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The paper brietly describes a novel patented laboratary msirument, which was investigated, designed and manutactured
at the Umiversity o Minho based on u new method of accessing triction coefficient of fabries. as well as s
fundamentals and working principle, foflowed by an experimental study, where o comparison between three different
double-fuced fabrics made (rum nop-conventional fibre combinations was carried out the results of the experimental
work being analyvzed using various tools, including SIPSS815.0® swatistical package and commented in the light of the
influenec of the raw matenal in the frichion properties of the fabrics.

Introduction

Interaction with the human senses 1s an essential performance property |1, 2] as most
textile materials are used near the skin, namely clothing, home furnishings and
automotive fabrics. Friction coetficient is one of the factors contributing for the so-
called parameter fubric hand and its importance justifies the number of contributions
given in the past to this problem [3-7]. More recently. novel laboratory equipment was
proposed for a new method of friction coefficient assessment of fabrics, which is easy to
use and very precise. The development and validation of FRICTORQ (8] justities an
experimental work with a set of fabrics made from non-conventional fibre
combinations. These new materials reflect the main present fibre rescarch where new
mixtures are used to reduce environmental impact. improve material performance and
diversify the use of raw materials.

PLA (Polylactic-acid) is one of the new fibres used in the evaluated mixtures. Iis
main advantages are as follows: cotton look appearance; environmental friendly, based
on a natural pelymer thus biodegradable; high resistance to UV [9]. When mixed with
other fibres [10] PLA also shows a good performance, namely:

- Matural fibre hand;

- Wickability / breathability of natural fibres;

- Good performance qualities;

- Good flammability resistance;

- Excellent drapeability.

SPF (Sova Protein Fibre) is also another new fibre used in this work. It is made by a
wet spinning process occurring after the extraction of spherical protein from soybean
residue. One of the most attractive properties of SPF is the soft touch as well as a good
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moisture ahsorption giving fabrics better comfort properties when mixed with other
fibres [111.

The medel of Frictorq

This model went through various development stages and some of the detected
weaknesses suggested that a different approach could be explored [12, 131,

Figure 1. FRICTORGQ TT model

Figure 1 is a schematic representation of the latest adopted model named
FRICTORQ H. The laboratory prototype of the instrument is represented in figure 2.
For a more complete understanding, references [12, 14} present and discuss other models
and design stage details for the development of the present prototype, including a fabric-
to fabric initial proposal that is still valid and can easily be an alternative in this
instrument.

Figure 2. FRICTOROQ T laborawsry prototype

The rotary action remains, but the contact js now restricted to 3 small special
elements or feel, disposed at 120°. Providing a relative displacement of approximately
90°. it is assured that a new portion of fabric is always moved under the contact sensors.
For this model, torque is given by:

T=3F,r
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(h)

Being. by definition, F, = uN and from figure 1, N = P/3, where P is the vertical load,
the coetticient of friction is then expressed by:
T
Pxr

()

Previous exploratory work led to the establishment of some design parameters,
namely contact pressure and linear velocity in the geometric centre of cach contact foot.
the latter set to approximately 1,57 mm/s.

Figure 3 represents a graphic display of an experiment showing the most relevant
parameters. The shape of the graph is stable and nearly horizontal for the duration of the
test. For dynamic friction the data collected between 5 and 20 seconds of the test is

used.

Figure 3. Graphical output representation of a typical fabrie friction experiment

As well as other well known methods, such as KES, this one is not covered by any
standards. The contact surface is made of standard and commercially available steel
needies of | mm diameter joint side by side in a square shape as it is seen in figure .
Therefore this surface is well characterized and easily reproducible.
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Experimental Procedure

iii. Characterization of the Tested Materials

The tested materials were three double-faced fabrics made from non-conventional
fibre combinations listed as follows:

1) Cotton — Corn fibre (CO-PLA);

2) Polyester/Cotton — Cotton (PES/CO-CO);

3) Cotton — Soya fibre {(CO-SPF).
These double faced fabrics have the same construction weave in both sides, based in a
5- satin structure. The difference between the two faces lay on the weft material, e.g. in
cotton- corn fibre the outer face (OF) in mainly composed by cotton while the inner face
(IF) is mainly made by Corn fibre. The usc of these double faced structures allowed us
to test the influence of each fibre in friction properties.

iij- Methodology

FRICTORQ IT instrument was used Lo test the outer-face (OF) and inner-face (1F)
surfaces of the mentioned materials, Samples were prepared and cut in circles of 130
mm diametre and tested under a conditioned atmosphere of 20+ 2 °C and 65 £ 2 % RH.

