevduade Inordertoget ths
irfa metion, atrandgtion fromtheti netothefrequency domainis needed. Itis wel
known ( Fourier Series) tha periodcd cortinuous signds can be andysedin a
seriesof snusdadd sgndsor by usngaherternmsinaniriritenunber of dscree
frequency spectrum components. The Fourier Transfa mis a powerfu met hod
per nitti ng t he transition wthout change the signd’sirfo metion contert. The Fast
Fourie Transfor m(FFT) is wddy usedin nmany apdicati ons.

6.2 Sensors

Aut ometi on systens extract i for meti onfromt he process under contrd. The system
Wil manpdaetha ifornationin order to dther passit to aher systens or to

defineitsreaction The bas c presupposition of the des gn and apgicaion of the
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au onation systens is the aval allity of i far mation Inthe world of au ongti on,

irfa mationfromthe processistheraw net erid for futher actions.

The mg aity of autonetion systens are d edrical. Ths meanstha the signd s, as
caries o irfo netion have to bein an decricd fom On anaher levd, itis
necessaryfo thei fa metionto be avalald einthefo mof an d edricd signd. The
devices servingthi s need are cdled sensars. Ther nane has a Latin orig n, which
means the organ of sense They "fed" the nmeasured olj et andtransmit a s gnd
rd aedtothe vari aions o the measured quartity So meti mesthet er mtransduceris
in use. The transducer is a device which receves energy froma system and
transnits it to anather. Fomths pant o view sensos are a subset o the
transducers, becausethey dort onlyrefertolowenergy signds. The sensaristhe
part d thetransducer, whchis d oser tothe quantityto be nmeasured

Ala o comnmon sensors are usedin nost of the apdicaionfidds of i ndustrid
auonetion systens. There are various types of measured quartities. What is
usudly measuredi s position(dsdacenen), vd odty, accd eraion farce pressure
flow levd, tenpera e humdty, prox nity, €c

a) Dsdacenent sensors: WHI known nmet hods of d sd acenent nmeasurement use

pa ertioneter, light readng o transparent d emrents(dsks andrud ers) éc

b) Vd odty sensars. VA odtyis na d ways measwed drecly. The vd ocityis dften
cdcdaedfromtheirfor netion taken fromthe dsdacenent and the respective
time. Atachogenera oris usudly used as a vd odty sensor Its axisiscoupdedto a

ra ding shat andthereis a certdnvdtage generated per rpm

C) Accd eraion sensars: Accderdionis measured by the apgdicaion of a sesmc
massto afacetenso. Anather methodisto connect a springinseriestoa mass
and d sd acenent sensor. The accd eraion of the mass causes d ongation of the
spring The d sd acenmentrecordedis proportional totheforce andthe accd erdion

iseasytocdcu aeifthe massis known.

d) Force sensars. Forceis ani nportant quartity to be measured Load cdls are
comnony used These arelinear variad e dfferertid transfo ners wth novab e
caes. The dsdacenent o the core unbd ances the transducer and a signd is
generda ed proportiond tothe d sdacenent. Iftheforce acts aga nst the core of the
transformer via a spring, the dsdacenment and thus the signd generaed is

proportiond tothefaorce The def or neti on of t he mat eri d s under t hei rfl uence of t he
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face can be measured Astrangagetrand aes these def ar mationsintores sance
vari aions. The red gance change of the stran gage can nor ndly be measured
H ezod edric sensars are dso commony used When aforce acts on a spedd
cystd or onaceranmc mat erid it causesthe generdion of dedricd vdtage acr oss
the crystd.

€) Pressure sensors. Forthe pressure measurement, there are sped d tubes used
inordertoconvert pressure vari aionsi o d sgd acenent changes These are usudly
met d tubes which aredosed a one end. They arefa nedindrcda or sprd form
When gas or flud pressureis apdiedtothetube, ittendstostrdghten The d osed
end nmoves and if a dspacenent sensor is connectedtoths the dsdacenent
recarded gves anindcation of the pressure And her popu a sensor is when a
stran gaugeis bonded on a d aphragm The defa nation of the d aphragm under
the apdied pressure dlowsitsred gancet o bei ncreased Theres gance changei s
rderedtothe dfferentid pressure of thetwo sdes of the daphragm There are
p ezod ectric pressure sensors as Wl asinteg aed nondithc pressure sensors.

f) Howsensars. Howi s measuredi ndredly, by us ngara aingtuwhne Theflowng
flidraaesthetuwhine andthefaster theflowthe greaerthetuwhineraaion A
devicefa puse generaionis usedin order to gve an esti nation of the ra dion
speed of thetuline Anahe nethod far the measuring of flowis the ventoui
dffeertid flow neters.

g) Levd sensars. Dependng onthe knd of theflidinthetank, there are vari ous
met hods used fa the levd nmeasuenent. A sinde nethod used is the
measurenment o the d splacenment o one end of acord wthafloa hungt ot he o her
end. A pressure sensor can be usedto neasurethe pressure a the battomof the

tank. Thisindcaionis proportiond tothelevd o the contdnedflud

h) Tenmpera wesensors. The mainsensors aret het her nocougd es. They generate a

lowvdtage and are na linear. They are 9 npg e and i nexpens ve

i) Hunhdty sensors: A usud way for the hunmidtyto be measuredis to usetwo
tenperaue sensors. Thefirg one has a dry bub andthe second a wet one. The
evaporaion causes thetenperaue o the wet bubto become | ower than t ha
measured by the dry one. By usng a spedd look-up tade the temperaue
dfference bet weenthe dry and wet bu bindcaestherd aive hundty.
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j) Prox nity sensars. Prox nity sensors ar e usef ul sensarsini ndustrid appi cati ons
If the obj ects are nonferrous, then utrasori ctrans nitters and recd vers are used.
The refl eion of the Utrasoundind caesthe prox mity of an objed. If the oh ects
are ferous, the sendng can be based on magnetic prinddes. There are dso
rd uct ance prox nity sensars. They consi s o a per manert magnet and a core wth
a cdl aroundit. The presence of aferrous nat erid nearby causes d s ation of the

magneti cfid d and consequently a cdl ou pu.

There are many fa sensoars in the texile industry. The sdecion of some
represen aive exanp es of sensar appicaionsinthe texileindustry has been
made sotha it vll cover a wde area[89.

