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Seznam pouzitych symboli a zkratek

Symbol, zkratka

2HB
2HG
2HGS
ACF(®)
AIC

Vyznam

Moment hystereze na jednotku délky [Nem/cm]
Hystereze pii uhlu smyku @=0,5° [N.cm]
Hystereze pii uhlu smyku @=5° [N.cm]
Autokorelacni funkce

Akaikovo informaéni kriterium

Tepelna jimavost [W/ (m2 K S-o,s)]

Tuhost v ochybu na jednotku délky [Ncmzfcm]
Bayesovo informaéni kriterium

Nové navrzeny postup pro objektivni predikei omaku
Oznaceni navrhovaného modelu

Kovariance

Model proporcionalnich $anci

Vanaéni koeficient

Meéfené body povrchu

Vzorkovaci vzdalenost

Fraktalni dimenze

Priméma fraktalni dimenze

Fraktalni dimenze spo¢tena ze 12 bodi
Relativni ¢etnost v medianové tfide
Kumulativni relativni ¢etnost v medianové tride
Tuhost ve smyku [N/cm.stupeni]

Deviance

Odhad variogramu

Velikost posunu

Hurstiiv exponent

Kawabata evaluation system

Model vytvareny logistickou regresi na zakladé vlastnosti ze systému
KES

Délka proméfovaného povrchu vzorku
Maximalni vérohodnost modelu, ktery obsahuje pouze absolutni len
Linearita [-], pfi deformaci v tlaku

Maximalni vérohodnost modelu

Linearita [-], pfi deformaci v tahu

Pocet tkanin

Plosna mérna hmotnost [kg/mz]

Medianova kategorie

Priiméma absolutni odchylka [pm]

Koeficient tieni [-]

Priméma odchylka MU/ [-]

Priumémy sklon profilu
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Pramérna hloubka udoli

Pramérna vyska piku

Odhad regresniho koeficientu je statisticky nevyznamny
Pravdépodobnost jevu ()

Smérodatna odchylka kiivosti profilu

Smérodatna odchylka sklonu profilu

Pocet zaznamenanych bodi na délce L

Spearmanuv pofadovy korelaéni koeficient
Primérna hodnota z R, (/=1,2,....Q)

Nagelkerkeova statistika

McFadentiv koeficient determinace

Pruznost v tlaku [%s]

Zaznam fady bodl na délce L

Pruznost v tahu [%%]

Stladitelnost [-]

Odhad regresniho koeficientu je statisticky vyznamny
Smérodatna odchylka

Variabilita pribéhu sily

Variabilita vysky povrchu

Povrchova drsnost [um]

Tloust'ka [mm], postup BM

Tuhost [mN.cm]

Tloustka [mm], systém KES

Celkovy omak (hodnoceni pomoci panelu respondentti)
Celkovy omak - objektivni predikce

Priimé&r deseti bodil

Plosna mérna hmotnost [mg/cmz], systém KES
Waldovo testaéni kriterium, i-ty regresni koeficient
Energie potfebna ke stlaceni [N.cmfcmz]

Deformacni energie [N.cmf’cmz]_, pfi namahani v tahu
Median ordinalni $kaly

Primér z mediana

Modul pruznosti [MPa]

Modul pruznosti po diagonale [MPa]

Hladina vyznamnosti

Variogram
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1. Uved

Subjektivni hodnoceni omaku patfi mezi metody, které nazyvame organoleptické, tj., jsou to
metody, které hodnoti danou vlastnost smysly, v pfipadé omaku hmatem. I kdyZ jednoznaéna
definice poymu omak neni dana, je omak obecné chapan jako pocit, ktery je vyvolan pii
kontaktu textilie s pokozkou, specieln€, pii hodnoceni omaku prsty a dlani ruky. V poslednich
40 az 50 letech bylo vénovano velké asili snaze porozumét vnimani omaku textilii, aby ho bylo
mozno predikovat z objektivné méfitelnych vlastnosti, které souviseji s omakem. To je dano
tim, ze textilie urené pro odévni Ufely jsou nejdiive hodnoceny v souvislosti s mddnosti
(vzhled textilie) a prijemnosti pii kontaktu (omak). Tento zplisob hodnoceni odpovida lidské
psychice. Ta je uzpilisobena tak, Ze se nejprve hodnoti piijatelnost a piijemnost viemu [1].
Z hlediska vnimani vlastnosti béZnym uZivatelem lze vlastnosti rozdélit na:

a) vlastnosti hodnocené pii nakupu textilie — mezi tyto vlastnosti patii predeviim vzhled,
omak a komfort — jsou to vlastnosti $patné méfitelné — jsou subjektivné vnimany zakaznikem,
souvisi s psychickym stavem spotiebitele

b) spotfebitelem nezjistované ale dobfe méfitelné vlastnosti — pevnost, taZnost,
prodysnost, odér — pro bézné odeévni ucely maji mensi vyznam, ale koreluji s vlastnostmi, které
jsou uvedeny v bodé a)

¢) vlastnosti souvisejici s chovanim textilie v procesu spotfeby — trvanlivost, Zivotnost,
opotiebeni — patfi mezi praktické zkousky (noseni), simuluji se pomoci umélého starnuti

d) vlastnosti charakterizwjici zpracovatelnost — spfadatelnost, vhodnost pro
konfekcionovani, atd.

Vyznam predikce omaku pomoci objektivnich metod roste i s rozvojem novych druhil
syntetickych vlaken, novych technologii a novych textilnich vyrobkil, kde se omak dostava na
predni misto pi1 hodnoceni jakosti textilii.

V neposledni fadé hraje dulezitou roli i rychly rozvo) obchodovani pfes internet, kdy se
spotiebitel rozhoduje o koupi pouze na zakladé vizualniho kontaktu bez mozZnosti si textilii
osahat, a tak potiebuje ziskat jinym zplisobem predstavu o kvalité textilie z hlediska omaku.
Lze namitnout, Ze v dne$nim svét€¢ mody tyto informace rychle zastaraji, stejné rychle jak se
méni moda, ktera vzhled vyznamné ovliviuje. Nejen vlastni zkusenosti vSak ukazuji, Ze
hodnoceni omaku nepodléh4 zménam tak rychle jako vzhled (barevnost, vzorovani, atd.).

V piedlozené habilitaéni praci jsou uvedeny stéZejni postupy mnou navrzené a realizované,
popi., na kterych jsem se podilel. VétSina navrhu a vysledkia byla Casopisecky publikovana.
Tyto publikace jsou uvedeny jako prilohy a ozna¢ené Bl az B12. V habilitaéni praci je uveden
mnou navrzeny postup hodnoceni omaku s vyuZitim panelu respondenti, ktery je zaloZen na
medidanové kategorii ordinalni skaly [B10] — cela kapitola 2 kromé Casti kapitoly 2.4, na jejichz
vysledcich jsem se spolupodilel [B6, B7, B9]. V kapitole 3 je uvedena mnou navrzena metodika
pro konstrukci predikéni rovnice, kterd je vybudovana na ordinalni logistické regresi (BM
technika) [B3, B5].

Ke kapitole 2 (krome asti 2.4). — V piispévku [B10] jsou diskutovany tii vyznamné aspekty
spojené se subjektivnim hodnocenim omaku popf. senzorickou analyzou a jeho predikce
s vyuzitim linearni regrese. Jsou zde uvedena vychodiska k vybéru hodnotitelt, skaly a
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sémantiky. Jsou zde uvedeny vysledky reprodukovatelnosti a vlivu vizualniho stimulu na
hodnoceni omaku. V tomto pfispévku jsem vytvofil metodiku hodnoceni omaku a postup pii
realizaci experimentu. Vytvofil jsem vychozi navrh na konstrukci techmky BM - vybér
vlastnosti. V pozdéjsich modelech jsem koeficient tfeni nahradil primérnou absolutni
odchylkou. Toto nahrazeni bylo dano predevsim problémem jeho piesnosti méfeni na
naklonéné roviné. Podilel jsem se na vytvofeni predikénich rovnic vychazejicich z linearni
regrese. Na zakladé vlastnich zkuSenosti jsem pozdé€ji linearni regresni modely nahradil
logistickymi {(ordinalni logistickou regresi). V kapitolach 2.1, 2.2 a 2.3 jsou uvedeny pavodni
vysledky autora, které zatim nebyly publikovany, av3ak vychazeji z piilohy [B10]. Postup byl
vyuzit pfi vyvoji ,,nového™ denimu [B2, B4].

Ke kapitole 2.4 - Vedle vybéru vlastnosti, které jsou pouZity pro konstrukei predikéni rovnice,
je dulezité stanovit, jaky parametr popisujici danou vlastnost nejlépe koresponduje s omakem.
Jelikoz jsem zjistil, ze drsnost povrchu patii ke kli€ovym vlastnostem pii subjektivnim
hodnoceni omaku, navrhl jsem, aby byla vénovana této vlastnostt zvlastni pozornost.
Vysledkem byly tii publikace, na kterych jsem se podilel [B6, B7, B9]. Kromé popisu drsnosti
povrchu s vyuZzitim fraktalni dimenze jsem navrhl pouziti viech ostatnich parametri. Navrhl
jsem pro popis fraktalni dimenze vyuziti autokorelaéni funkce a variogramu. Navrhl jsem
kompletni experimentalni ¢ast, ktera se tyka ziskani profilu povrchu at’ vz SHV nebo SFV.

Ke kapitole 3 - Postup uvedeny v kapitole 3 je zcela pivodni a byl publikovan v [B3, B5].
Vychodislo 1ze nalézt v [B10].

Vysledky néavrhu postupu subjektivniho hodnoceni omaku byly vyuzity pfi vyvoji nové
konstrukce denimu, kde bylo v utku nahrazeno bavin¢éné vlakno polypropylénovym — zde jsem
navrhl cely experiment a podilel se na vyhodnoceni a interpretaci vysledki [B4]. Vlastnosti
nové konstrukce denimu jsou uvedeny v praci [B2]). Zde jsem se podilel na pfipraveé
experimentu, jeho vyhodnoceni a interpretaci vysledki.

Obsahy pfiloh [B1, B2 a B12] maji nepfimy vztah k predikci omaku, kterd je stéZejnim
obsahem ptedkladané habilitatni prace. Jelikoz vsak vysledny omak a jeho slozky jsou
ovlivnény findlnimi Upravami a materidlovym sloZzenim jsou tyto prace pfiloZeny.

Jednou ze slozek komfortu je senzorickd €ast, kterd zahrnuje vjemy a pocity ¢lovéka, které
vznikayi, pii piimém styku pokozky s prvni vrstvou odévu. Je tvofena mechanickym (napf.
vratné zmény tvaru pii pohybu téla) a tepelnym kontaktem mezi lidskou kuzi a textilii. Je
zigymé, ze omak muze byt chapan jako jedna z Casti senzorické slozky komfortu. Pocity
vznikajici pii styku pokozky a textilie mohou byt pfijemné &i nepfijemné. Mezi piijemné pocity
patii pocit mékkosti, splyvavosti a naopak mezi nepfijemné patii pocity vlhkosti, drazdéni
pokoZzky zplisobené mechanickym kontaktem textilie s pokozkou. Senzoricky komfort je dan i
tepelnymi vlastnostmi, které vyvolavaji pocity tepla, chladu a vlhkosti. Tyto vlastnosti lze
ovlivnit riznymi finalnimi Gpravami. Vliv Gprav na termofyziologické vlastnosti je uveden
v ptiloze [B1]. Zde jsem se podilel na pfipravé experimentu a jeho vyhodnoceni.

V piiloze [B11] je porovnavan vztah mezi teoreticky odvozenou porozitou a experimentalné
méfenou prodys$nosti. Zaroveni je zde porovnani s propustnosti svétla tkanin. Zde jsem se
podilel na vytvofeni metodiky pro méfeni propustnosti svétla a vyhodnoceni. Piiloha [B12]
obsahuje vliv sloZeni materialu na riizné vlastnosti tkanin. Zde jsem navrhl experiment, modely
a relizoval experiment.



2. Subjektivni hodnoceni omaku textilii

Omak textilii je chapan jako komplexni psychofyzikalni vlastnost, coz znamena, ze subjektivni
vnimani omaku je vazenym prumérem jednotlivych primarnich stimult a osobni zkuSenosti
hodnotitele. Vedle konstrukce textilii, finalnich uprav, vzhledu atd., rozhodnuti o tom, zda je
textilie vnimana na omak jako piijemna ¢i nikoliv, je soucasné ovlivnéno aktualnim
psychickym stavem hodnotitele, jeho zkusenosti, citlivosti kontaktniho mista (nejéastéji prsty a
dlan dominantni ruky). Velké mnozstvi faktori tak vede k rozdilnému subjektivnimu
hodnoceni. Proto se pii hodnoceni a tvorbé predikénich rovnic musi dodrzovat zasady
senzorické analyzy. Diulezitost je dana tim, Zze vysledky zhodnoceni pomoci panelu
respondentt tvofi zaklad pro tvorbu predikéni rovnice (obrazek 1). Pokud je cilem ziskat
duvéryhodné a vyznamné informace o omaku tkanin, je zapotiebi mit vhodné informace fadoveé
alespori od 100 hodnotiteld.

textilie

J J
A S
k= -
- =
;E FF'
EE E
== 5
8 g g
2.0 &
T !
THV > THV (0)

Obrazek 1. Vztah mezi 7H}V a jeho predikci THV(O)

Hodnoceni omaku je vzdy zatizeno ur€itymi odchylkami, i kdyz jsou dodrzovany zasady pro
dosazeni stabilniho hodnoceni. Opakovatelnost a reprodukovatelnost jsou klicovym faktorem
pro moznost konstrukce predik¢ni rovnice, protoze rozsifuji platnost rovnice pro delsi Casové
obdobi (fadové roky). Pfi pfipravé a pro naslednou analyzu hodnoceni omaku je zapotiebi
definovat tyto dil¢i slozky celého procesu [B10, 2]:

1) hodnotitele,

2) vlastnosti,

3) skalu,

4) prabéh hodnoceni,
5) podminky hodnoceni,
6) analyzu vysledka.



Uréeni a dodrzovani nastavenych parametru téchto slozek je nutnou podminkou pro stanoveni
opakovatelnosti a reprodukovatelnosti. Jednim z velmi dalezitych faktorti (souéast bodu 5),
ktery ovliviiuje vysledné hodnoceni, je plsobeni vizualniho kontaktu pii hodnoceni. Prakticky
to znamena vybrat, zda bude hodnocen omak s vizualnim kontaktem nebo bez ného.

2.1 Material

Pro ovéfeni opakovatelnosti, reprodukovatelnosti a zjisténi vlivu vizualniho stimulu na
hodnoceni celkového omaku bylo pouzito 28 vinaiskych tkanin, které se pouzivaji na vyrobu
panskych oblekovych tkanin. Jednalo se o standardni komercné vyrabéné tkaniny, které
pochazely z Ceskych vyrobnich podnikii. Rozmér hodnocenych vzorki byl 0,7x0,7 m. Rozmezi
zakladnich parametrii je uvedeno v tabulce 1.

2.2 Opakovatelnost a reprodukovatelnost

Opakovatelnost a reprodukovatelnost hraji dilezitou roli pii predikci omaku. Opakovatelnost
ukazuje, zda jsou titiz hodnotitelé schopni dosahovat shodnych vysledki pii opakovaném
hodnoceni. Reprodukovatelnost ukazuje na miru shody hodnoceni mezi riznymi skupinami
hodnotiteli. To nasledné umozfiye ¢init zavéry pro celou populaci, ze které hodnotitelé
pochazeji.

Tabulka 1. Rozsah zakladnich parametri hodnocenych tkanin

Hmotnost g/m? 140 - 370
dostava - osnovy niti/10 ¢m 170 - 560
- Utku 150 - 370

zakladni typy slozeni | 100% vlna, 45/55 vlna/polyester,
vlna/polyester/polyamid

zakladni typy vazeb | pfevazné rizné typy keprii, platno

Pro ovéfeni opakovatelnosti, reprodukovatelnosti a stability hodnoceni v ¢ase byly pouzity tii
skupiny hodnotiteli, ktefi hodnotili omak v pribéhu piiblizné 8 let. Soucasn€ stim byl
sledovan vliv vizualniho kontaktu na hodnoceni omaku.

Respondenti ve vsech hodnoticich panelech maji vzdélani v textilu, aviak s malymi
zkusenostmi, co se ty¢e profesionalniho hodnoceni omaku tkanin.
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Tabulka 2. Pouzita ordinalni skala

jedenactistupniova ordinalni skala
1 nevyhovujici
2 horsi
3 Spatny stiedni
4 lepsi
5 horsi
6 pramémy stfedni
7 lepsi
8 horsi
9 dobry stfedni
10 lepsi
11 vynikajici

Prvni skupina - byla sloZena z 30 hodnotitelii ve véku 20-26 let. Hodnotila celkovy omak
(THV) bez a s vizudlnim kontaktem. Jako prvni hodnotila omak bez vizualniho kontaktu.
Hodnoceni omaku s vizualnim kontaktem bylo realizovano o tyden pozdéji. Druhé, opakované
hodnoceni se uskutecnilo po 4 mésicich. Byla hodnocena cela skupina 28 tkanin.

Druha skupina - byla tvorena 40 hodnotiteli ve véku od 20 do 28 let. Hodnotila celkovy omak
pouze s vizualnim kontaktem piiblizn€ 3 roky po prvni skupiné. Hodnoceni provadéla 2x
s periodou mezi hodnocenimi rovnéz 4 mésice a hodnotila vsech 28 tkanin.

Tieti skupina - byla slozena z 21 hodnotiteli ve véku 20 az 27 let. Provadéla hodnoceni
celkového omaku s a bez vizualniho kontaktu pouze jednou. Casova perioda mezi hodnocenimi
byla 1 tyden. Hodnoceni se uskuteénilo piiblizné 5 let po druhé skuping, {j. asi 8 let po prvni
skupiné. Tato skupina méla k dispozici 10 tkanin, které byly vybrany na zakladé€ hodnoceni
realizovanych skupinami 1 a 2. Vybér byl proveden tak, aby pokryval co nejpravidelnéi cely
rozsah Grovné omaku.

Hodnoceni omaku pomoci panelu respondentii patfi mezi senzorické metody, kdy je analyzovan
vysledny viem smyslovych organli. Aby mohlo byt vysledné hodnoceni snaze interpretovano,
byla pouzita pro hodnoceni ordinalni $kala, ktera byla rozdélena do K kategori. VSechny
skupiny pro své hodnoceni pouzivaly jedenactistupiiovou (K=11) ordinalni $kalu (tabulka 2).

Pii hodnoceni omaku pomoci panelu N hodnotiteld (=1, 2, 3,.... N) se tiidi M tkanin (m=1, 2,
3,.... M) do K kategorii (k=1, 2,... K). Kategorie jsou sefazeny vzestupné od nejhorsi kategorie
C; po nejlepsi Cy (tabulka 2). Pouziti iselnych hodnot u stupnicovych metod muize vést
k tomu, Ze se s nimi zachazi jako s b&Znymi daty, a tudiZ se pocitaji aritmetické priméry a
rozptyly. Je viak zapotiebi vzit v uvahu, Ze nejde o linearni stupnice a kardinalni data. Cisla
maji tedy vyznam symboll, a tudiz rozdily mezi sousednimi tfidami nejsou konstantni, takze
specialné aritmeticky prumér nelze korektné pouzit. Zaroveil pii individualnim hodnoceni je
spekulativni predpokladat, ze stejné hodnoceni (pfifazeni do téze tfidy) je opravdu Eiselné
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shodné. Proto byl pouzit pro odhad parametru polohy z vysledkt subjektivniho hodnoceni
omaku textilii median ordinalni §kaly xz [3], ktery je definovan vztahem

xgp = Me + 0,5 —

kde medianova tfida Me je definovana nerovnostmi

Fue—0,5
fMme

Frje—y < 0,5, Fye = 0,5,

Pro m-tou tkaninu je xz,, dano vztahem

FMem—0,5
fMem

E

(1),

(2).

kde Fis » je kumulativni relativni Cetnost az do tiidy Me a fi. » je relativni Cetnost ve tiide Me.
V tabulce 3 jsou uvedeny zakladni vysledky hodnoceni omaku tkanin - minimalni, maximalni a
primérna hodnota medianu ordinalni Skaly xz. Celkové prumérné hodnoty mediant Xj pro

. . . _ 1 . .
hodnoceni bez vizualniho stimulu (Xg =EZﬂ=1me)]sou vrozsahu od 5,7 do 5,9, coz

ukazuje, ze ,,prumémé” hodnoceni se v ¢ase neménilo. Na druhou stranu je odli$nost
v minimalni hodnoté. Skupina 3 nehodnotila omak vylozen¢ jako Spatny, ale pouze na rozmezi
Spatny-pramérny. Urc¢ité rozdily v hodnoceni u skupiny 3, vzhledem ke zbyvajicim dvéma
skupinam, lze také nalézt v pfipadé hodnoceni omaku s vizualnim kontaktem. Celkova
primérna hodnota medianu Xy je piiblizné o 0,8 bodu nizsi, tzn., ze tato skupina v priméru
hodnotila omak jako horsi. Toto indikuje ur€ity mozny vliv vizualniho kontaktu pii hodnoceni
omaku. Nelze opominout také fakt, ze mezi vyrobou tkanin a jejich hodnocenim v pfipade
skupiny 3 uplynulo vice nez 8 let, takze hodnotitelé mohli byt ovlivnéni trendy (barevnosti).

Tabulka 3. Zakladni charakteristiky median ordinalni Skaly xp

skupina 1 skupina 2 skupina 3
bez vizualniho s vizualnim s vizualnim
stimulu stimulem stimulem bez .
vizualniho | vizualnim
1. 2. 1. 2. hodn. | 1. hodn. | 2. hodn. e sfinmilem
hodn. | hodn. hodn.
Xp 5.7 5.7 5,8 6,0 6.3 6,0 5,9 49
minimum 1,9 2.3 2,9 3,0 3.9 3.4 3.5 2,6
maximum 9.1 92 9.1 8,8 10,1 92 9,0 7.9
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K porovnani vysledki mezi jednotlivymi skupinami hodnoceni byl pouzit Spearmanuv
potadovy korelacni koeficient rs a linearni regresni model. Teoreticky, pfi shodnosti hodnocent,
porovnavana hodnoceni lezi na pfimce y =, + f, x, kde pro regresni koeficienty plati nulovy
usek f~0 a jednotkova smémice f,=1. Proto pro porovnani dvou hodnoceni byla testovana
hypotéza Hy: f=0 a f,=1 proti alternativni hypotéze H;: £, #0 a B, # 1. Veskeré realizované

testy hypotéz byly feSeny na hladiné vyznamnosti a=0,05.

Opakovatelnost celkového omaku (THV)

Aby mohla byt ovérena opakovatelnost hodnoceni, posuzovatelé hodnotili omak za stejnych
podminek dvakrat. Experiment byl rozdélen do dvou ¢asti:

a) bez vizualniho stimulu — byl ovéfovan na skupin€ 1,
b) svizualnim stimulem — byl ovéfovan na skupiné 1 a 2.

V tabulkach 4 az 8 § znadi, ze odhad regresniho koeficientu je statisticky vyznamny (f#0) a N
znamena, ze odhad regresniho koeficientu je statisticky nevyznamny (8= 0).

a) bez vizualniho stimulu

Vysledky jsou uvedeny v tabulce 4. Ukazuji, ze l1ze tato dvé hodnoceni povaZzovat za shodna.
Regresni koeficient f; je statisticky nevyznamny a pro koeficient f; plati, ze jeho 95%-ni
interval spolehlivosti pokryva hodnotu 1. Korela¢ni koeficient 7s ma hodnotu 0,77, coz ukazuje
na vysoky soulad v hodnoceni jednotlivych tkanin (obrazek 2).

100
9.0+
8.0+
704
6.0~

504

druhé hodnoceni

40 -
3.0+ ./
P

204 i

T T
10 20 30 40 50 60 70 80 9.0 100
prvni hodnocent

Obrazek 2. Opakovatelnost — porovnani prvniho a druhého hodnoceni xz bez vizualniho
kontaktu — skupina 1
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Tabulka 4. Opakovatelnost hodnoceni celkového omaku bez vizualniho stimulu

skupina 1

odhady regresnich koeficientt by b,
odhad 1,3 0,77
smérodatna odchylka 0,73 0,12
zaveér — vyznamnost N S
hladina vyznamnosti 0,087 0,000
95%-ni int. spol. — spodni mez -0,2 0,52

horni mez 2.79 1,02
rs 0,77

b) s vizudlnim stimulem

Oveéreni opakovatelnosti hodnoceni omaku bylo realizovano pomoci dvou panel respondenti —
skupiny 1 a skupiny 2, kde kazda skupina hodnotila omak dvakrat. Vysledky uvedené v tabulce
5 ukazuji, Ze 95%-ni interval spolehlivosti pro §; nepokryva 0 a tedy f+#0. Ackoli odhad
regresniho koeficientu f; nemiiZe byt striktné chapan jako rovny hodnoté 1 pro skupinu 2
(95%-ni 1nterval spolehlivosti nepokryva hodnotu 1), tak jako v pfipadé skupiny 1, je v obou
piipadech pobliz této hodnoty. Vysledky vedou u obou skupin ke shodnému zavéru. Druha
hodnoceni se 115 od prvnich, jelikoz odhady regresnich koeficinti 5,#0. Vysledky naznaduji, ze
v piipadé druhych hodnoceni byly tkaniny obéma skupinami hodnoceny blize k sob&€. Korela¢ni
koeficienty rs dosahly hodnoty kolem 0,7, coz ukazuje, také jako v pfipadé hodnoceni bez
vizualniho stimulu, Ze tkaniny, které byly pii prvnim testovani oceflovany jako tkaniny s lepsim
omakem, byly takto hodnoceny i pii druhém testovani.

Jak vysledky hodnoceni omaku bez vizualniho kontaktu, tak 1 vysledky s vizualnim kontaktem
naznaduji, ze hodnotitelé jsou schopni opakované hodnotit tkaniny s obdobnym vysledkem.

Tabulka 5. Opakovatelnost hodnoceni celkového omaku bez vizualniho stimulu

skupina 1 skupina 2

odhady regresnich koeficientt by b, by b,
odhad 1,55 0,77 1.39 0.73
smérodatna odchylka 0,69 0,11 0.68 0.10
Zaver - vyznamnost S S S S
hladina vyznamnosti 0,033 0,000 0.050 0.000
95%-ni int. spol. — spodni mez 0,14 0,53 0.002 0.52

horni mez 2,95 1,00 2.78 0.95
Fs 0,71 0,70
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Reprodukovatelnost celkového omaku

Pro ovéfeni reprodukovatelnosti hodnoceni celkového omaku bylo vyuzito tii panel
respondentti. Podminky a pribéh hodnoceni byly u vSech skupin zachovany. Rovnéz bylo
realizovano hodnoceni bez a s vizualnim kontaktem. Porovnavané skupiny:

a) bez vizualniho stimulu — skupina 1 a skupina 3
b) s vizualnim kontaktem — vSechny tfi skupiny.

V piipadech, kdy skupiny realizovaly hodnoceni 2x (skupiny 1 a 2), byly porovnavany mezi
sebou prvni a druha hodnoceni, jelikoz v pfipadé druhych hodnoceni jiz respondenti méli
s hodnocenim tkanin urcité zkusenosti vzhledem k uvodnim hodnocenim. Z tohoto divodu byly
porovnavany vysledky prvnich hodnoceni skupiny 1 s vysledky skupiny 3.

a) bez vizualniho stimulu

Regresni koeficient 7,=0,72 ukazuje vysoky soulad v hodnoceni mezi skupinami 1 a 3 (tabulka
6 a obrazek 3). Na zakladé vysledk( regrese lze prijmout hypotézy, ze fs#0 a f;#1. Tyto
vysledky indikuji urCitou odliSnost v hodnoceni. Skupina 3 pfi svém hodnoceni nevyuzivala
zcela cely rozsah stupnice tak Casto jako prvni skupina, hlavné v oblasti pro hodnoceni
Spatného omaku (tabulka 3). Lze tak konstatovat, ze skupina 3 byla mén¢ kriticka.

105
10.0
9.04
8.0+

7.0

skupina 3

6.0

50+

404

T T T
10 240 30 40 5.0 6.0 7.0 8.0 90 10.0
skupina 1

Obrazek 3. Reprodukovatelnost - porovnani prvnich hodnoceni xz bez vizualniho kontaktu —
mezi skupinami 1 a 3
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mezi skupinami 1 a 3

odhady regresnich koeficientt by b,
odhad 2,52 0.63
smérodatna odchylka 0,83 0.14
Zaver - vyznamnost S S
hladina vyznamnosti 0,017 0.002
95%-ni int. spol. — spodni mez 0,59 0.30

horni mez 4.44 096
rs 0,72

Tabulka 6. Reprodukovatelnost hodnoceni celkového omaku bez vizualniho stimulu

b) s vizualnim stimulem

Stanoveni reprodukovatelnosti hodnoceni celkového omaku s vizualnim kontaktem bylo
uskuteénéno za pomoci tii skupin respondenti. Skupiny 1 a 2 hodnotily omak dvakrat. Tento
zpusob hodnoceni se nejvice piiblizuje realné situaci, kdy hodnotitel textilii hodnoti na omak
vZdy s vizualnim kontaktem. Vysledky jsou uvedeny v tabulce 7.

Tabulka 7. Reprodukovatelnost hodnoceni celkového omaku s vizualniho stimulu

mezi mezi . ]
skupinami skupinami ezt mezt
122 122 skupinami skupinami
- 1. Hodnoceni | - 2. hodnoceni La3 2a3
odhady regresnich koeficientii by by by b; bo b; by by
odhad 1,97 0.75 3.34 0.48 0,55 0,71 0,31 0.74
smeérodatna odchylka 0,83 0.14 0.74 0.12 1,74 0,28 1,46 0.23
ZAVEr - viznamnost S S S S N S N S
hladina v¥znamnosti 0.025 | 0.000 | 0.000 | 0,001 | 0,758 | 0,034 | 0.837 | 0.013
95%-nd int. spol. — spodni mez 0,26 0.47 1.83 0.23 346 | 0,064 | 3,06 | 021
horni mez 367 | 104 | 485 | 073 | 456 | 1,35 | 368 | 128
r's 0.67 0,58 0,64 0,71

Vysledky neposkytuyi zeela jednoznaény zavér. Podle hodnot odhadi regresnich koeficienti
existuje soulad v hodnoceni mezi skupinami 1 — 3 a 2 - 3. Avsak vysledky v tabulce 3 ukazuji,
skupina 3 hodnotila omak tkanin v priméru o 0,8 stupné hife nez skupiny 1 a 2. Tento
nesoulad lze vysvétlit tim, ze smérodatna odchylka odhadu regresniho koeficientu b, je piilis
vysoka a tak 95%-ni interval spolehlivosti je schopen snadno pokryt hodnotu 0. Nizsi hodnoty
Spearmanova pofadového korelatniho koeficientu (<0,7) ukazuji na nizsi soulad v hodnoceni
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nez v piipadé opakovatelnosti. Respondenti jsou tak vice ovlivnéni vzhledem hodnocenych
tkanin.

Pres ne zcela jednoznacné vysledky lze konstatovat, ze existuje vysoky soulad v hodnoceni
mezi raznymi skupinami hodnotitelt, a tudiz reprodukovatelnost hodnoceni celkového omaku
pii vyuziti riznych skupin hodnotitelti (obrazek 4).
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Obrazek 4. Reprodukovatelnost - porovnani prvnich hodnoceni xx s vizualnim kontaktem —
mezi skupinami 1 a 3

2.3 Vliv vizualniho stimulu na hodnoceni omaku

Realizace hodnoceni omaku tkanin bez nebo s vizudlnim kontaktem patii mezi zasadni
podminky pribéhu experimentu pii jeho planovani. A¢koliv jsou hodnotitelé pouceni v souladu
s podminkami senzorického hodnoceni, vliv vizualniho podnétu nelze v prubéhu hodnoceni
zcela vyloucit, zvlasté v pripadech, kdy se tkaniny li§i vyrazné jak v zakladnich parametrech,
tak 1 barevnosti vzord. Vysledky uvedené v literatufe vedou k nejednoznaénym zavéram.
Lauglin [4] poukazuje ve své studii, ze konstrukce, lesk a povrch hraji dulezitou roli pfi
hodnoceni. Na druhou stranu Yenket [5] konstatuje, ze vizualni efekt nema velky vyznam na
hodnoceni.

Skupina 1 a 3 hodnotila omak, jednak bez vizualniho stimulu, jednak s vizualnim stimulem.
Jelikoz se skupina 1 z(castnila obou typt experimenti dvakrat, bylo pro porovnani vysledku se
skupinou 3 brano pouze prvni hodnoceni.

Hodnoty Spearmanova potadového korela¢niho koeficientu jsou v piipade€ obou skupin vysoké
(>0,7, tabulka 8), coz ukazuje, Ze se hodnotitelé byli schopni oprostit od vizualniho stimulu
behem hodnoceni. Je vSak nutno podotknout, Ze skupina 3 hodnotila omak s vizualnim
kontaktem v praméru jako horSi neZ bez vizualniho stimulu, coZ ukazuje na ur€ity vliv
modnosti vzoru, ke kterému béhem 8 let od vyroby tkanin k jejich hodnoceni skupinou 3 mohlo
dojit.
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Piesto 1ze konstatovat, ze dobie pouceni a ¢asteéné zkuSeni hodnotilé jsou schopni se oprostit

od vlivu vizualniho stimulu v pribéhu hodnoceni celkového omaku tkanin,

Tabulka 8. Vliv vizualniho siimulu na hodnoceni celkového omaku

skupina 1 skupina 3

odhady regresnich koeficient by b; by b;
odhad 2,11 0,64 0,40 0,76
smérodatna odchylka 0,62 0,10 1,10 0,18
zaver - vyznamnost S S N S
hladina vyznamnosti 0,002 0,000 0,728 0,003
95%-ni int. spol. — spodni mez 0,843 0,43 -2,14 0,34

horni mez 3,40 0,85 2,94 1,17
s 0,74 0,78

2.4 Analyza povrchu tkanin

Bylo zjisténo, ze hodnotitel nejdfive porovnava zakladni vlastnosti (primarni slozky omaku) a
teprve na jejich zakladé stanovi koneCny verdikt o omaku textilie (celkovy omak — THV).
Schematicky je postup subjektivniho hodnoceni omaku uveden na obrazku 5. Byl zaveden
predpoklad, ze primarni slozky souviseji se 4 senzorickymi centry:

- centrum povrchové hladkosti a nerovnosti,

- centrum tuhosti a poddajnosti,

- centrum objemovych vlastnosti (objem, hmotnost),
- centrum tepelnych projevi.

Bylo prokazano, ze jednotlivé primarni slozky nemaji steyny vyznam. Subjektivni vjem omak je
pak vazenym primérem velikosti stimulace jednotlivych center. Vahové koeficienty zde
predstavuji miru odezvy na jednotlivé stimuly. Pro toto vyjadifeni se zavedl pojem celkovy
omak (THV - Total Hand Value) [6]. Ukazuje se, ze mezi nejdileZit&jsi vlastnosti patii
vlastnosti spojené s centrem povrchové hladkosti (tabulka 9).
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Obrazek 5. Postup subjektivniho hodnoceni omaku
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Celkové
vyjadreni o
omaku textilie

Tabulka 9. Dulezitost primarnich slozek — panské zimni oblekovky

Vlastnosti KES Raheel Bajzik
centrum povrchové hladkosti 0,3 - 0,3
centrum tuhosti 0,25 0,53 0,26
centrum objemovych charakteristik 0.2 0,47 0,23
centrum tepelnych projevu - - 0,21
Ostatni 0,25 - -

Vychodiskem pro predikci omaku je pak soubor vlastnosti textilii charakterizujicich jednotliva

senzoricka centra (tabulka 10).