Results and Discussion

After collecting the data obtained during the tests carried out using Frictorq festing
apparatus, a statistical package SPSS15.0® was used in order to analyse the influence of
the different materials in the friction coefficient. Table 1 shows the results obtained in

the descriptive statistics for friction coefficient of the tested materials.
Table ! Descriptive statislics

Srd Std w35 Contidencr Interval
N Mean Dewraition Fron for Mean A murmn Aaxcemum
Lower Lippes
bojudary boundary
CO-PLA 0 B 195745 oA | ousuTsz 193604 FOTO05 Ani G
TP
;'l';‘ 1(|~'” 1% anTieS sz | O0eeRs 205631 209397 i i
CO-SPF_IF 13 204500 235744 [ onoverd 262340 206650 7S 218
LO-PLA_OE 13 RUERIE 0022023 | 0066275 105748 198582 1423 2wl
PESCO- o . . . e
Fi 23341 | ddnedde T 2701 2 2107
£0 OF 13 LANG200 Ry saknl e 2047490 207004 i
COSPEQF 3 21a38 oada068 | a01ic08 20 214131 an43 23sd
Tt kY 203781 ez 0007318 202204 AR el 2184

As can be verified in table 1, the mean values range is between (,195785 and 0,21638.
with the minimum value obtained for CO- -PLA_IF and the maximum for CO-SPF_OF.
In figure 4 the results obtained from the test are presented in a box-plot chart.
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The lowest amplitude value is achieved when the CO- PLA_OF sample was tested
and the highest for the CO-SPF_OF. In order to compare the results obtained from the
six tested materials a Schelfe analysis was carried out as to determine the existence of
homogencous subsets. Means for groups in homogeneous subsets are displayed in table

2

PN

ASHALINE

ALTEX"2007

Eterisational v

byt

fumopzan  Lrifile lmmevabion .s.m} Texilly Excimgge
BT Roubaix - France
I
o rimae
30
Q.m u
woen] 1]
. =
Eu 0L i
[ j
0350
LRl |
r r T
[EREL PO THLG L) 3 T ERERL YA SeR V&
Samples

Fieure 4. Box-plot resulta

Table 2. Schefle anabysis for g,

Samples N Subsei for alpha = 03
3
{o-PLa It £3 O57RS
{O-PLA OF i1 A7z
LO-SPF_IF B3 3045040
PESCO-CH OF it 206200
PERCO-CE_IF 13 NTIe
CO-SPF_OF 13 ERr
Sig 042 A2 R60]

& Lses Harmome Mean Samplg 8126 - 13,000

The analysis clearly determines the existence of three different subsets. In order 1o
analyse with precision the results obtained in the Schefte test, the multiple comparisons
table 3 was carefully reviewed. This brought to our attention the significance obtained
_OF and PES/CO-CO _IF which is 0,048, near the 0.05 level of
significance in which the test is carried out.