6.3 Sra n Gauge Measurenment
6.3 1 Defintion of stran

Srdnisthe anmount of defarnetion of a body due to an appied force More
spedficdly, strdan (€) is defined as the fradiond changeinlengh as shownin
Fgue 61bdow

- -

| Forze

—

Foros

il AL —|

il O
b 4

- L

Hgue61Ddintiond dran

Srdn can be postive (tensl € o negative (conpress ve). Athough d nend on ess,
stranis soneti mes expressedin urits such asin/in a mm mm In pradice, the
magnitude d neasured stranisvery snmdl. Theref are drdanis dten expressed as

mcrostran(pe), wichise x10°[8§.

Externd farce apdiedto an d astic met erid generaes stress, wh ch subsequertly
generdes defar netion of the nmaterid. A thistinme thelengh L of the materid
extendsto L+ALif apdiedfaceis atensileface Therdiod ALtolL thatis AL/L
iscdledstran (PFedsdy, thsiscdled nor md stranorlongtud nd stran) Onthe
a her hand, if conpressvefarceis apfied thelenghLisreducedto L- AL Sran
athstineis(- A/L
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Suppos ngthe cross sectiond area of the met erid to be A andthe apdiedfarceto
be P, stress o wll be P A since a stressis aforce working on a defirite cross
sediond area Inasindeunaxd stressfidd straneis proportiond to stress ¢,
thus an equation o= E x € is satidfied provdedthat the stress o does not exceed
the dasticlimt of the materid. "E'inthe equationisthe d astic nodu us ( Yound s
modu us) d the neterid [87).

When abarisstraned withaunaxd face asinHFgue6. 1 aphenomenon known
as Passon Srdn causesthe grth of the bar, D, to contract i nthe transverse, o
perpend cd &, dredion The magnritude of th stransverse contradionis a mat eri d
propertyindcaed byits Passors Ratia The Pdssoris Ratiov Jof a materid is
defined ast he negative raio d the straninthe transverse dredion (perpend cd a
tothefarce)tothestranintheaxd dredion(pardldtotheforce), o vi=—¢ T ¢

Pd ssons Raiofa sed, fa exanp e rangesfrom0.25t00 3

When a netd (redssa)is expanded or contracted by externd farce it experi ences
a change of dearicd resgance By bondng a metd (ressa) onthe suface of a
sped men wth an decricd insuaa between them the metd changes its
d mens on accord ngtothe expans on or contraction of t he sped nen, thus resuting
a change of itsredsance Sran gauge (dedricd red sance strdn gauge) is a
sensor to deted the drdn d asped nmen by th sres g ance change

Whilethere are severd methods of measuring stran the nost comnonis wth a
stra ngauge, a devi ce whose d ectricd res g ance vari esi n proportiont othe amount
o strdn in the device For exanpe the pgezoesdive strdan gauge is a
semconduct o device whose res sance varies norinearly wth stran The most
W dd y used gauge, however, i sthe bonded net allicstra ngauge. The nmetdlicstran
gauge cons gs o averyfine wreor, norecommony, netdlicfdl asrangedinagrid
patern The grid patern maxi mzes the anmount o netdlic wre or fdl sujec to
straninthe pardld drection as seenin Fgue 6.2 The cross sectiond area of the
gridis mn nzedtoreducethe effed of shear stra nand Pa sson Sran The gridis
bondedto athin backing cdledthe carrier, whichis atached drectlytothetest
sped men. Therefare the stran experienced by the test sped nenis transferred
drectly to the stran gauge, which responds wth a linear change in € edricd

res gance
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Hgue 62 Bonded netdlic grad n gauge

Itisveryi nportart t hat the strd ngauge be properly nount ed ont ot het est spec nen
sotha the strdanis accurady transferred from the test sped nmen, though the
adhes ve and strd n gauge backi ng tothefdlitsdf. Afundanmentd paramet er of the
stran gaugeisits sendtivityto stran expressed quartitaivdy asthe gauge fact or
(K. Gaugefactaris defined astheraio o fractiond changein d ectricd res s ance
tothe fragiond changeinlengh (stran. The Gauge Facta far netdlic stran
gaugesistypcdly aound 2

The stran generaedinthe sped nenistransnmttedtotheresga (fal o wire
through the gauge base (backi ng), where expans on or corntraction occurs. As a
resut, the ressga experiences a varidion in resgance Ths varidion is

proportiond tothe sdranasindcaedinthefdlowng equati on
e =AUL=(AR R/ K (a1

e 3ran R Gauge resigance AR Resi stance change due to stran K Gauge
fad a as shown onthe package, L Qignd lengh

Idedly, it woud be liked the res gance of the stran gauge to change onyin
responseto apdiedstran However, strangauge materid, as well ast he sped nen
mat eri d to whi chthe gaugeis apdied wll dsorespondto changesintenperaue
Sran gauge manufacturers attenpt to nin mze sendtivity to tenperawe by

process ngthe gauge neterid [84.
Sran gauges ae prov ded wth many conven ent fea ures as fdl ows.

e 9 npeconstrudion wthasnmdl mass and vd ume so as nat toi tefere with

the sresses onthe spedmen
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Smell gaugeleng hfa evd uaion o | ocdized sress

Good frequency response fa track ng rag dfl uct uati onsin gress

e 9 mutaneous neasurenent d mitige pdnts andrencte pans

Hectricd oupu fa easy daa process ng|[87].

In practice the stran measurenents rardyinvdve quartities | arger than a few
nmligran Therefae tomeasurethe stranrequires accurae neasurement of very
smel changesinred sance To measure such smell changesinres stance, and
conmpensa efa thetempera ure sensitivity d scussedinthe previous section, stran
gauges are d nost d ways usedin a bridge corfiguraion wth a vdtage or current
exdtaion source The generd \Whea stone bridge cons s o four residive ar ns

wth an exdtaion vdtage, whichis apdied across the bridge

Changesinres g ance caused by mechan cd stra nare neasuredi na bridge circut,
whi ch produces an out-of-bd ance vdtage. Th s vdtage needsto be amplified and
dsdayed or stared o bath ate man pu aing(or process ng) ittorepresert unts.
This man pd aion may be by means of corntrdsinthe hardwere (andogue), e g
gaugefact o contrd. Inaconputer based system dl the man pd aion nmay occurin
the sdftwere (dgtd) dther intest programning, or inthe daa reduction and
andyss beoe and &ta staoage Hguwe 6.3 shows the schemaic stran

measurenment system

Wheatstone
brdoe

Brigge
Supely
Disploy

/ and/or  Analogue
-___:}*
I t’-J

/ Deplay
Processor! andicr Dwgaal
computer storoge

H gure 6 3 Schenstic gra n neasurenent system
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The Wheatstone bridge illustraed in Fgue 6.4 is nost commony used for
convertingthe snel changeintheres gance o the stra n gauge (or gauges)iroa

vdtage sutald efa anpificaion and process ng

Hgue 64 Wea s one bridge

Consder Fgue 6.4 inwhch R, R, R, R areresgas Assuning tha the
condtion R/ R =R/ R issaidiedthenthe output vdtage V,, Wil be zero i.e the
bridge is bdanced A change inressance R1 wll unbdance the bridge and
produce a vdtage across the outpu termnds For stran gauge purposes, the

ou pu equaionfa the bridgeis

Vou =(Ke NV,)/4 (62

Wher e

K= gauge factar, V,=lridge vdts, ¢ =stran and N=nunber o active arms of the
bri dge