Tabulka 10. Ptiklady vlastnosti, které maji vzah k ur€itému senzorickému centru

Senorické centrum

Objektivné mefitelné vlastnosti

povrchové hladkosti
nerovnosti

a

koeficient statického tfeni, koeficient dynamického tieni,
MIU, MMD, SMD, chlupatost, atd.

tuhosti a poddajnosti

modul pruznosti v tahu, modul pruznosti ve smyku,
ohybova tuhost, splyvavost, pfiény modul, L7, WT, RT, B,
2HB, G, 2HG, 2HGS, thel zotaveni, tvarova stalost, atd.

objemovych vlastnosti

porovitost, plosna hmotnost, tloustka, stlacitelnost, LC,
WC, RC, relaxace srazivosti, atd.

tepelnych projevu

tepelna jimavost, tepelny odpor, atd.
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Drsnost povrchu je jednou z hlavnich vlastnosti, které ovliviiyji vnimani omaku. Standardni
metody méfeni drsnosti povrchu jsou zaloZeny na hodnoceni profilu povrchu. K méfeni se
pouzivaji profilometry, které se pohybuji po povrchu a nasledné je zaznamenavana vertikalni
zména. Vysledkem je kiivka variability vysky povrchu (SHV). Druhou moznosti je sledovat
variabilitu sily, kterd je zapotiebi k pfekonani odporu tkaniny, ktery klade pii pohybu
kontaktoru po povrchu. Zde je vysledkem zaznam profilu pribéhu sily po povrchu tkaniny
(SFV).

Profil zdznamu povrchu ma dva zakladni rysy:

a) nadhodny - drsnost kolisa znainé nahodné v prostoru a nelze tak pro popis
geometrického tvaru profilu pouzit zadnou funkci,

b) strukturalni — rozptyly drsnosti nejsou zcela nezavislé z hlediska usporadani v prostoru,
ale jejich korelace zavisi na vzdalenosti. Zv1aité povrch tkanin je charakterizovan témér
pravidelné se opakwjicim vzorovanim, a tudiz lze identifikovat Casto uréité periodicity.

Z profili SHV a SFV lze urdit celou fadu parametr, které charakterizuji drsnost. Vypocet
parametrti drsnosti je zaloZen na vyhodnocovani fady bodh R(d), j=12...0, které jsou
definovany na vzorku délky L. Méfen¢ body d; maji obvykle ekvidistantni vzdalenosti, a proto
R(d) mlze byt nahrazena veli¢inou R;. Aby mohly byt identifikovany pozice v méfitku délky,
je vhodné znat vzorkovaci vzdalenost d;=d- d.; = L/Q pro j=1. S celkovym omakem byly
porovnavany tyto parametry [7]:

I, Primérna absolutni odchylka (AZ4D) — parametr je roven primérné absolutni odchylce

vyéek povrchu od primérné hodnoty R.
1 _—
MAD = 2%;|R; — R| (3).

Tento parametr nerozli$uje mezi profily riznych tvan.

1. Smérodatna odchylka (SD) - je dana vztahem

SD = \/%z‘,j(Rj -R)’ (4.

Vyhodou SD oproti AMAD je, Ze pro normalné rozdélena data lze snadno spocitat intervaly
spolehlivosti. SD je vzdy vétsi nez MAD a pro data pochazejici z normalniho rozdéleni plati
SD=1,25MAD. Také tento parametr nerozlisuje mezi profily riznych tvart.

Il Priméma vyska pikd (AMP) — pocita se jako pramér odchylek profilu nad referenéni
hodnotou R (¢asto R = R). Je dana jako priiméma hodnota pikd P;, i=1, 2,...Q1, kde

P,=R;—R proR; > 0aP; =0jinak, (5)
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V. Priméma hloubka tudoli (Af}) — pocita se jako priimér odchylek profilu pod referen¢ni
hodnotou R (Sasto R = R). Jedna se o primé&mou hodnotu udoli V3, i=1, 2,...02, kde

Vi:R—Ri proRi<0aVi=0jinak. (6)

Parmetry MFP a MV davaji o informaci o sloZitosti profilu.

V. Smérodatna odchylka sklonu profilu (PS) - je dana vztahem

po= )

Vi, Smérodatna odchylka kfivosti profilu (PC) — Casto je nazyvana také jako vinitost. Je
dana vztahem

dx?

pc= i3, (M)j 8).

Sklon a kfivost charakterizuji tvar profilu. NiZ§i hodnota odchylky sklonu profilu ma za
nasledek nizsi tfeni.

Vil.  Priméry sklon profilu (AS) - je dan vztahem

dR(x)
dx i

MS:%):}-| (9).

Primérny sklon je dilezity parametr, ktery ma rovnéz vztah ke ti'eni.

VIII.  Primér deseti bodt (7P) — je definovan jako priméma diference mezi péti nejvySdimi
piky a p¢ti nejhlubsimi vdolimi profilu.

Tyto parametry jsou dilezité pro pfipady funkénich povrchi. Pro charakterizaci omaku je
patrné nejdalezit€j$i chrakteristika kiivosti PC.

IX.  Fraktalni dimenze (Dr a Dg,) — vétsSina umélych objekti je geometricky jednoducha a
muze byt klasifikovana jako sloZenina pravidelnych geometrickych tvari jako jsou cary,
kfivky, plochy, kruhy, koule atd. Ne¢které objekty vSak nemohou byt aproximovany presné
pomoci pravidelnych geometrickych tvar. Jednou ze tiid té€chto objekti jsou fraktaly [8] Mayi
dvé zajimavé vlastnosti — jsou samopodobné ve vicenasobném méfitku, tj. maly podil fraktalu
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vypada podobné jako cely objekt, a maji fraktalni dimenzi — jako protiklad celociselnému
rozméru pravidelnych geometrickych tvart. Z méfeni profilu tkaniny (variabilita tloustky R(h))
je k dispozici fada dat, ktera znamenaji jednorozmeérny prubéh profilu na délce L. Takto ziskana
data reprezentuji kiivku v roviné. Fraktalni dimenze D pak lezi v intervalu od 1 (pro hladkou
kiivku) do 2 (pro ,.drsnou”, hrubou, velmi €lenitou kiivku). Fraktaly mohou byt odhadnuty
napf. z mocninné zavislosti variogramu na velikosti posunu A, tedy

r'(h) = clhl® (10).

Hurstiv exponent H lezi vintervalu od 0 do 1, kde pro H=0 znaéi, ze kiivka je extrémné
nepravidelna a pro H=1/ znamena, ze kiivka je hladka [9]. Exponent H a frakalni dimenze DD
jsou spojeny vztahem

D=2-H (11).

Oznaceni fraktalni dimenze Dr je pro celkovou fraktalni dimenzi spocitanou ze vSech dat a Dy,
je oznaeni pro pocateni fraktalni dimenzi spocCitanou z prvnich 12 bodi (body 4 az 15)
variogramu (kromé 3 bodu na pocatku), [B6, B7, B9].

Variogram lze urcit na zakladé statistického chovani R(h). Zakladnim rysem R(h) je
autokorelovanost zavisejici na délce posunu / (vzdalenosti mezi hodnocenymi misty tloustky).
Hlavni charakteristikou statistického chovani R(%) je kovariance C(h)

C(h) = cov[R(d),R(d + )] = E{[R(d) — E(R(d))(R(d + h) — E(R(d))]} (12).

Autokorelacni funkce ACF(h) je definovana jako normalizovana verze C(h)

ch .
ACF(h) = % (13).

V prostorové statistice je variogram definovan jako polovina rozptylu rozdilt (R(d)-R(d+h))
r(h) = 0,5D[R(d) — R(d + h)]=0,5{E[R(d) — R(d + h]?> — E?[R(d) — R(d + h)]} (14).

Pro stacionarné nahodné procesy nezavisi prumérna hodnota na délce posunu /4, tedy
E[R(h)]=m. Potom
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r'(h) = 0,5E[R(d) — R(d + h)]? (15)

a pro nahodné procesy, které maji stacionaritu druhého tadu, plati

C(h) = E[R(d)R(d + B)] —m? (16).
Rozptyl je pak roven
DIR(d)] = C(h =0) = C(0) (17).

Relace mezi variogramem a kovaranci je dana vztahem
r(h) = €(0) —C(h) (18).
Pro nasledny vypocet fraktani dimenze D byl variogram odhadnut pomoci vztahu

1
G(h) = 55, Zjey (Ry = Riw)® (19).

2.4.1 Porovnani charakteristik drsnosti povrchu s hodnocenim omaku

Vztah mezi charakteristikami, které popisuji povrch tkanin, a hodnocenim omaku byl zkouman
na 54 nehoflavych tkaninach. Byly pouzity jak bavinéné tkaniny s nehoilavou upravou (s
platnovou, keprovou a atlasovou vazbou), tak 1 tkaniny vyrobené z nehoflavych vldken
(Nomex, nehoflava viskédza a modakrylova vlakna). Povrch byl snimén pomoci piipravku, ktery
je posan v kapitole 3.1.1. Byla ziskana kiivka SFV. Hodnoceni omaku bylo realizovano pomoci
panelu 30 respondentll, ktefi ho hodnotili do jedenactistupiiové ordinalni Skaly. Pro kazdou
tkaninu byl vypoc¢ten median ordinalni skaly xz.,. Vysledek byl nasledné vydélen hodnotou 11.
Korelatni mapa na obrazku ¢ zobrazuje korelace mezi nasledujicimi charakteristikami a
celkovym omakem:

- celkovy omak 7THV,

- primérna absolutni odchylka MAD,

- prumérny sklon profilu A,

- standardni odchylka sklonu profilu PS,
- standardni odchylka kiivosti profilu PC,
- pramér desti boda 7P,

- varacni koeficient CV =SD/R,,,

- primérna fraktalni dimenze Dy,

- vychozi fraktalni dimenze D,
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Correlation Map
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Obrazek 6. Korela¢ni mapa

Mezi vétSinou charakteristik a celkovym omakem je nizka korelace (Cerna €i tmava barva).
Nejvétsi korelace je mezi omakem a fraktdlnimi dimenzemi. Je ziejmé, ze existuje také
korelace mezi charakteristikami drsnosti povrchu navzajem (bila ¢i svétla barva).
Charakteristika MAD ma vysokou korelaci s ostatnimi charakteristikami drsnosti. Mala
korelace mezi charakteristikami drsnosti a hodnocenim omaku ukazuje, Ze drsnost neni diilezita
u nehoflavych tkanin.

3. Predikce omaku textilii pomoci techniky BM

Hodnoceni omaku s vyuzitim panelu respondenti je ¢asové a organiza¢né velmi naroCné.
V prabéhu uplynulych nékolika desitek let byla navrzena fada postupt, jejichz cilem je moznost
predikovat omak s vyuzitim objektivné meéfitelnych vlastnosti s vyloucenim hodnotitel.
Systém BM byl navrzen z dGvodu piiblizeni se b&znym podminkam v laboratorich. Jeho
vyhoda spociva vtom, ze vétSinu vlastnosti lze méfit na bézné dostupnych pristrojich
v laboratorich. Kromé toho zahrnuje takové vlastnosti, které koresponduji se vSemi 4 centry
omaku [10]. Pii vybéru vlastnosti byly také brany v uvahu vysledky praci [B6, 11, 12, 13, 14].

Aby mohly byt vysledky navrhovaného postupu BM ovéfeny, bylo nutno pro porovnani pouzit
nekterou ze znamych metod. Jelikoz je systém KES bran jako nepsany standard, byly vysledky
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metodiky BM konfrontovany s predikénimi schopnostmi modelu, ktery byl vybudovan na
vlastnostech KES.

3.1 Pouzité vlastnosti
Vlastnosti navrzené v technice BM jsou:

1} vlastnosti souvisejici s centrem povrchové hladkosti a nerovnosti

MAD priumérna absolutni odchylka [mN]
2) vlastnosti souvisejici s centrem tuhosti a poddajnosti
Y modul pruznosti [MPa]
T tuhost [mN cm ]
Y45 modul pruznosti po diagonale -, soustava niti

pootocena o thel 45° vzhledem ke smém posuvu
pti¢niku [MPa]
3) vlastnosti souvisejici s centrem objemovych vlastnosti (objem, hmotnost, tvar)

S stladitelnost [-]
t tloustka [mm)]
M plodna hmotnost [gf’mz]
4) vlastnost spojena s centrem tepla a chladu
b tepelna jimavost [W/ (m2 K sﬂ’s)]

Model konstruovany z téchto vlastnosti byl oznaten BM11.

3.1.1 Drsnost povrchu

Pro vyjadreni drsnosti byla zvolena priimérna absolutni odchylka AMAD kolisani vysky povrchu
textilie Ry, j=1,2,...0. Pro méfeni vysky povrchu textilie na dynamometru byl navrzen
pfipravek, jehoz ¢ast (kontaktor) se pohybuje po povrchu textilie (obrazek 7). Vysledny zaznam
odpovida sile, ktera byla zapottebi k prekonani odporu textilie vii¢i pohybu kontaktoru po jejim
povrchu,

MAD = =3[R, ~ R| 3).

Twvar a rozmér kontaktoru je shodny s tim, ktery se pouziva pro méfeni SMD na systému KES.
Métena délka je 100 mm. Pro analyzu pak byla vybrana délka 40 od zaznamu 40 do 80 mm
(obrazek 8).
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a) pfipravek b) detail kontaktoru

Obrazek 7. Pripravek a detail kontaktoru
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Obrazek 8.  Ukazka prubéhu zaznamu sily, ktera byla zapotiebi k piekonani odporu textilie
vici pohybu kontaktoru

3.1.2 Tuhost

Tuhost (princip na obrazku 9) byla méfena na tuhoméru TH5 (CSN 80 0858). Proméfoval se
vzorek o rozmérech 50 x 25 mm, po osnové i po utku.
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Obrazek 9. Princip méfeni tuhosti na tuhomé&ru THS, obrazek prevzat z CSN 80 0858

R — vzdalenost Celisti od €idla, r — polomeér kiivosti deformovaného vzorku,
O — stied kiivosti deformovaného vzorku, & - deformace volného konce
vzorku pii kone¢ném vychyleni Celisti, ¢ — vychylka Celisti od osy y

Tuhost se vyjadii jako ohybovy moment

T=FK (20)

kde K=/b, 1 je délka méfené¢ho vzorku pii vychylce 60° od hrany celisti k ¢idlu zkuSebniho
pristroje (/=1,51 cm), b je Sitka vzorku (5=2,5 cm), F je sila.

3.1.3 Modul pruznosti ¥

Modul pruznosti ¥ byl ur€ovan z pocate¢ni ¢asti tahové kiivky sila — posunuti, kde /=10 N a
F=0. Pro vypocet byl pouzit vztah

=Pl 1o
Y= Ih=lg ' tg.D (21)3

kde /7, I, — hrani¢ni pevnosti pouzité pro vypocet, /;,/, — protazeni odpovidajici silam /4, I,
ly —upinaci délka, 7,— tloustka vzorku, b — §itka vzorku (obrazek 10).
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Obrazek 10.  Prabe¢h deformacni kiivky
Upinaci délka vzorku byla 0,2 m a $itka 0,05 m.

3.1.4 Modul pruznosti Y45

Smykové namahani pfi malych deformacich souvisi se schopnosti posuvu pfizi ve tkaniné. Bylo
simulovano pomoci tahového namahani tkaniny v diagonalnim sméru tkaniny na vzorcich o
rozméru 100x25 mm na dynamometru. Smykova odolnost Y45 byla urCena z linearni Casti
tahové kiivky sila — protazeni (obrazek 11).

i
S = s (22)

0.00 1000

Obrazek.11. Prabéh deformaéni kiivky v okoli pocatku
Pro vypocet byly pouzity hodnoty /;=5 mm /=0 mm a tomu odpovidajici hodnoty F}, F.

3.1.5 Stlacditelnost a tlous§t’ka

Stlacitelnost je vyjadfena pomoci poméru tloustky tkaniny méfené pii 2 raznych zatizenich.
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_ tg_tl

- (23),

kde 7, je tloustka mefena pii pfitlaku 0,5 kPa a #; je tloustka méfena pii ptitlaku 5 kPa. #; je
zéroveii brana jako tloustka vzorku. Proméfovana plocha vzorku byla 1000 mm?. Tloustka
t=1g.

3.1.6 Tepelna jimavost b

Tepelna jimavost [15] charakterizuje tepelny vjem pfi kratkodobém kontaktu pokozky ¢lovéka
s materidlem. Lze ji ur¢it podle rovnice

b= JAp.c (24),

kde p je meérna hmotnost, ¢ je méma tepelna kapacita a A je koeficient tepelné vodivosti. U
méfeni tepelnych vlastnosti hraje dileZitou roli pocet kontaktnich bodi mezi pristrojem a
promé&ovanou tkaninou. Proto je dileZité provadét méfeni pii konstantnim zatiZzeni méfici
hlavy (200 Pa). Méfeni bylo provadéno na piistroji Alambeta [15] Teplotni spad méticich hlav
byl 10°C.

3.2 Analyza pouzitych vlastnosti

3.2.1 Porovnani vlastnosti tkanin s vlastnostmi ze systému KES

Pouzité tkaniny byly vybrany ze standardni produkce ¢eskych vyrobeu. Jelikoz byly vybirany
tkaniny pro dany ucel pouziti, pro zabezpeleni rozlisitelnosti v hodnonceni a pro vytvoreni
validni predikéni rovnice pomoci techniky BM, byly vybrany tkaniny s co nejvétsi variabilitou
konstrukce. Byly pouZity rozsahy vlastnosti tkanin, které byly pouzity pro konstrukci predikce
omaku pomoci systému KES. Vtabulce 11 jsou uvedena vysledna rozpéti naméfenych
vlastnosti ze systému KES. Zaroven je zde porovnani rozpéti s hodnotami spoCtenymi z rovnice
KN-101-men’s winter suit. Rozmezi hodnot z rovnice KN-101-men’s winter suit byly
vypolteny podle vztahu

rozsahvlasmosti = Xytastnosti t+ 1!98- Syvtastnosti (25)3

tj. pokud by data pochazela z N(p,az), v uvedeném intervalu by lezelo 95% hodnot dané
vlastnosti. V piipad¢ vlastnosti W1, B, HB, G, 2HG, 2HG3, LC, WC, MMD, SMD, 70, a W byly
meze spocteny pies odlogaritmovani parametrii X a 5. Vzhledem k naméfenym hodnotam, které
byly pouzity pro konstrukci rovnice pro objektivni hodnoceni omaku, l1ze vlastnosti naméfené
na systému KES rozdélit do tf skupin. Prvni skupinu tvofi vlastnosti, které pokryvaji nebo
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pfekryvaji uvedeny rozsah: LT, RT, B, HB, T, W. Druhou skupinu tvoii vlastnosti, které
nepiekryvaji uvedeny rozsah, ale jejich celkové rozpéti je vét3i nez uvedeny rozsah: W71, MIU,
MMD, SMD. Tieti skupinu tvoii vlastnosti, jejichz celkovy rozsah je nizsi nez u porovnavanych
rozpéti- G, 2HG, 2HGS, LC, WC, RC.

Vysledna predik¢ni schopnost modelu BMI11 byla porovnavana s obdobnym modelem
vybudovanym z vlastnosti méfenych na systému KES.

Tabulka 11. Porovnani rozsahti vlastnosti pouZitych tkanin s rozsahy vlastnosti KES pouzitych
pro konstrukci rovnice KN-101-men’s winter suit.

rovnice KN-]O 1-men’s metené thaniny pokryti pomér rozpéti
winter suit ’ rozpéti méfenych
vzhledem ; vlastnosti a
, upiesnéni , .
% —2s %+ 2s . . k I_lleZlIll mezi z roviice
v v v v v | rovnice KES KES
[%o) (%)
LT 0,486 0,730 0,453 0,771 >100 obé meze pies 130
W 511 16,45 6.31 34,96 89 vy$si hodnota pies 233
RT 53,31 71,07 53,36 78,52 99.8 vy$3i hodnota pies 142
B* 0,0547 0,1758 0,052 0,451 >100 ob& meze pies 330
2HB* 0.0196 0,1029 0,016 0,263 >100 obé meze pies 296
G* 0,535 1,750 0,422 1,445 735 niZ&i hodnota pies 84
2HG* 0,363 2,565 0,43 1,795 61 niZéi hodnota pies 68
2HGS* 1,322 4,984 1,04 3.535 60 niZéi hodnota pies 68
Lc 0,221 0,519 0,201 0,434 71 niZ&i hodnota pies 78
W 0,102 0,378 0.06 0,253 55 niZ&i hodnota pies 70
RC 38.69 73.86 50,57 79,09 66 v¥&51 hodnota pies 81
MIU 0,166 0,252 0,124 0,212 54 niZéi hodnota pies 102
AMD* | 0.00877 0.02730 0.01 0,082 93 vy$si hodnota pies 389
SALD* 1,553 10,38 2,291 13.24 92 vy$si hodnota pies 124
To* 0,317 1,077 0,31 1,167 >100 ob& meze pies 153
W 20,07 34,59 13,78 37.18 >100 ob& meze pies 161
Pozn:

- obé hodnoty pfes = hodnota nejmensi resp. nejvétsi naméfené hodnoty je niz8i resp. vyi3i nez spoétené meze z rovnice KES
- vy&&i hodnota pfes= hodnota nejvétsi naméfené hodnoty je vv85i neZ spoétena horni mez z rovnice KES

- niZ3i hodnota pfes= hodnota nejmensi naméfené hodnoty je niZ3i neZ spottend dolni mez z rovnice KES

*- parametry v plivedni rovnici KN-101- men’s winter suit jsou v logaritmech

3.2.2 Vlastnosti techniky BM

Vtabulce 12 jsou uvedeny charakteristiky jednotlivych vlastnosti a v tabulce 13 jsou
piedlozeny parové (nad diagonalou) a parcialni (pod diagonalou) korelace mezi jednotlivymi
vlastnostmi. Opét jsou zde tuéné zvyraznény korelace v absolutni hodnoté vétsi nez 0,6.
Porovnani parovych korelaci s maticovym grafem vlastnosti (obrazek 12) ukazuje na vazbu
mezi geometrickymi vlastnostmi tkanin 7 a A a ochybovou tuhosti 7. Korelace je také mezi 7 a
MAD. Vysledné parcidlni korelace ukazuji na vazbu mezi A/ a T. Urdita vazba je jesté mezi ¥ a
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Y45 Viechny parové korelace vétsi nez |0,2] a viechny parcialni korelace vétsi nez |0,22| jsou
statisticky vyznamné na hladiné vyznamnosti ¢=0,05 [B3, B5].

Tabulka 12. Popis zakladnich charakteristik vlastnosti BM.

primér Is sikmost Spicatost | normalita | smodch. | minim. | maxim.

hodnota | hodnota

b 237.13 | 233,65 - 240.62 005N 291N P 16.64 198,00 | 277.00
4,19 382-4,55 068V 290N P 1,76 1,69 9,58
0,54 0,51-0,38 078V 3,16 N Z 0,17 0,28 1,03

M | 21072 | 200,03 -221.41 083V 3,26 N Z 51.03 137.80 | 371.80
A 0,174 0.165 - 0,183 082V 3,75N Z 0,04 0.105 0.315
MAD| 7,12 6,65-739 142V 574V Z 2,26 3,38 16,32
HES) 3,99 346-6,52 LI10V 494V Z 2,54 1,51 15.04
¥ 34.93 30,17 - 39,69 1,09V 3,75N Z 22.73 4,52 105,63

K detekci vztahti mezi proménnymi lze pouzit také metodu hlavnich komponent. Cattelav
indexovy graf Upati (scree plot, Sutinovy graf) na obr. 13a indikuje 3 duilezité hlavni
komponenty. Grafy komponentnich vah (obrazek 13 b-d) pro jednotlivé kombinace prvnich tfi
komponent rovnéz ukazuji na vazbu mezi tloustkou f a hmotnosti A tkanin. Mén¢ silny vztah
lze pozorovat mezi tahovymi charakteristikami — modulem pruznosti ¥ a modulem pruznosti po
diagonale Y435 Proto byly tyto vlastnosti slou¢eny:

a) podle jejich charakteru

(Y45+Y)
¥

geoml =M/t a pruznostl = model byl nazvan BM11uprl,

b) na zaklade vysledki metody hlavnich komponent

geom2 = —0.91t — 0.86M a pruznost2 = 0.89Y45+0.68Y, model byl oznaten BM1 lupr2.

Tabulka 13. Parové a parcialni korelace

b T t M N MAD Y45 ¥

b 1.00 0.45 0,58 0.45 0,19 20.55 0,01 0,24

T 0,12 1,00 0,72 0,71 0,56 0.44 0,02 0.34

¢ 0,24 0.22 1,00 0,86 0,43 0,65 -0,07 0,33
M 0,11 0.18 0,67 1,00 0,48 0,49 -0,14 0,31
N 0,10 -0,33 0,02 0,17 1,00 20,23 -0,23 042
M4AD | 026 -0,02 0,38 0,07 006 1,00 0.09 0,25
Y45 0,06 0,01 0,03 20,26 -0,20 0,18 1.00 0,51
Y 0,09 0,02 0,04 0,14 0,14 20,05 0,54 1,00
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Maticovy graf

Obrazek 12. Maticovy graf parovych koeficienti vlastnosti
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Obr. 13. Catteluv indexovy graf upati (a) a grafy komponentnich vah — (b) 1. hlavni
komponenta vs. 2. hlavni komponenta, (¢) 1. hlavni komponenta vs. 3. hlavni
komponenta, (d) 2. hlavni komponenta vs. 3. hlavni komponenta.

3.3 Navrh rovnice pro objektivni predikci omaku

3.3.1 Ordindlni logisticka regese

Logisticka regrese byla navrzena jako alternativni technika k metodé nejmensich ¢tvercu [16].
Pouziva se v pripadech, kdy zavisle proménna je kategorizovana, a to jak v pfipadech, kdy je
zavisle proménna binarni (situace nastala nebo nenastala), tak i multinomicka nebo ordinalni.
Jak plyne z pfedchoziho, porovnanim s klasickou linearni regresi pfedpoklad normality neni u
zavisle proménné pozadovan.

Zakladni rozdil mezi pouzitim logistické a linearni regrese spo€iva v tom, ze linearni regrese
pouziva spojitou zavisle proménnou, kdezto logistickd regrese kategorizovanou (v pfipadé
omaku ordinalni) proménnou. Pouziti linearniho regresniho modelu u tohoto typu zavisle
proménné muze vést ke Spatné predikei.

Ordinalni logisticka regrese se pouziva v pfipadech, kdy zavisle proménna nabyva vice nez 2
hodnot. Nej¢astejsi model, ktery se pouziva v piipadé ordinalni zavislé proménné je model
proporcionalnich $anci [16, 17].

P(y=k)

Cly = In|52=

(26).

ReSeni modelu proporcionalnich Sanci vede ke K-/ regresim rovnicim, které se lis§i pouze
v hodnot¢€ absolutniho ¢lenu
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P(y=k)
(y>k)

In = byo+b'x 27).

3.3.2 Testovani modelu

Tak jako pii linearni regresi se provadi testovani vyznamnosti regresnich parametril
(v nasledujicim textu znaceny souhmn¢ 2,). Testuji se jednak jednotlivé regresni parametry &,
jednak vyznam modelu jako celku. Pro testovani vyznamnosti regresnich koeficientil b; 1ze
pouzit Waldovo testa¢ni kriterium

Wao =[] (28),

. . w ;2. ‘ w .
které ma rozdéleni y° s jednim stupném volnosti.

Pfi uréovani vyznamu modelu jako celku se pouZiva deviance %, kde se porovnava maximalni
vérohodnost modelu, ktery obsahuje pouze absolutni ¢len Ly a maximalni vérohodnost modelu
Ly Gili se testuje, zda vSechny odhadované regresni parametry f; jsou rovny nule kromé
parametrtl S o.

G2 = —=2(InLg — InLy) (29)

Deviance G’ ma )(2 rozdéleni s P-7 stupni volnosti. Cim je hodnota ni§i, tim je model jako
celek vyznamné&jsi a proloZeni je t€snéjsi. Pokud je pravdépodobnost mensi nez 0,01, povaZuje
se model jako celek za statisticky vyznamny. Deviance G’ se pouziva také pro porovnani dvou
modelil. Nevyhodou viak je, ze G’ vede vZdy ke zlepSeni pfidanim dal3i vlastnosti. K eliminaci
tohoto vlivu lze pouzit Bayesovo informacni kriterium B/C nebo Akaikovo informacni
kriterium AJ/C [17]:

BIC=G*—(M-P)nM (30),
AIC = G2 —2(M - P) G1),

kde M je pocet tkanin P pocet regresnich parametri. Pro obé kriteria plati, im je jejich hodnota
niz8i, tim je model lepsi.

U linedrni regrese se pouzZivad pro posouzeni kvality modelu koeficient determinace R’a
s urCitou analogii lze Ry pouzit i u logistické regrese, kde je vsak interpretace slozit&jsi.
Pouzivaji se napi. nasledujici koeficienty determinace:

McFadeniv koeficient determinace, ktery ma tvar
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2 _ InLo=InLys
Riyy = ooty (32)

A Nagelkerkeova statistika

(33),

max(s)

kde

z
L2
S=1- [ﬁ]“ a  max(S)=1-1¥"

3.4 Vysledky a diskuze

Ovefeni navrzené techniky BM bylo realizovano na souboru 90 tkanin, které se pouzivaji na
vyrobu panskych oblekovych tkanin. Zakladni parametry tkanin jsou uvedeny v tabulce 1.

Soubor testovanych tkanin byl zafazovan pomoci panelu 40 respondentl do 11 tiid (=1 - omak
je velmi nepfijemny, /=6 omak je primérny, /=1lomak je velmi piijemny). Vysledné poéty
zatazeni jednotlivych tkanin do medianovych kategorii jsou uvedeny v tabulce 14.

Tabulka 14. Poéty zafazenych tkanin podle medianovych tiid.

Cislo tiidy podet zafazenvch tkanin
1 0
2 2
3 11
4 8
5 16
6 17
7 19
8 8
9 b
10 4
11 0
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Z tabulky 14 plyne, ze do krajnich tfid podle hodnoty medianové tiidy nebyla zafazena zadna
tkanina. V pripadé, Zze by byla predikci tkanina zafazena do tfidy €. 2 nebo 10, je zapotiebi
vysledek interpretovat trochu odlisné. Pro piipad zafazeni do druhé tiidy plati, ze vyrazné€ pies
50% hodnoceni mize byt 1 ve tiidé 1. Obdobna interpretace plati i pro piipadné zafazeni
tkaniny predikei do tiidy €. 10, ). Ze vyrazné pres 50% hodnoceni mize byt zafazeno 1 ve tiidé
11. Dotiid ¢ 2, 9 a 10 bylo zafazeno malo tkanin, proto je pii tvorb€ zaveém pii zafazeni
objektivni predikci do téchto tiid pfistupovat obezietné.

Pro ulely tvorby predikeni rovnice byly zjisténé vysledky rozdéleny v pomér 8:1, tj., vysledky
80 tkanin (analyzovany soubor) byly pouzity pro vytvofeni predik¢énich rovnic KES11 a BM11
a vysledky 10 tkanin (klasifikovany soubor) byly pouzity pro ovéieni jejich predikénich
schopnosti.

Vysledky zafazeni analyzovaného souboru jsou uvedeny v tabulce 15 (model BM11).

U modelu BM11 bylo s chybou vétsi nez Me+1 zafazeno 6 tkanin a to o 2 tiidy. Spravné bylo
zafazeno 50 tkanin (62%) a spolu s chybou jedné tiidy 74 (92%).

Odhady koeficienti pro model BM11 (tabulka 16) ukazuji, ze lze za vyznamné povaZovat
vlastnosti b, T, 1, M, S a MAD. Z regresnich koeficienti 1ze na hladiné vyznamnosti 0,05
povazovat za vyznamné odchylené od nuly koeficienty £;, 5., 83, 1, Bs a Bs.

Tabulka 15. Vysledky zafazeni do tiid_pro model BM11.

Amdfend Predikované hodnoty omaku Procfentvo
hodnoty THV | THV | THY | THV | THV | THV | THV | THV THV zs;z;:;
omaku (=2 | (O)=3 | (O)F=4 | O)=5 | (O)=6 | (O)=7 | (O)=8 | (G)=9 | (G)=10 Objekti
THI=2 0 2 0 0 0 0 0 0 0 0,0
THV=3 0 8 1 0 0 0 0 0 0 88,9
THV=4 0 1 3 3 0 0 0 0 0 429
THV=3 0 1 2 9 3 0 0 0 0 60,0
THI=6 0 0 0 | 11 3 0 0 0 73.3
THI=7 0 0 0 3 0 13 | 0 0 76.5
THI'=8 0 0 0 0 | 2 4 1 0 50.0
THI'=9 0 0 0 0 0 0 2 1 1 250
THI=10 0 0 0 0 0 0 | 1 1 33.3
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Tabulka 16. Odhady koeficientii pro model BM11 a vliv jednotlivych proménnych.

spodtend . Ctenad
proménng 22 rl?l?idinlzlla | kf;’z f:in odhad gﬂ:&z ’Sﬂﬁﬁtﬁ? |
VYZIAMNosii VYZNamnost
bro 20,23 8.79 0,003
bao -14,34 4.91 0,027
bio -11,.29 3,33 0,068
bso =741 1,52 0.217
bso -5,19 0,76 0.385
b -2.38 0.16 0,689
bso -0.16 0,0007 0,979
boo 1.42 0,054 0816
b 35,68 0,000 b; 0,036 3.84 0,050
T 48.18 0,000 b, 0,43 4,07 0.044
t 4228 0,000 by 7,13 4,32 0.038
A 6.87 0.009 b, 0.040 11.97 0.001
S 6.34 0.012 bs -17.80 5,81 0.016
MAD 17.34 0.000 bs 0,67 14.67 0.000
Y45 0,198 0,636 b 0.018 0,62 0.433
¥ 0,672 0,412 b 0,0012 0,72 0,396
Tabulka 17. Ovéfeni predik&nich schopnosti modeli
prediko- prediko- prediko- prediko-
\;LS:I(:U THY hc:?::éta rozdil llszlﬁta rozdil llszlﬁta Rozdil IISEIIEB rozdil
BMI11 BMI1luprl BMI1 lupr2 KES11
TI17 6 7x +1 S5x -1 7 +1 6
TI118 4 4 4 4 2 =2
T133 3 5x +2 4 +1 4 +1
T136 9 8x -1 8x -1 8 -1 8 -1
TI153 5 5 5 5 5
TI154 3 S5x +2 3 4 +1
T171 6 5 -1 5 -1
T172 7 7 6 -1 9 +2
TI189 10 9x -1 8x -2 8 -2 9 -1
T190 7 6x -1 6x -1 6 -1 6 -1

Ovéteni navrzeneho modelu bylo realizovano na druhé skupiné dat - klasifikovaném vybéru, ).
na datech, ktera nebyla pouZita pro tvorbu modelu.
uvedeny v tabulce 17. Vytvofeny model BM11 zatfidil spravné 6 z 10 tkanin, tj. 60% vzorkl

Vysledky predikénich schopnosti jsou
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tkanin. Model KES11, ktery byl pouzit jako srovnavaci, spravné zatfidil 2 z 10 tkanin tj. 20%
tkanin. Vezme-li se v uvahu moznost tolerovat chybné zafazeni AMe+/ tiida, tak model KES11
spravné zafadil 80% tkanin, model BM11 zafadil spravné vechny tkaniny. Upravené modely
BM11luprl a BM11lupr2 nepfinesly zlepseni.

Spoctené hladiny vyznamnosti p pro vSechny &tyfi modely maji hodnotu mensi nez 0,01
(tabulka 18) coz znaci, Ze modely lze povazovat za vyznamné. Deviance G’ ukazuje, zZe
nejlepsim modelem je BM11uprl. Provede-li se vSak eliminace vlivu poétu vlastnosti, vyjde
zaveér opét nejednoznaéné. Bayesovo informacni kriterium BfC je u modelu KES11 nejniZzsi,
aviak Akaikovo informacniho kritéria A/C je nejniz§i u modelu BM11. Pomoci uvedenych
indikatori kvality modelu nelze jednoznacné ur¢it, ktery z modell je lepsi.