between CO-SPK

Table 3. Multiple comparison analysis for w,

(1} Samples

Mear

257 Confidence Interval

) Samples Dutterence gy | 5 e S Fipper Bound | Lawer Bound
CO-PLA TF PESAE-CO) EF - 431 EIRAOE*) (IE2NG2 R - UL3E3D =69
CO-SPFIF - DOSTISAY) TR K - b bol - 4270
Ci-PEA_OF - 0408 Antzea2 42 - [H13RT4 EERIE
PESA0-CG OF LTI oz e -G - (85974
C(-SPF_OF - DE3833R7Y o zeyz e IRERESE] 011408
FES.CO-CO IF | CO-PLA TP OE LIRSy auizez RLET 0053939 LI
CO-SPE_I LHKIM668) i1 2992 523 - BUETT HOTHES
CO-PLA OF 90993531%) D012 e 005308 4359
PES/COSC O OF KRG 012092 it - 330 RS
CO-SPF_OF - 0924 M 200 MR - ARA TS seonz4
{OSPF_IF CORPLATF ADRTISA(F) 0 2002 iy (34276 ORI
PESAO-CO F - {26692 (i 2002 R ELIS ] JLELED e
COPLA_OF UT2846¢%) BNy 3602 i) 002839 0117
PESATOCO_OF PRt et ey Al EECIGIFH AN27460
C{O-SPF_OF - OO7IIRI%) g 2402 00N - 1SR4 - (02603
CQA-PLA_QF CO-PLA_IY BO14308 DDFIONY 342 - 0TS (05874
PESAO-LO_IF - BDOBE IR VO LIS 000 - A AR
CO-SPF_IF - ADTIRIALF) 913002 REIN - 011730 ~ 002839
PES/CO-00_OF - DDE9EL6{*) D12892 KL - (117430 L OUdE
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CD-SPF_OF - NEA42300% 2002 00 - HIB8H0 - 009977
PLSCO-CO_OF | CO-PLA_JF RODETRE IRl A 12992 g G U14Bn1
PES/CO-CH IF - (009602 GO12592 b0 - ASdES 03475
CO-EPF_IF 0017000 G REE 885 - G274 6146
CO-PLA_F ,w')ﬂ‘lﬂ\‘--i(( ) A012002 o0 4539 013430
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¥ The mean difference is significant atthe 05 level.

Conclusions

This study allows us to draw the following conclusions as to the friction behaviour of
the non conventional blends:

- PLA fibre has a strong influence on the friction, independently of being on the
outer or in the inner face of the fabric. corresponding to a worst handle.

- PLLA fibre blend with Cotton fibre as the contact material has also shown to be the
one with lower amplitude value, meaning a more homogeneous surface.

- Cotton fibre as the contact material. regardless of the fabric blend. has shown to be
always the highest friction coefficient, corresponding in each pair to the best handle.
However, when combined with SPF fibre is when the values are higher thus
corresponding to the best handle,

- The Scheffe analysis has demonstrated that there are three different subsets among
the tested samples. A detailed study of the multiple comparison analysis table shows
that the mean difference obtained between CO-SPI_OF and PES/CO-CO_IF is only
0.048. a value very close to the 0.05 level of signilicance in which the test in carried
out, showing that probably this sample belongs to the last group of the CO-SPF_OF
sample.

Acknowledgments

The authors express their gratitude to Carlos Alberto Guimardes and Jodo Gongalves.
students of Clothing Engincering at the University of Minho, for carrying out the
experimental work herein reported.

References

I. Kawabata, S., M. Niwa and F. Wang (1994), “Objective Hand Measurcment of
Nonwoven Fabrics”, Textile Research Journal, Vol. 64, No. 10, (1994).

2. Gupta, B.S. and Y. E. El Mogahzy, “Friction in Fibrous Materials™, Textile

Research Journal, pp 547-555 (1991,.
. Kawabata, S., “The Standardisation and Analysis of Hand Evaluation™. 2nd. Ed.,
Textile Machine Socicty of Japan. (1980).

4. Nosek, S.. “Problems of Friction in Textile Processes™, International Conference
Textile Science 93, TU Liberce, Czech Republic (1993).

5. Bueno, M. A., M. Renner and B. Durand, “Tribological Mcasurement of the State
of Surface Fabrics by a Contact and a Non contact Method™. Proceedings of the
Conference Mechatronics™ 98, Sweden, pp 703-708 (1998).

6. Behera. B. K.. “Comfort and Handle Behaviour of Linen Blended Fabrics™.
AUTEX Research Journal. Vol. 7. No . pp 33-47 (2007).

ar

200



G ALTEX'2007

) Iutersdivand Yorkahop un
Europepn  Jeaille Lmevatlun snd Textile Exclanze
RO AR Roubaix - France

. Ramkumar, S. S.. A. S.Umrani, P. C. Shelly, R. W. Tock, 8. Parameswaran and

M. 1. Smith, “Study of the Effect of Sliding Velocity on the Frictional Properties
of Nonwoven Fabric Substrates™, Wear, Vol, 2586, 1ssues 3-4. pp 221-225 (2004).

. Lima, M. and L. Hes (2002), Inventors/authors, Portuguese Patent N® 102790,

Title: “M¢ctodo ¢ Aparelho para a Determinacdo do Coeficiente de Atrito de
Materias Solidos Planos (Method and Instrument for the Measurement of the
Coefficient of Friction in Flat Solid Materialsy”, Date: 12th June 2002.