There arettree bri dge types:

Quarter bridge When a signd gauge is used a the measurenent pant, wth
perhaps resgas wthnthe stranindcao conpl eingthe bridge thenthat is
ter med ‘ quarter bridge operdion

Haf bridge Whentwo gauges are usedin ad acent ar ns of the bridge itis known
as a hdf bridge system shownin Fgue 6.5 For ths work one gauge must see
tens on andthe ather compress on, i.e oneincreas ng andthe o her decreasingin

res gance a one gauge nust see zero nechancd gran[8§.
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Hgue 65 Hdf-lri dge drcut

Fdl bridge Thefdl bridge, shownin FH gure6. 6 us ng gauges as dl four ar s of the
Wheatstone bridge is alogcd extenson of the hdf bridge and can be usedto
futher i ncreasethe sendtivity o a measuri ng system puttingt wo gauges on each
s de of abeam nountingtwo gaugesintens on andtwo gaugesin compress on,
ingead of one, gvesavdue o N=4, i.etheoupuisfoutinestha o asinge
gauge quarter bridgei nstdl aion wth poss Hyi nprovedt enpera wue compenséion
and the cancdl a&ion d unwanted dgnd s[87.

Hgue 66 The ful-tridge drcut
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H gure 6 7 Bidge corfi gur &i ons

The equations gven herefa the Wheatstone bridge drcuts assunme anintidly
bd anced hridge tha generaes zero outpu when no stranis appied In practice
however, resdance tderances and stran induced by gauge apgicaion will
generdesoneiritid dofset vdtage Thisintid offse vdtageistypdcdly handedin
two ways. Hrd, you can use a sped d dfsea-ndling o bd and ng drcutto ad ust
theres sanceinthe bridgetorebd ancet he bridgetozero out pu. Aternaivdy, you

can nmeasuretheirtid unstraned ou pu d the drcut and conpensateinsdtware

In nmost stran nmeasurement systens, thereisa provsonforintidly bd and ngthe
bridgetoconpensatefarres sancetd erances of t he gauges andl ead wres. Some

means o estadishingths arlitray zero a the stat of atest is needed for two
reasons.

e Toenadethestranstobereaddredly wthou havingtoadd or subtract the
intid dfses

e Toensuretha thelinear range of the anpifieris usedtoitsful exend far

therequred s gnd and nat taken up by theintid offses.
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Wthaconput er-based equ pnent, t ot ake account o i ritid dfsesinthesdtwareis
dso possde The vdue o the dffsed¢ wodd be stared and then added to or
subtracted from subsequent read ngs asthe pdarity dadaes[8§.

6.4 Deta Acqui sition Systens

Dat a acqui stioninstrunents cdled, d dgtise and process mutige sensor or s gnd
inpus for the purpose o nonitaing andysng and o contrdling systens and
processes. They are corfigwedin a wde variety of i nstrunent aion and nodu ar
systens. Apgicaions indude manufactwing testing o dl types of technicd
products, saday, environmentd, certificaion and research prgeds.

6.4 1 Data Acqui sitionand 9 gnd Conditi oni ng

Dat a Acqui dtion and Sgnd Condtioringisthe processng of mutige dectricd or
dedroncinpus from devices such as sensors, tiners, rdays, and sdid stae
drcuts for the purpose of nontaing andysng and o cortrdling systens and
processes. Mg o techndoges and rd aedinstrunents of signd generaion and
transmisson indude vdtage and current signds (condtioned transducers),
concertraion measurement (Hghi npedance probes), power signds from power
supdies, tenperaue nmeasuwenent (themocoudes), ressance  stran
measurenent (stran gauge bridges), exdtdion, angua position nmeasurenent
(encoders), speed and flow nmeasurenent (count-ti mers) and d gtd sgnds Mg or
fanilies of data acqu Stion and signd condtioring are dat a acqui Stion(highl evd),
signd converters recarders and |l oggers, and sgnd condtionng[89. Agure 6.8

shows the generd concepts d daa acqu stion[8g].

Input
- Input Signal
P—h;:cal_ Tendcicer = circuit  |conditioning
property
To other
functions| Display :
——=— and/or - Processing —o—{Transmission
storage
Oulvpul Signal conversion

Hgue 68 Generd daaacqu gtion system
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d gnd condtioners are devicestha recd ve sensar ou pu, thenrefine and out put
the signd (generdly as d gtd o dgtised data) sothat it can beread by a data
acqu dtion conputer board These ind ude bridge condtioners (fa Wheat stone
bridge stye sensars, such as quarter, hdf, or ful bridge stran gauges and
accdeonetes), insrumentaion and signd anpifies dgnd filtes and

tenperawe dgnd condtion ng urits

Thefanily of signd convertersind udes vari ous dat a acqu Stion devi cesthat accept
a signd, thenfilter and oupu the signd in a dffeent fash on Mostly, the signd
frequencyis changed, dthough sone converters may change frequency to vdtage
and vice versa Mg a ingdrunents wthinths fanily indude andogue-to-dgtd
converters(ADQ), charge converters/ anplifies currernt | oop converters, curert-to
vdtage converters, dgtd-to-and ogue converters ( DAQ, frequency converters /
trand a a's, frequency-to-vdtage convertes, s gnd converters, vdtage converters/
inverters, and vdtage-t o-frequency converters.

Charge anpifieedsystens are s gnd condtioring nodu es or systenstha angify,
atenua e filtea and o convert a charge signd froman accd eoneter, | oad cdl,
pressuretransducer, dsp acement transducer or and her type of capadtive sensar.
Anplifies accept sgndsfromsensars and ot her devices which are oftentool ow
levd to be usadein andyss They anpifythemtolevds sutade fa futher
process ng or d gtisaion by computer d enments such as data acqui Stion devi ces.
The anplificaionraiqg or gan may befixed or programmah e and anplifies may
incarporade mutige channds and ahe sgnd condtionng functions such as
filtering Sgnds nmeaswred during data acquiStion are usudly dsturbed by
unwanted nadse or irfluenced by aher sgnds Nase or har nonic signds have
usudly h gher frequency t han the measured signd. They can be renoved before

acqui dgtion by d ectroni cfilter connectedto s gnd bef ore angifie i npu.