Tabulka 18. Vysledky analyzy modelt

Charakteristika KES11 BMI11 BM11uprl BM11upr2
G’ 147.06 157.55 114.86 152.93
P <0.01 <0.01 <0.01 <0.01
Ry 0.47 0.49 0.36 0.48
Ry 0.92 0.93 0.78 0.87
BIC 81.55 124.8 88.57 126.67
AIC -2.35 2.44 2.94 2.46

4. Zavér

Pro konstrukei rovnic pro predikci omaku se vyuziva vlastnosti, které maji vztah k hodnoceni
omaku pomoci respondentl. Navrzeny model BM11 ukazuje, ze lze predikovat hodnoceni
omaku spomoci vlastnosti, které lze méfit svyuzitim standardnich pifistroji. Predikéni
schopnost navrzeného modelu je srovnatelna s vysledky ziskanymi méfenim na systému KES.

V navrzeném modelu BMI11 je snaha vyuzit piistroji, které jsou bé&zné dostupné v textilni
laboratofi. Pro konstrukci modelu byla pouzita logisticka regrese (navrh metodiky nese
oznaCeni BM). Vzhledem ktomu, Ze bylo zapotfebi predikéni schopnosti navrzenych a
pouzivanych vlastnosti v BM modelu ovéiit, byly pro komparaci pouzity vlastnosti ze systému
KES.

Tvorba predik¢éni rovnice pro objektivni hodnoceni omaku ma smysl, pokud je hodnoceni
omaku realizované respondenty v ¢ase stabilni. Pro ovéfeni stability hodnoceni subjektivniho
hodnoceni omaku se ovéfovala opakovatelnost a reprodukovatelnost méfeni.

Pro tvorbu modelu byly pouzity tkaniny, jez se pouzivaji na vyrobu panskych obleku. Byly
vybrany z toho diivodu, ze patii do skupiny typil tkanin, pro které ma systém KES vypracovany
postup, a tudiz umoziuji komparaci s vysledky ze systému KES.

Opakovatelnost — pro test opakovatelnosti byly pouzity 3 skupiny hodnotitell, ktefi hodnotili
vybrané tkaniny v prubéhu asi 8 let. Hodnoceni omaku bylo realizovano jak bez vizualniho
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stimulu (hodnotitelé pii hodnoceni neméli oéni kontakt s hodnocenymi tkaninami), tak 1
s vizualnim kontaktem. Vysledky v obou piipadech ukazuji, Ze hodnotitelé jsou schopni
opakované hodnotit tkaniny obdobnym zpisobem.

Reprodukovatenost — pro ovéfeni reprodukovatelnosti byly rovnéz porovnavany vysledky
hodnoceni stejnych tii skupin hodnotitelii jako v piipadé opakovatelnosti. I pies ne zcela
jednoznaéné vysledky lze konstatovat, Ze existuje vysoky soulad v hodnoceni mezi riznymi
skupinami hodnotiteli, a tudiz reprodukovatelnost hodnoceni celkového omaku pii vyuZiti
ruznych skupin hodnotiteli.

Pro objektivni predikci omaku byl navrzen model zalozeny na logistické regresi. Model je
oznacen BMI11 a jeho modifikace BM11uprl a BM11upr2. Tyto modely byly porovnavany
s modelem vytvorenym na vlastnostech systému KES, ktery byl ozna¢en KES11.

Pii konstrukci regresnich modeli zalozenych na logistické regresi se vychazi z predpokladu, ze
jev, ktery ma byt nasledné predikovan, je pfi tvorbé modelu jednoznaéné ur€en. Coz bohuzel u
omaku takto jednoznainé nelze urlit. Pro stanoveni tfidy, do které byla tkanina vysledné
zafazena, byla pouzita medianova tiida. Vysledné zafazeni pak neukazuje pouze na to, s jakou
pravdépodobnosti dana textilie pfislusi do dané tiidy, ale interpretace je daleko volnégsi.
Ukazuje spise, s jakou pravdépodobnosti by ji kolem 50% hodnotitell hodnotilo 1épe ¢i hiife.

Viechny modely vysly statisticky vyznamné na hladin€ vyznamnosti 0,01. Porovnani vysledki
analyz G°, R%vm, Ry, BIC a AIC ukazuje, ze predikéni schopnosti obou typt (KES11 a BM11)
jsou prakticky shodné. Modifikace modelu BM nevedla ke zlepseni predikénich schopnosti.

Uvedené zavéry ukazuji, Ze objektivni predikce omaku tkanin zaloZena na metodice BM je
pouzitelna pro praktické ucely. Navic jsou vychozi tdaje ziskany ze standardnich méfeni a neni
tfeba mit k dispozici extrémné drahy systém KES.

Navrzeny postup hodnoceni omaku pomoci panelu respondenti byl vyuzit pii vyvoji nového
typu denimu, u kterého byla bavina v Utkové pfizi nahrazena polypropylénovou. Vysledky
ukazaly, ze hodnotitelé z hlediska omaku nebyli schopni uréit rozdil mezi klasickym denimem a
Lhovym™ denimem. Na ,,novy* typ denimu byl podan navrh na uZitny vzor.
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Comfort properties of textiles became important part of marketing of clothing with high added value in last decades. The mwost
important parameters characterizing thermo physiological comfort of sport and protective garments are thermal resistance and water vapour
permeability, Contrary to common textiles, protective and functional garments and some technical textiles are also used in wet state, which
affects their comfort properties. However, these properties can be improved by application of special tinishing agents. The objective of this
paper is to investigate the effect of moisture on thermal comfort properties of 3 different cotton fabrics which were subject to 5 different
finishing treatments. Thermal conductivity, thermal resistance, thermalabsorptivity and water vapour permeability of fabrics in dry and wet
state were measured. Wet state of the studied tabrics was achieved by means of the so called “sweating impulse™. The achieved results were
treated by means of advanced statistics and displayed in diagrams. It was found the presence of moisture affected substantively all thermal-

insulation and thermal-contact properties.

Key Words: Wet state, Thermal resistance, Thermal absorptivity, Water vapour permeability, Finishing treatment, Analysis of variance.

OZET

Son yillarda, yiksek katma degerli giysilerin pazarlanmasinda tek stillerin konfor dzellikleri dnemli bir yere sahiptir. Spor ve
koruyucn givsilerin 151l konfor dzelliklerind karakterize eden en Snemli parametreler 151l direng ve su buhan gegirgenligidir. Klasik
tekstillerin aksine, koruvucu ve fonksivonel givsiler ve bazi teknik tekstiller 1slak durvmda da kullanilmakta ve bu durum konfor
dzelliklerini etkilemektedir. Ancak bu dzellikler dzel bitim iglemi uygulamalari ile geligtirilebilir. Bu ¢ahgmanin amaci nemin, 5 farklt
bitim iglemi uygulanan 3 farkh pamuklo kumasin il kenfor dzelliklerine etkilerinin incelenmesidic. Bu komaglarm 1sdil etkenlik,
isildirensg, 1s1] sogurganhk ve subvhar gegirgenligi Szellikleri kuru ve 1slak durumda test edilmistir. Kumaglar: islatma islemi “terleme
impulsu™ adi verilen yontemle gergeklestirilmistir. Elde edilen sonuglar istatistiksel olarak degerlendirilinis ve grafiklerle gdsterilmistir.
Kumag tanem bulunmasinin, tim il izolasyon ve isil temas dzelliklerini Snemli derecede etkiledigi bulunmugtur.

Anahtar Kelimeler: Islak durum, Il direng, Isil sogurganlik, Su buban gegirgenligi, Bitim iglemileri, Varyans analizi.

*Corresponding Author: Vladimir Bajzik, vladimir.bajziki@tul.cz, Tel. +420 485 353 298 Fax. +420 485 353 542

1. INTRODUCTION

Comfort of clothing plays important
role during many human activities.
Clothing should keep humans in the
state of psychological, sensorial and
thermo physiclogical comfort, i.e. state
of wellbeing when the person is able to
waork for long time {1).

Contrary to  common  textiles,
protective and functional garments and

some technical textiles like textile
dressings are, due to sweat sorption,
rainy climate or some technological
reasons, also used in wet state, which
affects their comfort properties.

The effect of fibre type, blend level or
fabric structure on water vapour
transmission werestudied by several
authors (2-4).Ozdil at al. (5) found that
yarn count and yarn twist exhibit also

certain effect on the liquid transport
properties of fabrics. Irandoukht S. and
Irandoukht A. presented in (5)some
nonlinear medels for prediction of
water vapour resistance of fabrics
based on  fibre  volume,  air
permeability, weight and thickness of
the fabric models, which give very
good results. However, all models
were proposed for fabrics in dry state
only.
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Moisture can change many parameters
of clothing comfort, but the most
impaortant for the wearer of wet clothing
are three principal components of
thermo  physiological and thermal
contact comfort of garments. thermal
resistance in wet state, thermal
absorptivity in wet state and cooling
flow resulting from the following
mechanisms:

a) moisture evaporation from the skin
and passing through the clothing,

by direct evaporation of sweat from the
fabric surface.

Both mentioned parameters could be
improved by application of special
finishing agents on the individual
fabrics creating the clothing. The
influence of sweating on thermal comfort
properties is discussed in study (7). It
is  shown that mercerization has
significant  influence on thermal
properties of knits produced from
carded or combed yarns. Increasing
content of moisture also has the
influence on friction coefficient which
increases to limit 40% of moisture
regain {8).

In the paper the effect of two type
hydrophobic finishes, one softening
finish, sanforisation and temporary
inflammable finish on thermal comfort
properties of three cotton fabrics with
square mass 0.145 0.2 and 0.24
(kg,m'z) were investigated. For each of
these finishes three concentrations
were applied.

The mentioned thermal comfort
properties involved thermal conductivity,
thermal resistance, thermal
absorptivity, relative water wvapour
permeability, evaporative resistance
and air permeability. Wet wearing
conditions were simulated by means of
the so called “sweating impulse,
depending in the application of 0.3 ml
of water in the middle of the tested
sample.

Table 1. Fabric details

In the first part of the paper, special functichal garments. On the other
measuring  instrument for the hand very good thermophysiological
measurement of thermal conductivity comfort has to  be maintained.
of fabrics in wet state and to Therefore 2 types of hydrophobic,
experimental determination of thermal  softening and sanforisation {to prevent
condudtivity of selected woven fabrics  shrinking) finishes were tested. The
in wet state are described. These cotton fabrics are often used for
instruments  exhibit one  special production of protective garments
advantage when measuring the fabrics  exposed to higher temperatures. In
in wet state: time of measurement is  addition temporary inflammable finish
so short, that during the measurement was applied and changes in
the sample is Kept fully wet, which thermophysiclogical comfort  were
improves the measurement precision.  observed, too.

That is why current measuring
instruments for the evaluation of
thermo physiological comfort of fabrics
cannot be used in such research, as
they require more than 30 minutes for
full reading, which causes humidity
decrease during the measurement.
That is also the reason why papers
characterising thermal comfort
properties of fabrics in wet state are
almost missing in the literature. The
only few papers were published
Schneider et al. (9), and by Ren and
Ruckman {10). None of these authors
investigated the effect of finishing on
thermal comfort of wet fabrics,

Three concentration levels of all types
of finishes were wused in the
experiments. The water dispersion of
ryor {marked as HP1) and silicone
(HP2) based hydrophobic finishes
were applied. The sanforisation (SA)
was achieved by means of product
based on
dimethyloldihydroxyethyleneurea -
DMDHEU, softening using the
products based on non-ionic
ammonium compound with addition of
stabilizing substances (SO} and
inflammable finish (IF) was realized
using the product based on the
etherification of (NH4):HPO4s on
cellulose. The applied concentrations
2. MATERIAL AND METHOD of the single finishes are presented in
. Table 2 and processes of the used
2.1. Materials finishing treatrir:ents are in Table 3.
As already stated, protective and  Three measurements were realized for
functional garments and some all types of finishes and stages of
technical textiles are also used in wet  concentrations.

state, rt‘WhIC?o 5‘1f29°t9+h their °°"r"1f,°” It should be noted, that the fabrics
greoz?-.dlesm(:t 'onl > oneS(tehgrO?aebrliiz treated with hydrophobic finishes do
strﬂcture and com;osition hut also on not apsprb liquid wgter‘ b'-"t in our case
their finishing treatment a's mentioned Fhe distilled Wgter simulating the sweat
. . ! impulse contained 0,1% of r yor
in the previous chapter. wetting agent, and the water drops
In this study, we focused on the effect  were during the measurement subject
of 5 different finishing treatments on  to vertical pressure originated by the
100 % cotton fabrics differing in their  falling measuring head. Thus, water
square mass — see the next Table 1. entered into the fabric structure and
caused some changes of thermal

In present time properties as  parameters of the fabrics, despite their
waterproof, size stability and pleasant hydrophobic treatment.

r yor required for many types of

Table 2. Applied finishes and concentrations

Areal Seft—warp | Sett —weft finish
Sample weigl;t (threads/1 (threads/1 weave sample level of' (9.9'- grams of prgduct per gram o
{g/m") cm} cm} concentration fabric)
W140 145 26 23 Plain HP1 | HPZ | SA 80 IF
W200 200 41 20 Allas MNo.1 Level 1 0,054 | 001 0026 | 0,015 | 0,07
W240 240 32 18 Twill Level 2 0‘066 0,021 0,037 0‘024 0‘09
Level 3 0081 | 003 | 0,05 | 003 | 0111
No.2 Level 1 0057 | 0,01 | 0,029 | 0,013 | 0,07
Level 2 0,076 | 0,02 | 0,042 | 0,025 | 0,006
Level 3 0,09 0,03 | 0,055 | 0,033 | 0,126
Ne.3 Level 1 0053 | 001 | 0,028 | 0,016 | 0,07
Level 2 0069 | 0019 | 004 | 0,023 | 0,09
Level 3 008 | 003 | 005 | 0,031 | 012
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Table 3. The course of the sample preparation

finish
HP1 HP2 | SA SO IF
sample size for all types of finishes: 0.3x 0.21 cm
preparation of padding bath with required concentration
padding
hot air drying hot air drying hot air drying hot air drying hot air drying
at130°C, 5 155°C, 5 min 100°C 80°C 100°C
min
baking baking
160°C, 4 min 155°C, 15 min
ironing

The measurements were carriedout on
the instruments ALAMBETA (12),
PERMETEST (13)and TEXTEST FX
3300. All of them provide reliable non-
destructive measurements connected
with thermo physiological comfort.

2.2. Measured properties
a) Thermal properties of textiles

Thermal properties of textiles such as
thermal resistance, thermal
conductivity and thermal absorptivity
are influenced by fabric properties
such as structure, composition,
density, humidity, and properties of
fibres, surface treatment, temperature
and other factors (10, 11). Thermal
properties were measured on the
Alambeta device (12).

Thermal conductivity A of polymers is
quite low, ranging from 0.2 to 0.4
W/(m.K), and that of textile structures
generally reaches levels from 0.033 to
0.1 W/(m.K). Thermal conductivity of
steady air by 20°C is 0,026 W/(m.K),
while thermal conductivity of water is
0.6 W/(m.K), which is 25times more.
That is why the water presence in
textile fabrics is undesirable.

Thermal  resistance R (thermal
insulation value) depends on fabric
thickness h and thermal conductivity A:

A
R=3 (MPKAW) 1)

Thermal absorptivityb of fabrics was in
1987 introduced by Hes (7) to
characterise thermal contact feeling
during short contact of human skin with
the fabric surface. For time of thermal
contact 7 between the human skin and
the fabric shorter then several
seconds, the measured fabric can be
simplified into semi-infinite homogenous
mass with thermal capacity pc (Jfrns)
and initial temperature f.. Unsteady
temperature field between the human
skin (with temperature t;) and fabric

with respect to of boundary conditions
offers a relationship, which enables to
determine the heat flow g (W/m?)
course passing through the fabric:

by -t
\'ﬁ where
b = fipc (Ws"2/(m?K))

Wherepc (J!rn3) is thermal capacity of
the fabric and the term b presents
thermal absorptivity of fabrics. The
higher is thermal absorptivity of the
fabric the cooler is its feeling. In the
textile praxis this parameter ranges
from 20 Ws"/(m?K) for fine nonwoven
webs to 600 Ws"?/(m?K) for heavy wet
fabrics.

b) Water vapour permeability

The used PERMETEST instrument
enables the determination of relative
water vapour permeability Pwy (%) and
evaporation resistance Re: (rnQPaNV) of
dry and wet fabrics within 3 -5 minutes.
Cooling flow caused by water
evaporation from the thin porous layer
is immediately recorded by a special
sensing system and evaluated by the
computer (10).

Results of measurement can be
expressed in terms of the water vapour
resistance Ref defined in the ISO
11092 Standard, according to the
following relationship:

Re = (e —pn)%-%) = c{l00 _q,;(:_m-:_*} @)

Here, qganqde mean heat loses of

moist measuring head in the free state
and covered by a sample. The values
of water vapour partial pressures pwsat

and pm(Pa) in this equation represent

the water wvapour saturate partial
pressure valid ryor temperature of
the air in the measuring laboratory ¢,

(22-25°C), and the partial water vapour
pressure in the laboratory air. The
constant C can be determined by the
calibration procedure.

Besides the water vapour resistance,
also the relative water vapour
permeability of the textile sample Py,

can be determined by the instrument,
where P, = 100% presents the
permeability of free surféde. This
practical parameter is given by the
relation

qz
e [ )

c) Air permeability

This parameter was measured by
means of the non- destructive
instrument TEXTEST FX 3300
instrument at the pressure drop
200Pa. The measurement procedure
is fully described at the ISO 811
Standard. The relative water vapour
permeability, evaporative resistance
and air permeabilty has been
measured in dry state only.

3. RESULTS AND DISCUSSION

For data analysis the one-way analysis
of wvariance was used. Generally,
hypothesis H; means that effects of
factor X are the same and the factor X
has no influence on the observed
property. All F-tests were realized for
level of significance a=0.05. The
hypothesis Hp is accepted for a=0.05.
For a<0,05 the hypothesis Hp is
omitted and alternative hypothesis H;
is accepted, where H; means, that at
least one of effects is differed from the
other for the factor X Calculations
werecarried out by means of the
statistical software STATISTICA 9.

It was found that the concentration
increase does not play statistically
significant role in changes of all
measured properties. Therefore, only
comparisons between samples without
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any finishes and with finishes are
discussed in the following two
chapters.

As regards thermal resistance, the
concentration level of all kinds of
finishes exhibits no  statistically
significant effect on this parameter.

a) Thermal properiies

The reached results show that only
sanforisation led to the statistically
significant changes in all measured
thermal properties in wet state and
except thermal absorptivity also in dry
state (see Table 3). The explanation
depends in reduced porosity and
increased thickness of the treated
fabrics, due to thermally induced
shrinking. Softening did not cause any
significant  changes in  thermal
properties, as it did not result inbigger
structural  changes. Other  three
finishes affected properties only in the
single cases.

Application of both hydrophobic
finishes led to the approx. 15 — 25%
increase of thermal conductivity for
textiles in  dry state. Here, the
mentioned increment has probably an
origin in the increased mass of
thermally more conductive polymer on
fabric/fiber surface. Only for finish HP2
the increase was not statistically
significant (Table 4 and Figure 1). For
textiles in wet state the increase was
not statistically significant or no
changes were found, as the amount of
water entering the studied samples
during the sweating impulse simulation
is quite low and moisture in the treated
fabrics is mostly well conducted along

Table 4. Generalized results of the effect of the finishing agents on

thermal propsries.

the fabric surface. Therefore, local
concentration of moisture under the
measuring sensor can be quite low,
thus avoiding bigger changes in
thermal properties of the studied
fabrics. Similar results were also
achieved forsanforisedtextiles in dry
state, where the increase of Awas
about 10% only. Increasing level of
concentration  has  no  statistical
significance for other changes of
thermal conductivity for all type of
finishes.

Higher thermal resistance was found
for both hydrophobic finish for textiles
in dry state (probably due to reduced
amount of moisture in fabrics), but for
HP2the change was not significant.
The statistically significant changes
were observed also for sanforisation
and inflammable finish {(growth) for
textiles in dry state. For textiles in wet
state following results were found: for
hydrophaobic finishes and softening no
changes were recorded and for
infammable finish no significant
growth was determined, probably due
to good conduction of moisture along
the fabrics surface out of the
measuring zone of the instrument.
Only one difference of influence of
finishes was found for sanforisation
where application of this finish led to
high increase of thermal resistance.

Mo changes or statistically not
significant differences in thermal
absorptivitywere found for the most
finishes for textiles both in dry and in
wet state. The reasons of this behavior
will be similar to the above mentioned
reasons,onlysanforisation led to the

significant  decrease of  thermal
absorptivity for textiles in wet state,
due to lower porosity, which caused
lower local concentration of moisture.

b) Relative water vapour permeability
Pwy, evaporalive resistance Rg and
air permeability AP

No trends or only statistically not
significant differences were found for
all these properties. Due to optimized,
relatively low amount of the used
finishing, small reduction of porosity
only can be expected, which results in
small changes of the above mentioned
parameters.

All the effects of finishing treatment on
relative  water wvapor  permeability,
evaporative  resistance and  air
permeability are summarized in Table 5.

When evaluating the results in the
Table 4, it is necessary to emphasize,
that these results present just the
relative changes in relation to the initial
level of these results, either in 1 yor
wet state.  Thus, wet thermal
conductivity of the tested fabrics is
higher than thermal conductivity of
these fabrics in dry state (see Fig. 1).
Similarly, thermal absorptivity of the
studied fabrics in wet state is higher
(cooler) then this property measured
on dry fabrics, and that inversely,
thermal resistance of fabrics in wet
state is lower than this in dry state.
The results are in compliance with
findings of Oglakciodlu and Marmarali

(7).

Table 5. Generalized results of the effect of the finishing agents on water

vapor and air permeability.

N thermal thermal thermal relative water . N
Finishing conductivity resistance absorbtivity finishing vapour evap. air permeability
treatment 1 r b treatment permeability | resistance Ry AP

Py
dry / wet Dy f wet - - - - -
conditions conditions  |9TY / wet conditions IF decteasing (n) | increasing () | decreasing (n)
Dry Wet Dry Vet dry wet S5A no trend no trend no trend
(F increasin |decreasi fincreasi |increasi |increasi [decreasi HP1 no trend no trend decreasing (n)
gi{ny ng(n}y  [ng(s) [ng{n} [ng(n) |ngin} HP2 no trend no trend no trend
SA increasin |decteasi|increasi |increasi |decreasi |decreasi S0 no trend no trend decreasing {n)
S ngis ng (s ng {s ng (n ng{s — — . —
gt 9(s) 9 ) gt 9 () 9ts) s — statistically significant change, n — statistically not significant change,
increasin increasi decreasi &=0.05.
HP1 neo trend no trend [no trend
g (s} ng (s} ng{n}
increasin increasi decreasi
HP2 neo trend no trend [no trend
g {s} ng (n) ng{n}
increasin |increasi
S0 no trend |no trend [no trend |no trend
g {n} ng ()

s — statistically significant change, n
changs, o=0.05.

— statistically not significant
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Figure 1. Comparison of thermal conductivity A of textiles in dry and wet
state under different concentrations of finishing agens.
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4. CONCLUSION

The effect of two type hydrophobic
finishes, softening finish, sanforisation
and temporary inflammable finish on
thermal comfort properties, such as
thermal conductivity, thermal
resistance, thermalabsorptivity were
studied. Measurements on dry fabrics
were carried out under standard
laboratory conditions. Wet state of the
studied textiles was achieved by
means of the so called “sweating
impulse®, based on the injection of 0.3
ml water in the middle of the tested
sample. It was found that this
simulation of sweating affected thermal
properties of the studied fabrics quite
substantively.
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ABSTRACT

The aim of this study was to investigate the effects of
different types of weft vam materials and washing
treatments on the moisture management properties of
denim fabrics. Fabrics were developed with five
different types of weft varns made of cotton,
polvester,  spun  polypropvlene,  air-textured
polypropylene and stuffer-box crimped
polypropylene. In all cases 100% cotton varn was
used as warp. Samples from each fabric were
subjected to 10 diverse types of washing/finishing
treatments and the treated samples were tested for
dissimilar moisture management indices on an SDL
Atlas moisture management tester. The statistical
analyses of the test data show that the effect of
different types of weft yarns and washing treatments
is significant. Based on the results of this study,
denim fabrics can be developed with enhanced
moisture management properties.

weft

Keywords: moisture management, denim,

variation, garment washing

INTRODUCTION

When water is dropped on the surface of any textile
material it moves in multi directions. Its movement
depends upon the chemical and physical nature of the
textile material. The ability to control the movement
of moisture is called moisture management of textile
material [Hu 2005].

Clothing comfort is one of the basic needs of the
wearer. It depends upon the thermo- physiological
characteristics of the textile material. In addition to
tactile feeling, heat and moisture transfer are key
factors, which contribute to clothing comfort
perception.  Moreover, air and  water-vapor
permeability properties of clothing also have a
significant influence on comfort characteristics.
There is a significant difference in thermal properties
of water and textiles. One of the most important
factors is thermal conductivity. Water has 0.6 (Wm’
'K™"). which is quite higher than textile materials.
Textile materials may be hydrophobic or hydrophilic
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in nature. Many complexities are attached with the
adsorption and absorption processes. Overall,
adsorption and absorption of water in textiles create a
big change in their thermal characteristics. This
change leads to change in their thermal and moisture
sensation and overall comfort properties. There is a
strong correlation between moisture management
properties of a fabric and its final comfort perception
(Amrit, 2007; Barker, 2006; Hes & Martins, 1993;
Satsumoto, Murayama, & Takeuchi, 2009; Kandjov,
1999: She & Kong, 2000; Suleiman, 2006).

This study investigated the moisture management
properties of denim woven with a constant warp and
five different weft yarns and subjecting the samples
to 10 different types of washing processes. The
specific objectives of this study were as follows: (a)
to investigate the effect of different weft yamn
materials on the moisture management properties of
denim fabrics and (b) to investigate the effect of
different washing treatments on the moisture
management properties of denim fabrics.

WATER VAPOR TRANSPORT MECHNAISM
THROUGH NOVEL AND TRADITIONAL
DENIM

Traditional denim is composed of 100 % cotton and
has the ability to absorb moisture from the human
skin and can transport it to the outer side following
Fick’s law. In the case when the surface which
touches the human skin is partially composed of
polypropylene or polyester, which is hydrophobic in
nature, moisture transfer from inner side to outside
becomes quicker. In the case of denim made of 100%
cotton, there are more chances that moisture will
accumulate between the human skin and the inner
side of the denim, and the difference in moisture
percentage between human body and the
microclimate will decrease, which is the driving force
for the transfer of moisture from inner climate to
outer climate. Nevertheless, in the case of the inner
side partially covered by manufactured fibers, the
amount of moisture absorbed will be less. In addition,
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manufactured fibers will provide a channel for the
transfer of the moisture. Moreover, the presence of
100% material on the surface (outer side) will absorb
moisture from the inner side. Exposure of the outer
side to the external environment will boost transfer of
moisture. The most common sweat shirts are made by
using a polyester-cotton blend as the inner side vamn
and an outer yarn of 100% cotton. Gunesoglu, et al
(2005) tested knitted fabrics having different
composition of cotton and polyester for loop and
finally concluded that fleece made by using
polvester-cotton (87:13) for loop has the lowest
thermal absorptivity, an indicator of warm and cool
effect. under wet processing conditions, which shows
that touching of hydrophobic and hydroscopic
material with human skin helps in keeping the skin
dry and provides support in transport of moisture
from inner side to the outer side.

MATERIALS AND METHOD

Specifications of five varied denim fabrics used in
this study are given in Table 1. Samples from all five
fabrics were subjected to 10 distinctive washing
treatments. A description of specialty chemicals used
in washing treatments is given in 7able II. Hydrogen
Peroxide and Acetic Acid used were of commercial

grade. A short description of all washing treatments
is given in Table Iil.

All the treated fabric samples were tested on an SDL
Atlas Moisture Management Tester according to
AATCC Test Method 195-2009. The Moisture
Management Tester (MMT) was developed by Yi Li,
Qing Wen Song and Jun Yan Hu to measure the flow
of water when drops of water touch the surface of
fabric (Hu, Li. Yeung. Wong, & Xu, 2005). The
instrument gives different indices, which quantify the
movement of water in different directions in a textile
material. The fabric side that was used as “top” during
testing in this study refers to that side of the denim
fabric on which the weft or filling vams are
predominant. This is the side of denim fabric, which
would come into contact with skin when the denim
garment is womn. The ‘bottom’ fabric side had
predominantly the cotton warp yvarns exposed. which
were held constant in the study while the weft yarns
were varied from cotton to polyester, spun
polypropylene, air-textured polypropylene and
stuffer-box crimped polypropylene.

TABLE L. Specifications of denim fabrics used in this study.

No. Warp Yarn Weft Yarn ‘Warp linear Weft Linear Fabric  Fabric
Material Material density (tex) Density (tex) Weave weight
(gmm™)
D1 Cotton Spun polypropylene (SPP) 49.25 54.00 3N Z 239
D2 Cotton Stuffer-box crimped 4925 38.00 31 Z 224
polypropylene
(SBC PP)
D3 Cotton Air-textured polypropylene 49.25 44.0 I Z, 229
(AT PP)
D4 Cotton Cotton (CO) 49.25 49.0 Nz 230
D35 Cotton Polyester (PES) 49.25 37.0 3NZ 231
TABLE II. Specialty chemicals used in denim washing.
No. Name Description Manufacturer/Supplier
1 Lenitol EHDS Amylase enzyme CHT, GMBH
2 Sltafon D Wetting agent Mukashi Pakistan
3 Forelase SWGR Cellulase enzyme CHT, GMBH
4 Fortress ECO2 Anti back-staining agent Mukashi Pakistan
5 Belfasin OET Cationic softener Cognis
6 Rucofin GWE Silicon softener Rudolf Chemical
7 RucoStar EEE Water repellent chemical Rudolf chemical
8 RUCO PUR SEC Quick Dry chemical Rudolf chemical
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TABLE III. Description of different denim washing treatments.

No. Type Description

W1 Desizing + Rinsing (D) Desizing was done using Lenitol EHDS (0.75ml/1),
Sltafon D (0.375 ml/l) and ECO2 (0.5 ml/l) at 60°C
for 15 min. Desizing was followed by rinsing with
water at ambient temperature.

W2 Desizing + Cellulase Treatment Desizing was done as in W1 followed by treatment
(D+C) with Forelase SWGR (0.75 g/l) and ECO2 (0.5 ml/l)

at 60°C for 15 min. and then rinsing with water at
ambient temperature.

W3 Desizing + Cellulase Treatment + Desizing and Cellulase treatment was done as in W2
H,0,Treatment followed by treatment with H,O, (4 g/1) at 60°C for
(D+C+B) 5 min. and then rinsing with water at ambient

temperature.

e Desizing + H;O,Treatment + silicone Desizing was done as in W1 followed by treatment
softener with H,O, (4 g/M) at 60°C for 5 min. and then
(D+B+S8S) treatment with Rucofin GWE (3.75 g/l).

W5 Desizing + H-O,Treatment Desizing was done as in W1 followed by treatment
(D+B) with H;O, (4 g/) at 60°C for 5 min. and then rinsing

with water at ambient temperature.

W6 Desizing + H,O-Treatment + Quick- Desizing and H,O; treatment was done as in W5
dry finish (D+B+QD) followed by treatment with RUCO PUR SEC (3.75

g/.

W7 Desizing + H,O,Treatment + Desizing and H,O, treatment was done as in W5
Cationic Softener (D+B+CS) followed by treatment with Belfasin OET (4 g/1).

W8 Desizing + Cellulase Treatment + Desizing and Cellulose treatment was done as in W2
Pumice Stones (D+C+St) in the presence of pumice stones.

W9 Desizing + H,O-Treatment + Water- Desizing and H-O- treatment was done as in W35
repellent finish (D+B+WR) followed by treatment with RucoStar EEE (4 g/1).

W10 Desizing + Peach Finish' (D+P) Desizing and rinsing was carried out as W1 followed

by peaching on brushed peaching machine.

! Peaching is process in which fabric is rubbed against some brushes or in some case against some sand papers to have a protruding
(outstanding) fibers of very small height to get a soft look like skin of Peach fruit. It is also called sueding.

RESULTS AND DISCUSSION

Effect of Different Tvpes of Washing Treatments
and Weft Yarns on_Fabric Wetting Time
Table IV gives two-way analysis of wvariance
(ANOVA) results for the effect of type of washing
treatments and weft yarns on fabric wetting time. It
can be observed from Table 117 that the effect of type
of washing treatment is significant on wetting time of
the fabrics™ top and bottom sides (P = 0.004 &

0.000). The “top” in this study refers to that side of
the denim fabrics where weft vams are pre-dominant
while ‘bottom’ refers to that side where warp yarns
are  predominantly exposed. During moisture
management testing, the water drop was allowed to
fall first on the ‘top” surface wherefrom it spread
outwards as well as penetrated towards the bottom
side of the fabric. The effect of type of weft yarn was
not found to be significant on fabric wetting time.

TABLE IV. Two-way ANOVA for effect of type of washing treatments and weft yarns on fabric wetting time.

Source DF 58 MS F P
Type of Washing Treatment L 707.14 78.5714 3.47 0.004
s Type of Weft Yam 4 127.44 31.8604 1.41 0.251

;‘i}rge (\\,t;';:')mg Error 36 815.11 22.6419

Total 49 1649.69

R-sq=50.59%
Bottom Type of Washing Treatment 9 67671.3 7519.04 14.82 0.000
Wetting Time Type of Weft Yam 4 1336.0 333.99 0.66 0.625
(WTh) Error 36 18262.1 507.28

Total 49 87269.3

R-sq = 79.06%
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Effect of different types of washing treatments on
fabric wetting time on the top and bottom sides is
shown in Figure 1 and 2 respectively. It is obvious
that the top wetting time is shorter as compared to the
bottom wetting time. All fabric tops wet fairly
quickly except that was subjected to peaching (D+P)
finish. Peaching was done on the top fabric side only
where the hydrophobic polypropylene and polyester

fibers are predominant in

fibers, resulted by peac
interference in the wetting

fabric that was treated w

of the finish.

all the fabrics except one

that had cotton weft yarns. The short protruding

hing, may have caused
of the fabric top. Figure 2

shows that bottom wetting time is longest in the

ith water repellent finish

(WR). which is obviously due to hydrophobic nature
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FIGURE 2. Effect of different types of washing treatments on bottom wetting time.
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Effect of Different Tvpes of Washing Treatments
and Weft Yarns on Maximum Wetted Radius of

the Fabric

The effect of different type of washing treatments
and weft yarns on the top and bottom maximum
wetted radii of the fabric is given as a two-way
ANOVA in Table V. It can be observed that the effect

of type of washing is significant on both the top and
bottom maximum wetted radii (P = 0.000). However
the effect of different types of weft yarns is only
significant on the bottom wetted radius (P = 0.016)
and not on the top maximum wetted radius (P =
0.151).

TABLE V. Two-way ANOVA for effect of type of washing treatments and weft varns on maximum wetted radii of the fabric.

Source DF SS MS F P
Type of Washing Treatment 31505 350.056 18.89 0.000
Top Maximum Type of Weft Yarn 4 133.0 33.250 1.79 0.151
Wetted Radius Error 36 667.0 18.528
(MWRY) Total 49 3950.5
R-sq=83.12%
Bottom Type of Washing Treatment 5348 594.222 40.21 0.000
Maximum Type of Weft Yarn 208 52.000 3.52 0.016
Wetted Radius Error 36 538 14778
(MWRDb) Total 49 6088

R-sq = 91.26%

Figure 3 and 4 illustrate the effect of different
washing treatments on top and bottom maximum
wetted radii, respectively. It is clear that treatments
containing hydrophobic finishes such as cationic
softener (CS). silicon softener (SS) and water-
repellent (WR) resulted in poor water spreading
along with peached fabric where the tiny protruding
fibers may also have hindered the spreading
phenomenon.