. Ingeo™ Fibers (www.ingeofibers.com, on-line accessed in 2006).
. Fabric link (www.fabriclink.com/university/planfiber.cfm, on-line accessed in

2007).

. Harvest SPF Textile co., Ltd {(www.spftex.com, on-line accessed in 2006).
. Lima, M., L. Hes, R. Vasconcelos and J. Martins, “FRICTORQ. Accessing Fabric

Friction with a Novel Fabric Surface Tester”, AUTEX Research Journal. Vol 5,
No 4, pp 194-201 (2005).

. Lima. M., L.. Hes, R, Vasconcelos and J. Martins, “"FRICTORQ, a Novel Fabric

Surface Tester: A Progress Report™, Journal of Textile Engineering, The Textile
Machinery Society of Japan, Vol. 51, No 3/4, pp 40-46 (2005).

. Lima, M., L. F. Silva, R. Vasconcelos. I. Martins and 1.. Hes, “FRICTORQ,

Tribometro para Avaliagdo Objectiva de Superficies Téxteis™, Actas do il
Congresso Ibérico de Tribologia — IBERTRIB'2005 (CD-ROM), Escola de
Engenharia da Universidade do Minho, Guimarées, 16-17 dec Junho, 2005 (2005).

201



ALTEX’ 2007
Global Networking on Textile

Innovation and Exchange

Roubaix, France

September 20— 22, 2007

ASIA-LINK

EURGPEAID



‘ma’ ALTEX'2007

s bsternational ek img; 2
guuo?mg Textie Bminvatlag and Tegells Sachange
e AR R Roubaix - France

Altex’ 2007: Global Networking on Textile Innovation and Exchange

Paratiel session - NMonwoven development and choraderization |
Altex11: Development of multifunctional nonwoven-based resilient struclures using
standard monufocturing processes, P.Vroman, E.Pleyber, M.lewandowski, M.Vouters,

L o T 1S o

Parallel session — Computational texdite and modelling |

Altex25: The Influence of Fiber Length Distribution on the Irregularity of Slivers: A Novel

Model and its Numerical Simulation, G.Yan, H.Zhang, J.Zhu, C.YU.oeooeiiiiiiiiinns 13
Altex06: A Conduction-Radiation Madel fo Predict the Thermal Resistance of Fobrics, D.
Bhatfacharjee, VK Ko Or .o i iieiir i asisiiiaraeiasiiaeanaisnannraneanannerneens 1o
Altex21: Aufomatic Recognition of Fabric Structures Based on Digital Imoge
Decompesition, LLi, TJigand X.Chen....ooov i, 24

Parullel fechnical session - Nonwoven development and characterization

Altex12. Study of the influence of fiber morphelogy on liquid diffusion within nonwoven
sfructures: effecf of fiber di ameter, P.Vroman, Y.Zhang, X.Chen, M.lewandowski,
e L OGPV SO 32
Altex36: Liquid transport in non-homogeneous nonwoven fabrics, NNMaa..............L 39
Altex 27 Effect of non woven manufacturing methods on the adhesion and colonization
of bacteria in non woven matericls, N. Behary, A. Perwuelz, A.Kerkeni, P. Vroman,
o 1 T T O USRS 51

Porolie! session - Dyeing and finishing technology

Altex(3; Surface Properties of PET Fabrics: Hydrophilic Finishing & Plasmo treatment,
L.Guo, A.Perwuelz, C.lampagne. . couu i iiiiiiiraacii it it tttaataaae i as 57
Alfex14: Studies on atmospheric plasma treatment of Polyester Fabric and its adhesion
properties with polyethylene glycol, V.Takke, A.Perwuelz, C.Compagne, M.Behary,

B.LDeopurd, BuGup o, ittt it et e e e e 63
Altex40: Application of Ultrasonic Technique on the Extraction of Coloring Matter fram
HT-CT, X.Xie, L.Wang, X.Zhang, X.Hu, S.Jia, Q.Zhou....ccrviiiiiiiiiiiii e 70



‘g ALTEX2007

Internations! VWorkshep vy
cumopealn  Feutile Busevotise sl Testlle Kachangs

G Roubaix - France
Altex4]: Research on Dyeing and Ank-ultraviclet Properties of Vegetable Dyes
Extracted from HH-CT on Sitk Fabric, N.Wang, L.Wang, S.Jio, Q.Zhou.............. 77