Recorders andl oggers are devicestha acqure digtd daafromsensars and ot her
s gndlingi nstrunents. They are pri marily usedtostorethis da afor fu ure down oad
(toa PQ dthough some styles do have red-time fead wesindudng montas and
danms. Qhes are usedto generae charts or graphs, dther on a screen, or as
corti nuous prirtousfa track ngor nonitaing Thisfanilyind udes dat al oggers and

recorders, and chart recorders and strip charts.

Dat a acqui stioninstrunents cdled, d gtise and process mutige sensor or signd

inpus for the purpose of nonitaing andysng and o cortrdling systens and
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processes. They are corfiguwedin a wde variety of i nstrunent aion and nodu ar
systens. Apgicaions indude manufactuing testing o dl types of techricd
products, saey, environmentd, certificaion and research prgects[89.
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7. EXPER MENTAL

7.1 Materids

e Falrics Hve 100%catton grey den mfabrics, commony usedfo d ahing,
wer e supdied fromthe industry for thsinvestigaion The fabric thckness was
measured on Janmes Hed R&B G ah Th ckness Tester, Type 252, accodngtothe
ASTM D1777test method Fabric we ght was measured wth an d ectron ¢ wel gh ng
bd ance. Yarn counts were nmeasured accordngtothe ASTM D1907 method Ar
Per neallity was measured accordngtothe ASTM D737-96. Tald e 7. 1 shows t he
falri c properti es.

Tald e 7.1 The properties d the den mf abxics

Ar Yarn Count
Pe!r rea Densities (CE Rotor Cover Factor
Fabric | Thick | P!y varn)
[Lt.dnf/ [ Ne]

Code | Weave | Weight ness mi 10
[gnf] | [mnd Vieft | Warp

mm
wat er [Ends | [Rck | Weft | Warp | Weft | Warp

cd um /cn slcm

Twill31 | 5382 0,98 2050 17,3 | 268 | 491 | 661 | 258 | 344

TWIl21 | 3742 0,74 2600 154 | 265 | 11,/1 | 651 | 152 | 343

Hdn 3741 0,79 2730 142 | 253 | 11 | 671 | 141 | 323

TWiI21 | 27573 | 064 8600 15 27,6 | 1,61 | 1061 | 145 | 279

G B[ W[N] P

Twil 31 416, 9 0,85 2350 18 4 26,7 | 1091 | 661 18 4 34,3

e Sewngthreads. They were chosen accord ngtother Tkt yarn nunber and
py. Conpositions were chosenthe sane, ony dfferentiaingin met erids and yarn

courts. Tal e 7.2 shows thethread properti es.

Tab e 7.2 Sewngthread properti es

Ti cket :
nggid Conposition nuber ( Tkt Ry Tvst [T
no) 30y[(3 [ 1Ay(S
1 Cor espun(caton pdy) 40 3 606 422
2 Cor espun (pdy pdy) 20 3 720 622
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o Sewng Needes Three dfferent need e s zes were used accordngtothe
fabric th ckness and we ghts. During choos ngthe need es, ASTM D1908 met hod
was dsotaken irnto accourt. Neede no. 16, 18 and 22 produced by O ange
Need es Conpany, were usedto sewthe samdes. Need es have normal pans,
shown as R which can be usedfa sewng of the mg aity of textile materids The
need e pantislighilyrounded The shank d ameter and b adelength of 9 nger 18
need e are dfferert thanthe ahers. Tal e 7. 3 shows the need e properti es.

Tab e 7.3 Need e properties

Need e No Defi nti ons . Shank
Need e code (S nger g ven by Si(;;r)te Daneter H ad(emlr_r()ang h
System pr oducer (' mm
1 16 DPX5 R 2,00 21,3
2 18 DBX1/ 257 R 1,62 17,8
3 22 DPX5 R 2,00 21,3

e Sew ng was done onthe Snger 591 D300AI ockstitch machi ne

e A par d HBM Srdn gauges US TYPE ¥ 120LY61 were used during the
experi ments. They bondedtot he need e bar oppositdy andf ul-kri dge corfi gur ai on

was used Hgure 7.1 shows one of the stran gauge BONDEDtothe need e bar
suface

FHgure 7.1 Adosest | ook to HBM stra n gauge on the need e bar.

e Data acquidtion was done usng ESAM Travdle anplifie and ADC
converter. ESAM( H ectroni ¢ S gnd Acqu sStion Modu €)is a measuri ng systemused
duri ngt he experi nents. It cons s of a hi ghtechnd ogy acqu Stion and condti on ng
device and very sophisticaded sotware to conrd processng daaa ESAM co-
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operaes wth wdefanily of acqui Stion boards, whi ch can measurefrom50, 000 up
to 300,000 sanpl es per second The boardis mountedins de deskiop or | apt op
conputer or in a speda box attachedto conpuer via USB or pardldineface
ESAM Travdl e can measure upto 16 and ogue channds (o 32 64 channdsin
spedd 32 or 64-channds verson) and up to four dgtd channds Anda ogue
channd neansthat i nput vdtagerangeis maxi nrum— 10Vto + 10V. Dgtd channd
has onytwolevds 0 and 1L Nunber of i npu ses per second on a d gtd channd
can be treaed as i mpuse channd and cdculaed to for m addtiond and ogue
channd. ESAMst ares dl channd s paranet erslike nane, nunber, ga n cdilrdion,
limts etc fo dl defined tests Software used in ESAM measuring system was
des gned and writtento provide maxi mumsi nplidtyin measuring and process ng
data ESAMTravdle Rusisthe highspeed 12 bit ADC converting dat a acqu Stion
system designed to be used wth |1 BM PC or conpatide conputer system[9Q.
FHgue 7 2and 7 3 showanpifier urit used during the experi nents respectivdy.

Hgue 7.2 ESAM Travdler anpifie unt
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Fgue 7.3 Sewng nmachine and ESAM Travdl e anplifie unt

e The systemused Pertium processar and Wndows 2000 oper aive system

duri ng t he experi nernt.

H gure 7.4 shows the generd viewd the “sewabilitytester”.

Fogue 74 Generd Mewd the syssem
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Hgure 7.5 shows howt he call es, comngfromt he strd n gaugetothe amdifi e urit
wth a ful-kridge connection were praected fromthe harsh sewng condtions

occured because o the h gh sewng speeds and i nerti d farces.