The effect of different types of weft yarns on a
bottom maximum wetted radius is depicted in Figure
5. It can be observed that the spreading is higher in
case of hydrophobic weft polypropylene and
polvester varmns as compared to hydrophilic cotton
weft. It follows from the results that having
hydrophobic vamms on the inner garment side and
hydrophilic yams on the outer garment side will
result in higher perspiration spreading on the outer
side which will also help in its quicker evaporation
because of larger wetted radius.
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Effect of Different Tvpes of Washing Treatments
and Weft Yarns on Water Spreading Speed
Two-way ANOVA results for the effect of different
washing treatments and weft yarns on water
spreading speed on the top and bottom fabric sides is
given in Table 171. Although the effect of type of
washing treatment was found to be significant on
both top and bottom spreading speed (P = 0.000), the
effect of type of weft varn was only found significant
on the bottom
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fabric side (P = 0.009). The effect of type of washing
treatment on top and bottom spreading speeds
depicted in Figure 6 and 7 shows similar trends as
that of top and bottom maximum wetted radii. The
same is true for the effect of different weft yarns on
water spreading speed at the bottom fabric side
(Figure 8). where the spreading speed is higher in
case of hydrophobic weft vamns at the top fabric side
and hydrophilic cotton yarn at the bottom fabric side.
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TABLE VI. Two-way ANOVA for effect of type of washing treatments and weft varns on water spreading speed.

Source DF SS MS F P
Type of Washing Treatment 9 110.705 12.3006 237 0.000
RS Type of Weft Yarn 4 3.005 0.7514 1.67 0.178
< ge 5 l()SSt) € Error 36 16.178 0.4494
p Total 49 129.888
R-sq = 87.55%
Bottom Type of Washing Treatment 9 204.795 22.7550 45.84 0.000
Spreading Type of Weft Yarn 4 7.906 1.9764 3.98 0.009
Speed (SSb) Error 36 17.872 0.4964
Total 49 230.573
R-sq=92.25%
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Effect of Different Tvpes of Washing Treatments
and Weft Yarns on Accumulative One-Way
Transport (AOWT)

Accumulative one-way transport is a measure of the
difference between the areas of the liquid moisture
content curves of the top and bottom surfaces of a
specimen with respect to time. Table VII gives the
two-way analysis of variance (ANOVA) results of
accumulative one-way transport (AOWT) of fabric
samples versus different types of washing treatments

and weft yarns. It can be observed that the effect of
type of wash (P = 0.000) and the type of weft (P =
0.013) is statistically significant. This means that
different types of washing treatments and weft yarns
result in significantly different values of overall
moisture management capacity of fabrics. For the
AOWT data, R-sq equals 78.10%, which gives the
percentage variation in AOWT that can be explained
by the type of washing and the weft changes.

TABLE VII. Two-way ANOVA for effect of type of washing treatments and weft yarns on accumulative one-way transport.

Source DF SS MS F P
Type of Washing Treatment 9 7797893 866433 12.62 0.000
Type of Weft Yarn 4 1011407 252852 3.08 0.013
Error 36 2470908 68636

Total 49 11280208

A main effect plot for effect of type of washing on
AOWT is given in Figure 9. It is evident that
accumulative one-way transport of moisture is
maximum in case Spun Polypropylene weft yarn,
followed by Air-textured Polypropylenc (ATPP),
Stuffer-box Crimped Polypropylene (SBCPP),
Polyester (PES) and Cotton (COT) weft yarn. It
follows from the results that denim fabrics with weft
yarns made from polypropylene will keep the skin of
the wearer dry by transporting the perspiration
towards the outer side of the fabric which is away
from the skin. This is because in denim, the fabric
side which comes in contact with the skin has
predominantly exposed weft yarns and the side which
is away from the wearer has predominantly exposed
warp varns. Hence a fabric with good accumulative
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one-way transport from the inner fabric side to the
outer side will offer good sweat management to the
wearer.

The effect of different types of washing on AOWT is
given in Figure 10. It is clear that desizing (D),
desizing + cellulose treatment (D+C). desizing +
cellulose treatment + bleaching (D+C+B), desizing +
celllulase treatment + stone washing (D+C+St),
desizing + quick-dry finish (D+QD) and desizing +
peaching (D+P) resulted in good accumulative one-
way transport of moisture from the treated fabric,
whereas washing treatments containing water
repellent finish (WR). silicon softener (SS) and
cationic softener (CS) resulted in poor AOWT, which
can be explained by the hydrophobic nature of these
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finishes. Figure 10 further elaborates that desized,
bleached and having water repellant finish has the

lowest value of AOWT. It may be due to the
influence of water repellent chemicals on the surface
of the fabric.
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FIGURE 9. Effect of different types of weft varn on AOWT.
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FIGURE 10. Effect of different types of washing treatment on AOWT.

Effect of Different Tvpes of Washing Treatments
and  Weft Yarns on_ Overall Moisture
Table VIII gives the two-way analysis of variance
(ANOVA) results of overall moisture management
capacity (OMMC) of fabric samples versus different
types of washing treatments and weft yvarns. It is clear
from the table that the effect of type of wash
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(P = 0.000) and the type of weft (P = 0.014) is
statistically significant. This indicates that different
types of washing treatments and weft yarns result in
significantly different values of overall moisture
management capacity of fabrics. For the OMMC
data, R-sq equals 82.50%. which gives the percentage
variation in OMMC that can be explained by the type
of washing and the weft changes.
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TABLE VIII. Two-way ANOVA for effect of type of washing treatments and weft yarns on OMMC.

Source DF SS MS F P
Type of Washing Treatment 9 3.78827 0.420919 17.25 0.000
Type of Weft Yarn 4 0.35303 0.088258 3.62 0.014
Error 36 0.87834 0.024398

Total 49 5.0164

A main effect plot for the effect of type of washing
on OMMC is given in Figure 11. Clearly overall
moisture management capacity is maximum in case
Spun Polypropylene weft yarn, followed by Air-
textured Polypropylene (ATPP), Stuffer-box Crimped
Polypropylene (SBCPP), Polyester (PES) and Cotton
(COT) weft yarn.

The effect of different types of washing on OMCC is
given in Figure 12. It is clear that desizing (D),
desizing + cellulose treatment (D+C). desizing +

cellulose treatment + bleaching (D+C+B) and
desizing + celllulase treatment + stone washing
(D+C+St) resulted in good overall moisture
management capacity of the treated fabric, whereas
washing treatments containing water repellent finish
(WR). silicon softener (SS) and cationic softener
(CS) resulted in poor OMMC, which can be
explained by the hydrophobic nature of these
finishes. The OMMC of fabrics treated with the quick
dry finish (QD) was also found to be above average
followed by that of the desized + peached (D+P)
fabrics.
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FIGURE 11. Effect of different types of weft yarns on OMMC.
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A NEW WAY TO THE OBJECTIVE HAND EVALUATION
Viadimir Bajzik

Technical University in Liberec, Faculty of Textile Engineering, Department of Textile
Evaluation, Liberec, Czech Republic
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Abstract: In present paper a new method named BM technique leading to the objective hand
evaluation is presented. The method is based on the evaluation of 8 measurable properties using
instruments occurring commonly in textile laboratories. The properties were selected from four
basic groups of properties corresponding to the hand sensory centre. As prediction equation the
ordinal logistic regression was applied. At first the total hand value (THV) of 90 men suits was
evaluated subjectively using the panel of 40 respondents and median category M of eleven degree
ordinal scale was calculated for each fabric. From 90 fabrics the set of 80 ones was applied for
creation of the prediction formulae. The rest 10 fabrics served for verification of prediction ability.
Prediction ability of BM techniques was compared with the same approach but on the properties
obtained from KES system. Also 2 types of prediction equation derived on the basis of analysis
from BM properties were compared. Results flowing from both sets of properties and 4 equations
show the comparable results. The most of 10 fabrics was objectively classified to the category M+1
in comparison with subjective evaluation.

Key Words: objective hand evaluation, subjective hand evaluation, THV, ordinal logistic

regression

1 INTRODUCTION

The hand of textiles belongs among the
basic tactile properties of textiles and is
understood as the complex psychophysical
property. It means that the subjective precept
hand is weighted mean of single primary
hand stimulus and personal knowledge of
evaluator. Its definition still is not given
clearly. Generally, hand can be understood
as sensation evoked by contact between the
skin and textile. Some definitions are
presented in [1-4]. Before and during
subjective hand evaluation it is necessary to
solve several key problems which realization
can affect the results:

— choice of respondents,

— choice of scale,

— choice of properties and its definition,

— the course and conditions of experiment,
— analysis of results.

Bishop [5] in his summary review presents
the similar key elements:

— the judges,

— the criteria of judgement,

— the assessment conditions,
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— the assessment technique,

— the method of ranking or scaling the
assessment,

— analysis of results.
It is evident to prepare and realize
experiment for subjective hand evaluation
needs a lot of time.
During approximately last 40-50 years the
big effort to objective hand evaluation was
dedicated. As the main reason the prediction
of subjective hand evaluation is. The
research realized by Binns [6] and Peirce
work [7] belongs among the first works in the
field of subjective hand evaluation and its
objective  prediction. The introduced
principles of objective hand evaluation
according to applied methods and
instruments can be divided to three groups:

— set of special instruments — e.g., here the
most spread system KES [8] can be
placed. It is consisted from 4 instruments
where 15 characteristics is measured,

— special instrument, where the principle is
based on pulling sample through round or
conic hole [9, 10],
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— standard instruments, which are mostly to
disposal in a textile laboratory [11, 12].
Kawabata in his work [8] proved that primary
hand hands are evaluated at first and then a
total hand is expressed. In the present paper
the technique (BM technique) at which the
choice of properties was realized on the
basis of idea of lLundgren [1] that evaluation
of hand is connected with four centres:
— centre of surface smoothness

unevenness,

— centre of stiffness and compliance,
— centre of volume properties,

— centre of thermal phenomena.
Ordinal logistic regression (OLR) was applied
for design of formula for objective hand
evaluation. The application of OLR is
presented in [13] and results indicated its
application as suitable. Therefore, the results
flowing from BM technique were compared
with results built on the properties from KES.

and

2 ORDINAL LOGISTIC REGRESSION

Ordinal logistic regression can be applied in
the case when depended variable y is
ordinal. This is typical for subjective hand
evaluation when fabrics are classified to K
ordered categories — in this case K is mostly
1, k=1, 2,...K, from evaluation — hand is
very bad (k=1, y=0) to the excellent one
(k=K, y=K-1). The most suitable model is
called proportional odds model [14]

f@s&ﬂ

P(y > k) L

Cli = |ll‘:

The solution of the proportional odds model
leads to K-7 regression equations which
differ only in the value of absolute member
bx.o whose value grows

P(y<k) -
o Pl B
{P@>kJ bos by 2)

The phenomenon is placed to category for
which P(y=k) is maximum. Advantage of the
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model is that the effects of the vector of
independent properties x are invariant in
respect to the dependent variable [13].
Significance of the model was tested using
the deviance G? and single regression
parameters by means of Wald test.

3 EXPERIMENTAL PART

The prediction of the hand was made from

eight objectively measurable characteristics

selected from four basic groups of properties

corresponding to the hand sensoric centre

[1].

1. For characterisation of the fabric surface

roughness

— mean absolute deviance MAD [mN] has been
selected.

2. The deformability has been characterised
by the

— tensile modulus in diagonal direction Y45
[MPa],

— initial tensile modulus Y [MPa],

— stiffness T[mN cm].

3. Bulk behaviour has been expressed by
the

— area weight M [g m?]

— compressibility S [-]

— thickness t [mm].

4. Thermal part of
characterised by the

— thermal absorbtivity b [W m™s"?K™].

hand has been

Experimental data were collected for 90 men
suit fabrics. The basic parameters are shown
in Table 1. In the next step data were divided
to two groups. The first group (data
representing 80 fabrics) called training group
was used for the calculation of estimation of
regression parameters b and the second
group of the rest 10 fabrics helped for
verification of prediction ability of the model.
The estimated regression coefficients are in
Table 3. The significant coefficients and
properties are in bold format.
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Table 1 The basic characteristics of fabrics

areal weight g/m® 140 - 370
sett -warp 170 - 560
- weft threads/10 cm 150 - 370
100% wool,

fibre composition 45/55 woollpolyester,
wool/polyester/polyamide

: mostly different types

baske types of wesyes of twills, plain weave

To obtain the formula for objective hand
evaluation the subjective evaluation of
fabrics also had to be realized. The panel of
40 judgers classified samples to 11 degree
ordinal scale in accordance with scale used
in [8]. As result 40 evaluations of total hand
value (THV) for 90 fabrics had been
obtained. For prediction the estimation of the
median category of ordinal scale M was
chosen which is defined

F

M -1 < 0’5

Fy, 205 3)

where Fz cumulative relative frequency is
(z=M-1 or M). Number of median categories
is presented in Table 2.

Table 2 Number of fabrics classified into the
median categories M

median number of
category | classified fabrics
1 0
2 2
3 11
4 8
5 16
6 17
7 19
(= 8
9 b
10 4
11 0

It is evident from Table 2 that no fabrics has
median category 1 or 11 and to the median
categories 2, 9 and 10 was classified only a
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few fabrics. The final interpretation of results
is affected by this situation.

The model created on the basis of BM
technique is marked BM11 and compared
model flowing from KES characteristics as
KES11.

Relations among the single properties used
in BM technique were investigated. The
paired (above the main diagonal) and partial
(below the main diagonal) coefficients of
correlation are presented in Table 3. The
bold is used for correlations in absolute value
higher than 0.6. All correlations with value
higher than |0.2| are statistically significant
on the level of significance a=0.05.

The principal component analysis (PCA) was
also applied for detection of relations among
the properties. Scree plot (Figure 1a)
indicates 3 important principal components.
Components weight graphs (Figure 1b-d)
show for the individual combinations of 3
principal components dependencies and
relations of the single properties. As results
in Table 3 as graphs in Figure 1 leads to
conclusions that among area weight M and
thickness t dependence exist. Less strong
relation between properties tensile modulus
in diagonal direction Y45 and initial tensile
modulus Y can be observed. Therefore
properties were collected according to their
character

geomi= % and tenacity1= W

model is called BM11v1.

in accordance with results PCA
geom2 =-0.91t - 0.86M and
tenacity2 =0.8945Y45 + 0.68Y
model is called BM11v2.
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Table 3 Paired and partial coefficients of correlation
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b T t M S MAD Y45 Y
b 1.00 -0.45 -0.58 -0.45 0.19 -0.55 0.01 -0.24
i -0.12 1.00 0.72 0.71 -0.56 0.44 0.02 0.34
t -0.24 0.22 1.00 0.86 -0.43 0.65 -0.07 0.33
M 0.11 0.18 0.67 1.00 -0.48 0.49 -0.14 0.31
S -0.10 -0.33 0.02 -0.17 1.00 -0.23 -0.23 -0.42
MAD -0.26 -0.02 0.38 -0.07 0.06 1.00 0.09 0.25
Y45 0.06 0.01 -0.03 -0.26 -0.20 0.18 1.00 0.51
Y -0.09 0.02 0.04 0.14 -0.14 -0.05 0.54 1.00
a5
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c. d.

Figure 1 Scree plot (a) and components weight graphs — (b) the 1% principal component vs the 2™
principal component; (c) the 1% principal component vs the 3™ principal component; (d) the 2™
principal component vs the 3" principal component
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Table 4 Comparison of models

Textile Materials

characteric KES11 BM11 BM11v1 BM11v2
G’ 147.06 157.55 114.86 152.93
p <0.01 <0.01 <0.01 <0.01
R}F 0.47 0.49 0.36 0.48
Ry 0.92 0.93 0.78 0.87
BIC 81.55 124 8 88.57 126.67
AIC -2.35 -2.44 2.94 2.46

Table 5§ Comparison of predicted and measured values of median categories of THV

Sample Predicted ) Predicted _ Predicted ) Predicted .
No. THV | value by Diff. value by Diff. value by Diff. value by | Diff.
BM11 BM11v1 BM11v2 KES11

T117 6 7x +1 5x -1 7. +1 6

T118 4 4 4 4 2 -2
T135 <] 3 5x +2 4 +1 4 +1
T136 9 8x -1 8x -1 8 -1 8 -1
7153 5 § 5 5 5

T154 3 3 5x +2 3 4 +1
T171 6 6 6 5 -1 5 -1
T172 7 2 7 6 -1 9 +2
T189 10 9x -1 8x -2 8 -2 9 -1
T190 7 6x -1 6x -1 6 -1 6 -1

The models were compared using Bayesian
(BIC) and Akaike (AIC) information criterions,
McFaden coefficient of determination (R%ur)
and Nagelkerke statistic (R?). It is valid for
both criterions that lower value means better
model. Advantage of these criterions is that
adding new independent variable does not
mean automatically better model in
comparison with deviance G?. McFaden
coefficient of determination and Nagelkerke
statistic indicate better model when its value
is higher.

Proposed models based on BM technique
are compared with the similar model in which
the KES properties were used [8].

Results in Table 4 indicate that no model is
significantly better. Parameter p shows that
all models are significant and can be used for
prediction.

The verification of prediction ability of the
proposed models was realized on the second
group of 10 iextiles. Results presented in
Table 5 show that model BM11 predicted 6
samples in accordance with the results of
sensory analysis and the rest of samples
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with the mistake 1 category. All other models
classified at least one sample with the
difference 2 categories. On other hand, as
variability in subjective hand evaluation of
THV exists, difference 1 category is
acceptable. From this point of view all of
samples were classified well by model BM11,
and 90% by model BM11v2, 80% by model
KES11 and 70% by model BM11v1. No fatal
classification (e.g., the excellent classification
instead of very bad) was predicted.

4 CONCLUSION

Presented paper show objective hand
evaluation using properties which are
possible to measure in the textile laboratory
by means of standard instruments. The
ordinal logistic regression for the prediction
of total hand — THV was introduced. For
prediction the median category of THV was
applied. The median category indicates that
about 50% judgers will evaluate THV to
median category and better (or worse).
However, it is necessary take to
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consideration that to the terminal categories
No. 1, 2, 9, 10 and 11 was sorted less
textiles than it is necessary.

Results show that application of the ordinal
logistic regression is possible. Proposed
model called BM designed from 8 properties
provided very similar prediction ability as
model based on KES characteristics. Applied
properties mean absolute deviance MAD,
initial tensile modulus in diagonal direction
Y45, initial tensile modulus Y, stiffness T,
area weight M, compressibility S, thickness ¢
and thermal absorbtivity b are suitable for
building of formula for objective hand
evaluation.

Acknowledgement: This work was supported by
project of MSMT of Czech republic No. 1M06047.
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NOVY PRISTUP K OBJEKTIVNIMU HODNOCENi OMAKU

Translation of the article
A new way to the objective hand evaluation

V pfispévku je piedstavena nova metoda (BM technika) pro objektivni hodnoceni omaku. Je
pouZito 8 vlastnosti. Pro konstrukci predikéni rovnice byla pouzita ordinalni logisticka
regrese. Vysledné predikce byly porovnany s vysledky z obdobné predikéni rovnice, kde v§ak
byly pro konstrukci pouZity vlastnosti ze systému KES.

Vysledky ukazuji na dobrou predikéni schopnost navrzeného modelu.
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EFFECT OF TWO TYPES OF SOFTENERS AND WEFT

COMPOSITION ON THERMAL COMFORT CHARACTERISTICS OF

DENIM FABRICS
V. Bajzik, M.M. Mangat and L. Hes

Technical University of Liberec, Faculty of Textile Engineering, Department of Textile
Evaluation, Studentska 2, Liberec, Czech Republic
viadimir.bajzik@tul.cz

Abstract: Denim manufacturers apply certain textile auxiliaries on denim clothing in industrial
clothing washing process to impart assured properties. Such treatment modifies the thermal and
sensorial characteristics of denim clothing. For this study two sets of denim; traditional denim by
using cotton yarn as warp and weft and novel denim by using cotton yarn as warp and spun PP
yarn as weft. These sets were desized, rinsed, bleached and treated with cationic and silicone
softeners. Impact of weft variation and application of two distinct softeners was studied. This
investigation was carried out by using the Alambeta thermal comfort tester and by conducting a
survey. The study reveals that in both cases people prefer hand feeling of denim treated with
silicone softener as compared to cationic softener but this conclusion is not statistically significant.
Moreover, people state that traditional denim treated with silicone is less cool, which is also
verified by the Alambeta. However, in the case of novel denim, there is a contradiction in the views
of evaluators and the Alambeta results.

Keywords: thermal conductivity, thermal resistance, thermal absorbtivity, subjective evaluation,

cationic and silicone softness

1 INTRODUCTION

Denim is one of the most popular fabrics
used for the manufacturing of assorted types
of clothing. Significance of subjective
evaluation remains one the most critical
factors for the marketing of the textile
material [1]. Majority of the denim is treated
with different textile auxiliaries to have a
definite look and hand feeling. Silicone and
cationic softeners are most frequently used
to have a better hand feeling and to advance
the smoothness of the denim surface [2, 3].
At the same time, there is an implicit change
in thermal parameters. Any variation in
thermal parameters can alter the
comprehensive clothing comfort recognition.
However, prime objective of softener
application is to have a greater degree of
hand feeling.

Thermal properties of textiles are main part
of total hand value (THV). These ones are
touched immediately during the first contact
between textiles and skin [4]. Thermal
parameters hinge on the chemical and
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physical structure of any material. It is also
logical for textile material. Fabric is made by
using various fibers. Moreover, there are
many ways to make a yarn and its
application to make a fabric. Other than
chemical properties of fiber, density of fibers,
surface  treatment, filling  coefficient,
compressibility of fabric, etc. play a
consequential role in thermal parameters of
fabric [5, 6].

Softeners stick on the surface of fabric, and
this leads to the modification of the surface.
This modification is the rationale of change in
thermal and sensorial parameters. It may be
a blockage of pores, change in the rigidity,
alteration in thermal conductivity and thermal
resistance.

People are doing their best to develop
instruments able to project the comfort of the
textile material having a high correlation with
the subjective evaluation. In spite of all
efforts, significance of subjective evaluation
cannot be underestimated [7, 8].

This study is restricted to measure impact of
softeners on denim and comparison of



Textilné materialy

cationic and silicone softeners. Selection of
these two softeners is based on the common
routine of the industry. During industry
survey, it was observed that in most of the
cases these two softeners are applied.
Nevertheless, in some cases special
softeners are also applied. Subjective
evaluation of hand (THV) is major part of
hand — warm/cool feeling. The results of
subjective hand were compared with three
objective measured thermal parameters [9]:
A)  thermal conductivity A [W m'K]
Thermal conductivity (A) describes the ability
of material to allow transfer of heat from one
meter square area trough a distance of one
meter. Polymers have the lowest thermal
conductivity, whereas, metals have the
highest thermal conductivity. Thermal
conductivity of softeners is different from the
cotton since both have different chemical
structure. Thermal conductivity of textile
ranges from 0.033 to 0.1 [W m'K™].

B)  thermal resistance R [m*KW]
Thermal resistance is calculated by using
thermal conductivity (A) and height (h) of the
material.
R=h/x (1)
Above equation demonstrates that resistance
depends upon the thermal conductivity and
thickness of material. There is an
inconsequential different in the thickness of
fabric due to application of softeners.
However, there is an undeniable difference in
thermal conductivity, which will change the
thermal resistance.

C)  thermal absorbtivity b [Ws'?m?K"]
Thermal absorbtivity is an indicator of the
warm and cool feeling of the material. It was
introduced by Hes [9].

Table 2 Industrial washing description

Textile Materials

b = Vipc (2)
where b is the thermal absorbtivity, p is the
fabric density and c¢ is the specific heat
capacity. Higher values of thermal
absorbtivity indicate the cool feeling of the
material in initial contact. The values of the
thermal absorbtivity of textile materials lie is
in the range from 20 to 600 [10].

Alambeta is an instrument which is
commonly used to measure above
mentioned thermal parameters was used for
objective evaluation.

2 EXPERIMENTAL PART

21 Material

Two set of denim samples; traditional and
novel denims were prepared (Table 1).
These samples were passed through
industrial washing and finally applied cationic
and silicone softeners (Table 2) by using
different textile auxiliaries (Table 3).

Table 1 Sample description

T - ; novel
description traditional denim o s
warp Yarn cotton cotton
warp Textile 49.25 49.25
warp set
[yarns.cm™'] 27.17 27.95
spun
weft Yarn polypropylene cotton
weft Textile 54.00 49.00
ek aes 18.90 18.90
[yarns.cm']
weave twill 3/1 Z twill 3/1 Z
weight [g.m7] 236 | 230 |

washing type

desizing + H;0; treatment +
silicone softener

desizing was done using Lenitol EHDS (0.75ml/l), Sltafon D (0.375 ml/l) and
Fortress ECO2 (0.5 ml/l) at 60°C for 15 min followed by rinsing with water at
ambient temperature. Finally samples were treated with H,0, (4 g/l) at 60°C for 5
min. After that applied silicone softener Rucofin GWE (3.75 g/l).

desizing + H;0; treatment +
cationic softener

desizing was done using Lenitol EHDS (0.75ml/l), Sitafon D (0.375 ml/l) and
Fortress ECO2 (0.5 ml/l) at 60°C for 15 min followed by rinsing with water at
ambient temperature. Finally samples were treated with H,O, (4 g/l) at 60°C for 5
min. After that applied cationic softener Belfasin OET (4 g/l).

Viakna a textil (4) 2011 4
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Table 3 Textile auxiliaries details

Textile Materials

No. | name description manufacturer/supplier
1 Lenitol EHDS amylase enzyme used for desizing CHT, GMBH

2 Sltafon D wetting agent Mukashi Pakistan

3 Fortress ECO2 anti back-staining agent Mukashi Pakistan

4 Belfasin OET cationic softener Cognis

5 Rucofin GWE silicon softener Rudolf Chemical

2.2 Subjective Evaluation 3 RESULTS AND DISCUSSION
For the subjective evaluation following

procedures has been adopted:

1.

Vlakna a textil (4) 2011

Subjective hand evaluation (THV) were
realized using 7 degree ordinal scale (1 —
hand is very bed, 4 — hand is average, 7
— hand is excellent)
Warm/cool feeling after 2 second contact
between hand and textile was tested
using 7 degree ordinal scale (1 — feeling
is cool, 4 — feeling is average, 7 — feeling
is warm)
A group of 30 people (18 males and 12
females) were formed. Majority of the
group members were linked with textile
industry and user of denim.
All evaluators were briefed about the
process. The evaluation was realized
without looking at the sample and so they
were not affected by appearance of the
samples. For this purpose a box with two
small holes for hands was provided so
that the judgers could evaluate the
samples comfortable.
All investigations were made in the room
under laboratcry conditions.
The objective of the study is to find any
diversity between the two sets of denim
samples treated in two different ways
(Table 2) with cationic and silicone
softeners. Keeping it in view following
questions were formed:
a) What is your opinion about the overall
hand of this sample?
b) In initial two seconds, do you feel that
the fabric is cool?

3.1 Kendall's Coefficient of
Concordance

Kendall's coefficient is a measure to assess
the common ranks among the observers. It
ranges from 0-1. If the coefficient is 1, it
means that there is a complete agreement
among the observers and if it is zero, it
means that there is a no agreement among
the group and people have diverse view
about the product. Following procedure has
been adopted to calculate Kendall's

coefficient of concordance W [8]

12SSR

W= Kznin2 —~li

where

SSR:ZRZ—&
n

(3)

where R is total of row (sum of values given
by evaluator to two different sets of denims),
n is number of items, K is number of sets of
ranks.

Table 4 indicates that in all cases
significance K(n-1)w is greater than the 72
values, which means that it can be rejected
the null hypothesis, which claims that there is
no common ranking. Values given in Table 4
provide enough information to conclude that
there is a substantial agreement among the
observers. It is an indicator that judgment is
valid and since the degree of association
among the observers is significant [8].
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Table 4 Kendall's coefficient of concordance W

Textile Materials

questions SSR w K(n-1)W 23 0s(n-1)
What is your opinion abc_:ut the overall comfort of the 139.20 0.0041 1796 0.0034
sample? (traditional denim)

L — 5
In |n|F|§i two Set_:onds, do you feel that fabric is cool” 113.47 0.0034 1 464 0.0034
(traditional denim)
What is your opinion about the overall comfort of the
sample? (novel denim) 161.87 0.0048 2.089 0.0034
In initial two seconds, do you feel that fabric is cool?
(novel denim) 208.30 0.0062 2.688 0.0034
3.2 Median Comparison

D-05+d<Med<H-0.5+h (8)

Following procedure has been adopted for
calculation of the estimation of the population
median Med and its (1-a)% confidence
interval [11]. At first the estimation of the
median of ordinal scale XM is determined by
formula

F,. 0.
XM =M + 0,5 — e =0 (4)

Me

where Me is median category which is
defined by inequalities

F...;<40.5 and F,,, 20.5 (5)

where: Fye is cumulative relative frequency
in median category and fy. is relative
frequency in median category. In following
step values Fp* and F4* are calculated

(Fy.F;)=05+ = 3 (6)

where U142 is the quantile of standardized
normal distribution. On the basis of these
values correction d and h are determined

F[‘) e FL)—: and h = 'FI’{ =k,

d — H-1 (7)
D 1.H

Cumulative relative frequencies Fp and Fy
are defined by inequalities

for Fp: E.; 4F,
and for Fy:  F,_, <F;

and F,>F,

and H™="H

100(1-a) confidence interval of Med is then
given by

Vlakna a textil (4) 2011 6

Results of subjective hand evaluation using

11-degree ordinal scale are presented in

Table 5. All calculations were carried out for

0=0.05. From presented results can be

derived following conclusions:

1. People prefer silicone treated denim as
compared to cationic softener treated
denim, but results are not statistically
significant.

2. In the case of traditional denim, cationic
treated denim gives a cooler feeling as
compared to silicone treated denim. In
case of novel denim, cationic treated
denim gives the same cool feeling for
both types of softeners.

3. Considering the above discussion, it can
be concluded that people will prefer
silicone treated denim if they are
provided a chance to do the selection
from the two different types of denim
which are under testing.

3.3 Comparison based on gender
Evaluator group was consisting of male and
female members. Mean comparison was
conducted to identify any significant variation
between male and female. Table 6 explains
that in response of two asked questions,
there is no significant different in the mean
values of the two distinct groups.

3.4 Objective
parameters
Denim samples were tested by using the
Alambeta to measure thermal conductivity,
thermal absorbtivity and thermal resistance.

evaluation of thermal
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Each sample was measured 5 times. Table 7
provides the mean value of the measured
values. The variation coefficient for all tested
samples does not exceeded 10%. Following
conclusion can be derived from the Table 7:

Textile Materials

the silicone treated denim will provide
less cool feeling as compared to the
cationic treated one.

Thermal resistance of the silicone treated
traditional denim is comparable with that

1. In both cases, thermal conductivity of of the traditional denim treated with
silicone treated denim is higher than that cationic softener. Thermal resistance of
of the cationic treated denim, but the novel denim treated with silicone softener
differences are not statistically significant is higher than thermal resistance of the
at a=0.05. novel denim treated with cationic

2. In both cases thermal absorbtivity of the softener.
silicone treated denim is lower than at the
cationic treated denim. It indicates that

Table 5 Median and 100(1-a) confidence interval

median confidence . confidence
: XM interval mefl!an XM interval
question (cationic : (silicone :
softener) low high softener) low high

What is your opinion about the overall

comfort of the sample? (traditional denim) 478 SR e il il 6.78

In initial two seconds, do you feel that fabric

is cool? (traditional denim) 4.05 3.56 439 3.90 3.30 444

What is your opirion about the overall

comfort of the sample? (novel denim) i 476 g.08 5.50 4.90 8.17

!n initial two seconf:is, do you feel that fabric 394 335 455 450 3 61 539

is cool? (novel denim)

Table 6 Comparison among males and females by using ANOVA (traditional and novel denim)

sum of squares df mean square F sig.
Lr;érlm;hal two seconds, do you feel that fabric is 2812 1 2812 1611 | 0.207
What is your opinion about the overall comfort of
the sample? 0.006 1 0.006 0.003 | 0.959

Table 7 Comparisen of thermal conductivity, thermal absorbtivity and thermal resistance of traditional

and novel denim

thermal thermal thermal
washing description conductivity absorbtivity resistance
[wm-1K-1] [Wmv2s‘”2K- ] [KmZWv‘l]
desized, bleach and applied silicon softener
| (traditional denim) .05 195.8 00208
desized, bleach and applied cationic softener
(traditional denim) 0.051 139.5 0.0214
desized, bleach and applied silicon softener
(novel denim) 0.050 135.5 0.0234
desized, bleach and applied cationic softener
(novel denim) 0.049 155.5 0.0210
Vlakna a textil (4) 2011 Y
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4 CONCLUSION

Subjective evaluation of overall comfort
indicates that traditional and novel denim
treated with silicone softener as compared to
the denim treated with the cationic softener
has a better hand feeling but differences are
not statistically significant. Moreover, people
feel that traditional denim treated with
silicone softener is warmer as it was verified
and it is verified by the results from the
Alambeta, which gives lower values of
thermal absorbtivity thus confirming warmer
contact. Nevertheless, in case of novel
denim we found a difference in the
observation of people and values by the
Alambeta, which indicates that people feel
difficult to assess the warm-cool feeling in
case of novel denim. In addition to the
Alambeta values indicate that thermal
conductivity of silicone treated of traditional
and novel denim is higher than thermal
conductivity achieved by the cationic
softener.

Textile Materials
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VLIV DVOU TYPU ZMEKCOVADEL A SLOZENi UTKU NA TEPELNE
CHARAKTERISTIKY KOMFORTU DENIMU

Translation of the article
Effect of two types of softeners and weft composition on thermal comfort
characteristics of denim fabrics

Vyrobci deniml pouZivaji pro zlep$eni viastnosti textilni pomocné pripravky. Toto zpracovani
ovliviiuje senzorické a tudiz i tepelné slozky komfortu. V ¢lanku je popsan vliv dvou typl
zmékcovadel na hodnoceni omaku a na tepelné charakteristiky komfortu (tepelnou vodivost,
tepelnou jimavost a tepelny odpor) u denimovych tkanin, kde jedna tkanina ma v utku
bavinénou a druha polypropylénovou pfizi. Vysledky ukazuji, Ze u materiald, kde bylo pouzito
silikonové zmékcovadlo, jsou tkaniny hodnoceny lépe neZ u tkanin, které byly zmékcéeny
kationtovym zmékcovadlem. AvSak rozdily v hodnoceni jsou statisticky nevyznamné.
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AN ALTERNATIVE APPROACH TO HAND PREDICTION USING
ORDINAL LOGISTIC REGRESSION

ALTERNATIVNI PﬁiSTUP K PREDIKCI OMAKU S VYUZITIM
ORDINALNI LOGISTICKE REGRESE

Vladimir Bajzik

Katedra hodnoceni textilii, Fakulta textilni, Technicka univerzita v Liberci
Studentska 2, Liberec
vladimir.bajzik@tul.cz

Abstract: The new model for objective hand evaluation is presented. The model is based on §
properties. The most of them are possible to measure on standard instruments which are in
textile laboratories. The prediction equation was created by means of ordinal logistic
regression. The proposed model BMI11 was compared wih model KESII in which the
properties from KES were applied. The results show that both models have simile ability of
prediction.

Keywords: hand evaluation, ordinal logistic regression, KES

Abstrakt: V predlozeném prispévku je navrzen model pro predikci hodnoceni omaku. Pro
konstrukci modelu bylo pouzito 8 vlastnosti, jichz vétSinu Ize mérit na pristrojich, které se
nachdazeji standardné v textilni laboratori. Predikcni rovnice byla vytvoFena s pouZitim
ordindlni logistické regrese. NavrZeny model BM11 byl porovnan s modelem KESII, kiery
vyuziva 16 vlastnosti mérenych na systému KES. Vysledky ukazuji, Ze oba modely maji
obdobnou predikcni schopnost.
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1. Uvod

Jednim ze zékladnich kontaktnich projevi textilii je "omak". V pracech [1,2] atd. bylo
prokazano, ze se jedna o komplexni vlastnost, k jejimuz vyhodnoceni dochézi na zakladé¢
ohodnoceni tzv. primarnich sloZzek (napf. tuhost, drsnost atd.) spolu s porovnanim vlastnich
zkuSenosti. Jedna se o psychofyzikalni vlastnost, kdy o vysledku hodnoceni rozhoduji nejen
materidlové slozeni, konstrukce textilie, upravy, vzhled atd., ale také zkuSenost, pivod,
citlivost kontaktniho mista hodnotitele (pfi hodnoceni nejc¢astéji prstu a dlani) a v neposledni
fadé i jeho momentdlni duSevni rozpolozeni. Z uvedeného plyne, ze definovani omaku
jednoznaénym zptisobem je obtizné. Termin “omak™ neni jednozna¢né definovan. Jedna se
v podstaté o pocit, ktery je vyvolan textilii pfi jejim kontaktu s pokozkou. Néktré z definic lze
nalézt v [3].