Paraliel session - Computgtional textile and meodelling 8§

Altex16: Opfimization of the operation settings space for developing new multi-
functional textile maoterials using fuzzy technique, X.Deng, P.Vroman, X.Zeng,

Altex20: A Preliminary Study on the Input Variable Selection Method for the Arkificial
Neural Network of Yarn Tenacity, T.Chen, C.Zhang, X.Chen, LLic. eriiiiiieininnnias 91

Altex28: Detecting pills of fabric image based on multi-scale matched filtering,
T T A (T T R 100

Poralle! session - Liguid fransportotion in fextiles

Altex07: Humidity Draining by Textiles , T.Sharabaty, F.Biguenet, PViallier......... 106
Altex15: Liquid moisture fransmission properties of woven fabric of different polyester
fibre profiles, B.Das, A.Das, V.K Kathari, R.Fanguiere, M. de Araujo.....c.eeee.n. 112
Altex 17: Simulation sfudy of three dimensional flow field inside nozzle of jet-vortex spinning,
Z.Zou, LCheng, W.Xue, L.Yu, X.YU...oiiiiiiiiiiiii i i s 122
Altex30: Properties of Differential Capillary Effect of Knitted Sporf-Wear Fabrics,
RXU, LuCRen, W Y g s vt ii it ste s tar e ae s ettt s e s eaineanee caa st brasaes s 130

Paralle!l Session - Fabric development |

Altex22: Multiweave - Profotype Weaoving Machine for Multiaxial Technical Fabrics,

M.Lima, RFongueiro, A.Costa, C.Rostepen, V.Rocha.....oooivvvniiciiiicnnen, 134
Altex38: Designing muliifunciionol underwear garmeni based on the pafchwork
technique, R.Fangueire, F.Soutinho, M. de Aradjo......cooiviiiiiiiiiiiiiiininn i 140
Altex45: Functional engineering design of infelligent thermal protective clothing,
SX.Wang, Y.li, JEYeHu, Hiromi Tokura, Q. W.Song.....coooooiiiiiniis 155

Parallel Session: Fiber development

Altex24: Extraction of natural bamboo fiber through one-both alkali-H202 de
gumming, J.Fu , Z.8un,C.Yu. e e e e 164
Altex26: Preliminary Study of Llaccase Degumming on Kenaf Fiber, T.Yan, C.Yui.170
Altex31: Preparation of pure cellulose nanofiber via eletrospinning, K.Ohkowa,

J.Ducreux, A.Nishido, S.Hayashi, H.Yamamofo..ccoviiiiiiiiiiniiiiiiiiiiiiienenann, 176
Altex46: Configuration of o genelic algorithm used tfo optimise fibre steering in
composite laminates, J.Bardy, X.legrand......oooiiiiiiiiiiiiiiiii 184

Parollel session: Textile comfort and fabric hand

Altex10: Determination of compatibility of fabric sample for particular apparel by
advance computing techniques, G.Agarwal, L.Koehl, X.Zeng, V. KKothari......... 190

Altex23 : Fabrics made from non-conventional blends : what can we expect from them
related ta handle, M.Lima, M.Vasconcelos, LF.Silva, J.Cunha....oooooiiiioiiiin, 195
Altex35: Study of comfort of textile siructure using UST insfrument |, F.Fayafa, A.Ghith,
M. Hamdaoui, AKGROUG...c.vviiiiiiiiiiiiiiiic s i e e 202



o ALTEX'2007

Eteenatione] Weelsling on
Euhoretin | euidly Domevintion aenl Teatile ¥aclinge
B Roubaix - France

Altex44: Effect of insfunfaneous compressive responses of fabric on tactile fexture,
JHu, X.Zeng, XDIng ..ottt e e i 208

Farallel Session: Fabric development i

Altex29: The Utifization of Some Feathers in Chinese Ancient Textiles, 3.Coo, H.Tu,

T 214
Altex32: The study on folk fextles Lu Brocade of Shangdong, X.Ren, HTu.......... 217
Altex]8: Development of the Warp Knitted Spacer Fabrics for Cushion Application
X¥e, HHU, XFeng oot et e et et ea s 223
Altex39: Monooxial weft knitted siructures for advonced FRP, M. de Araujo,
R.Fangueiro ond F.SouHnho ..o e e e 229

h