Fgue 7.5 Sdevewd sewng head and need e bar arange nment

7.2 Met hod

Snce warp seans are nore i nportarnt to overdl gar nent appearance, sew ng
measurenents were done in warp dredions. 10 cm x 120 cm samges were
prepar ed fromfive denmf abricsin war p drections, as describedin ASTM D 1908.
The reason why th's standard was chosenisto exanine the need e penetrdion
faces on need e damage as afuther ¢ udy.

Mach ne speed was kept around 1100 rpm Mach ne settings were ad usted for
every newf abrictypeto g ve a bd anced stitch For 40 Tkt sewngthread eachtest
was done for five ti mes, because there was a risk tha stran gauge may get

danmaged, o gauge cades may be krokenfa the hgh sewng dynanics.

Unfotunady the experi nents which we used 20 Tkt yarn coud nat be done
repeatedy because there was arisk for teaing of the stran gauge. One stran
gauge was tarn because o the yarn bdloon produces by 20 Tkt yarn During
sew ng, dfficuties were experienced wth 20 Tkt yarn Becausethisthreadtended

todogthe need e eye and findly broke during stitchng Aso a the end stran
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gauge was tarnfromt he surface of the need e bar because o t he yarn bdl coni ng
Becauseit is soti ne consumngto wat far a strdn gauge packet to cone from
abroad, it was ded dedto presen the daa ga ned sofar throughthe experi nerts.

Q her experi ments will be doneinthe near fuuwe as afuther s udy.

Fabric andt hread sanp es wer e condti oned under standard a nospheri c condti ons

and these condtions were na ntdned duringthetests.

Thetens on of the bobbdnthread was ad usted sotha a dight unw nd ng occurred
whent he bobh ncase was hd dbythe end of thet hread and ali ght repetitivej erki ng
apdied Thetens on of the need ethread was ad usted sot ha the seam was best
bd anced Threadtens on was ad usted fa each fabric and each sew ngthread

Sitch density was chosen as 4 gitchicm

Tabde 7.4 Tade 7.5 and Tad e 7.6 showthe codes gventothe sanples. Fabric,
sewng thread and neede codes were gven in the previous pat. For four
number ed codes, thefirst nunber stands for the need e nunber, asitisthe nmost
i nportant paranet er, the secondf o sewngthread, thethrdfao fabrig thefourthfor
pies. For three nunbered codes, thefirg nunber standsfa the need e the second
onefa thefabric andthethird onefa the dy number.

Tabd e 7.4 Sanp es codes

1111 | 1112 | 1211 | 1212 | 2111 | 2112 | 2211 | 2212 | 3111 | 3112 | 3211 | 3212

1121 | 1122 | 1221 | 1222 | 2121 | 2122 | 2221 | 2222 | 3121 | 3122 | 3221 | 3222

1131 | 1132 | 1231 | 1232 | 2131 | 2131 | 2231 | 2232 | 3131 | 3132 | 3231 | 3232

1141 | 1142 | 1241 | 1242 | 2141 | 2142 | 2241 | 2242 | 3141 | 3142 | 3241 | 3242

1151 | 1152 | 1251 | 1252 | 2151 | 2152 | 2251 | 2252 | 3151 | 3152 | 3251 | 3252

Tad e 7.5 Sanp es sewn wthou yarn

111 112 211 212 311 312
121 122 221 222 321 322
131 132 231 232 331 332
141 142 241 242 341 342
151 152 251 252 351 352

Befaretaking the data the ful bridge nust be bdanced Fgure 7.6 shows the
ESAM screen seen duri ng bd and ng the kri dge.
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THAVELLEH CHAMNELS
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Hgue 7.6 ESAMscreen whle bd and ngthe ki dge

Dat a were statedto betaken after certdn anmpunt o stitches, toreach the stad e

sew ng speed. The acquidtionti ne wasli nitedto 10 seconds becausethere was a

riskfa the srd n gauges to betarn apart duri ng sew ng.

ESAM has filters bult on the acqu dtion board but somneti mesitis necessaryto
"i mprove" strondy nd sed signds by means of conputer d gtd filters. The soft were
d so supportsthisfeaure Sgnds were processed after sewngto dinmnatethe
nases. Ague 7. 7showsthetyp cd traces bef are and after filtraion Low passfilter

was sd ectedf or t hefiltration Cut-df frequency was chosen as 50 Hz. and A Rfilter

type was sd ected
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BEFORE FILTRATION

FHgue 7.7 Wavef or ns bef ore and dt e filtrai on
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8 RESULTS AND D SCUSS ON

Resuts showedt ha, thered-ti me sewngforce measurenents can be oht a ned and
dat a can g vet he adequat ei rf or neti ont oi dertify number o dies, fabrictype be ng
sewn and the prodens occuring during sew ng process. So, mach ne/fabric
irteraction can be nonitored s mitaneoud y. The speed of data acqui dtion usedin
ths study is rdaivdy dow 1100 rpm when conpared to the red production

speeds.

Tabde 81 shows the minmum and maxi mnum vdues o the need e penetraion
faces, accaodngtothe fabrics sewn. Then, histoganms were drawn for neede

penetr&ionfaces.

Tad e 8 1 Forces oht a ned duri ng sew ng

Code M n numforce Maxi mumforce
Fabric no. 1 1111 -1, 9388 2, 7697
1112 -1, 4541 4, 1546
1211 -0 8309 4, 1546
1212 -1,6618 3,3237
2111 -1,6618 3, 9469
2112 -2 3265 3, 8222
2211 -1,6618 3, 3237
2212 -2 4927 4, 9855
3111 -1, 8695 3, 5314
3112 -2 0773 4, 1546
3211 -0 8309 4, 1546
3212 -0 8309 4, 9855
111 -1,9388 2, 2157
112 -3 3236 2, 2157
211 -2.0773 3 3237
212 -2 4927 3, 4899
311 -2 7697 3, 0467
312 -1,6618 4,8239
Fabric no.2 1121 0, 8309 1 6618
1122 0, 0000 3,3237
2121 -0 8309 3,3237
2122 -0 8309 4, 1546
3121 -0 8309 2, 4927
3122 0, 0000 4, 1546
121 -0 8309 1, 6618
122 -1,6618 1, 6618
221 -0 8309 2, 4927
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Tab e 8 1 Forces oht d@ ned duri ng sew ng (corti nued)

Code M n numforce Maxi mumforce
222 -1, 6618 3, 3237
321 -0 8309 3, 3237
322 -1, 6618 3, 3237