2. Objektivni predikce omaku

Subjektivni hodnoceni omaku je casové a organizaéné velmi naro¢né. Pro zajisténi
reprudukovatenosti a opakovatelnosti je zapotiebi fesit fadu zakladnich problému spojenych
s experimentem, jez jsou zminény napf v [3.4]. Proto byla navrzena fada postupu, které maji
usnadnit a zrychlit hodnocni omaku. Jsou postaveny na meéreni fyzikalémechanickych
vlastnosti, kter¢ maji vztah k subjektivnimu hodnoceni omaku, a nasledném vytvoreni
predikéni rovnice [1, 5, 6, 7, 8]. Metody tak umoznuji objektivni predikci omaku.




2.1. Systém KES

V soudasné dob& nejrozsifenéjiim systémem je systém KES. Byl vytvoien pro objektivni
predikci omaku textilii, zejména tkanin. Sestava se ze sady 4 pristrojd, které méii 15
vlastnosti rozdélenych do 6 skupin (tahové, smykové, ohybové, objemové, povrchové,
geometrické) v rozsazich simulujici bézné namahani odévnich textilii pfi noSeni, Sestnactou
vlastnosti, ktera se pouziva pfi predikci omaku je plo$nd hmotnost [mg/cm’] a je zadlenéna
mezi geometrické vlastnosti (tabulka I) [1].

Tabulka I. Pfehled vlastnosti méfenych na systému KES

tahové: objemové:

LT linearita [-] Le: linearita [-]

WT: deformacni energie [N.cm/cm?] Wwc: energie potiebna ke stladeni [N.cm/cm?]

RT: pruznost v tahu [%] RC: pruznost [%]

ohybové: povrchové:

B: tuhost v ohybu na jednotku délky MIU:  koeficient tieni [-]
[N.cm*/cm] MMD:  primérna odchylka MIU[-]

2HB:  moment hystereze na jednotku délky SMD:  geometricka drsnost [pum]
[N.cm/cm]

smykové: geometrické:

G: tuhost ve smyku [N/cm.stupeii] W plosna hmotnost [mg/cm?]

2HG:  hystereze p¥i Ghlu smyku ¢ =0,5° [N.cm] 10: tloustka [mm]

2HGS:  hystereze pii ihlu smyku ¢ =5° [N.cm]

Nameéfené hodnoty jsou zpracovany nasledujicim zpasobem:
1. Standardizace naméfenych hodnot a vypocet objektivni predikce primarnich slozek
omaku

x{ _fi
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kde y; je predikce primarni slozky omaku, x; je i-t4 vlastnost nebo jeji desitkovy logaritmus,
X, a o; je pramér a smérodatnd odchylka i-té vlastnosti, Cy; a Cj; regresni koeficienty i-té
charakteristiky a j-t¢ primarni slozky omaku.

2. Vypocet celkového omaku THV(O) podle vztahu

'
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j=1 Jl
kde Cg,Cjy,Cj, jsou regresni koeficienty, M), M oy, 052 jsou priméry a smérodatné

odchylky yj,-ay'}.
3. Vyslednou hodnotu objektvni predikce Ize nasledné slovné interpretovat (obrazek 1).

0 1 2 3 4 5
| . T
| | | ] |
velmi Spatné ‘Pod—q 5 J velmi dobré vyborné
prumérné

Obr. 1 Slovni popis objektivni predikce omaku podle vysledk méteni na KES.




Hodnoty X, a o; jsou tabelovany pro jednotlivé typy tkanin podle tcelu pouziti [1]. Pro
vlastni vypocet byly pouzity konstanty KN-101-WINTER pro panské oblekovky. Navrhovany
model je ozna¢en KES11.

2.2. Objektivni predikce omaku technikou BM
Systém BM byl navrzen z divodu pfiblizeni se béZnym podminkam v laboratofich. Jeho
vyhoda spociva vtom, Ze vétSinu vlastnosti lze méfit na bézné dostupnych pristrojich
v laboratofich. Kromé toho zahrnuje takové vlastnosti, které koresponduji se vSemi 4 centry
omaku [2]. Pii vybéru vlastnosti byly také brany v uvahu vysledky praci [5, 6, 9, 10].

Tabulka II. Vlastnosti techniky BM

vlastnosti souvisejici s centrem povrchové hladkosti | vlastnosti souvisejici s centrem objemovych vlastnosti
a nerovnosti: (objem, hmotnost, tvar)
MAD:  pramérna absolutni odchylka [mN] b: tepelna jimavost [W/ (m3 Kl 5'0‘5)]
vlastnosti souvisejici s centrem tuhosti a poddajnosti | vlastnosti souvisejici s centrem objemovych vlastnosti
Y: modul pruznosti [MPa] (objem, hmotnost, tvar)
1 tuhost [mN cm ] S: stlacitelnost [-]
Y45 modul pruznosti po diagondle - soustava niti | - tlouStka [mm]
pootodena o thel 45° vzhledem ke sméru M:  plo$na hmotnost [g/m?]
posuvu pFi¢niku [MPa]

V pripadech, kdy zavisle proménna pochézi z ordinalni $kaly a muze-li, nabyvat vice 2
hodnot, lze pro konstrukci regresniho modelu pouzit ordindlni logistickou regresi [11].
Nejcastéji se pouziva model proporcionalnich Sanci, ktery ma tvar [11, 12]

£
crL, =in| TO=5) 3)
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kde &=1,2,.....K je potadové &islo tiidy. Reseni modelu proporciondlnich Sanci vede ke K-1
regresim rovnicim, které se 1i8i pouze v hodnoté absolutniho ¢lenu

Py<h|_ T
ln[P(y>k)}_b"'“ +b'x (4)

Vysledna soustava regresnich rovnic ma tvar

1

Ply=k)= —p (5)
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kde P je potet nezavisle proménnych, Zavisle proménna je zafazena do té tfidy, pro kterou
vyjde pravdépodobnost piifazeni jako maximalni.

Pfi subjektivnim hodnoceni omaku se nejéastéji pouziva pravé 5-ti az 11-ti stupriové ordinalni
skala, takze z tohoto hlediska mize byt ordindlni logisticka regrese pouzita. Obecné logisticka
regrese vyzaduje jednoznacné pfifazeni zavisle proménné do prislusné tiidy. Z podstaty
subjektivniho hodnoceni omaku, ktery patii mezi senzorické metody, je textilie hodnocena
vice hodnotiteli, ktefi jsou pfi svém hodnoceni ovlivnény ruznymi faktory. Textilie je
zafazena do nékolika kategorii s riznou ¢etnosti. Tak dochazi k nejednoznaé¢né klasifikaci
hodnocené textilie. Z tohoto diivodu pro tvorbu modelu je pouZzit odhad parametru polohy -
medianova kategorie M, ktera je definovana




F, . <05 a F, =05 (6)

M-
kde Fg piedstavuje kumulativni relativni cetnost (S=M resp. M-1). Vysledek objektivni
predikce omaku THV(O)=k ukazuje, Ze piiblizné 50% hodnotiteli bude hodnotit omak do
medidnové tiidy a lépe a druhych priblizn& 50% hodnotiteli bude hodnotit omak do této tiidy
a hire.

Pro testovani vyznamnosti regresnich koeficientti b, lze pouzit Waldovu testovou statistiku

W :{ by } )
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kterd ma rozdéleni ¥° s jednim stupném volnosti.

Pii uréovani vyznamnosti modelu jako celku se pouziva odchylka G, kde se porovnava
maximalni vérohodnost modelu, ktery obsahuje pouze absolutni ¢len L, a maximalni
vérohodnost modelu Ly, ¢ili testuje se, zda viechny odhadované regresni parametry /3, jsou
rovny nule kromé koeficient Sy o.

G*=-2(InL,~InL,,) (8)

Odchylka G ma y° rozdéleni s P-1 stupni volnosti. Cim je hodnota nizsi, tim je model jako
celek vyznamnéjsi a prolozeni je tésnéj$i. Pokud je pravdépodobnost mg::nz“si nez 0,01,
povazuje se model jako celek za statisticky vyznamny. Nevyhodou je, Ze G° vede vzdy ke
zlepSeni pfidanim dalsi vlastnosti. K eliminaci tohoto vlivu lze pouzit Bayesovo informaéni
kriterium BIC nebo Akaikovo informaéni kriterium A/C [11, 12]

BIC =G* —dfnN 9)

~2InL, +2P

AIC = (10)

Navrhovany model byl oznacen BM11.
3. Vysledky a diskuze
Ovéreni navrzené techniky BM bylo realizovano na souboru 90 tkanin, kreré se puzivaji na

vyrobu panskych oblekovek. Zakladni parametry tkanin jsou uvedeny v Tabulce I1I.

Tabulka I11. Rozsah zakladnich parametri hodnocenych tkanin.

hmotnost g/m” 140 - 370

dostava - osnovy niti/10 cm 170 - 560
- utku 150 - 370

zakladni typy slozeni 100% vlna, 45/55 vina/PL, vina/PL/PA

zakladni typy vazeb pievazné riizné typy keprt, platno,

Soubor testovanych tkanin byl zatazovan pomoci panelu 40 respondentl do 11 tiid (k=1 —
omak je velmi nepfijemny, k=6 omak je pramérny, k=1lomak je velmi pfijemny). Pfi volbé
11-ti stupriové $kaly se vychazelo z postupu tvorby predikénich rovnic, které jsou pouzity pro




objektivni predikci omaku u systému KES, kde tvirci systému KES pro tvorbu predikénich
modeli pouzili pfi subjektivnim hodnoceni omaku jedenacti stupnovou ordindlni $kalu. Proto
byl vytvoien také model na zakladé této stupnice.

Vysledné poéty zafazeni jednotlivych tkanin do medidnovych kategorii jsou uvedeny
v tabulce IV.

Tabulka IV. Poéty zafazenych tkanin podle medidnovych tfid.

¢islo tiidy pocet zafazenych tkanin
1 0
2 2
3 11
4 8
5 16
0 17
7 19
8 8
9 3
10 4
11 0

Z tabulky 1V plyne, Ze do krajnich tfid podle hodnoty medianové tridy nebyla zafazena zadna
tkanina. V pripadé¢, ze by byla predikci tkanina zafazena do tfidy ¢. 2 nebo 10 je zapotiebi
vysledek interpretovat trochu odlisné. Pro pripad zarazeni do druhé tfidy plati, Ze vyrazné pies
50% hodnoceni muze byt i ve tfidé 1. Obdobna interpretace plati i pro pfipadné zarazeni
tkaniny predikei do tridy ¢. 10, tj. ze vyrazné pres 50% hodnoceni muze byt zafazeno
ivetfidé 11. Dotiid ¢. 2, 9 a 10 bylo zafazeno malo tkanin, proto je pfi tvorb& zavérh pii
zatazeni objektivni predikei do téchto tfid pristupovat obezietné.

Pro ucely tvorby predikéni rovnice byly zjisténé vysledky rozdéleny v poméru 8:1, tj.,
vysledky 80 tkanin (analyzovany soubor) byly pouzity pro vytvofeni predikénich rovnic
KESI1 a BMI11 a vysledky 10 tkanin (klasifikovany soubor) byly pouzity pro ovéreni jejich
predikénich schopnosti.

Vysledky zatazeni analyzovaného souboru jsou uvedeny v tabulce IVa (model KESI1)
a v tabulce V (model BM11).

Tabulka 1Va. Vysledky zatazeni do tfid pro model KESI1.

namérené predikované hodnoty omaku procento
hodnoty THV THYV THV THV THV THV THV THV THV spravné
omaku 0)=2 | (0)=3 | (O)=4 | (O)=5 | (O)=6 | (O)=T7 | (O)=8 | (0)=9 | (0)=10 | zafazen.

objektt

THV=2 1 0 1 0 0 0 0 0 0 50,0
THV=3 0 9 0 0 0 0 0 0 0 100
THI=4 0 1 5 1 0 0 0 0 0 71,4
THV=5 0 0 2 9 4 0 0 0 0 60,0
THV=6 0 0 0 3 8 4 0 0 0 33,3
THV=7 0 0 0 3 2 9 3 0 0 52,9
THI=§ 0 0 0 1 0 2 5 0 0 62,5
THV=9 0 0 0 0 0 0 3 1 0 25,0
THI=10 0 0 0 0 0 0 0 1 2 66,7

V modelu KEST1 bylo spravné zatazeno 49 tkanin (61%). Vysledky subjcktivniho hodnoceni
omaku ukazuji u vétSiny tkanin intervalovy odhad medianu presahujici hodnotu 1, a tudiz by
medidnovou tfidou mohly byt i tfidy sousedici s ni. Vezme-li se toto v ivahu, tak do tfid M=1




bylo zafazeno modelem KESI1 75 tkanin (94%). Vytvafeny model o vice neZ jednu tfidu
zafadil 5 tkanin. O 2 tfidy byly chybné zafazeny 4 tkaniny a o 3 tifidy doslo ke Spatnému
zafazeni u jedné tkaniny.

Tabulka V. Vysledky zafazeni do tfid pro model BM11.

naméfené Predikované hodnoty omaku procento
hodnoty THV THV THV THV THV THV THV THV THV spravné
omaku | (0)=2 | (0)=3 | (0)=4 | (©)=5 | (0)=6 | (0)=7 | (O)=8 | (0)=9 | (0)=10 | zafazen.
objekth
THV=2 0 2 0 0 0 0 0 0 0 0,0
THV=3 0 8 1 0 0 0 0 0 0 88,9
THI=4 0 1 3 3 0 0 0 0 0 42,9
THYV=5 0 | 2 9 3 0 0 0 0 60,0
THV=6 0 0 0 1 11 3 0 0 0 73,3
THV=1 0 0 0 3 0 13 | 0 0 76,5
THV=8 0 0 0 0 1 2 4 1 0 50,0
THI=9 0 0 0 0 0 0 2 1 1 25,0
THI=10 0 0 0 0 0 0 1 1 1 33:3

U modelu BM11 bylo s chybou vétsi nez M=1 zafazeno 6 tkanin a to o 2 tfidy. Spravné bylo
zatazeno 50 tkanin (62%) a spolu s chybou jedné tfidy 74 (92%).

Odhady koeficientii pro model KES11 (tabulka VI.) ukazuji, ze vlastnosti LT, RT, G, 2HG, B,
2HB, WC, RC, T0, MIU a MMD jsou vyznamné na hladiné vyznamnosti 0,05. Z koeficientdl
lze na hladiné vyznamnosti 0,05 povaZovat za nenulové koeficienty b3, by, bg b7, by a byy.
U modelu BMI11 (tabulka VII) vysledky ukazuji, Ze lze za vyznamné povaZovat vlastnosti b,
T,t, M, S a MAD a z regresnich koeficientl koeficienty b, b3, by, bs a bg.

Tabulka VI. Odhady koeficientii pro model KES11 a vliv jednotlivych proménnych.

P 2 spoc¢tend hladina regresni Waldova spoctena hladina
proménna ¥ : . . odhad L ; :
vyznamnosti koeficient statistika vyznamnosti
by -22,615 2,43 0,12
bso -18,603 1,44 0,23
b -15,521 0,99 0,32
bsg -11,660 0,50 0.48
- beo -9,644 0,26 0,61
bz -6,879 0,12 0,73
bs.o -4,949 0,79 0,37
by -3,382 0,37 0,54
LT Tol7 <0,01 b, 6.853 0,25 0,62
wr <0,01 0,92 b, -0,058 0,90 0,34
RT 30,86 <0,01 b; -0,049 5,43 0,02
G 6,43 0,01 by 2,607 7,46 <0,01
2HG 16,17 <0,01 bs -7,601 3,56 0,06
2HGS 1,01 0,31 bs 3,952 4,47 0,03
B 6,80 <0,01 b, 66,631 16,44 <0,01
2HB 7,98 <0,01 bs -117,318 0,92 0,34
LG 0,01 0,91 by 33,852 6,32 0,01
wc 24,29 <0,01 by -21,236 12,73 <0,01
RC 12,04 <0,01 by, -0,175 0,40 0,53
T0 19,73 <0,01 by, 36,083 3,51 0,06
MIU 6,50 0,01 by; -18,009 0,79 0,37
MMD 6,08 0,01 by, -69,409 1,65 0,20
SMD 0,30 0,58 bys -0,130 2,43 0,12
W 1,67 0,20 bie -0,324 1,44 0,23




Tabulka VII. Odhady koeficientii pro model BM11 a vliv jednotlivych proménnych.

Spoét.ena regresni Waldova Sp()f:t}tr‘lé

proménna x2 hladina loef odhad ttistike hladina
vyznamnosti - B vyznamnosti

by -20,2257 8,78872 0,003031

bs0 -14,3397 491378 0,026643

by -11,2911 3,32509 0,068230

bs,0 -7,4124 1,52366 0,217067

bso -5,1923 0,75531 0,384801

bsg -2,3763 0,16000 0,689153

bs.o -0,1557 0,00067 0,979393

bo.y 1.4162 0,05407 0,816132

b 35,68051 0,000000 b, -0,0360 3,83749 0,050118

T 48,18058 0,000000 b, 0,4304 4,07187 0,043603

1 4227711 0,000000 bs 7,1264 4,31738 0,037725

M 6,86684 0,008781 b, 0,0401 11,96527 0,000542

S 6,33712 0,011824 bs -17,7979 5,80684 0,015964

MAD 17,33830 0,000031 be 0,6674 14,66913 0,000128

Y45 0,19828 0,656114 b; 0,0182 0,61513 0,432862

Y 0,67213 0,412309 by -0,0012 0,72063 0,395936

Ovéfeni navrzeného modelu bylo realizovdno na druhé skupiné dat - klasifikovaném vybéru,
tj. na datech, ktera nebyla pouZita pro tvorbu modelu. Vysledky predikénich schopnosti jsou
uvedeny v tabulce VIII. Vytvofeny model KES11 spravné zatfidil 2 z 10 tkanin tj. 20%
tkanin. Vytvoreny model BMI11 spravné zatiidil 6 z 10 tkanin tj.60% tkanin. Vezme-li se
v ivahu moZnost tolerovat chybné zarazeni M= ttida, tak model KES11 spravné zaradil 80%
tkanin. Model BM11 zafadil spravné vSechny tkaniny.

Tabulka VIII. Ovéfeni predikénich schopnosti modelu.

vzorek THV 11 Vlzs[-‘!gieik odchylka vzorek THV 11 v)ési\l:ﬁk odchylka
T117 6 6 T} 6 Tx +1
T118 4 2 -2 TI118 4 4

T135 ) 4 1 T135 3 3

T136 9 8 -1 T136 9 8x -1
T153 5 5 T153 5 5

T154 3 4 -1 T154 3 3

T171 6 % 1 g1 g | 6 6

TI172 7 9 +2 T172 T 7

T189 10 9 -1 T189 10 9x -1
T190 7 6 -1 T190 T 6x -1

Spoctené hladiny vyznamnosti p pro oba modely maji hodnotu mensi nez 0,01 (tabulka [X),
coz indikuje, e modely lze povazovat za vyznamné. Deviance G° ukazuje, Ze model KES11
je lepsi nez BMI1. Provede-li se viak eliminace vlivu poétu vlastnosti, vyjde zavér opét
nejednoznaéné. Bayesovo informadéni kriterium BIC je u modelu KES11 nizsi nez u modelu
BMI11, avsak u Akaikova informaéniho kritéria A/C je tomu naopak. Pomoci uvedenych
indikatord kvality modelu nelze jednozna¢né ur¢it, ktery z model je lepsi.




Tabulka IX. Vysledky analyzy modeld

charakteristika KESI1 BMI11
G 147,06 157,55
p 0,00 0,00
BIC 81,55 124,80
AIC -2,35 2,44
4, Zavér

Existuje cela fada pristupti k predikci omaku. Pro konstrukci vSech typi predikénich rovnic se
vyuziva vlastnosti, které maji vztah k subjektivnimu hodnoceni omaku. Navrzeny model
BMI11 ukazuje, ze lze predikovat hodnoceni omaku s pomoci vlastnosti, které Ize méfit
s vyuzitim standardnich pfistroji. Predikéni schopnost navrzeného modelu je srovnatelna
s vysledky ziskanymi méfenim na systému KES.
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Abstract The surface roughness is one of the main parts of hand prediction. Classical method of
surface roughness measurements is based on the surface profie measurement. Characteristic of
roughness is then variation coefficient of surface profie (surface height variation). The main aim
of this work is to estimate the surface projfile complexity by using variogram (structure function).
The surface profile variation is classified to the group according to short- and long-range
dependence. The concept of fractal dimension is proposed especially for long-term correlation
cases. The applicability of the proposed approach is demonstrated on the typical heat protective
clothing fabrics and compared with the results of surface roughness evaluated by the KES system.

1. Introduction

Roughness of engineering surfaces has been traditionally measured by the
stylus profiling method creation of surface profile called surface height
variation (SHV) trace (Vandenberg and Osborne, 1992). This profile
characterizes thickness (height) variation in selected direction. Modern
methods are based on the image processing of surface images (Zhang and
Gopalakrishnan, 1996). Surface irregularity of plain textiles has been identified
by friction (Ajayi, 1992), contact blade (Ajayi, 1994; Kawabata, 1980), lateral air
flow (Ajayi, 1988), step thickness meter (Militky and Bajzik, 2000) or subjective
assessment (Stockbridge et al., 1957).

Standard methods of surface profile evaluation are based on the relative
variability characterized by the variation coefficient (analogy with evaluation
of yarn’s mass unevenness) (Meloun et al, 1992) or simply by the standard
deviation. This approach is used in Shirley software for evaluation of results for
step thickness meter (Operation Manual, 1999). Characterization of roughness
based on the mean absolute deviation (MAD) is the classical descriptive
statistical approach. This statistical characteristic is useful for random SHV
traces, where elements of SHV trace are statistically independent of each other.
The SHV profile of a lot of fabrics has been identified as irregular and more
Emerald structured. The descriptive statistical approach based on the assumptions of
independence and normality leads to biased estimators if the SHV has short- or
long-range correlations (Meloun ef al, 1992). Therefore, it is necessary to

&

&“ﬂﬁ%ﬂ%ﬂmm distinguish between standard white Gauss notse and more complex models. For
b description of short range correlations, the models based on the autoregressive
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moving average are useful (Quinn and Hannan, 2001). The long-range Surface
correlations are characterized by the fractal models (Constantine and Hall, 1994; roughness
Mandelbrot and Van Ness, 1968). The defermunistic chaos type models are
useful for revealing chaotic dynamic in deterministic processes, where
variation appears to be random, but in fact they are predictable (Ott ef al, 1994).

For the selection among the above-mentioned models, the power spectral 259
density (PSD) curve evaluated from experimental SHV can be applied (Eke
et al, 2000). Especially, the fractal models are widely used for rough surface
description (Whitehouse, 2001). For these models the dependence of log (PSD)
on the log (frequency) should be linear. Slope of this plot is proportional to
fractal dimension and intercept to the so-called topothesy. For, white noise has
dependence of log(PSD) on the log(frequency) nearly horizontal plateau for all
frequencies (the ordinates of PSD are independent and exponentially
distributed with common variance (Ott ef al., 1994)). More complicated rough
surfaces as a result of grinding can be modelled by the Markov type processes
(Sacerdotti et al, 2000). For these models the dependence of log(PSD) on the
log(frequency) has plateau at small frequencies than bent down and are nearly
linear at high frequencies.

The fractal type models were criticized by Whitehouse (2001), who
concluded that the benefits are more virtual than real. On the other hand, the
deeper analysis of rough surface should use a more complex model than the
classical descriptive statistics. Greenwood (1984) proposed a technique based
on the definition of local maxims (peaks) and derivation of peaks height
distribution. A lot of recent works is based on the assumption that the
stochastic process (Brownian motion) can describe thickness variation (Nayak,
1971). This work is devoted to the analysis of load required to move the blade
on fabric surface R(d) obtained from new accessory to tensile testing machine.

2. Surface profile evaluation

Kawabata (1980) constructed a measuring device for registering the SHV trace.
The main part of this device is the contactor in the form of wire (diameter
0.5mm). This contactor is moved at a constant rate 0.1cm/s and SHV is
registered on the paper sheet. The sample length, L =2cm is used.
Characterization of roughness is based on the MAD (the classical descriptive
statistical approach).

Similar approach is based on the measurement of R(d) by Shirley step meter
with replacement of measuring head by blade (Militky and Bajzik, 2001). We
have constructed the simple accessory to the tensile testing machine. The
principle is registration of the force Fld) needed for tracking the blade on the
textile surface. Roughly speaking, the F{(d) should be inversely proportional to
the R(d). In reality, the F{d) profile is different due to small surface;
deformation caused by the tracked blade. Output from measurements is
sequence of loads F(d;). Variation of thickness R(d) or loads Fld;) can be
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IJCST generally assumed as combination of random fluctuations (uneven threads,
15,3/4 spacing between yarns, non-uniformity of production etc) and periodic
fluctuations caused by the repeated patterns (twill, cord, rib etc.) created by
weft and warp yarns. For the description of roughness the characteristics
computed from R(d) or F{d) in places 0 < d < T (7T is maximum investigated
260 sample length and M is number of places) are used. Especially, for weaves it is
necessary to identify periodic component in R(d) or Fld) as well. For this
purpose, the spectral analysis can be useful.

3. Surface roughness description
From the SHV or SFV trace it is possible to evaluate a lot of roughness
parameters. Let us define roughness characteristics for SHV (the same
equations are also valid for SFV). Classical roughness parameters are based on
the set of points R(d)), j = 1...M defined in the sample length interval L. The
measurement points d; are obviously selected as equidistant and then R(d;) can
be replaced by the variable R;. For the identification of positions in length scale,
it is sufficient to know sampling distance ds = d; — dj-; = L/M forj > 1. The
standard roughness parameters used frequently in practice are (Wu, 2000):
MAD. This parameter is equal to the mean absolute difference of surface
heights from average value (R,). For a surface profile, this is given by:

1
MAD:H}Z"% ~ Rl M

This parameter is often useful for quality control. However, it does not
distinguish between profiles of different shapes. Its properties are known for
the case when Rjs are independent identically distributed (iid) random
variables.

Standard deviation (root mean square) value (SD). This is given by:

1 p
SD = \/;—J;(Rj - Ry @

Its properties are known for the case when R/’s are iid random variables. One
advantage of SD over MAD is that for normally distributed data is simplicity of
computation of confidence interval and realization of statistical tests. SD is
always higher than MAD and for normal data SD = 1.25MAD. It does not
distinguish between profiles of different shapes as well. The parameter SD is
less suitable than MAD for monitoring certain surfaces having large deviations
(corresponding distribution has heavy tail).

Mean height of peaks (MP). This is calculated as the average of the profile
deviations above the reference value R (often R = R,). It is given as mean value
of peaks P;, i = N, where:

P;=R;—R for R;— R >0 and P; =0 elsewhere
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Mean height of valleys (MV). This is calculated as the average of the profile Surface
deviations below the reference value R (often R = R,). It is given as mean value roughness
of valleys V;, i = N, where:

Vi=R—R; for R; —R <0 and V; =0 elsewhere

The parameters MP and MV give information on the profile complexity. 261
Exceptional peaks or valleys are not considered, but are useful in tribological
applications.

The SD of profile slope (PS). This is given by:

|1 e~ (AR ?
PS_JHZ‘:( = ) 3)

J

The SD of profile curvature (PC). This quantity often called as waviness is
defined by the similar way:

|1~ (d?R@)\®
O

The slope and curvature are characteristics of a profile shape. The PS
parameter is useful in tribological applications. The lower the slope the smaller
the friction and wear. Also, the reflectance property of a surface increases in the
case of small PS or PD.

Mean slope of the profile (MS). This is given by:

. _ 1 |dR@)
Mbﬁﬂzj:

dx
Mean slope is an important parameter in several applications such as in the
estimation of sliding friction and in the study of the reflectance of light from
surfaces.

Ten point average (TP). This characteristic is defined as the average
difference between the five highest peaks and five deepest valleys within a
surface profile. The parameter TP is sensitive to the presence of high peaks or
deep scratches in the surface and is preferred for quality control purposes.

These parameters are useful in the case of functional surfaces or for
characterizing surface bearing and fluid retention and other relevant
properties. For, the characterization of hand will probably be the best to use
waviness PC. The characteristics of slope and curvature can be computed for
the case of fractal surfaces from power spectral density, autocorrelation
function or variogram. A set of parameters for profile and surface
characterization are collected in (Nayak, 1971).

®

J
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IJCST There exist a vast number of empirical profile or surface roughness
15,3/4 characteristics suitable often in very special situations. Some of them are
closely connected with characteristics computed from fractal models (fractal
dimension and topothesy). Greenwood (1984) proposed a general theory for
description of surface roughness based on the distribution of heights. The most
262 common way to separate roughness and waviness is spectral analysis. This
analysis 1s based on the Fourier transformation from space domain d to the
frequency domain w = 27/d.

For computation of the above-mentioned characteristics, the program
DRSNOST in MATLAB has been created. The following characteristics are
computed:

(1) Mean absolute deviation MAD;

(2) Mean profile slope MS;

(3) Standard deviation of profile slope PS;

(4) Standard deviation of profile curvature PC;

(5) Ten point average TP;

(6) Variation coefficient CV = SD/R,;

(7) Mean fractal dimension Dp;

(8 Initial fractal dimension Dy,

The computation of fractal dimensions is described in chapter 7.

4, Statistical analysis

A basic statistical feature of R(d) is autocorrelation between distances.
Autocorrelation depends on the lag / (i.e. selected distances between places of
thickness evaluation). The main characteristics of autocorrelation is covariance

function C(h)
C(h) = cov(R(d),R(d + b)) = E(R(d) — E(R(d))) (R(d + h) — E(R(d)))) (6)
and autocorrelation function ACF(#) defined as normalized version of C(h):

C(h)

ACF(h) c0) )
The E(x) denotes expected value of x. ACF is one of the main characteristics for
the detection of short- and long-range dependencies in dynamic (time) series.
It could be used for the preliminary inspection of data. The computation of
sample autocorrelation directly from definition for large data is tedious. The
technique of ACF creation based on the FFT is contained in the signal
processing toolbox of MATLAB (procedure xcorr.m) [18] (Bloomfield, 2000).
In spatial statistics, more frequent variogram (called often as structure
function) is defined as one half variance of differences (R(d) — R(d + h))
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I'(h) = 0.5D[R(d) — R(d + h)] (8)

Symbol D(x) denotes variance of x. For stationary random process mean value
is independent on lag & i.e. E(R(h)) = m and then

T'(h) = 0.5 ER(d) — R(d + h))? 9)

The variogram is relatively simpler to calculate and assumes a weaker model
of statistical stationarity, than the power spectrum. Several estimators have
been suggested for the variogram. The traditional estimator is

1 Mh)
Glh) = 370 > (RW@) = Rd;4n)* (10)
i=1

where M(h) is the number of pairs of observations separated by lag 4. Problems
of bias in this estimate when the stationarity hypothesis becomes locally
invalid have led to the proposal of more robust estimators.

5. Fractal dimension
Benoit Mandelbrot has coined the term fractal in the 1970s (Mandelbrot and
Van Ness, 1968). Fractals have two interesting characteristics. First of all,
fractals are self-similar on multiple scales, in that a small portion of a fractal
will often look similar to the whole object. Second, fractals have a fractional
dimension, as opposite to integer dimension of regular geometrical objects.
The fractional (fractal) dimension D can be evaluated by the following way:
The number M) of line segments of length & needed to cover the whole curve
in plane is measured. The length of curve is estimated as L(8) = N(8)8é. In the
limit & — 0 the estimator L(8) becomes asymptotically equal to the length of the
curve, L, independently on 8. The Hausdorf-Besicovitch dimension D (fractal
dimension) of this curve is the critical dimension for which the measure M ;(8)
defined as:

My(8) = N(8)8° (11)

changes from zero to infinity (Feder, 1988). The value of M4(8) for d =D is
often finite and therefore for sufficiently small &:

N = 8 or L(§) =~ 877 (12)
The fractal dimension is then computed as:
#i log L(8) (13)
log 6

For, random fractal is simpler to use power spectral density or related
functions. Some techniques for fractal dimension computations are

Surface
roughness

263
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IJCST summarized, e.g. in Mannelqvist and Groth (2001). The methods for
15,3/4 computation or Hurst coefficient is described in Wu (1999). In measurement
of the surface profile (thickness variation R(h)), the data are available through
one-dimensional line transect surface. Such data represent curve in plane.
The fractal dimension Dy is then number between 1 (for smooth curve) and 2
264 (for rough curve).
Fractals are characterized by power type dependence of variogram and
power spectral density. For a power law variogram:

T'(h) =~ clh” (14)

where ¢ is a constant. The Hurst exponent H, lies in the interval (0, 1). Where
H =0 this denotes a curve of extreme irregularity and H = 1 denotes a
smooth curve. Exponents H and fractal dimension D are in fact related:

Dr=2-H (15)

Fractal dimension is conventionally obtained through estimating the
parameter from a LSE linear regression of the log-log transformation of
equation (14). In practice, its behavior is expressed by equation (14) valid near
origin. In general, Dr computed from this relation is denoted as an effective
fractal dimension.

Based on these equations the program DRSNOST in MATLAB for
estimation of fractal dimension from variogram has been constructed. From the
first 12 points (excluding three points near origin) the initial fractal dimension
Dy, and from all points the mean fractal dimension Dy are computed.

6. Experimental part

The 54 flame retardant barrier textiles have been selected for investigation.
They covered flame retardant finished cotton fabrics (satin, linen and twill
patterns), fabrics created from heat resistant fibers (Nomex, FR Viscose and
modacrylic fibers) and combinations of heat resistant fibers with flame
retardant finished cotton. The F(d) traces have been obtained by means of the
above described accessory. The R(d) traces have been obtained from KES
device, and Kawabata mean roughness (MAD) was computed. The subjective
hand SH was evaluated from judgment of 30 persons. They rated the fabrics to
the 11-point scale. The subjective hand SH was computed as median of ratings
divided by 11.

7. Results and discussion

For the investigation of mutual relations among subjective hand, classical
characteristics of roughness (outputs 1-6 from DRSNOST program) and fractal
characteristics of roughness (outputs 7-8 from DRSNOST program) the
correlation map has been created. This map is shown in Figure 1(a). In the first
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Figure 1.

(a) Correlation map of
characteristics (first
variable is SH);

(b) relation between
initial fractal dimension
and subjective hand SH;:
(c) dependence between
roughness from

SFV (D‘a}} and Kawabata
SHV (MAD)
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[JCST column of this map are correlations of subjective hand with roughness
15,3/4 characteristics. It is clear, that the correlations are not so high (black denotes no

correlation and white denotes perfect linear relation). Maximum correlation is

between subjective hand and fractal dimensions. There are correlations

between some roughness characteristics as well. The dependence between
266 subjective hand and initial fractal dimension Dg, is shown in the Figure 1(b).
It can be said that for these materials the roughness has a little influence on
hand. The deeper analysis of the correlation map and partial relations between
roughness characteristics lead to the following conclusions: MAD highly
correlates with other roughness characteristics; MAD correlates with fractal
dimensions as well, but some no linearity appears. Comparison of Dy,
calculated from SFV and Kawabata MAD from SHV is shown in Figure 1(c).
Moderate correlation in Figure 1(c) indicates the differences between these two
methods. One reason is the filtration of some frequencies realized automatically
by the KES device.

8. Conclusion

The initial fractal dimension is probably most suitable for the complexity of
roughness characterization. The analysis of SFV based on the DRSNOST
program is more complex in reality. The more classical roughness
characteristics and topothesy are computed as well and many other
techniques of fractal dimension calculation are included.
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SURFACE ROUGHNESS OF PROTECTIVE CLOTHING

Militky J., Bajzik V.

Textile Faculty, Technical University of Liberec 461 17 Liberec, Czech Republic
e - mail : firi.militky @vslib.cz

The main goal of protective clothing design is the realization of heat resistance. On the other
hand it is necessary to ensure wearing comfort as well. Important parts of mechanical comfort are
tactile properties including roughness. Standard methods of surface roughness measurement are
based on the surface profile evaluation. Example is Kawabata evaluation system (KES), where
the surface height variation (SHV) trace is obtained. In this contribution the simple technique
based on the tracking of metal blade on the textile surface and registration of required load is
described. The continuous recording of the load is realized on the TIRATEST tensile testing
machine. The result of measurements is surface force trace (SFV).

For characterization of roughness the mean absolute deviation MAD (denoted by Kawabata. as
SMD) is usually used. The procedure of surface complexity parameters evaluation from SHV
traces is based on the fractal dimension computed form power spectral density and variogram (or
autocorrelation function). The main aim of this work is quantitative comparison of various rough-
ness characteristics and relation of these characteristics with subjective hand.

KEYWORDS: surface roughness, measuring device, fractal dimension

1. INTRODUCTION

Roughness of engineering surfaces has been tradi-
tionally measured by the stylus profiling method creat-
ing of surface profile called surface height variation
(SHV) trace [7]. This profile characterizes thickness
(height) variation in selected direction. Modern meth-
ods are based on the image processing of surface im-
ages [10]. Surface irregularity of plain textiles has been
identified by friction [1], contact blade [2,4], lateral air
flow [3], step thickness meter [6] or subjective assess-
ment [5]. |

Standard methods of surface profile evaluation are
based on the relative variability characterized by the
variation coefficient (analogy with evaluation of yarns
mass unevenness) [8] or simply by the standard devia-
tion. This approach is used in Shirley software for
evaluation of results for step thickness meter [9].

Characterization of roughness based on the mean
absolute deviation MAD is the classical descriptive sta-
tistical approach. This statistical characteristic is use-
ful for random SHV traces where elements of SHV
trace are statistically independent each other. The SHV
profile of a lot of fabrics has been identified as irregu-
lar and more structured.

The descriptive statistical approach based on the
assumptions of independence and normality leads to
biased estimators if the SHV have short or long-range
correlations [8]. There is therefore necessary to distin-
guish between standard white Gauss noise and more
complex models. For description of short range corre-
lations the models based on the autoregressive mov-
ing average are useful [14]. The long-range correla-

118

tions are characterized by the fractal models [15,12].
The deterministic chaos type models are useful for
revealing chaotic dynamic in deterministic processes
where variation appears to be random but in fact there
are predictable [13].

For the selection among above mentioned models
the power spectral density (PSD) curve evaluated from
experimental SHV can be applied [17].

Especially the fractal models are widely used for
rough surface description [16]. For these models the
dependence of log(PSD) on the log(frequency) should
be linear. Slope of this plot is proportional to fractal
dimension and intercept to the so-called topothesy.
For white noise has dependence of log(PSD) on the
log(frequency) nearly horizontal plateau for all frequen-
cies (the ordinates of PSD are independent and
exponentially distributed with common variance [13]).
More complicated rough surfaces as result of grinding
can be modeled by the Markov type processes [19]. For
these models the dependence of log(PSD) on the
log(frequency) has plateau at small frequencies then
bent down and are nearly linear at high frequencies.

The fractal type models were criticized by
Whitehouse, who concluded that the benefits are more
virtual than real [16]. On the other hand the deeper
analysis of rough surface should use more complex
model than classical descriptive statistics.

Greenwood [11] proposed technique based on the
definition of local maxims (peaks) and derivation of
peaks height distribution. A lot of recent works is based
on the assumption that the stochastic process
(Brownian motion) can describe thickness variation
[20].
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This work is devoted to the analysis of load required
to move of blade on fabric surface R(d) obtained from
new accessory to tensile testing machine. The combi-
nation of classical roughness characteristics and fractal
dimension estimation is used for evaluation of surface
roughness of barrier technical textiles having various
structures. Roughness characteristics are compared
with subjective hand ratings.

2. SURFACE PROFILE EVALUATION

Kawabata [2] constructed measuring device for reg-
istration the surface height variation (SHV) trace. The
main part of this device is contactor in the form of wire
(diameter 0.5 mm). This contactor is moved by constant
rate 0,1 cm/sec and SHV is registered on paper sheet.
The sample length L = 2 cm is used. The SHV corre-
sponds to the surface profile in selected direction (usu-
ally in the weft and warp directions are used for SHV
creation). The result of measurements is thickness R(d)
in various distances d from origin. Characterization of
roughness is based on the mean absolute deviation
MAD (the classical descriptive statistical approach).

Similar approach is based on the measurement of
R(d) by Shirley step meter with replacement of meas-
uring head by blade [21].

We have constructed the simple accessory to the
tensile testing machine: The principle is registration of
the force F(d) needed for tracking the blade on the tex-
tile surface. Roughly speaking, the F(d) should be in-
versely proportional to the R(d). In reality, the F{d) pro-
file is different due to small deformation surface
deformation caused by the tracked blade. Based on the
preliminary testing the following working conditions
have been selected: 3

Blade contact pressure 0.2 N

Blade movement rate 0.6 mm/s

Sampling frequency 50 1/s (length between samples
Ad = 0.013 mm)

Fig 1 Accessory for roughness evaluation
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Investigated length T = 30 mm

The picture of this accessory is on the Fig. 1.

Output from measurements is sequence of loads
F(d,). Variation of thickness R(d) or loads F(d;) can be
generally assumed as combination of random fluctua-
tions (uneven threads, spacing between yarns, non
uniformity of production etc.) and periodic fluctuations
caused by the repeated patterns (twill, cord, rib etc.)
created by weft and warp yarns. For description of
roughness the characteristics computed from R(d) or
F(d) in places 0<d<T (T is maximum investigated sam-
ple length and M is number of places ) are used.

Especially for weaves it is necessary to identify peri-
odic component in R(d) or F(d) as well. For this purpose
the spectral analysis can be useful. The position of re-
peated weave pattern can be estimated from variance
spectrum (power spectral density function) P(w) = PSD
estimated from periodogram.

3. SURFACE ROUGHNESS DESCRIPTION

There are two reasons for measuring surface rough-
ness. First, is to control manufacture and is to help to
ensure that the products perform well. In the textile
branch the former is the case of special finishing (e.g.
pressing or ironing) but the later is connected with com-
fort appearance and hand.

From a general point of view, the rough surface dis-
play process which have two basic geometrical fea-
tures:

1. Random aspect: the rough surface can vary con-
siderably in space in a random manner, and sub-
sequently there is no spatial function being able to
describe the geometrical form,

2, Structural aspect: the variances of roughness are
not completely independent with respect to their
spatial positions, but their correlation depends on
the distance. Especially surface of weaves is char-
acterized by nearly repeating patterns and there-
fore some periodicities are often identified.

From the SHV or SFV trace is possible to evaluate a
lot of roughness parameters. Let we define roughness
characteristics for SHV (the same equations are also
valid for SFV). Classical roughness parameters are
based on the set of points R(d;) j =1.. M defined in the
sample length interval L. The measurement points d;
are obviously selected as equidistant and then R(d)
can be replaced by the variable R;. For identification of
positions in length scale is sufficient to know sampling
distance d, = d;~ d.; = L/M for j>1.The standard rough-
ness parameters used frequently in practice are [22]:

(i) Mean Absolute Deviation MAD. This parameter is
equal to the mean absolute difference of surface
heights from average value (R,). For a surface profile
this is given by
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(1)

"
MAD = ﬁ;qu -R,

This parameter is often useful for quality control.
However, it does not distinguish between profiles of
different shapes. Its properties are known for the case
when R;’s are independent identically distributed (.i.i.d.)
random variables

(i) Standard Deviation (Root Mean Square) Value
SD. This is given by

» /i N
SD = M;(Rj R,)

Its properties are known for the case when R/'s are
independent identically distributed (.i.i.d.) random vari-
ables. One advantage of SD over MAD is that for nor-
mally distributed data can be simple to derive confi-
dence interval and to realize statistical tests. SD is
always higher than MAD and for normal data is SD =
1.25 MAD. It does not distinguish between profiles of
different shapes as well. The parameter SD is less suit-
able than MAD for monitoring certain surfaces having
large deviations (corresponding distribution has heavy
tail).

(2)

(iiiy Mean Height of Peaks MP. This is calculated as
the average of the profile deviations above the refer-
ence value R (oftenis R = R,). Itis given as mean value
of peaks P;, i= Np where

P;=R;,- R for Ri— R >0 and P, = 0 elsewhere

(iv) Mean Height of Valleys MV. This is calculated as
the average of the profile deviations below the refer-
ence value R (often is R = R,.). It is given as mean
value of valleys V;, i= Nv where

V,i=R-R;forRi— R <0 and V; =0 elsewhere

The parameters MP and MV give information on the
profile complexity. Exceptional peaks or valleys are not
considered but are useful in tribological applications.

(v) The Standard Deviation of Profile Slope PS. This

is given by
1 Z(dR(x))z
M ; ax /.
i

PS = (3)

(vi) The Standard Deviation of Profile Curvature PC.
This quantity called often as waviness is defined by the
similar way

1 <[ d?Rx)Y
F’C—JHZ[ et l

!

(4)
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The slope and curvature are characteristics of a pro-
file shape. The PS parameter is useful in tribological
applications. The lower the slope the smaller will be the
friction and wear. Also, the reflectance property of a
surface increases in the case of smail PS or PD.

(vii) Mean Slope of the Profile MS. This is given by

dR(x)

1
MS:H;‘ . (5)

Mean slope is an important parameter in several
applications such as in the estimation of sliding friction
and in the study of the reflectance of light from surfaces.

(viii) Ten Point Average TP. This characteristic is
defined as the average difference between the five
highest peaks and five deepest valleys within a surface
profile. The parameter TP is sensitive to the presence
of high peaks or deep scratches in the surface and is
preferred for quality control purposes.

These parameters are useful in the case of functional
surfaces or for characterizing surface bearing and fluid
retention and other relevant properties. For the char-
acterization of hand will be probably best to use wavi-
ness PC. The characteristics of slope and curvature
can be computed for the case of fractal surfaces from
power spectral density, autocorrelation function or
variogram.

A set of parameters for profile and surface characteri-
zation are collected in [20]. These parameters are di-
vided to the following groups:

e Statistical characteristics of height distribution

(variance, skewness, kurtosis)

e Spatial characteristics as autocorrelation or
variogram (denoted in engineering as structural
function)

* Functional characteristics (connected with fluid
retention or flow properties)

There exists a vast number of empirical profile or
surface roughness characteristics suitable often in very
special situations. Some of them are closely connected
with characteristics computed from fractal models
(fractal dimension and topothesy). Greenwood [11]
proposed a general theory for description of surface
roughness based on the distribution of heights.

General surface topography is usually broken down
to the three components according to wavelength (or
frequency). The long wavelength (low frequency) range
variation is denoted as form. This form component is
removed by using of polynomial models or models
based on the form shape. The low wavelength (high
frequency) range variation is denoted as roughness
and medium wavelength range variation separates
waviness. The most common way to separate rough-
ness and waviness is spectral analysis. This analysis
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is based on the Fourier transformation from space do-
main d to the frequency domain w = 2n/d.

For computation of above-mentioned characteristics
the program DRSNOST in MATLAB has been created.
The following characteristics are computed:

1. Mean absolute deviation MAD

2. Mean profile slope MS

3. Standard deviation of profile slope PS

4. Standard deviation of profile curvature PC

5. Ten point average TP

6. Variation coefficient CV =SD/ R,

7. Mean fractal dimension D¢

8. Initial fractal dimension Dg,

The computation of fractal dimensions is described
in chap. 6.

4. SPECTRAL ANALYSIS

The primary tool for evaluation of periodicities is ex-
pressing of signal R(d) by the Fourier series of sine and
cosine wave

R(d) = 329 + 3 (a, cos(27kd) + by sin(2zkd))  (6)
k

Quantity d is often time or distance from origin and
k=1,2,3,4.... The first two terms have period 1, the sec-
ond two terms have peried 1/2, the third two terms have
period 1/3 etc. One consequence of this is that the dif-
ferent pairs of terms are orthogonal (integral of their
product is zero). This fact facilitates fitting of Fourier
series to experimental data. The term a,/2 can be made
zero by centralization (i.e. subtracting of mean value).
By using of Euler formula exp(ia)=cos(a)+isin(a), where
i is imaginary unit the Fourier, series may be written in
the compact form

R(d) = ¢, exp(-2rikd)
k

The complex coefficients ¢, have real and imaginary
part a, and ib, In Fourier series only the terms up to
k = M/2 contain any useful information. After this bound
are real coefficients repeated symmetrically and imagi-
nary coefficients repeated antisymmetrically. The
Fourier Transform is conversion of data from series
according to d to the series of frequencies w =
2nk{(ML), for k=1, 2, 3...

RF(w) =" R(d) exp(-iwd) (7)

Function RF is symmetric about frequencyw = 2n/L.
For discrete data the fast Fourier Transform (FFT) leads
to transformed complex vector DRF. Vector DRF may be
used for creation of power spectral density. P(w)

P(w) = DRFconj(DRF)/L? = abs(DRF)? | (8)
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where conj(.) denotes conjugate vector. The P(w) is
estimator of spectral density function and contains val-
ues corresponding to contribution of each frequency to
the total variance of R(d). Frequency of global maxim
on P(w) is corresponding to the length of repeated pat-
tern and height corresponds to the nonuniformity of this
pattern. Spectral density function is therefore generally
useful for evaluation of hidden periodicities.

The estimation of the spectral density function P(w)
is relatively straightforward in theory but in practice situ-
ation is more difficult since data are only available in
discrete samples of limited extent. For finite sample
lengths if is necessary to use windowing (avoiding leak-
age) de-trending (avoiding non stationarity of mean)
and filtration of parasite frequencies [26]. The main
spectral estimators are available in Signal Processing
toolbox of MATLAB system [28]. The spectral estima-
tors for finite data length corrupted by random errors
could be inaccurate. The more sophisticated proce-
dures are very sensitive to the tuning parameters. For
estimation of fractal dimension is therefore the best way
to use simple FFT based method with proper data pre-
treatment (detrending, windowing) [27].

5. STATISTICAL ANALYSIS

A basic statistical feature of R(d) is autocorrelation
between distances. Autocorrelation depends on the lag
h (i.e. selected distances between places of thickness
evaluation). The main characteristics of autocorrelation
is covariance function C(h)

C(h) = cov(R(d),R(d + h)) =
= E((R(d) - E(R(d)) (R(d + h)- E(R(d))))

and autocorrelation function ACF(h) defined as normal-
ized version of C(h)
C(h)
ACF(h) ) (9)
The E(x) denotes expected value of x. ACF is one of
main characteristics for detection of short and long-
range dependencies in dynamic (time) series. It could
be used for preliminary inspection of data. The compu-
tation of sample autocorrelation directly from definition
is for large data tedious. The technique of ACF crea-
tion based on the FFT is contained in Signal Process-
ing toolbox of MATLAB (procedure xcorr.m) [28]. The
spectral density is the Fourier transform of covariance
function C(h)

P(w) = 2_;?0(” exp(—iot)dt  (10)
0

The ACF is inverse Fourier transform of spectral
density
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C(h) = B‘D[P(w) exp(imh)daw (11)
0

These relations show that characteristics in the space
and frequency domain are interchangeable.

In spatial statistics is more frequent variogram, (called
often as structure function) which is defined as one half
variance of differences (R(d) — R(d+h))

I'(h) = 0.5 D[R(d) - R(d + h)] (12)
or
I'(h) = 0.5 [E(R(d) - R(d + h))? — E?(R(d) - R(d + h))] (13)

Symbol D(x) denotes variance of x. For stationary
random process is mean value independent on lag h
i.e. E(R(h)) = m and then

I(h)=0.5 E(R(d) - R(d + h))? (14)

For random processes having stationarity of second
order is valid
C(h) = E[R(d) R(d + h)] - m? (15)

Variance is then equal to

D(R(d)) = C(h =0) = C(0) (16)
and variogram is directly related to covariance
I'(h) = C(0) - C(h) (17)

The variogram is relatively simpler to calculate and
assumes a weaker model of statistical stationarity, than
the power spectrum. Several estimators have been sug-
gested for the variogram.; The traditional estimator is

1

~ 2M(h) &8

M(h)
> (R(d;) - R(d],)?
j=1

G(h)

where M(h) is the number of pairs of observations
separated by lag h. Problems of bias in this estimate
when the stationarity hypothesis becomes locally
invalid have led to the proposal of more robust estima-
tors. One such estimator has been created by Cressie
and Hawkins [29]. Another estimator has been sug-
gested by Isaaks and Srivastava [30].

It can be summarized that simple statistical charac-
teristics are able to identify the periodicities in data but
the reconstruction of “clean” dependence is more com-
plicated. The variogram is often sufficient for characteri-
zation of surface profiles.

6. FRACTALS AND FRACTAL DIMENSION

Most of man made objects are geometrically simple

122

and can be classified as composition of regular geo-
metric shapes as lines, curves, planes, circles, spheres
etc. Some objects are not be approximated precisely
by the regular geometric shapes. One category of these
objects is called fractals. Benoit Mandelbrot has
coined term fractal in the seventies [12]. (From Latin
fractus, meaning irregular or fragmented). Fractals
have two interesting characteristics. First of all, fractals
are self-similar on multiple scales, in that a small por-
tion of a fractal will often look similar to whole object.
Second, fractals have a fractional dimension, as op-
posite to integer dimension of regular geometrical ob-
jects.

Because fractals are self similar they are constructed
by recursion. For geometrical fractals is the recursion
explicitly visible. For stochastic fractals or random
fractals the recursion is more little subtle and may be
an artifact of an underlying fractal building process that
occurs on multiple spatial scales. The main character-
istic of both fractals types is fractal dimension. The frac-
tional (fractal) dimension D can be evaluated by the
following way. Let the number N(J) of line segments
of &length needed to cover the whole curve in plane
is measured. The length of curve is estimated as L ()
=N(8)4. In the limit & — 0 the estimator L(5) becomes
asymptotically equal to length of curve L independently
on é. The Hausdorf-Besicovitch dimension D (fractal
dimension) of this curve is the critical dimension for
which the measure M(6) defined as

M, (8) = N(6)5°

changes from zero to infinity [23]. The value of My(é) for
d = D is often finite and therefore for sufficiently small
Jis valid

N@S)~ 6° or L&)~ &P

The fractal dimension is then computed as

D=1- logL(5)
logd

For random fractals is simpler to use power spectral
density or related functions. Some techniques for fractal
dimension computations are summarized e.g., in [24].
The methods for computation oh Hurst coefficient is
described in [25].

In measurement of surface profile (thickness varia-
tion R(h)) the data are available through one dimen-
sional line transect surface. Such data represents curve
in plane. The fractal dimension D is then number be-
tween 1 (for smooth curve) and 2 (for rough curve).

Fractals are characterized by power type depend-
ence of variogram and power spectral density. For a
power law variogram is valid

r'(h) = c|h|" (19)
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where cis a constant. The Hurst exponent H, lies in the
interval (0,1). Where H = 0 this denotes a curve of ex-
treme irregularity and H = 7 denotes a smooth curve.
Exponents H and fractal dimension D are in fact related

De=2-H (20)
Similarly, for P(w) is valid
P(@) = oy |o] (2% (21)

where exponent (1 + 2H) lies in the interval (1,3).
Fractal dimension is conventionally obtained through
estimating the parameter from a LSE linear regression
of the log-log transformation of Equations (19) and (21).
In practice is behavior expressed by eqn. (19) valid
near origin and by enq (21) in a neighborhood of infin-
ity. In general, it s D computed from this relation de-
noted as effective fractal dimension.

There are several problems with estimating fractal
dimension in this fashion. First, elevation points, points
on the variogram and the error term in the LSE regres-
sion are likely to be autocorrelated. Second, data points
in log-log space are unequally spaced and, third, de-
cisions concerning an acceptable cutoff for goodness
of fit (R?) of the linear function are of an arbitrary a pri-
ori nature. Since the aim of the line fitting exercise in
estimating fractal dimension is the description of the
relationship rather than prediction, the bias introduced
by the first problem is not critical. A solution to the sec-
ond is to re-sample the data using a geometric progres-
sion, but at a cost of a dramatic reduction in the number
of points used in the line fitting exercise. An alternative
to the third is to estimate the standard error SE around
the slope of a regression line. Based on these equa-
tions the program DRSNOST in MATLAB for estima-
tion of fractal dimension from variogram has been con-
structed. From the first 12 points (excluding 3 points
near origin) the initial fractal dimension Dg, and from
all points the mean fractal dimension D¢ are computed.

7. EXPERIMENTAL PART

The 54 flame retardant barrier textiles have been
selected for investigation. They covered flame retard-
ant finished cotton fabrics (satin, linen and twill pat-
terns), fabrics created from heat resistant fibers
(Nomex, FR Viscose anf modacrylic fibers), and com-
binations of hat resistant fibers with flame retardant fin-
ished cotton. The F(d) traces have been obtained by
means of above described accessory. The R(d) traces
have been obtained from KES device and Kawabata
mean roughness (MAD) was computed. The subjective
hand SH was evaluated from judgment of 30 persons.
They rated the fabrics to the 11-point scale. The sub-
jective hand SH was computed as median of ratings
divided by 11.
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8. RESULTS AND DISCUSSION

For investigation of mutual relations among subjec-
tive hand, classical characteristics of roughness (out-
puts 1-6 from DRSNOST program) and fractal charac-
teristics of roughness (outputs 7-8 from DRSNOST
program) the correlation map has been created. This
map is shown on the fig. 2.

In the first column of this map are correlations of sub-
jective hand with roughness characteristics. It is clear,
that the correlations are not so high (black is no corre-
lation and white is perfect linear relation). Maximum
correlation is between subjective hand and fractal di-
mensions. There are correlations between some
roughness characteristics as well. The dependence
between subjective hand and initial fractal dimension
Dg,is shown on the fig. 3

It can be said that for these materials the roughness
has a little influence on hand. The deeper analysis of
correlation map and partial relations between rough-
ness characteristics leads to the following conclusions:

Correlation Map

Fig. 2 Correlation map of characteristics (first variable is SH)

* MAD highly correlates with other roughness char-
acteristics
e MAD correlates with fractal dimensions as well but
some no linearity appears.
Comparison of Dg, calculated from SFV and
Kawabata MAD from SHV is shown on the fig. 4.
Moderate correlation on fig.4 indicates the differ-
ences between these two methods. One reason is the
filtration of some frequencies realized automatically by
the KES device. The comparison of KES roughness
(MAD) and subjective hand SH is shown on the fig. 5.
Very low correlation on fig. 5 points at small impor-
tance of surface roughness for prediction of hand
based on the KES.

123



T T — T T T
k = —0.017874, g = 1.304, r = -0.328
145
o
14} *
E -t B
T 135} I el
& + H
8 b * + *
(=8 -
13 ]
) + - . -
. * *
B .t +
125} — 4
. &
1.2 -
K . 1
1154
-
- * -
1:1
* * e 4 .v' i
1.05 :
1 2 3 4 ] ] 7 8 ] 10

subjek omak
Fig. 3 Relation between initial fractal dimension and subjective

hand SH
1.5 . v . v . - - ~ -
k = 0.01817, g = 1.1248, r = 0.48094
E 145}
=
= 14 e
8
B 135 =
g Y W ’ o
13 * - - - J
+ + ¥
125 "
1 ’.-‘
e
|
1151
t.l - * " 5
"Ms . 5 [} 7 [] [l ) 1 12 12

drsnost Kawabata

Fig.4 Dependence between roughness from SFV (D) and
Kawabata SHV (MAD)
9. CONCLUSION

Proposed accessory for measurement of SFV trace
is very simple and can be used for practical measure-
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Fig. 5 Comparison of KES roughness (MAD) and subjective hand SH
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ments. The correlation with KES results is week. The
initial fractal dimension is probably most suitable for
complexity of roughness characterization. The analy-
sis of SFV based on the DRSNOST program is in re-
ality more complex. The more classical roughness
characteristics and topothesy are computed as well
and many other techniques of fractal dimension calcu-
lation are included. In the future the analysis will be
extended to the chaotic models and autoregressive
models. Small correlation of surface roughness with
subjective hand indicates the little importance of this
parameter for protective textile fabric mechanical com-
fort prediction.

This work was supported by the research project LNO0OB03S0 of
Czech Ministry of Education
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DRSNOST POVRCHU OCHRANNEHO ODEVU

Translation of abstract:
SURFACE ROUGHNESS OF PROTECTIVE CLOTHING

Hlavnym cielom dizajnu ochranného odevu je zabezpecenie tepelnej odolnosti. Na druhej strane je tiez nutné
zabezpedit komfort pri.noseni. Délezitym aspektom mechanického komfortu st dotykové vlastnosti véitane
drsnosti. Standardné metédy merania povrchovej drsnosti st zalozené na hodnoteni povrchu profilu. Prikladom
je Kawabatov systém vyhodnotenia (KES, kde sa ziska obraz kolisania povrchovych nerovnosti. V tomto
prispevku je popisana jednoducha technika zaloZzena na posuvani kovového listu po textiinom povrchu a
registracii vyZzadovaného zataZenia. Kontinualna registracia zatazenia je zaznamenand zariadenim na testovanie
tahu — TIRATEST. Vysledkom merania je stopa povrchovej sily (SFV).

Pre charakterizovanie drsnosti povrchu sa obyajne pouziva priemernd absolutna odchylka MAD (oznacena
Kawabatom ako SMD). Spdsob vyhodnotenia sibornych povrchovych parametrov z SHV stép je zalozeny na
fraktalnom rozmere vypocitanom z hustoty sily a variogramu (alebo autokorelaénej funkcie). Hlavny ciel tejto
prace je kvantitativne porovnanie réznych charakteristik drsnosti a vztah tychto charakteristik so subjektivnym
dotykom.
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LONG TERM CYCLIC DEFORMATION OF FABRICS WITH
IMPROVED ELASTICITY

Militky J., Bajzik V

Textile Faculty, Technical University of Liberec 461 17 Liberec, Czech Republic
e-mail : jiri.militky@vslib.cz

The aim of this contribution is description of simple simulation study based on the long-term
cyclic tensile deformation of fabric to the selected stress levels combined with one-day recovery.
This simulation has been realized on the Tiratest machine for tensile testing. From the experi-
mental results the relative portion of plastic deformation; elastic recovery and change of rigidity
were computed. The fabrics with special improved elasticity were evaluated.

KEY WORDS: cyclic tensile deformation, elastic recovery, mixing with Lycra

1. INTRODUCTION

The low stress level cyclic deformation combined with
long-term relaxation occurs frequently during the wear-
ing of textile products. The small portion of permanent
deformation and small shape instability (good stiffness)
due to cyclic deformation are required for clothing pur-
poses.

For improving of there characteristics the small
amount of elastomeric fibers are added to fabric. The
main aim of this contribution is proposal of methodology
for evaluation the textiles response to the cyclic defor-
mation combined with long term relaxation. The param-
eters characterized recovery; permanent deformation
and stiffness change are computed.

2. CYCLIC DEFORMATION OF TEXTILES

Typically, the deformation of textiles is due to cyclic
straining to the very small level of stress. The simple
deformation cycle consists of phase of straining and
strain release (see fig. 1a). The area bounded by the
curves from A to B, from B to C and from C to A is pro-
portional to the total deformation energy Wy. Energy of
recovered work W5 is proportional to the surface area
bounded by the curves from D to B, from B to C and
from C to D. The plastic energy imposed to the textile
is then equal

W =W, — W, (1)

The so called work r recovery is defined by the simple
relation

r=Wz [Wp (2)

The quantity (7 — r) is proportional to the energy dis-
sipated as heat. Plastic deformation energy can by ex-
pressed by the form

We =Wp(1-r) (3)
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After N deformation cycles is the stored energy ZWp;
equal to the total work to break W and rupture occurs.
The work to break is defined by relation

W= T o(g)de
0

(4)

where & is strain to break (tenacity). Number of cycles
N, to the break is then equal

Ne
;(1—-’:')”/0:' =W (5)

where r; and Wp; are recovery work and total deforma-
tion energy for the i-th cycle. For the simple case of r; =
r, Wp; = Wp the following relation can be obtained

w

Np =—— 6
(=W o
£ 4 Fig. 1a
Ep
E
i
# t; "
o | Fig. 1b
B
A D & i
«—En J;. Ee £
< Ep
Fig. 1 Typical deformation cycle
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Long-term stability after cyclic deformation requires:
1. Fibers with great work to break
Il. Fibers with good recovery
lll. The small energies W;, (low applied stress and stiff
fabric)

There exist a lot of various methods of cyclic defor-
mation. For simulation of cyclical action during wearing
the variant consists of loading to the required degree &
with subsequent relaxation and releasing has been se-
lected. The one cycle of deformation consists of the:

a) Loading up to required level of deformation ¢ at

time t,

b) Stress relaxation in the interval t—t;

c) Recovery (stress releasing).

This cycle for time dependent deformation is shown on
the fig. 1b. Plastic deformation after this cycle is equal to

/
= (7)
0

where I is initial length of sample and /,_g is increment
of sample length after finishing the one cycle.

For the long-term deformation and recovery combi-
nation the following procedure using this deformation
cycle have been applied:

1. 20 times repeating on cycle up to & (one run)

2. One day recovery

3. 20 times repeating of cycle up to &

4. One day recovery

5. 20 times repeating of cycle up to &

6. One day recovery.

For quantifying of this long-term cyclical deformation
the following parameters has been selected:

* Maximum load in the first cycle Fy¢.

¢ Maximum load in the 20th cycle Fyyc.

* Plastic deformation after whole procedure &

These parameters can be used for the evaluation of
fabric response to this complex procedure

&p =

3. EXPERIMENTAL PART

Four types of fabrics containing elastometric fibers
have been used for evaluation of portion of plastic de-
formation and changes of stiffness after above de-
scribed complex cyclic deformation.

The experiments are realized for the

e Standard fabrics (abbreviation S)

¢ Washed fabrics (abbreviation W)

Basic information about tested fabrics are summa-
rized in the Table 1.

For characterization of mechanical behavior of indi-
vidual fabrics the load to break and deformation to break
were measured under standard conditions (sample width
5 cm). Results are summarized in the table 3a and 3b.

For characterization of mechanical behavior of indi-
vidual fabrics the load to break (tenacity) and deforma-
tion to break were measured under standard conditions
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Table 1 Basic Parameters of Fabrics

Fabric Areal weight Width

No Content Pattern [g/m?] [cm)]

502 98%cotton, 2% Lycra Combined 300 130

687 98% cotton, 2% Lycra Twill (Z) 400 150

700 73% TENCEL, 24% cotton, Twill (S) 310 130
3% Lycra

549 64% PAD, 32% cotton, Twill (Z) 286 140
4% Lycra

Table 2 Selected deformations degrees

Fabric No Deformation degree ¢
502 57,10, 12,15
687 8,12, 15, 18, 21, 24
700 5 7,10,12, 15
549 15, 19, 23, 27, 31, 35

(sample width 5 cm). Results are summarized in the
table 3a and 3b.

Cyclic deformation was realized up to the deforma-
tions selected according the deformation to break (see
table 2).

Experiments were realized on the tensile testing de-
vice TIRATEST under these conditions (see fig. 1b)

* Rate of deformation 0.15 min-"

¢ Relaxation time 5 min

e Number of cycles in one run 20

* Time between runs 24 hours

® Number of runs 3

For individual ¢¢ the loads F,¢ and F,oc and plastic
deformation after whole procedure &, were measured.

In these tables CV denotes coefficient of variation.
Confidence intervals are computed after normality prov-

ing [2].

4. CYCLIC DEFORMATION CHARACTERISTICS

From the measured parameters of fabrics some char-
acteristics of total recovery, degree of plastic deforma-
tion and change of stiffness were computed. For char-
acterization of the fabrics recovery the total recovery Z.
[%] has been computed

Ze = 100222
éc
where & is maximum deformation and & is plastic de-
formation after finishing of whole deformation procedure
(3 days).Portion of plastic deformation has been char-
acterized by the cumulative extension after whole pro-
cedure

(8)

Ep =100In(ep +1) (9)

Higher Epis indication of the higher plastic deforma-
tion during wearing.
Degree of plastic deformation is equal to

Vidkna a textil 10 (2) 91-94 (2003)



Table 3a Tenacity — warp

Before washing

After washing

Fabric Mean Confidence Standard cv Mean Confidence Standard cVv
No interval deviation interval deviation -
[N] [N] [N] [%] [N] [N] [N] [%]
502 1100 1070-1129 9,4 0,9 954 879 -1029 20,3 2,1
687 1429 1377-1481 27,6 1,9 1544,5 1383-1706 80,8 52
700 1174 931-1417 88,8 7.6 1238,5 1149-1328 39,3 3,2
549 763 679-847 28,5 - 3,7 703,5 593-814 39,6 5,6
Table 3b Tenacity — weft
Before washing After washing
Fabric Mean Confidence Standard cv Mean Confidence Standard cv
No interval deviation interval deviation
[N] [N] [N] [%] [N] [N] [N] [%]
502 565,5 538-593 22,7 4 467 455479 7.9 1,7
687 647,5 566-729 32,7 51 548 530-567 19 35
700 529 449-609 21,6 41 447 422-472 12,2 28
549 870 852-888 26,5 31 592 571-613 7 1,2
Table 3c Deformation at break — warp
Before washing After washing
Fabric Mean Confidence Standard CcVv Mean Confidence Standard cv
No interval deviation interval deviation
[%)] [%] [%)] [%] [%)] [%] [%] [%]
502 15,21 14,68-15,73 0,67 4,38 16,93 16,05-17,81 0,29 1,68
687 32,69 31,49-33,89 1,57 4,81 27,42 26,84-28 0,48 1,75
700 12,67 10,98-14,35 0,46 3,76 15,91 15,41-16,42 0,48 3,03
549 61,31 * BB,21-66,42 1,78 2,91 40,9 38,46-43,33 1,44 3,54
Table 3d Deformacion at break — weft
Before washing After washing
Fabric Mean Confidence Standard cv Mean Confidence Standard cv
No interval deviation interval deviation
[%] [%] [%] [%] [%] [%] [%] [%)
502 18,69 17,89-19,5 0,25 14 19,48 14,92-24,03 2,93 15,02
687 18,22 17,79-18,7 0,41 22 23,81 22,61-25,01 1,01 4,23
700 17,42 16,14-18,7 0,74 43 13,72 13,03-14,41 0,2 1,48
549 54,87 51,13-58,6 1,28 23 58,44 53,66-63,21 1,65 2,82
2o PHGD (10) Higher Z; shows higher influence of long-term cyclic
c deformation to the stiffness change. For the case g. =
5 i A e
where E =100In(s +1) (11) :hse goga;e ;b;ve mentioned characteristics shown on
As the characteristic of stiffness the secant modulus R
Total recovery
Yo = i (12) 100,00
&c 90,00 & Before washing

has been selected. Stiffness after 20 times repeating of

cycle is

Yk

_ Fooc

&c

(13)

Relative stiffness change Z; is defined by the relation

Zr=

Yc— ¥k 100
Yc
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(14)

80,00

W After washing

70,00

60,00

50,00

40,00
30,00 1
20,00 1
10,00 1
0,00

Fig. 1 Total recovery before and after washing
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Degree of Plastic deformation

120,00 —
E Before washing

B After washing

100,00 e

80,00 1

60,00 +

40,00 +

|
20,00 +

502 687 700 549

Fig. 2 Plastic deformation before and after washing

Relative change of Stiffness

80,00 .

| E Before washing
60,00 —

| M After washing
40,00
20,00 4

0,00 +

-20,00 -
-40,00

Fig. 3 Stiffness before and after washing

5. RESULTS AND DISCUSSION

The characteristics Z¢, Zs and Z; are graphically rep-
resented on the figs 2, 3, 4. Based on the previous find-
ing the values Z of total deformation recovery atlow &
are for shape retaining materials above 85-90%. Only
the fabric No 549 composed from PAD/cotton/Lycra
blend satisfies to this criterion. For other materials is
Z; under 50% and therefore the stability of shape after
long-term cyclic deformation }rvill be not on the required
level. :

Interesting results were obtained by comparison of
washed and no washed samples. At low & have fab-
rics after washing:

a) The better recovery Z for all tested samples

b) Lower plastic deformation degree for all samples

excluding the No 502
c) Markedly lower degree of stiffness for all samples
excluding the No 687.