Fabric no. 3 1131 0, 0000 2, 4927

1132 -1,6618 1 6618

2131 -0 8309 3,3237

2132 -0 8309 4, 1546

3131 0, 0000 2, 4927

3132 -1,6618 3,3237
131 -1,6618 0, 8309
132 -1,6618 1, 6618
231 -2 4927 1, 6618
232 -1,6618 4, 1546
331 -1,6618 1, 6618
332 -0 8309 4, 1546

Fabric no. 4 1141 -1,1079 2 2158

1142 -1, 4541 2,9082
1241 -0 8309 1, 6618
1242 -1,6618 2, 4927

2141 -0 5539 3, 6007

2142 -1, 1633 3, 8222

2241 -1,6618 2, 4927
2242 -1,6618 3, 3237
3141 -1, 2464 3, 1160
3142 -1,6618 2, 9913
3241 -0 8309 3, 3237
3242 -1,6618 3, 3237
141 -1, 0386 2, 2848
142 -1,6618 2, 4927
241 -1,1079 2, 2157
242 -1,3848 3, 6007
341 -2 4927 1, 3848
342 -2 2158 3 3237

Fabric no.5 1151 -0 8309 1, 6618

1152 -2 4927 2, 4927
2151 -0 8309 4, 1546
2152 -0 8309 4, 1546
3151 -0 8309 3,3237
3152 -0 8309 3,3237
151 -0 8309 1,6618
152 -1,6618 2, 4927
251 -1,6618 2, 4927
252 -2 4927 2, 4927
351 -0 8309 2, 4927
352 -1,6618 4, 1546
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Maxi nrum vd ues represent the need e penetraion forces, when the poirnt o the
need e penetra edthefabric The min mumforcesrepreserntsthe wthdawal forces
becauset he need e passesthrought hefor ned hd e Generdly, it was observedt hat
need e penetraion farces are greaer than the need e wthdrawd faces. These
resuts get d ong well wththeresutsfound by Matthews and Little and Mall ¢ and
Xu.

Needle:Singer16 - Yarn: 40tkt

5
= 4 —
% 3 —| - = @ 1 ply
g 2 e b ] a2 ply
L 1 = E,— e SR L oy T

0 = [ e [ S e

1 2 3 4 5
Fabric No

Hgue 81 Hfects o diesto need e pendraionforces, fao Snger 16 and 40 Tkt
sewngtlread

As seeninHgue8 1 it was observedtha, far Snger 16, need e penetraionforces
are generdly hi gher far dl sanp es having nore piesthan sewng one plyfabxics.
The reason o tha can be sadtha i npact faces increase as fies increase
resuting anincreasein fridiond forces bet weenthe need e andthefakrics. When
conpari ngt he need e penetraionf orces amongthef akrics, Fabric 1 hasthe b ggest
facevdues fa bahdyvdues. Itis an expectedresut; because, Fabric1 hasthe
hi ghest cover factars, thickness, weft and war p densties and wei ght. As thefabric
areas |l eting the neede to penerae wthou suljecingto any fridiond forces
decrease, higher penetraionforces are obtaned For aher fakrics some of the
cdcuaedvdues preserted a grea vari alility, whichis expected sincethe need e
ernterthefabricthroughthe yarn gaps bet ween yarns or yarn crossovers, resuting

indfferent penetraionforces.
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Needle:Singer18 - Yarn: 40tkt

5
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o — T ;-‘_ T — T — T —

1 2 3 4 5
Fabric No

FHgue 8 2 Hfects of diesto need e penerdionforces, fao Snger 18 and 40 Tkt
sewngtiread

InAgure8 2itisseenfor Snger 18 need etha two dysanp es penetrationforces
are generdly hi gher than one py sanp es: The penetrdionforces are hi gher than

S nger 16 s vd ues, as expected

Needle:Singer22 - Yarn: 40tkt

5
— 4 — —
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o 3 e — e =
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L 1 44 — — — — —

o — T — T — T — T —

1 2 3 4 5
Fabric No

Hgue 83 Hfects o diesto need e penerdionforces, fa Snger 22 and 40 Tkt
sewngtlread

InFgue8 3itisseentha fa d nost everyfalric, need e penetraionforcesfort wo
pied sewn sanpl es are grea er than one gy sampl es, as expected For Fabric 3,
Fabric 4 and Fabric 5 need e penetraionforce vd ues arel ower thanthe vd ues
presertedfa Snger 18 Thisreasonis a hbit unexpect ed, because accord ngtothe
constructiond paraneters, cond deringthat S nger 22 has h gher | ength and need e
number, resuting h gher fridiond forces; ths need etype nmust have gven h gher
facevduesthan S gner 18 Apartfromthisitisevidenttha S nger 16 svd ues are
lower than the athers, as expected As the neede nunmber, or need e daneter,
increases, fridionfaoces wll i ncrease because o increas ng need e surface area
Resuts are dosdy resentle wth Khan's, Bihe and Henrnrichs Zeto et.d.’s
Rocha et.d.’s and Metthews and Littlés resuts; as fabriclayers are inareased,

need e penetraion forces are increased Accordng to the resdts found by the
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previ ous researchers, fabric strucure has ani nportant eff e on need e penetr aion
face Wthrespecttothemitisa bt surprigngthat theseresuts shown above d d
na dealyrdled the efects d thefabric sruct ures d early, except fa the Fabric 1

In a second step, to see the effects of the sew ng thread on need e penetrdion
faces, sanpes were sewn wthou thread Resuts showed the i nportance of

sewngthread whch has a g grificart i nportance on need e penetraionforces.

Needle: Singer16 - 1 Ply
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Hgue 84 Bfeds o the sewngthread presence accord ngtothe need e numbers
and fabrics, onthe neede peneraionfaces, fa 9 nger 16 andfa 1dy

As seenfromFgure 84, fao Snger 16 and 1 py, generdly need e penetration
faces are higher far 40Tkt yarnthan the forces obtaned withthe sampl e sewn

wthou yan

Needle: Singer18 - 1 Ply

w ithout yarn
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FHgue 85 Hfects of the sewngthread presence accord ngtothe need e nunbers
and fabrics, onthe neede penetraionfaces, fa 9 nger 18 andfa 1dy

As seeninHguwe 85 for Sngerl8 and 1 gy, faces are hi gher for dl fabrics when
sanp es are sewn wththethread. Aso the vd ues are higher thanthe Singer 16's

vd ues, becauseincreasng need e d anet er causes incread ngfridiond force
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Needle: Singer22 - 1 Ply

B without yarn
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Hgue 86 Bfeds o the sewngthread presence accard ngtothe need e numnbers
and fabrics, onthe neede penetraionfaces, fao Snger 22 andfa 1dy

As shownin Fgue 86 fathe 1* and 2" fabrics, theforces seenfaor the sanp es
sewn wthou thread are higher thanthe athers. This mght be caused because of
the chang ng tension settings. During the study, thread tensions were ad usted
accord ngto have a bd anced stitch Tens on settings d d na rensi nthe sanme. The
reason of the oltanng dfferent vd uesfor thesefivefabrics, whch are oppositeto

the expectedresuts nay be exd d nedlikethat.