These results show that the behavior of fabrics under
long-term cyclic deformation is very complex and can
be significantly changed by the washing. The influence
of elastometric fibers could be improved by structure
and pattern of fabric.

Acceptable low permanent plastic deformation can be
obtained for materials hawing good elastic properties as
well (see fabric No 549).

6. CONCLUSION

The proposed procedure for evaluation of the re-
sponse of fabrics to the cyclic deformation with relax-
ation a recovery is very simple but can be applied for
prediction of shape stability during wear. Influence of
washing is important especially for fabric containing cot-
ton
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DLOUHODOBE CYKLICKE NAMAHANI TKANIN SE
ZLEPSENOU ELASTICITOU

Translation of Abstract:
Long term cyclic deformation of fabrics with improved elasticity

Cilem této prace je popis simulacni studie zaméfené na dlouhodobé cyklické tahové namahani pfi vybranych
urovnich zatizeni kombinované s jednodennim zotavenim. Tento specialni experiment byl simulovan na trhacim
pristroji TIRATEST. Na zakladé experimentu byl uren podil plastické deformace, elastické zotaveni a zména
tuhosti. Experiment byl provadén na specialnich tkaninach s pfidavkem elastomernich viaken.
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Surface roughness is one of the main characteristics of fabric responsible for hand feeling.
By using KES, the surface height variation (SHV) trace is obtained. For characterization of
roughness the mean absolute deviation (MAD; denoted by Kawabata as SMD) is usually used.
The main aim of this work is quantitative description of complexity of roughness based on the
SHY. The procedure of surface complexity parameters evaluation from SHV traces is
described. The core is inspection of power spectral density and variogram (or autocorrelation
function) behavior and classification of SHV signal to some groups. For individual groups,
fractal dimension and surface roughness characteristics are computed by suitable methods,
Proposed procedure was checked on the simulated SHVY profiles and on practical examples.

L. INTRODUCTION

Kawabata (1980) revealed that surface roughness is one of the main characteristics of fabric
responsible for hand feeling. By using KES, the surface height variation (SHV) trace can be
obtained. The main part of Kawabata's measuring device is contactor in the form of wire
(diameter 0.5 mm). This contactor is moved by constant rate 0.1 cm/s and SHV is registered
on a paper sheet. The sample length L. = 2 cm is used. The SHV corresponds to the surface
profile in selected direction (usually the weft and warp directions are used for SHV
creation). Characterization of roughness is based on the mean absolute deviation (MAD)—
the classical descriptive statistical approach. This statistical characteristic is useful for
random SHV traces where elements of SHV trace are statistically independent of each other.
The SHV profile of a lot of fabrics has been identified as irregular and more structured.

The descriptive statistical approach based on the assumptions of independence and
normality leads to biased estimators if the SHV has short- or long-range correlations
(Meloun er al., 1992). It is therefore necessary to distinguish between standard white Gauss
noise and more complex models. For description of short-range correlations the models
based on the awroregressive moving average are useful (Quinn and Hannan, 2001).
The long-range correlations are characterized by the fractal models (Constantine and Hall,
1994; Mandelbrot and Van Ness, 1968). The deterministic chaos type models are useful in
revealing chaotic dynamic in deterministic processes where variation appears to be random
but in fact they are predictable (Ott er al., 1994).

For selection among the above-mentioned models, the power spectral density (PSD)
curve evaluated from experimental SHV can be applied (Eke er al., 2000).

Especially, the fractal models are widely used for rough surface description
(Whitchouse, 2001). For these models the dependence of log (PSD) on the log
(frequency) should be linear, Slope of this plot is proportional to fractal dimension and
intercept to the so-called ropothesy. For, white noise has dependence of log(PSD) on
the log(frequency) at nearly horizontal plateau for all frequencies (the ordinates of PSD are
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independent and exponentially distributed with common variance (Bloomfield, 2000).
More complicated rough surfaces as a result of grinding can be modeled by the Markov
type processes (Sacerdotti ef al., 2000). For these models the dependence of log(PSD) on
the log(frequency) has plateau at small frequencies, then bent down and are nearly linear at
high frequencies. The fractal type models were criticized by Whitehouse, who concluded
that the benefits are more virtual than real (Sacerdotti er al., 2000). On the other hand, the
deeper analysis of rough surface should use more complex model than classical descriptive
statistics,

The main aim of this work is quantitative description of roughness complexity based on
the SHV. The procedure of roughness parameters evaluation from SHV traces is described.
The core is inspection of power spectral density and variogram (or autocorrelation
function) behavior and classification of SHV signal to some groups. For individual groups,
the fractal dimension and surface roughness characteristics are computed by using suitable
methods. Proposed procedure is demonstrated on the simulated SHV profiles and on the
practical example.

2. FRACTALS

Most of the man-made objects are geometrically simple and can be classified as
composition of regular geometric shapes such as lines, curves, planes, circles, spheres, etc.
Some objects are not approximated precisely by the regular geometric shapes. One
category of these objects is called fractals. Benoit Mandelbrot has coined the term fractal
in the 1970s (Mandelbrot and Van Ness, 1968) from Latin fractus, meaning irregular or
fragmented). Fractals have two interesting characteristics. First of all, fractals are self-
similar on multiple scales, in that a small portion of a fractal will often look similar to the
whole object. Second, fractals have a fractional dimension, as opposite to integer
dimension of regular geometrical objects.

The fractional (fractal) dimension D can be evaluated by the following way. Let the
number N(8) of line segments of length & needed to cover the whole curve in plane is
measured. The length of the curve is estimated as L(8) = N(8). In the limit & — 0, the
estimator L(8) becomes asymptotically equal to the length of curve L independently
on 0.

The Hausdorf—Besicovitch dimension D (fractal dimension) of this curve is the critical
dimension for which the measure M;(8) defined as

My(8) = N(8)8¢

changes from zero to infinity (Feder, 1988). The value of My(8) for = D is often finite
and, therefore, for sufficiently small 8 is valid

N(5) =8 or L(B)~35"P?
The fractal dimension is then computed as:

log L(8)
log &

D=1

Because fractals are self-similar they are constructed by recursion. For geemetrical
fractals the recursion is explicitly visible. A typical example is the so-called Koch curve
shown in Fig. 1.

The interesting facet of the Koch curve is its fractal dimension D. In the nth step,
the length of the segment is equal to & = 1/3" in. and the curve consists of 4" segments.
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Koeh n=3
0.3 F T~ ™ T T T T =
0.2 } /\ y
0.1 F -
a 1 A
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Koch n=4

Fig. 1 Koch curve (in each step of construction the middie portion of each segment is removed and
replaced by two new line segments. First step is line, having length /)

Therefore, the length is L(8) = (4/3)" in. and fractal dimension is D = 1 — {[nlog(4/3)]/
[=n log 3]} = 1.26. The fractal dimension of Koch curve is therefore slightly complex in
comparison with line.

For stochastic fractals or random fractals the recursion is more little subtle and may be
an artifact of an underlying fractal building process that occurs on multiple spatial scales.
The typical generating function is Weistrass-Mandelbrot equation, which satisfies the
self-affinity requirement (replaces the self-similarity in the case of functions). The height
R(d) of surface in the point d or SHV ftrace is equal to

id
R(d) = G*- ‘Zc‘“ﬁ“gl ) (1)

where 1 < D < 2 = fractal dimension related to the Hurst coefficient H = 2 — D;
G = charactenistic length scale of surface; and
g = frequency spectrum of surface roughness.

The suitable value of parameter g = 1.5. The simulated stochastic fractal generated by
Equation (1) for H = 0.25 is shown in Fig. 2.

This curve corresponds to the non-stationary random process and describes the
fractional Brownian motion fB. The lowest frequency is then related to the sample length
L according to the relation g" = 1/L.

The evaluation of D and G from random fractals is based on the power spectral density
P(w) function, which has for Equation (1) the power law form

Plw)=Co™" forl/L< o <o (2)
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Fig. 2 Stochastic fractal generated by Equation (1) for D = L75(H = 0.25)

where Cs= [Gl’-"‘" W2 lnl'g)]'. and

B=5-2D

The power law form is a typical feature of fractals. It is typical for wider class of so-
called processes having long memory characteristics (Kendziorski, er al,, 1999). Long
memory processes can be defined in terms of power scaling in the length domain, i.e. the
power type function is valid for autocorrelation function and variogram as well.

In some cases fractals are stationary random processes like fractional Gaussian noise
fG. The stationary fG process can be simply obtained as successive differences of B
process. Stationary fG process corresponding to B from Fig. 2 is shown in Fig. 3.

Fructals in the form of fG are fully characterized by the mean and autocorrelation
function C(x) in the form:

_x10*
258

2 4
1.8 -

Fig. 3 Fractional Gaussion noise crested from fractional Brownian motion (see Fig, 2)
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C(x}:-;- (x+1)1"—2x2”+(.:—|}”’]

where H = Hurst coefficient.

For 0.5 < H < 1, {G process is long memory type. Hurst coefficient is directly
connected with the so-called fractal dimension D.

The main characteristic of both fractal types is fractal dimension. The problem with
dimension is well known in measurement, e.g. coastal length. English meteorologist,
Richardson found that the apparent length of a coastline seemed to increase whenever the
length of the measuring stick was reduced. When the log of measuring stick was plotted
against the logarithm of the total length of coastline, the points tended 10 lie on the
straight line. The slope of this line is the measure of roughness or meandering of
coastline. Mandelbrot has introduced the same approach for the characterization of
fractals by fractal dimension. Let us have measuring device for evaluation of some
characteristics (for the one-dimensional measure it is length, for two dimension it is area
and for three-dimensional case it is volume) having measure Q. The characteristic of the
whole object is defined as N(Q)*Q,where N(Q) is the number of Q units for measurement
of the whole object (e.g. number of stick placements (o the measure of coastal length).
For fractals, D is not an integer but can be estimated as limit

_ log[N(Q)]
D=-i (logwa})

This definition is practically the same as the definition based on the Hausdorf-
Besicovitch dimension.

For random fractals, it is simpler to use power spectral density or related functions.
Some techniques for fractal dimension computations are summarized by Mannelqvist and
Groth (2001). The method for computation of the Hurst coefficient is described by Wu
(1999).

(3)

3. SURFACE ROUGHNESS DESCRIPTION

There are two reasons for measuring surface roughness. The first is to control
manufacture and to help to ensure that the products perform well (Quinn and Hannan,
2001). In the textile branch the former is the case of special finishing (e.g. pressing or
ironing) but the latter is connected with comfort appearance in hand.

From a general point of view, the rough surface display process has two basic
geometrical features:

(i) Random aspect: the rough surface can vary considerably in space in a random
manner, and subsequently there is no spatial function being able to describe the
geometrical form,

(i) Structural aspect: the variances of roughness are not completely independent with
respect to their spatial positions, but their correlation depends on the distance.
Especially. surface of weaves is characterized by nearly repeating patterns and,
therefore, some periodicities are often identified.

From the SHV trace, it is possible to evaluate a lot of roughness parameters. Classical
roughness parameters are based on the set of points R(d)) j = I. M is defined in the
sample length interval L. The measurement points d; are obviously selected as equidistant
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and then R(d;) can be replaced by the variable R, For identification of positions in
length scale it is sufficient to know sampling distance d, = d; —d;. = L/M for j > 1,
The standard roughness parameters used frequently in practice are (Wu, 2000):

(i) Mean absolute deviationtMAD). This parameter is equal to the mean absolute
difference of surface heights from average value (R,). For a surface profile this is
given by:

|
MAD=EZJ:|R}—R¢,| (4)

This parameter is often useful for quality control. However, it does not distinguish
between profiles of different shapes, Its properties are known for the case when
R;s are independent identically distributed (i.i.d.) random variubles.

(ii) Standard deviation (root mean square) Value(SD). This is given by:

) 1
SD = JHZ;{R,- - R} (5)

Its properties are known for the case when Rjs are independent identically
distributed (i.i.d.) random variables. One advantage of SD over MAD is that, for,
normally distributed data can be simple to derive confidence interval and to
realize statistical tests. SD is always higher than MAD and for normal data is
SD = 1.25MAD. It does not distinguish between profiles of different shapes as
well. The parameter SD is less suitable than MAD for monitoring certain surfaces
having large deviations (corresponding distribution has heavy tail).

(il)Mean height of peaks(MP). This is calculated as the average of the profile
deviations above the reference value R (often is R = R,). It is given as the mean
value of peaks P, i = Np

where Pi=R,—R forR,—R>10

and

P, =0 elsewhere

(1) Mean height of valleys(tMV). This is calculated as the average of the profile
deviations below the reference value R (often is R = R,). It is given as the mean
value of valleys V, i = Nv

where Vi=R-R; forRi—R<0

and

Vi =10 elsewhere

The parameters MP and MV give information on the profile complexity.
Exceptional peaks or valleys are not considered but are wvseful in tribological
applications.
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(i) The standard deviation of profile slope(PS). This is given by

_ 1 dR(x)\*
PS = Mg( ;o ) (6)

J

(ii) The standard deviation of profile curvature (CP). This quantity often called
waviness is defined in a similar way

1 = (AR
By EEJ:( da? ); L

The slope and curvature are characteristics of a profile shape. The PS parameler is
useful in tribological applications, The lower the slope the smaller will be the
friction and wear. Also, the reflectance property of a surface increases in the case
of small PS or PD.

(ili)Mean slope of the profile (MS). This is given by

1 dR(x)
MS = —
M Z dx

(8)

Mean slope is an important parameter in several applications such as in the esti-
mation of sliding friction and in the study of the reflectance of light from
surfaces.

(iv) Ten point average(TP). This characteristic is defined as the average difference
between the five highest peaks and five deepest valleys within a surface profile.
The parameter TP is sensitive to the presence of high peaks or deep scratches in
the surface and is preferred for quality control purposes.

These parameters are useful in the case of functional surfaces or for characterizing
surface bearing and fluid retention and other relevant properties. For the characterization
of hand it will be probably best to use waviness PC. The characteristics of slope and
curvature can be computed in the case of fractal surfaces from power spectral density,
autocorrelation function or variogram.

A set of parameters for profile and surface characterization are collected (Sacerdotti
er al., 2000). These parameters are divided into the following groups:

o Statistical characteristics of height distribution (variance, skewness, and kurtosis).

o Spatial characteristics as autocorrelation or variogram (denoted in engineering as
structural function).

» Functional characteristics (connected with fluid retention or flow properties).

There exist a vast number of empirical profile or surface roughness characteristics
often suitable in very special situations. Some of them are closely connected with
characteristics computed from fractal models (fractal dimension and topothesy).
Greenwood (1984) proposed a general theory for the description of surface roughness
based on the distribution of heights.

General surface topography is vsually broken down to three components according to
wavelength (or frequency) (Sacerdotti et al., 2000). The long wavelength (low frequency)
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range variation is denoted as form. This form component is removed by using polynomial
models or models based on the form shape. The short wavelength (high frequency) range
variation is denoted as roughness and medium wavelength range variation separates
waviness. The most common way to separate roughness and waviness is spectral analysis.
This analysis 1s based on the Fourier transformation from space domain d 1o the
frequency domain @ = 2n/d.

4. SPECTRAL ANALYSIS
The primary tool for evaluation of periodicities is expressing signal R(d) by the Fourier
series of sine and cosine wave:

R(d) = "—2" + Y law cos(2mkd) + b sin(2nkd)] (9)
k

Quantity d is often time or distance from origin and k = 1,2,3,4,... The first two
terms have period 1, the second two terms have period 1/2, the third two terms have
period 1/3, etc. One consequence of this is that the different pairs of terms are orthogonal
(integral of their product is zero). This fact facilitates fitting of the Fourier series to
experimental data. The term a,/2 can be made zero by centralization (i.e. subtracting of
mean value). By using the Euler formula exp(ia) = cos(a) + isin(a). where i is the
imaginary unit, the Fourier series may be written in the compact form

R(d) = _ cx exp(—2rikd)
k

The complex coefficients ¢, have real and imaginary parts ag and iby. In Fourier series
only the terms up to & = M/2 contain any useful information. After this bound real
coefficients are repeated symmetrically and imaginary coefficients are repeated
antisymmetrically. The Fourier transform is conversion of data from series according
to d to the series of frequencies o = 2nk/(ML), for k = 1,2,3,...

RF(@) = Y R(d)exp(—iond) (10)

Function RF is symmetric about frequency o = n/L. For discrete data the fast Fourier
transform (FFT) leads to transformed complex vector DRF, Vector DRF may be used for
creation of power spectral density | P(w)]

P(®) = DRF conj.(DRF)/L* = abs(DRF)* /L? (11)

where conj(-) denotes conjugate vector. P(w) is the estimator of spectral density function
and contains values corresponding to contribution of each frequency to the total vanance
of R(d). Frequency of global maxim on P(w) corresponding to the length of repeated
pattern and height corresponds to the non-uniformity of this pattern, Spectral density
function is therefore generally useful for evaluation of hidden periodicities. For the
continuous case the Fourier spectrum has the form

P(w) = % ] - R(x) exp(—2micx)dx (12)

where R(x) = height amplitude function estimated as SVH trace R(d);
L = sample length; and
i = imaginary unit,
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The estimation of the spectral density function P(w) is relatively straightforward in
theory, but in practical, situations it is more difficult since data are only available in
discrete samples of limited extent. For finite sample lengths it is necessary to use
windowing (avoiding leakage) detrending (avoiding non-stationarity of mean) and
filtration of parasite frequencies (Muthuswamy and Thakor, 1998), Several methods of
estimating the speciral density function are available. More precise estimates can be
obtained by using sophisticated procedures as averaged periodogram of overlapped
windowed signals (Welch method) or multiple signal classification (MUSIC). The
maximum entropy spectral analysis (MEM) provides smoother and higher resolution
spectra for red-noise processes, which therefore would appear to be more suitable for
good estimation. The method of MEM spectral estimation uses the Fourier transform
between P(w) and the autocorrelation function (Kendziorski er al., 1999). It is necessary
to specify before computation the order of AR model. P(w) is then selected to maximize
entropy such that the inverse Fourier transform of P(m) yields the autocorrelation
function. These spectral estimators are available in Signal Processing toolbox of
MATLAB system (Anon., 2000). For the white noise (independent standard normal
random numbers) the estimators of spectral density are as shown in Fig. 4.

It is clear that the rough FFT based estimator shows the random fluctuations. Both,
more sophisticated, estimators show at first sight the fulse one or more periodicities. By
using statistical testing these local peaks were found to be insignificant.

For simulation of these estimators, behavior for periodic structure with added random
noise N(0,1) the function

R(d) = 3sin(2n10 1) + 4sin(2rd 1) + N(0, 1)

was generated.

; Roughda 1a o X 10" Spectra | density FFT
6
) 4
T
2
-4 [¥]
0 500 1000 0 200 400 800
Wa lchper lodogram MEM power spectrum
1 1.4
e ARorder=2
ta2]l — AR order=5
€ 05 € 3
w 0
0.8
0 08
0 100 200 0 100 200
f f

Fig. 4 Raw dota (white noise) and estimators of power spectral density
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The estimators of spectral density and raw data are shown in Fig. 5.

For very high level of noise N(0,400), these estimators are non-effective (see Fig. 6).

The spectral estimators for finite data length corrupted by random errors could be
inaccurate, The more sophisticated procedures are very sensitive to the tuning parameters,
So, the estimation of fractal dimension is therefore the best way to use simple FFT based
method with proper data pre-treatment (detrending, windowing) (Wu, 1999),

5. STATISTICAL ANALYSIS

A basic statistical feature of R{d) is autocorrelation between distances. Autocorrelation
depends on the lag 4 (i.e. selected distances between places of thickness evaluation). The
main characteristics of autocorrelation are the covariance function C(h)

C(h) = cov|R(d),R(d + h)] = E({R(d) — E[R(d)] }{R(d + h) — E[R(d)] })

and the autocorrelation function ACF(h), defined as the normalized version of C(h)

ACF(h) = % (13)

E(x) denotes the expecied value of x, ACF is one of the main characteristics for
detection of short- and long-range dependencies in dynamic (time) series. It could be
used for preliminary inspection of data. The computation of sample autocorrelation
directly from definition for large data is tedious, The technique of ACF creation based on
the FFT is contained in Signal Processing toolbox of MATLAB (procedure xcorr.m)
(Anon. 2000). The spectral density is the Fourier transform of the covariance function
C(h)

P(o) = ;—n [ C(1r) exp(—ior)ds (14)

o

ACF is the inverse Fourier transform of spectral density
Clh) = f P(w) exp(iok)dw (15)
L]

These relations show that the characteristics in the space and frequency domain are
interchangeable,

In spatial statistics, more frequent variogram (called often as structure function) is
defined as one-half variance of differences [R(d) — R(d + h))

I'(h) = 0.5D[R(d) — R(d + h)] (16)

(k) = 0.5{E[R(d) — R(d + h)]" — E*[R(d) — R(d + )] } (17)

Symbol Dfx) denotes variance of x. For stationary random process, mean value is
independent on lag h, i.e. E(R(h)) = m, then
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I'(h) = (}.SE(R(d} — R(d + h))" (18)
For random processes having stationarity of second order is valid

C(h) = E[R(d)R(d + h)] — m* (19)
Variance is then equal to
D[R(d)] = C(h=0) = C(0) (20)
and variogram is directly related to covariance
I'(h) = C(0) — C(h) (21)

The variogram 1s relatively simpler to calculate and assumes a weaker model of
statistical stationarity than the power spectrum. Several estimators have been suggested
for the variogram. The traditional estimator 1s

| M{k) i
G(h) = WZIR(‘{:J = R(dj)]" (22)
¢ )=l

where M(h) = number of pairs of observations separated by lag h.

Problems of bias in this estimate when the stationarity hypothesis becomes locally
invalid have led to the proposal of more robust estimators. One such estimator has been
created by Cressie and Hawkins (Muthuswamy and Thakor. 1998). Another estimator has
been suggested by Isaaks and Srivastava (Middleton, 2000).

The sample co-variance function (ACF is normalized by variance) is defined as

1 M-k
(s = Mk ; [R(d;) — Ra]|R(di.) — Ra] (23)

where Ra = sample mean.
Corresponding sample spectral density is

| & 2mizk
P, :J,‘_{Zc&.w;p(~ = ) (24)

=0

and for variogram is valid

M .
G = %Zlf’: . [1 - exp(%:i)] (25)

For the white noise (independent standard normal random numbers), the estimators of
ACF, variogram and covariance function are shown in Fig. 7.

The same estimators are given for the case of periodic function with added white noise
(see Fig. 5) in Fig. 8.

For very high level of noise N{(), 400) periodicities are hidden and not detected by
these estimators (see Fig. 9). This level of noise is, in practice, not the result of
measurement errors but a result of random fluctuations of surface profile,
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Fig. 9 ACF, variogram and covariance for periodic data embedded in high level nvise N((,400)

It can be summarized that simple statistical characteristics are able to identify the
periodicities in data but the reconstruction of ‘clean’ dependence is more complicated.
The variogram is often sufficient for characterization of surface profiles.

6. NATURE OF SURFACE PROFILES

There exists a lot of surface profile models. For illustration of individual
characteristics describing their complexity, the main types of these models were
generated,

6.1 Fractal Surface /B

The simulated stochastic fractal generated by Equation (1) for D = 1.75 is shown in
Fig. 10 and for D = 1.25 in Fig. | 1. Power spectral densities in log-log scale, variograms
in log-log scale and amplitude histogram are represented in the same figure, The
practically perfect linearity of log variograms and scattered linearity of log power spectral
densities are typical for self-affine curves. Histograms of amplitudes R; indicate
multimodality or skewed distribution.

These curves correspond 1o the non-stationary random process and describe fractional
Brownian motion fB.

6.2 Fractional Gauossian Noise fG

The simulated stationary fG process corresponding to B from Fig. 11 is shown in Fig. 12.
It is clear that in this case it is not simple to identify the self-affine behavior from log of
variogram or log of power spectral density,
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Fig. 10 Stochastic fractal generated by Equation (1) for D = 1.75

6.3 Markov Model

A lot of engineering surfaces obey fractal like behavior for high frequencies. For low
frequencies the log-log power spectral density exhibits a nearly constant line, The
Markov type models can express this behavior. Simplest one has the form

Rivy =rRi+ (1 — rja.N(0, 1) (26)

where r = autocorrelation coefficient.
For this process, the variance C(0) is equal to

m

C(0) = |
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Fig. 13 Markov type surface profile genersted by Equation (26)

The ACF has a very simple form

ACF(h) = a2/ (27)
and for power spectral density is valid
PO (28)

w1 + bed)

where b = a constant connected with r.

Markov type profile for r = 0.8 is shown in Fig. 13

It is evident that the degree of linearity for small lengths (corresponds to the high
frequencies) is still very high for log-log variogram.

Based on these and other extended simulations we can conclude that:

e Power spectral density of Gauss noise has a lot of local extremes. Variogram has
random fluctuations in small scale,

e Power spectral density of composite sine waves embedded in high-level noise
exhibits no right pattern. The same is valid for variogram.

» Power spectral density of fractal type (fBm) surface profiles exhibits scattered linear
trend according to the theory. The variogram exhibits more strict linearity with
relative small scatter. Variogram here is a typical power function of h.

¢ Fractional Gaussian surface profiles are typical by random fluctations of
variogram.
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* Markov like surface profiles have linear portion on variogram at smaller lags h. For
higher lags the platean is visible.

The simply calculated variogram can replace the spectral power density. For periodic
surface profiles, having small noise level enables power spectral density for the
identification of periodicities,

7. ESTIMATION OF THE FRACTAL DIMENSION

A convenient way of characterizing the smoothness of an isotropic surface is Hausdorf
or fractal dimension. If the surface is very smooth fractal dimension is equal to two
(D, = 2). For extremely rough surface, fractal dimension approaches the limit value
(Dy = 3). General definition of fractal dimension is based on the capacity principle
(Nayak, 1971). In the measurement of surface profile [thickness variation R(h)], daa
are available through one-dimensional line transect surface. Such data represent curve
in plane. Two-dimensional fractal dimension D is then a number between 1 (for smooth
curve) and 2 (for rough curve). If a surface is modeled by a stationary, isotropic
Gaussian field, then the relation

Dy=D+1 (29)
is valid. The expected variance of the increment of Brownian motion can be expressed
using a value of the Hurst exponent H, where H = 0.5 (Wu, 1999)

E[R(d) — R(d + h)]* =~ |n** (30)

For fractional Brownian motion fB, H is in the interval (0,1). Where H = 0 denotes a
surface of extreme irregularity and H = | denotes a smooth surface. Exponents H and
fractal dimension [J are in fact related by:

D=Dr+1-H (31)

where Dy = the topological dimension such that D is in the interval (2,3) for a surface
and (1, 2) for a cut across a surface.

Note that fractional Brownian motion can be expressed in terms of a power law
variogram

I'(h) = clh[” (32)
where ¢ = a constant.

Similarly, for P(w) is valid
P(w) = )|~ (33)

where exponent (14+2H) lies in the interval (1,3). Fractal dimension is conventionally
obtained through estimating the parameter from a LSE linear regression of the log-log
transformation of Equations (32) and (33). The same results can be obtained assuming
that the thickness variation R(d) is a stationary Gaussian process and the covariance
function Crhjis sufficiently smooth (Bloomfield, 2000; Nayak, 1971). The behavior of
this function near the origin can be described by power type model

C(0) — C(h) == ¢lh|" (34)
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These formulae may also be verified for other processes related to Gaussian one.
In practice, behavior expressed by Equation (32) is valid near origin and by Equation (33)
in a neighborhood of infinity. In general, D computed from this relation is denoted as
effective fractal dimension.

There are several problems in estimating fractal dimension in this fashion. First,
elevation points, points on the variogram, and the error term in the LSE regression are
likely to be autocorrelated. Second, data points in log-log space are unequally spaced and,
third, decisions concerning an acceptable cut-off for goodness of fit (R”) of the linear
function are of an arbitrary a priori nature. Since the aim of the line-fitting exercise in
estimating fractal dimension is the description of the relationship rather than prediction, the
bias introduced by the first problem is not critical. A solution to the second is to re-sample
the data using a geometric progression, but at the cost of a dramatic reduction in the number
of points used in the line-fitting exercise. An alternative 1o the third is to estimate the
standard error (SE) around the slope of a regression line. Based on these equations the
program TLOU in MATLARB for estimation of fractal dimension from variogram and
power spectral density has been constructed. Based on the preliminary testing the results of
computation from variogram were more stable and reliable. From power spectral density
the d corresponding to the global maximum of P(®) can be evaluated as well.

8. ROUGHNESS AND FRACTAL DIMENSION

It can be shown that most of the classical roughness characteristics such as RMS
roughness the density of summits, and the mean absolute surface slope are functions of
fractal dimension and cut-off frequencies only. These roughness parameters are not
intrinsic properties of a surface, and vary with the conditions of measurement. Self-
similar fractal curves and surfaces are described completely by a single parameter, the
fractal dimension D, which is an intrinsic property of the surface and does not change
with the scale of measurement.

Nayak (1971) showed that the statistical geometry of an isotropic random Gaussian
surface could be expressed in terms of the moment of power spectral function

o,
m = f o' P(w)dw (35)
i

The frequencies wy and oy are high and low frequency bounds of integration of the
spectrogram. These bounds can be converted to the wavelength limits, The long
wavelength limit is /y = 2n/oy and the short wavelength limit is /, = 2n/w;. The
roughness Rq (standard deviation) is simply Rq = \/mq and the density of summits is
my

m;ﬁﬁ\/i

After substituting Equation (33) to Equation (35) and when integration for the case is
wy, >> wy, the following approximations are valid

DS = (36)

== —€1 _ a+2 e € 3+ _ a6 37

T2 Mo PSS b (37)

Parameter @ = —(1 + 2H). None of the roughness parameters defined by the moment
equations is an intrinsic property of the surface (Thomas and Rosen, 2000). The roughness

Rq is independent of the sampling interval but depends on the high/pass cut-off, while
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summit densities are independent of the high/pass cut-off but depend on the sampling
interval, Furthermore, Equation (37) requires that —3 < a 4+ 1 < —1, i.e. to say those
amplitudes of surface wavelengths must fall off quite sharply, but not too sharply, as the
wavelengths get smaller. Fortunately, this condition is usually satisfied for real surfaces.

More simple equations can be derived by using the variogram G(h). The standard
deviation of profile slope is given by (Wu, 1999 and Feder, 1988)

_ [6d) _ =
B=g=g =y
and the standard deviation of profile curvature is

PD = i%);f;_*(ﬂz V(8 —2-D)cd:0

In these equations D is the fractal dimension estimate obtained from variogram, ¢ is
intercept in log-log variogram plot [see Equation (32)] and 4, is sampling distance.

9. SHV TRACE EVALUATION

The processing of SHV traces from Kawabata device can be divided into two phases. In
the first phase the following tasks are solved.

* Digitalization of trace picture by image analysis system;
e Removing parasite objects (grid, axes, base-line etc);
* Creation of PSD and variogram.

First of all the low ; and high wy surface frequency bands have to be specified. These
cut-off frequencies are related to the wavelength limits /; and I;. The low pass cut-off is
related to Nyquist criterion i.e. I, = 2d, and the high pass cut-off is dependent on the
maximum interesting wavelength. For non-regular SHV Iy = L has to be selected. The
results of digitalization and parasite object removing is set of ‘clean’ heights Rfd,) of fabric
in places 0 < d; < L (L is the maximum investigated sample length and i = 1..... M
number of places). The distance between places d, = d,.;— d; is constant. For the case of
Kawabata device L = 2 cm and d, = 2//M — 1) cm.

] =0 1[5 4] 1500

Fig. 14  Clean data (upper curve) and data after removal of trend, centering and windowing
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Fig. 15  Power spectral density in semi-log scale

The core of pre-treatment phase is creation of PSD. Rough estimator is based on the
FFT and it is a vector having elements as the squared spectral amplitudes abs(Pk)”. The
FFT has its own drawbacks and limitations (Muthuswamy and Thakor, 1998). It has
problems with leakage and resolution and non-stationary signals. The removal of mean
value and linear trends is then necessary. For reduction of leakage effect, the windowing
i.e. multiplying by suitable spectral window is useful. In program TLOU the simple
parabolic window or hamming window is selected. Clean data and data after windowing
for weave are used as examples as shown in Fig. 14.

The resultant spectral ‘leakage’ distorts the actual signal but reduces effect of finite
length. The dependence of log[P(w)] on spatial frequency for pre-treated signal from
Fig. 14 is shown in Fig. 15.

In the second phase the signal is classified according to the slope §= (x+ 1) of
log[P(w)] on the log(frequency) dependence. The following categories have been
proposed [see (Eke er al., 2000):

1. Fractional Gaussian noise fG for the range -1 < § < (0.38. In this case. the fractal
dimension from power spectrum can be used but variogram is not suitable.

2. Fractional Brownian motion fB for the range 1.04 <S-<3. In this case, the
variogram can be used for estimation of fractal dimension as well.

3. Transition case for the range of § between 0.38 and 1.04. In this case, the
cumulative sum of SHV should be created (transformation to the case 2).

4. No fractal behavior for cases when the power law model is invalid (in two decade
range). For this case the chaotic models (broad bands) or ARIMA models (narrow
peaks) have to be used.

Special techniques for estimation of fractal dimension for the above mentioned cases
are presented by Eke et al., (2000). For realization of this computation and evaluation of
fractal dimension, based on the definition (Equation 3), the MATLAB program TLOU has
been created. This program uses the cleaned and pre-treated R(d)) for creation of
variogram and P(w) function (based on FFT). Fractal dimensions [D,, from P(w)] and D,
from variogram) are obtained by estimating the parameter from a LSE linear regression
of the corresponding models. The fractal dimension D, based on the definition is
computed by using the code Divider2 described by Middleton (2000).
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9.1 Example |
The computation of surface roughness parameters based on the concept of fracality is
critically dependent on the estimation of P(w). Our procedures in the program TLOU
have been selected based on the simulated fB and fG fractal curves by using code
Mwfractal described by Middleton (2000). As an example of practical application of
TLOU the surface roughness profile for one weave has been measured on the Kawabata
instrument. Weave was three end twill (weft sett 35 and warp sett 16) created from ply
polyester yarns 25 x 2 tex. The clean SHV trace is shown in Fig.14 and P(o) curve in
Fig. 15. The log-log P(w) trace and regression lines are shown in Fig. 16.

The slope § about 1,48 classifies the SHV signal to the second group. The plot of
variogram in log-log scale is shown in Fig. 17,

It is visible that the linearity is acceptable up to three and half decades. The computed
fractal dimensions are D, = 1.629, D, = 1.714 and Dy = 1.536. Characteristic from
Kawabata device for this case is SMD = 4.931.
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10. CONCLUSION

The analysis of SHV based on the TLOU program is in reality more complex.
The classical roughness characteristics and topothesy are computed as well and many
other techniques of fractal dimension calculations are included. In future the analysis will
be extended to the chaotic models and autoregressive models. The roughness parameters
PC and PS will be comelated with subjective roughness meaning. With some
modifications it will be possible to use this approach for characterization of the surface
profiles obtained from other techniques or longitudinal variability of linear (yarns) or
plane textile structures (fabric),
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SOME OPEN PROBLEMS OF HAND EVALUATION

MILITKY J., BAJZIK V.

Technical University of Liberec, Dept. of Textile Materials, Liberec, Czech Republic

In proposed contribution the reproducibility of the subjective hand evaluation and prediction of
subjective hand are discussed. For reliable subjective evaluation of hand the reproducibility and
good representation of results has to be performed. For representation of results the approach
based on categorized variables is used. For the case of subjective hand the ordinal median and
its 95% confidence interval were applied. The set of properties indirectly connected with hand are
specified. The methodology of prediction of subjective hand based on these properties is de-
scribed. The whole procedure is demonstrated on PET/wool men’s winter suit fabrics

1. INTRODUCTION

The basic properties of clothing textiles (strength,
shrinkage, drape ability, etc.) can be measured ob-
jectively and then applied for estimation of garment
behavior. These properties have usually physical
sense. The other ones (appearance, comfort, hand)
are not directly measurable in laboratory. Evaluation
is carried out by consumer on the basis of his feel-
ing evoked by in contact of his preceptors (eye for
appearance, eye and fingers for handle). These so-
called tactile properties play important role as the first
characteristics entering to contact with consumer.
Evaluation is carried out by consumer on the basis
of his feeling evoked by textile with contact of his
preceptors (e.g., eye for appearance, fingers and
palms for hand). The second possibility is to use the
so-called indirect measurements in combination with
calibration equations. With development of new types
of technologies and textile products objective char-
acterization hand becomes more important. The use
of computer oriented methods for textile design
needs of objective hand prediction evaluation as well.