As seen fromthe figures, sewng threads have a drect irfluence on neede
penetraion forces. If thereis no sewng thread than it means tha thereis no
addtiond tens ond farces comngfromt het hreadt ot he need e bar, resuting hi gher

penetr&ionfaces.

Needle: Singer16 - 2 Ply
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Hgue 87 Bfeds o the sewngthread presence accard ngtothe need e nunbers
and fabrics, onthe neede peneraionfaces, fa Snger 16 andfa 2dy

As seenfromFAgue 87 fa Snger 16 and 2 pies, faces obtaned with sewng
threads are hi gher than the ot hers olta ned wth sewng wthou thethreads. Aso
nearly far dl sanpes, farces are hgher when conpared to the forces of the

sanp es sewn wth Snger 16, 1dy.
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Needle: Singerl8 - 2 Ply
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Hgue 88 Bfeds o the sewngthread presence accord ngtothe need e nunbers
and fabrics, onthe neede peneraionfaces, fa 9 nger 18 andfa 2y

As seenfromHFgure 88, facesfar Snger 18 2 py sanp es are hi gher whenthe
thread was used When conparedtothe 1 ply vdues obtaned wththe sanme

need e nunber, thefaces are Hgher, as expect ed.

Needle: Singer22 - 2 Ply
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Hgue 89 Bfeds o the sewngthread presence accord ngtothe need e numbers
and fabrics, onthe neede penetraionfaces, fa 9 nger 22 andfa 2dy

As showninFgure 89 there are seen dffeert need e penetraionfarcevd uesfor
Fabric 1, Fabric 3 Falric3 and Fabric 5. For them forces obtd ned when sew ng
wthou thread are higher than the o her vd ues obtdned when sewng wththe
thread This resdt nmight have been occurred because o the i nproper tens on

Setti ngs.

Fgues 810 Fgue 811 and Fgue 8 12 showthei nportance of needlethread
numbers andthdr efeds on need e penetraion faces. Oly Fabric 1 and Fabric 4
were conpared because it was expected to see dight dfferences between t wo
falrics as Fabric 1 has the h ghest constructiond vd ues whle Fabric 4 has the
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lowest vd ues. Inthe histograns, Fabric No. showninthe horizontd axis are gven

as 1, wichrepesents Fabric 1 and 2 whichrepresents Falric 4

Needle: Singer16 - Yarn: 20tkt

i

=7 i
HE

2

[EnY

Fabric No

Hgue 8 10 Bfeds o dies onthe need e penerationfoces, fao Snger 16 andfor
20 Tkt sewngthread

As seenfromHF gure 8 10, fa Snger 16 and 20 Tkt thread, the penetraion f orces
are hi gher fa Fabric 1than Fabric4. Unli ket he exped dions, Fabric 1 s penetrdion
facevdues otanedfa 2 dy arelower thanits 1 pgyvdues. Th sresut showsthe
effed o fabric dies on penetraionfaoces. VWhen conparedtothe vd ues ohta ned
fa 40 Tkt sewngthread t he vd ues olt a@ nedf or 20 Tkt yarn are nearl yt he sane as

showninFHgue81

Needle: Singer18 - Yarn: 20tkt

6
%4 jf @1 ply
ECZ) % é 02 ply
1 2

Fabric No

Hgue 811 BHfects of dies onthe need e penetrationforces, far Snger 18 and for
20 Tkt sewngthread

As seenfromHF gure 8 11, penetraionfarces are higher for 2 gdied sanplesthan 1
pysanpes, fo bahfabrics. Fabric 1 s pendrdionforce vd ues are higher for both
situdionsthan Fabric 4s vd ues. When conparedtothe vd ues seeninF gue 8 2
obtaned fa 40 Tkt yarns, Fabric Ts peneiration farce vdues are higher, as
expected, because as need e thread nunber increases, the forces affected on

need e are d soi ncreases. For Fabric 4, peneraionforces obtdnedfa 20 Tkt yarn
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arel ower than 40 Tkt yarn Ancat her reasonfa oht a ri ng unexpect ed vd ues can be
sa dtha, experi ments cod drit berepeat ed enoughfo 20 Tkt yarn because of yarn

bdloonthreaenfa tearingthe strd n gauge.

Needle: Singer22 - Yarn: 20tkt

81 ply
8 2 ply

Force [N]
S\
NN

Fabric No

Hgue 8 12 Bfeds o dies onthe need e penerationfoces, fao Snger 22 andfor
20 Tkt sewngthread

As shownin Fgue8 12 focesfa 2 diedsanples are nearly higher thanthe 1 py
sanp es. The vd ues are about the same wth sewng 40 Tkt for the same need e

nu moer.

Duringthe study, itis possdeto observe characterigic wavef or ns obta ned from
the sensor signds. They are the main parameters to undersand the sewng
dynamcs and wll for mthe database for the fuure stud es. The resuts obta ned
duringt he experi ment showedt hat, these wavefor ns certdarly showt he dfference
bet weenthe met erids being sewn andthe prodens occurred during sew ng, such
as yarn breakage andf abri c puckering Such prod ens g ve dfferent s gnd s during
the sewng process caus ng devi d&ions fromt he characterigic wavef onms. These
devi aions can be observed duringt he process. Theseresuts arein harmony wth
Rocha et.d.’s resuts Accordng to thear findngs, paticda wavefarns are
characterigics of sewngfadts Carvd ho et.d. dsofoundtha dfferent need es and
materids were detectable Asqo the wavefar ns obtaned for a sewng cyde are
s nil a tothe wavef o s found by severd researchers as Vet hews and Little MAl &
and Xu, Carvdho &.d. and Rocha €. 4d.

It wou d be hdpgfd toindcaetha inthe wavefor mfigures, verticd line shows t he
face vduesin New ons and the horizortd line shows theti nein seconds. Ti me
intevds are taken from the wavefons a dfferen seconds to refled the

characteridics d the sew ng dynamcs beter.
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Hgues 813 814 and 815 are gven far Fabric 4to seethe effects of neede
numbers and dy dfferences i ndependent fromthe f abxi ¢ constructi on

Lléé\;;iﬁﬁj\ﬁ%ﬁg}' W u ALY \M """ \';;; R

F gure 8 13 Vve o ns for 142 coded sanpl e

Hgue 8 13 shows the wavefar s taken far Snger 16 need e and superi nposed

sewn Fabric 4 The nmexi mu m need e pendrdionface was neasured as 2, 4927 N

............................

Hgue 8 14 Characterigic wavef ar s far the 342 coded sanpl e

For 342 coded sanypl g whi ch showsthat the Fabric 4is sewn wth S nger 22 wth 2
pies the maxi numforce was obtaned as 33237 N Fomthe Fgues 8 13 and
8 14, it can be sa dtha forces are hi gher f ar t he b gger need e nunbers. Thi sresut
isdsoevident famthe wavef or ns. 342 coded sanp €s vd uesreachto the h gher

vd uethan 142 coded sampl e

?kﬂj\/ﬂ\}ﬁ ffn'\ \j\/ \ﬂf VY J*\JL A \ﬂ\j J{]_

F gure 8 15 Charact eri gic wavef ar s far the 341 coded sanpl e

As seenfromF gue 815 foces arel ower than the 342 coded sanple. For 341
coded sanp e the maximu mf orce was obtaned as 1,3848 N Ths one plyvd ueis

111



d sol ower thant he vd ue measured when sewngt he sane fabric wththe smdl est
need e nunber, S nger 16, i nsuperi nposed configur aion Th s enphasi sest hat, t he
systemest aldi shed has an ahilityto detect the py dfferences during worki ng Dat a

ganedfromthis syssemcod d be usedfa nmaki ng sure dl the dies were sewn.

To see the effects of the sewng threads, codes 3111 and codes 311 were

conmpared The wavefanms are shownin Fgure8 16 and Fgue 8 17

4< ........................................................................
3. .........................................................................
< W L T R T gy Voo I
it b Pl M opioe e -f
ol _ﬁi\j_ e i J'I_.‘_"T\J,\vf'. ..'739.'?“3.,__)2‘ __““_71,0_[ ,-' \jl\"f Y } \.-' 'V‘J‘,L,
= i RS AS R A e A A A A A G A R SO '. ..............................
0 0:1 0:2 03 04
F gure 816 Characterigic wavefa ns far the 3111 coded sanp e
o e S e e S e o e o e e g e e e S e e e Y e e e
2_.__..__..__..__..__..__..__._: ............................................
(I R B e PR
oA e fb A " ,
AW A X i\ ! N ‘\ 1
'1’fll’£ Y I"w' }\I' A J‘i’}:\"""L."‘I‘H \"’\J \if Jri.ll.f"( "L / ,E Jlll'v'j’»
22 A,E‘I AAAAA . ASEER, | SRR IR, ' AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
e TR TR B JI ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
35 36 3.7 38 39

Hgue 817 Charac erigic wavefar s fa the 311 coded sanpl e

As seenfromthe Fgure 8 16 and F gure 8 17, forces are hi gher when comparedto
the farces ohtaned wth the sanples sewn withou the yaaon For 3111 coded
sanp e the penerdion vd ue was found as 3,5314 N while fa the 311 coded
sanp e it was found as 3,0467 N Aso dfferent wavef or ns are seen when us ng

thread, showngthe dfect d yarntend on onthe need e penetraionface
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Inthe fdlowng figuwes, sewng prod ens occured during sewng are gven and
exd aned sep by sep

A

e s T T e T Y . L SR, R e
I‘\ |""|

1. ...... i ........ (1 ...............................................

oA/ K«J—\ u“*f \!\f m\”"v/ \/\3 “\A*AVUV e

k7. NSRRI, SRR R (| R ) L I S

O O O A

- IR ) {""'”"”'""i .............. booooooiooooood oo
16 17 18 19

Fgue 818 Charaderistic waveforns for the 2112 coded fabric in a nor nd
condtion

Inthe Fgure 8 18 nor md viewof the sewngfoce wavesis seen In FHgure 8. 19
fabric stats to pucker during sewng and wavefor ns stat to change in 9 8"
seconds.

G S e T R 1 S 1 S ) S S ) S ) S 1 T ) S ) S ) S 1
2 b ROl L AL LAl A S i e gl Lo PR L A L L L Al i L LA I A AT A i A
1 B o e g o e e e T Nt g i e Yl At et e S R e A
O s o S S S S T L L e L L e S S S S S S N S DS T TS m s

R e e S e I e e e e R e R e S ) i ) e ) e g e e e i

240, f‘u"\mvw vi wﬁf\/\/\/ \;"v\f\ . N\ PaVa

S e e L N e e T e S e S e S S U R S SR S T

10 1011 101,2 1013 1UT4

H gure 8 20 Puckered wavef o ns far the 2112 coded fabric

As seenfromt he H gure 8. 20, fabri ¢ puckeri ng occured andthefeed dogs cod dnit
move the falricfuther. So, becausethe neede cortinuoudy enterstothe sanme
part, wavefar s ddrit change and they ony represent the inertid forces, na
penetraionfaces.
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As wll be seenfromthe FHgwes 8 21 and 8 22, a broken stitch can be observed
during sewng Hgure 821 showsthe nor md stitch wavef o m whil ethe ot her one

shows the upper thread breakage occured after the 7" seconds. Wavefor ms

changeingartlyin Rgure 8 22 whenthe need ethread breaks.

Hgue 8 22 Wavef or ns for the 1122 coded sanp e show ngthe yarn breakage
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9. SUGGESTI ONS FOR FUTURE STUDY

Resuts o thHs study showed tha, the estaldished system cou d recogn ze the
dfferent need etypes, seamtypes andinsome dtuaions, dfferent meterid types.
Thisstudyis one of therare stud es atenptingto nonita the need e penetration
farces duringl ockstitch process and has a dfferent approachto contrd the sewng
process in terns o usng dffeent nmeasurenent system urlike the o her

researches tha have been done before
The fdlowng a e suggestions fa fuuwe sud es:

e The experi nents shodd be done to see the need e penerdion farces

effeds when sewngin weft dredtion

e Sanp es shod d be st one washedto seeif t here wou d be any damage seen
after the wash ng process. The rd ai onshi p bet weent he need e penetradion

faces and the need e damage shod d bei nvesti gat ed

o [Dfferent types of fabrics, woven or krittedfabrics, shod d be sewnin order
tocdlea daato nodfythssystemto anirntdligent sewng systemby using

fuzzylog c d gariths.
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