2. SUBJECTIVE HAND AND ITS EVALUATION

Principles of textile production are known more
then 6000 years. In this period the optimal condition
of their manufacturing was found. However, mecha-
nisms affecting the psychophysical appearances of
textiles leading to pleasant sense during wearing are
not fully explained up to this time. One of the basic
contact properties of textiles is hand. The term “hand”
is difficult to define precisely. It belongs to textile
quality evaluation as one of the most important util-
ity properties. It is possible to include hand among
subjective feelings evoked by measurable textile
characteristics. The subjectively evaluated hand is
connected especially with surface, mechanical and
thermal properties. The first attempts of hand evalu-
ation of textiles were published in 1926 [1].Two ba-
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sic procedures of subjective hand evaluation were
proposed [5]:

a) direct method - is based on principle of sort-
ing of individual textiles to defined subjective grade
ordinal scale (e.g., 0 — very poor, 1 — sufficient,....,
5 — very good, 6 — excellent)

b) comparative method - is based on sorting of
textiles according to subjective criterion of evalua-
tion (e.g., ordering from textiles with the most pleas-
ant hand to textiles with the worst hand).

The wide range of word expressions is connected
with term hand, e.g., smooth, full, bulky, stiff, warm,
cool, sharp, etc. The expressions are used for de-
notation of primary hand [2, 3, 4, 5, 6]. For predic-
tion of hand using any subjective method it is nec-
essary to solve following problems:

— choice of respondents

— choice of grade scale

— definition of semantic.

2.1. Choice of respondents

The method of choice of respondents has very
strong influence on obtained data and therefore also
on results of hand evaluation. It is obvious, that sub-
jective evaluation is based on quality of sensorial
receptors of the individual respondents. Results of
evaluation are also dependent on the psychical state
of respondents and the state of environment. Differ-
ent results are often obtained by experts and by
consumers. It is given by different points of view on
textile and used terminology.

Above indicated problems show that it is very dif-
ficult to maintain reproducibility and choice of re-
spondents has to be strongly defined. The signifi-
cant differences exist between men and women, too.
The men evaluate usually close to scale center in
comparison with women. The special problem is size
of respondent group. The minimum size for express-
ing of consumer meaning is 25-30 people and for
looking for relationships with objective characteris-
tics more then 200 people.

141



2.2. Choice of grade scale

If the paired comparison [7] is not applied it is pos-
sible to choose grade scale according to the actual
criterion and needs. The size of grade scales varies
from 5 to 99. The 99 grade scale is more suitable
for experts handling with fabrics. For consumers
grade scale from 5 to 11 is preferred as they have
not so high sensitivity for judgement of very weak
differences. Generally is valid, that the area of grade
scale centre is frequently used in comparison with
the areas near the scale ends.

2.3. Definition of Semantic

Evaluation of total hand is not sufficient when more
precise results are required. It is suitable to intro-
duce primary hand values. Primary hand values are
connected with surface, thermal and geometric prop-
erties. Following polar pairs are very often used for
expressing of primary hand values:

rough — smooth

stiff — flexible
open — compact
cold — warm.

Paired comparison of several samples is often
carried out and then the ranks are got together. This
method is easy for statistical data processing but it
is suitable for small sets of textiles only.

3. OBJECTIVE HAND EVALUATION

A lot of methods, are used for indirect objective
hand evaluation. These techniques can be divided
to three groups according to used instruments:

a) special instruments — the hand is result of the
measurement. Drawing of textile through the nozzle
of defined shape and evaluation of dependence
“strength-displacement” course is usual principle [9].

b) set of special instruments for measuring of prop-
erties corresponding to hand. Kawabata's evaluation
system (KES) belongs here. It consists of four in-
struments for measuring of tensile, shear, bending,
surface and compressive properties under special
conditions of measuring. By these instruments 16
mechanical characteristics are measured [10].

c) standard instruments for evaluation of prop-
erties corresponding of hand [11].

Techniques of objective hand evaluation can be
divided to two groups according to data processing.

a) result is one number characterizing hand — this
number is very often obtained from conversion equa-
tion (e.g., regression model), where subjective hand
is endogenous variable and measured properties are
exogenous ones [10, 11].
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b) result is the vector of numbers characterizing
hand. Comparison of hand is then carried out on the
basis of multivariate statistical methods (e.g., factor
analysis [12], discrimination analysis [10] and clus-
ter analysis [13]).

Applicability of various methods for objective hand
evaluation is connected with the choice of measured
textiles properties.

4. SUBJECTIVE HAND AND APPEARANCE

During the subjective hand evaluation the visual
inspection of samples can have influence on final
decision. In this section the comparison of results
obtained with and without “visual inspection” are pre-
sented. The handle evaluations were compared and
influence of appearance on handle evaluation was
investigated.

The 28 fabrics for men’s suit were chosen for sub-
jective appearance evaluation and subjective han-
die evaluation with and without visual inspection. For
achievement of reproducibility of handle evaluation
two groups of respondents were applied. Size of the
first was 92 and the second was 160. Ratio of ages
of respondents and ratio of men and women was
similar. As respondents the consumers were used.
Each of them was precisely informed what and how
has judge. The second group beside handle evalu-
ation with visual inspection carried out evaluation of
handle without visual inspection and appearance
evaluation. The second group judged one year after
the first. The first group had to disposal five grade
scale and the second group eleven-grade scale. For
comparison of judgment Spearman’s rank correla-
tion coefficient was applied.

The relationship between results of both groups is
high (Spearman’s rank correlation coefficient is 0.89).
It can be said, if respondents are well informed, it is
possible to achieve reproducibility. On other hand,
five-grade scale is less sensitive to differences in
judgment and this less sensitivity leads to higher loss
of information.

Relationship between two types of subjective han-
dle evaluations (with and without visual inspection)
is high, as well (Spearman'’s rank correlation coeffi-
cient is 0.98). It indicates that well-informed respond-
ent is able to restrain visual perception even if ma-
jority of respondents remarked their influence by
pattern (color of textile). The relation between han-
dle and appearance is weaker (Spearman’s rank
correlation coefficient is 0.52 for the case with visual
inspection and 0.47 for the case without visual in-
spection). It is interesting that most of fabrics at
whom the handle was evaluated at the borders of
scale (it means with very good handle or very poor
handle) had the similar appearance evaluation.

Vidkna a textil 7 (3) 141-145 (2000)
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The results indicate when the respondents are well
prepared it is possible to ensure the reproducibility
of data concerning the handle evaluation. The han-
dle can be judged with visual inspection but the con-
dition of well-informed respondents is necessary, as
well.

5. PREDICTION OF THE SUBJECTIVE HAND

Subjective hand of the set of 28 men’s suit fabrics
was carried out by means of group of 92 well-in-
formed respondents. They had 5-order grade scale
to disposal (1 — very bad, 2 — poor, 3 — average, 4 -
good, 5 — excellent). The estimations of hand grades
from subjective evaluation results were treated by
means of technique described bellow. The basic
characteristics are presented in Table 1.

Table 1 Range of Basic Parameters of Tested Fabrics

140-380

160-500

140-300

100% wool

45/55 wool/PES
70/30 PES/viscose
wool/PES/PAD

plain, two-and-two twill, satin, prunell

[g/m®]
[yarns/10 cm]

weight

sett — warp
weft

blending

basic types of weaves

Statistical analysis of subjective hand results is
obviously based on the classical arithmetic mean.
The more correct approach based on the categorized
variables [15, 16] is proposed in this contribution.
Generally, for categorized variable case the popula-
tion of all events is divided to the categories
oL R— Cp. Here, P = 5 categories were used. Spe-
cial case of categorized variable is ordinal variable
[10, 14]. For ordinal variable the categories C;,....... Cp
are sorted according to external criterion (here hand).
It is assumed that the first category is worst and last
category is best. The category C,,, is better that C;
forall i = 1,.....P — 1. Statistical treatment of ordinal
variable is based on absolute frequencies n,, i =
1,.....P corresponding to categories C;y,....... Cep.

Total number of events is

P
n=Yn, (1)
=1

Relative frequencies are then

=2t (2)

and cumulative relative frequencies are

i
Frawdh Jat.P 3)
i=1
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For characterization of location of ordinal variable
the sample rating median can be computed. The
median category Me is defined by inequalities

Fiye—r < 0.5, Fy,20.5 (4)

The sample-rating median of ordinal variable has
the form

Fye —0.5

Me

Xye =Me+0.5- (5)

Subjective judgment of fabrics handle is widely
used within the textile, clothing and by the ultimate
consumers.

For estimation of mean handle grade the sample
rating median X,, defined by eqn. (5) is suitable.
Characteristic Xy, is estimator of population rating
median Med. Median of ordinal variable X, was
used as y,; for prediction of subjective hand.

The prediction of the subjective hand was made
from eight objectively measurable characteristics
selected from four basic groups of properties corre-
sponding to the hand sensorial centers.

1. For characterization of the fabric surface rough-

ness

— Coefficient of static friction f, = x; [-] has been se-
lected.

2. The deformability have been characterized by the

— Shear resistivity G = x; [N],

— Initial tensile modulus Y = x; [MPa],

- Stiffness T = x; 107 [N m™).

3. Bulk behavior has been expressed by the

— Area weight M = x, [g m™

— Compressibility S = x5 []

— Thickness t = x, [mm].

4. Thermal part of hand has been characterized by

the

— Warm/cool feeling coefficient B = x5 [W m™'K™].
The data y;, X1, X1i» Xoi, Xaiy Xajs Xsiy Xeis X7is Xain | =

1,2,....47 were collected for 47 woolen men suit fab-

rics. Individual x data are mean values computed

from 10 repeated measurements.

Predictive, regression type models were con-
structed in the following steps:

|. Standardization of data x;, j = 1,2,..8 1 =
1,2,....47 by using of relation

—— (6)

where x,‘- is sample mean and s; is corresponding
standard deviation for j-th variable, see Table 2.

Il. Non-linear transformation to the special psycho-
physical scale by using of Harrington type function

()
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Table 2 Sample mean values and variances.

Property Mark X s,
subjective hand y 3.126 0.775
shear resistivity X, 0.118 0.051
areal weight X 209.74 42.03
warm/cool feeling coeff. X3 42.23 5.156
thickness X4 0.521 0.072
compressibility X5 1.375 0.105
coeff. of static friction Xg 0.291 0.0274
stiffness X7 3.501 2.76
initial tensile modulus Xa 119.88 55.076

lll. Selection of statistically suitable regression
sub-model from following three basic ones

8
LIN: y',- :bo +Zb}-.wﬁ+s; (8)
=
8
GEOM: Iny; =Inbg + Y _Inw; +¢ (9)
f=1
B B 8
TAYL: y; = bo + Zb,,w;, +ZZ b,kak.*Wj:‘ +&; (10)
= = k=2

Predicted correlation coefficient Rp, mean quadratic
error of prediction MEPand mean relative error of
approximation- £ [%] can be used for determination
of regression model quality. For calculation of MEP,
the following equation is valid

MEP:lz-—————e’a " (11)
n4y (1-Hy)
where e; = y;— Yioeq @nd H; are diagonal elements of
projection matrix X¢(X"X)™'x".
Predicted correlation coefficient Ry is defined as

(12)

where y* is median of ordinal variable of hand. Both
these characteristics use the special prediction from
estimates when single points are left out when the
prediction is calculated (prediction in i-th point is cal-
culated without information about this point).

Table 3 Characteristics of regression model quality for various

models.
Model Re MEP E
LIN 0.621 0.308 12.0
GEOM 0.476 = 12.7
TAYL 0% 1.9 5
RLIN 0.693 0.261 1241

*} Close to zero
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Table 4 Regression results for LIN model

standard

& e Test Hy:b;= 0
parameter estimation  deviation ode

ofestimation  t-criterion a
by 2914 0.302 9.638 0.000
b, -1.238 0.376 -3.295 0.002
by 0.770 0.493 1.561 0.127
by -0.342 0.342 -0.999 0.324
by 0.0634 0.415 0.153 0.879
bs 0.929 0.414 2.243 0.031
bg =0.0449 0.299 —0.150 0.882
b; -0.399 0.689 -0.579 0.566
bg 0.528 0.295 1.79 0.081

For above-mentioned models the characteristics
Rp, MEP and E are shown in Table 3.

It is evident, that from the point of view of predic-
tion ability the LIN model is the most suitable. The
estimations of by,......bg parameters together with
standard deviations and significance tests (H, : b; =
0) are presented in Table 4.

It is clear that, the independent variable x, (thick-
ness) and xg (coefficient of static friction) are the least
significant.

The model without these ones is marked as RLIN.
The characteristics of regression quality (Table 3)
show that RLIN has better prediction ability then ori-
gin LIN model. For this model the estimations of
by,......bg parameters and results of basic tests are
shown in the Table 5.

In respect to the fact, that chosen textiles created
representative sample of woolen textiles it is possi-
ble use parameter estimations of RLIN model for
subjective hand prediction of other woolen textiles
of the same type.

Methodology of prediction of subjective hand con-
sists from following steps:

a) determination of sample means for shear re-
sistance G = x,, area weight M = x,, warm/cool feel-
ing coefficient b = x5, compressibility S = x;, stiffness
T = x7, and initial modulus Y = xg by the above men-
tioned techniques,

b) transformation to standardized variables x;
(eqn. 6) with use the x;and s; values (Table 2),

Table 5 Regression results for RLIN model

standard

parameter estimation deviation 0K Mg by =0

of estimation t-criterion a
bg 2.903 0.262 11.071 0.000
by -1.260 0.336 -3.753 0.001
b, 0.809 0.426 1.901 0.065
bs -0.337 0.315 -1.071 0.291
bs 0.950 0.392 2.421 0.020
b, -0.371 0.614 -0.603 0.550
by 0.516 0.283 1.824 0.076
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y =29-127w, + 0.81w, — 0.34w; +

+0.95ws — 0.37w, +0.52wg (13)

This model has been successfully tested for sub-
jective hand prediction.

6. DISCUSSION

Prediction model defined by the eqn. (13) is sim-
ple and suitable for estimation of the median of
woolen fabrics subjective hand based on the meas-
urable characteristics.

Described method can be used for other types of
fabrics as well. Precision of the prediction is com-
parable with precision of subjective estimation.
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Abstract The man aim of Hhis confribution is characterization of fabric porosity by the hght
trausmission and comparison of this chavacteristic with aw permeability and idealized
geometrical structure of selected weaves. For chavacterization of air permeability the classical
apparatus has been used. The transmission of hght through fabrics has been wmieasured on the
system LUCIA for image analysis. The porosity of textiles has been evaluated from corresponding
construction parameters and idealized models of fabric geometry. The dependencies between the
above mentioned characteristics weve formalized by usmg regression analysis.

1. Introduction

It is well known that air permeability and light transmission through fabrics
depend on the many factors starting with geometrical structure. Both
properties are apparently very closely connected and can be explained as so
called porosity.

Porosity has a decisive influence on utilization of fabric for some technical
application (filters, sails, parachutes) and clothing application as well. Fabric
porosity depends generally on the fabric and yarn construction. Numerous
methods have been proposed for porosity measurement. A classical one is
based on the investigation of air permeability. Modern systems of image
analysis enable the measurement of porosity as transmission of light through
fabric.

It has been shown that for tightly woven fabrics there exists good agreement
between air permeability and interfiber pore volume (porosity) (Robertson,
1950). For open-woven fabrics the correlation hetween air permeability and
construction parameters of fabrics is not so strong.

The main aim of this contribution is measurement of fabric porosity by light
transmission and comparison of this characteristic with air permeability and
idealized geometrical structure of simple weaves. For characterization of air
permeability the classical apparatus is selected. The transmission of light
through fabrics is measured on the system LUCIA for image analysis. The
apparent porosity of textiles is evaluated from corresponding construction
parameters and 1dealized fabrics models.

The dependencies hetween the above mentioned characteristics are
formalized by using regression analysis.

© MCE University Press, 556222 This work was supported by the Grant GACR 106/99/11844.



2. Evaluation of fabric porosity

There are a lot of models characterizing the idealized porosity P; from some
construction parameters of weaves, Classical parameters are sett (texture) of weft
D¢ [1/m], sett of warp Dy;[1/m], fineness of weft yarn 7T [tex], fineness of warp
yarn Tyy[tex], planar weightof weave Wa[kgm®] density of fibers pr [kg ni*]and
thickness of fabric f1y[m] The idealized arrangement of yarns in fabric is

tl :dﬁ,‘—"_d}ﬁ (1)

where dis diameter of weft yarn and dj;is diameter of warp yarn. When iy = #f
the yarns in fabric are roughly circular. This type of arrangement is assumed in
sequel.

The idealized circular yarn with the same packing density is simple to
compute diameters from relation

o7

"~ 1087pc

2v/ T

dM = 106 Tom

de

(2)

(3)

Here p¢ and pps are unknown densities of weft and warp yarns. These densities
are combinations of densities of fibers pr and air p4 = 1.175 [kg m™>] according
to packing of fibers in yarns. For known packing density gy 1s pp7 = paror and
the same relation is valid for weft yvarn. The values pc and gy are therefore
function of twist and method used for yarn creation. For the moderate level of

twist it has heen empirically found that
Py ot oF = e = 0.525 (4)

and this correction can he imposed to the relations (2) and (3} for computation of
dc or (fM'.

For the noncircular yarns we can simply compute the area of yarn cross
section

Sve = Te/(pe * 10°) (5)
or

Syar = Tar/ (pyr * 10°) (6)

It is clear that ideal fibrous form (without pores) having the area Sy-has density
equal to fiber density pg The yarn porosity is then defined as

Pyc = pc/pr (7)
or

Pyar = pu/ pr (8)

Air permeability
and light
transmission
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In the same way we can evaluate the “density” porosity of fabrics from relation

pw = pw/pF (9)

where gy is defined by the relation
my _ Wp

pw = (10)

vy - fW
where m, [kg] is weight of fabrlcs and vy[m®] is corresponding volume of
fabrics having a surface of Im?. From the measured planar weight Wp, fabric
thickness fi- and known density of fibers it is simple to compute the “density”
porosity

Py® = _ (11)

Ideal value Py can be evaluated from ideal thickness #; (equation (1)} and ideal
planar weight

Wp! = 107[DcicTe + Dl T (12)

where [- is length of weft varn in the 1m portion of fabric and /y; is length of
warp in the 1m portion of fabric. In some cases the yarn shortening in weft S¢
[%]and warp S,;[ %] directions (due to crimping of yams in fabric) are known.
Thenl.= (1 + Sc/100) and /,, = (1 + Sps/100).

For practical computations it is better to use Py value which is not based
on the simplified model assumptions.

Second possibility of porosity evaluation is based on the definition of
hydraulic pore for the filtration purposes (Robertson, 1950). The “volume”
porosity 1s defined as

B volume covered by yarns v _ g v (13)
whole accessible volume vy ty

Puw =

The py- is equal to the sums of volume of weft yarns SU-and warp varns SUpy:

vy = SUc + SUp (14)

where
SU¢ = Devie (15)
SUp = Dy (16)

Here the vq¢ and vy are volumes of weft and warp varn in the 1m portion of
fabrics



(1485 106) T
525 % 103« po

14

T
vic = lemdc? /4 =le g5 - (17)

For vy the indexes C are replaced by the indexes M. Combination of equations
(14), (15), (16) and (17) and rearrangement leads to the equation
o — D (14 S¢/100)T¢ 1+ Sar/100) Ty
YT 525105 g, 525105 pp, |

1 Dy (18)

For the case of negligible Scand Syrand pre = pry = pr can be porosity Py
expressed by the relation

1.9+10-¢

ﬁ)f * tw

Prw =1-

1
[D(;Tc + DAMTM] =1- a [D(;*-vl + DM*UIM]‘ (19)

From a pure geometrical point of view surface porosity can be evaluated from
cover factor CF of fabric. Classical Pierce definition of CF is based on the
idealized projection of fabric (see Figure 1).

CF is defined as the area of yarn in the dotted rectangle

_de  dy
Ay —D—M‘i‘ﬁ—dch
divided by the area of dotted lines bounded rectangle A¢ = (DeDy) ™. The CF

has then the form
CF = Dcdg + Dyrdny — dodpi DDy,

The diameters of yarn can approximately be computed from equations (2), (3)
with corrections (4). More realistic are elliptical shapes of varns (Hoffmann,
1952).

dyr| 1/Dw

de

- P

_1/Dc

Air permeability
and light
transmission
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Figure 1.

[dealized fabrics for
computation of cover
factor CF
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Porosity based on CFis then
Poy =1-CF (20)

This surface porosity is nearly the same as porosity £, used in the evaluation of
air porosity (see equation (22)).

3. Air permeability and porosity

Let the fabrics be modeled as the semi-porous sheet of thickness #- The overall
pressure drop AP = Buvead — Drening Of air flow passing through this semi-
porous sheet 1s dependent on its porosity. This loss is suitably indicated by the
loss of pressure coefficient LP (Hoerner, 1952).

Ap

LP= 0.5*,0*w2

(21)

where p is air density (for dry air at standard atmosphere and 25°C is p =
1.175kg m™) and w is air velocity ahead of the material. The pressure loss
depends upon the Reynolds number Re (ratio of the dynamic to the viscous
forces of the flow). The Re can be expressed as (Hoerner,1952):
wd

Re = o (22)
Here d is diameter of mean (cylindrical pore), P, is the so called surface
porosity (open area of fabric divided by the total area of fabrics) and ¥ is
kinematic viscosity of air. In the standard tests the mean value Re 22 200. The
pressure loss can be divided into the dynamic losses and friction losses.
Combining these losses the LP can be expressed in the semi-empirical form

(Hoerner, 1952).
1-7, 40
LP = _P§ * (R_eU‘?E +(1- P{,)) (23)

valid between Re == 1 (for all porosity ratios) and Re = 10° {for porosity ratio
lower than 0.5).
Gorbach (1968) derived the semi-empirical relation

ko* (1 — Po)
P2(P, + VP,
where coefficients &, and k, are dependent on the Re and fabric structure.

If the pressure drop Ap is small, the airflow through fabrics of surface area
Sw follows Darcy’s law

LP =k » (24)

w 1 Ap
Sy TRty 2



where R, is air flow resistance. In the standard test is Sy = 20cm® and Ap 200 Air permeability

Pa) fixed. The air permeahility AP is expressed in the form

AP =2 — 50« wmPsm . (26)
Sw

The standard test is the dry air permeability AP connected with coefficient of
pressure loss LP through relation

400

LP =972

=85+ 10°/AP?. (27)

The relation between air permeability and porosity can be obtained by
combining the relation (27) and (23) or (22). In the contribution by Dent
(1976) the relation between AF and planar weight of fabric Wr has been
derived.

4. Experimental part

The 40 various weaves from wool and blends of wool with polyester,
polyamide and viscose fibers has been selected. The following construction
parameters of fabrics are measured: sett {texture) of weft D [1/m], sett of warp
Dy [1/m], fineness of weft yarn T-[tex], fineness of warp yarn Ty, [tex], planar
weight of weave Wp [kg m™], density of fibers pr [kg m~] and thickness of
fabric fy [m] Three specimens were measured and the means used for
calculations, From these parameters the following porosity characteristics
Py’ Pyw and Pow were computed. The air permeability AP has been
measured at standard conditions Ap = 200 Pa and S,, = 200cm? in the standard
atmosphere. Ten repeats of measurements were realized and mean value is
used for calculations.

The light transmission was investigated by the image analysis system. The
system consists of microscope, CCD camera and personal computer. The
treatment of digital images was made by the software LUCIA-M. This software
is designed for analysis of the high color (3 x 5 bits) images having resolution
of 752 x 524 pixels. The original image of one fabric is shown in Figure 2.

The white objects (corresponding to the areas transmissible for light)
were extracted from the original image. The threshold value 62 (all gray
patterns are converted to black) has been chosen. The relative porosity for
light P; was defined as the area of white objects divided by the whole area
(see Figure 3).

5. Results and discussion

First of all the correlation hetween various characteristics of porosity (Py?,
P, Pow) and variables (AP or Pp) has been computed by using ADSTAT
package (Meloun et al, 1994},

+ Correlation for variable Pr. Paired correlation coefficients:
Py, Py =-3.1190E-01

and light
transmission
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P g P HW = 1.8418E-01
PL, P(;W= 5.3734E-01
Py, AP=84862E-01

« Correlation for variable AP. Paired correlation coefficients:
AP, Py = -41622E-01
AF', PH[,;r: 1.75152E-01
AP, Poy = 4.47988E-01
AP, P; = 8.48620E-01

It is clear that the highest correlation exists between air permeability AP and
light transmission P;, From the point of view of correlation of fabrics the



geometric characteristics of porosity with air permeability and light

Air permeability

transmission 1S the best the surface porosity Py (Table I). and light
In the second run the relation between air permeability and porosity FPr transmission
evaluated from light transmission has been created. Based on the preliminary
analysis the linear regression model has been selected. Parameters have been
estimated by the least squares criterion by using of ADSTAT package (Meloun
etal,, 1994). 123
Regression line has the form
AP = 2.8881E + 02 + 3.6364E + 03 = P,
The regression line and experimental data are shown in Figure 4.
From Figure 4 and results of linear regression it is clear that the dependence
of air permeability on porosity evaluated from light transmission is without
marked nonlinearity.
The nonlinear dependence of AP on the geometrical porosity predicted by
equations (24) and (28) has been tested in the work (Militky and Travnickova,
1998). The porosity computed from the geometrical characteristics of fabrics
was probably far from reality.
Standard Test of HO: B[j] = 0 vs. HA: B[j]<>0
Parameter Estimate deviation {-criterion HO hypothesis s Sig. level
Bl0] 1.8985E+03  2.8BB1E+02  6.5736E+00 Rejected 0.000
Bl1] 35960E+04  3.6360E+03  9.8890E+00 Rejected 0.000 Table T
Notes: Correlation coefficient, R = 84862E-01; Predicted correlation coefficient, Rp™2 = Results of regression of
8.3098E-01 AP on Pr
Linear Regression
ai o4 1520
1.00}
0.80
> 060
0.40 |
B Figure 4.
020 3 The regression
B dependence of AP on the
QOO0 - g spopupo prppifoy § PQep 5 5 @ g 53 g Py and experimental
0.00 0.10 0.20 data
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6. Conclusion

The image analysis can be simply used for prediction of air permeability.
Porosity computed from fabric geometry is too idealized for close correlation
with air permeability. The analysis of porosity estimated from air permeability
data is presented in the contribution of Militky and Travnickova (1998).
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Introduction

Wool/polyester blended fabnes are widely
applicable in the production of matenals for
clothing purposes. The main problem is to find
such combinations of each component so that the
resulting fabrics may have suitable utility
properties, surface propertics and handle. For
constructing of optimally blended fabrics it is
necessary to predict the influence of wool and
polvester components on the above-mentioned
properties of the final textiles.

There are a lot of publications which discuss
the effect of wool/polyester composition in
blended fabrics on selected utility properties[1-3].
The resulting dependencies usually are m the
graphic form and are not applicable for designing
purposes. Obviously, the examined fabrics are not
prepared in comparable conditions, either,

In this article, especially prepared plain weave
with similar areal weight 200gm~2[4] were used.
The standard utility properties, surface properties,
total hand value and thermal permeability of
fabrics were determined.

An attempt to use a simple generalized mixing
rule to describe the properties of blended fabrics
was made.

Material

Wool fibres (W) and modified high-shrinkable
polyester fibres named Velana S (P), are used for
the preparation of woollen type fabrics. Velana S
15 a modified fibre containing the sodium salt of

International Journal of Clething Scignce and Technology, Vol 6 No. 23, 1994,
PR 32-36, @ MCE University Press, 0955.6222

5-sulphoisophthalic acid. The fibre propertics are
presented in Table L.

The combed intimately blended varns
were constructed. The resulting vamn fineness
was 25 % 2 tex and twist levels were 520
turns per metre. Blended yams with 0, 15, 30,
43 and 100 per cent of wool content were
prepared.

The plain weaves were fabricated from these
varmns. The resulting areal weights, the used setts
of warp and weft and the fabric thickness are
summarized in Table II. Fabrics were finished by
usual woollen tvpe technology. Details about
fabric production and finishing are described
in [4].

Selected Utility Properties

A lot of properties connected with fabrics
applicability were measured. With respect to the
aim of this work, only such properties were
selected for which the wool content significantly
changed the measured quantities (93 per cent
confidence intervals of means for various wool
levels were not crossed). It means that

Break
Fibre Fineness  Tenacity  elongation
type (tex)  (mN.dtex™)) (%)
Wool (W) 0.63 212 499
Velana (P) 0.47 36.8 541
Table L.

Properties of Used Fibres
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Wool content Sett (10 cm 1) Areal weight Thickness
(%) Warp Wefi (gm%) (mm)
0 176 152 1958 0.41
15 177.6 152 201 05
30 188.8 155 208 0.6
45 186 159 202 0.63
100 202 180 201 0.52
Table II.
Geometric Fabrics Characteristics
statistically significant differences which are Objective Handle Evaluation
influenced by wool content exist among mean For objective handle evaluation the Kawabata

values of properties. KES system was adopted. From the resulting

properties the total hand values THV were

Tenacity (T) computed according to Kawabata’s
Textile strength was measured on an Instron methodologv[3].
tensile tester in accordance with the test standard. A simple program in spreadsheet software
Strength is expressed as break force of a 5 cm- Quattro Pro for THV computation was created.
wide sample. The resulting mean values are given Resulting THV values are given in Table III.
in Table IIL
Break Elongation (B,) Surface Properties of Textiles
Break elongation was measured together with It is well-known that organoleptic properties of
strength. Resulting mean values of relative break fabrics are highly correlated with surface
elongation (per cent) are given i Table I properties. Therefore the method for assessment
. of the fabric roughness and friction resistance by
Abrasion (A) using a special adaptor to the Instron tensile tester
Fabrnics were abraded according to test standards was selected[6]. The principle is to register the
on the Accelerator device. Abrasion was force course S [mN] needed to move the metal
characterized by relative loss in weight (per cent). disk along the fabric surface which is fixed
Results are summarized in Table IIL. vertically on the metal desk. This force course
- presents many local minima S, and local maxima
Heat Permeability (H,) S,
Heat permeability was assessed on a special The surface roughness can be calculated as a
device ALAMBETA. The mean values of heat mean difference between maxima and minima
permeability H [Wm™2 K] are summarized in
Table I1L R=Kp(Z Sy -2,5,) (mN) (h
Wool
content T B, A H » R U
(%) (N) (%) (%) THV (Wm2K1) (mN) (mN)
0 810 33.3 29 2,823 31.3 90,58 158.49
15 684 351 6.0 2.307 295 96.16 176.33
30 600 3438 7.9 26935 295 99 44 2284
45 523 294 8.7 2202 262 102.36 233.97
100 303 30.3 96 3.168 31.1 86.7 220.2
Table L.

Experimentally Determined Average Values of the Selected Fabric Properties
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Here K, is proportionality coefficient (recount to
the force unit). The second surface characteristic
1s average friction resistance defined as

U=Kz(Z, 8, +2Z.5,) (mN)
where K; has the same meaning as constant K, in
the equation (1),

2)

If variance of measurement of local extremes (S,
S, ) is equal to o7, then variances of a surface
characteristic 0*: lie in the interval 20° < 0‘3 <
467[6]. It was determined on the basis of previous
experiments that 6%/6°=2.

The average values of R and U for individual
fabrics are presented in Table I11.
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Dependence of Some Properties of Wool/Polyester Blended Fabric on Wool Content
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Property Prediction of Blended Fabrics

It is evident that fabric properties will depend on
the content of single components for constant
parameters of fabric construction, in some way.
The simplest model of linear mixing is based on
the hypothesis that the influence of a given fibre
tvpe on blended fabric property is directly
proportional to its content.

If the value of blended fabri¢ property 15
denoted as Py, the same property of pure wool
fabric as £, and propetrty of pure polyester fabric
Pp, the linear mixing rule has the form

Pp=WPy +(1-WP, (3)
where W is the relative content of wool fibres
(0 < W< 1). This equation is not applicable in
cases when dependence P on W is either concave
or convex. The simple model of the general
mixing rule can be used in these cases:

4

where m is the constant of mixing. This equation
describes convex (for m < 1) and concave
{for m > 1) type dependencies,

A special case for m = 015 the so-called
logarithmic mixing rule, which has the form

PBm = W'Pwm + ( I—W') PPm

Py =py"P". (3)
Generally, the problem of estimation of
parameters , Py, and P, leads to the problem of
non-linear regression. Program ADSTAT for
IBM personal computers was used for
parameters estimation.

Results and Discussion

Testing of the convenience of mixing models
for particular properties was realized on the
basis of experimental dependence from Figure
1. It is perceptible that results of friction
resistance, roughness, handle and heat
permeability in pure wool fabrics are
markedly different from the tendency of
other points.

This tendency may be connected with the
fact that used fabrics have various cover
factors. The cover factor calculated for pure
wool fabric is 80.8 per cent and for pure
polyester fabric is only 73 per cent. Therefore
values for 100 per cent wool roughness, friction
resistance and heat permeability were omitted
in the calculations. The THV values are not
dependent on wool content 1n a systematic way
and therefore are not analysed here.

Tenacity

Tenacity dependence on relative wool content
was described as means of the general mixing
rule (equation (4)), as by means of the
logarithmic mixing rule (equation (3)). It was
calculated on the basis of statistical tests that the
logarithmic mixing rule is more convenient.
Corresponding residual variance is 5 = 36.4. The
model of logarithmic mixing has the form

Py =303.04% x 803.9701-%),

As 95 per cent confidence intervals of both
parameters Py, and P, cover experimentally
determined values P, = 303 (for W=1)and P,
= 810 (for W= 0), we may use experimentally
determined boundary strength-for-strength
prediction of blended fabrics based on the
logarithmical mixing rule.

O

Abrasion dependence
on relative wool content
is concave

O

It is interesting that this rule was proven for two-
and-two twill weave, too. On the other hand, for
other types of polyester fibres, the logarithmi¢
mixing rule is only a rough approximation.

Break Flongation

Break elongation dependence on relative wool
content was modelled by a relation (4). On the
basis of non-linear least squares the following
model was determined:

Pyt2=w29922 + (1-W)34.422,

Corresponding residual vanance is equal to 7 47,
We may notice that experimental values P, and
Pp, lie in the 93 per cent confidence interval of
the model parameters.

Abrasion

It 15 evident that abrasion dependence on relative
wool content 1s concave; this means that
parameter » in equation (4) will be positive.

Bv the means of least squares this model was
found:

P5*5 = W9.8945 + (1-1)2 8945,

Corresponding residual vanance is equal to 0.31.
Similarly, as in the last cases, experimental
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Conclusion
Parameters Py Pp r . . . .
It was verified that a simple general mixing rule is
possible for modelling the dependence of selected
Roughness 17 °L3 098 blended fabric properties on relative wool
Friction resistance 342 1577 099 content.
Heat permeability 212 3142 093 Even though the rule is formal, we may use it
easily for prediction purposes and for the
Table IV, designing of optimum blends.

Parameters of Linear Mixing

values P, and P, lie in the range of

confidence intervals of model parameters for
W=1and W=0.

The Other Performance Characteristics

The linear mixing rule for the description of
dependence of roughness, friction resistance
and heat permeability on relative wool content
was used. Model parameters P and P,
estimated by means of least squares are shown
i Table IV. Correlation coefficients are
presented here too.

Tests of the significance of correlation
coeflicients show that a linear mixing model on
level o= 0.05 is significant for roughness and
friction resistance only. Critical significance
level &= 0.071 resulted for heat permeability.
Therefore heat permeability appears to be
statistically independent of wool content.

O
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