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Abstract
With huge varieties of fabrics, the first challenge for any performance evaluation is to categorize
the vast types of the products into fewer, more homogeneous and thus akin groups.
Classification or sorting is arguably the first step of any scientific investigation, and comparison
of product quality is meaningful only when conducted within a group of comparable products. A
new criterion termed fabric linear density A is first proposed in this paper so that fabrics can in
general be divided into 4 groups. The derivation and validation of this parameter are provided.

The importance of fabric drape is almost self-evident, but there is still no effective ways to
measure this fabric attribute. The Cusick Drapemeter suffers from its low repeatability and low
sensitivity, and is hence not widely or frequently used. The PhabrOmeter, along with the fabric
linear density A, is proposed and demonstrated in this study as a much more efficient alternative
for fabric drape test. By actually testing 40 various fabrics, the principle, procedure and results
of this method is presented in this paper.

Introduction

Visual attributes of textile fabrics represent a sub-group of sensory properties, perceived
particularly by visual sense of consumers. Such visual qualities include fabric drape, surface
state and luster, and, by logical extension, the fabric wrinkle recovery, fabric surface retention
and stain resistance, i.e., all fabric appearance related esthetic characteristics. We call them
fabric attributes to differentiate from the term fabric properties such as the fabric weight and
fabric strength, for the latters are much easier to describe and with definitions widely accepted,
and measurement methods well established.

The importance of such fabric sensory attributes is indisputable. It is hard to imagine a
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consumer would buy a textile product without looking at it first. Therefore it can be stated that
the success of any new fiber, new finish or new textile product is largely dependent on the
acceptance of its sensory traits [1-3]. In this study, we focus on measurement of fabric drape
performance.

Fabric drape refers to the fabric shape or profile when held at the edge, such as used for
curtains, or the way a fabric covers an object when used as a tablecloth or a skirt, often refereed
to in the latter cases as the fabric formability, and is resulted from fabric’s response towards
gravity due to its own weight [2, 3].

The current approaches in evaluating such quality attributes including drape are still quite
primitive, lagging far behind the need for fast product development by the industry and for short
product turn over time in the apparel market. They still largely rely on human sensory judgment,
which in many cases is not readily reproducible and repeatable. It is interesting to note that the
major fabric sensory attributes, hand, drape and wrinkle recovery, are interconnected and
determined by the same group of mechanical properties [1, 4], thus laying down a foundation for
instrumental measurement. Because of this close interconnectivity, it is possible that the same
instrument properly configured can measure all such fabric attributes. Although there have
been many attempts to develop instrumental means to measure such fabric attributes, but the
resulted methods are not effective enough to meet the industrial requirements.

Specifically, there has been a long history of research on measurement of fabric drape.
Pierce[1] for instance proposed several simple methods including the “cantilever” and “loop”
sample shapes to measure the bending resistance as “... strictly a measure of the draping
quality of a fabric.” Such approaches have been reflected in several existing AATCC and ASTM
standard tests. However Chu later pointed out that “two-dimensional distortion tests are
incapable of differentiating between drape and paperiness- i.e., Lit is possible to select a piece
of paper and a piece of fabric both of which have the same bending properties, yet it is doubtful
that the paper will drape as well as the cloth.” [2]

A very thorough study of fabric drape was done by Cusick [3] and Hearle provided a
comprehensive review of existing research on the subject [5]. Fabric drape was considered to
be determined primarily not only by its bending but also shear resistance, and in that order [3,
5]. So now we know that it is the shear properties that differentiate between a piece of paper
and a fabric. Then there is a review article in 1987 by Jacob and Subramaniam on the literature
of fabric drape [6]. For instance, multiple regression analysis was used to determine whether
certain deformation properties (stiffness, shear, extensibility) and structural characteristics
(fabric weight, thickness, and density) can serve as reliable predictors of the drape of knitted
fabrics [7]. Several studies focused on static and dynamic drape of fabrics[8-10]. There are also
reported investigations on the draping behaviors of multi-layer textiles using digital image
processing[11, 12]. As expected, the challenging question of theoretical modeling of fabric
drape phenomena has attracted much interest [13-16] [17-27].

Searching and exploration for a better instrument for fabric drape test has been continuing up to
this day, but only very few commercial products are available, notably the Fabric Drape Tester
(better known as the Cusick Drapemeter [3] or Chu method [2] ), by tracing the shadow of a
draped fabric on paper. However this test suffers from several shortcomings including low
repeatability and low sensitivity [28-30] and thus has not been widely used by, for instance, the
U.S. industry. It is a bit surprising that there is even not a U.S. standard for fabric drape test, a
grave gap urgently required to fill. For anyone who has the experience of using the Cusick
Drapemeter, several problems become immediately clear, including:
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1. Poor reproducibility, i.e., multiple tests of the same sample often do not yield reasonably
close results, and Chu thus recommended for test replicas that “Five in each direction,
warp and filling, is a reasonable number.” [2]. Knowing fabrics are anisotropic, one may
argue why not in other directions?

2. Low sensitivity - only significant difference in fabric drape can be detected;

3. Slow and cumbersome test process;

4. Many fabrics tend to curl and twist when cut into small specimens, and this further
affects the reproducibility, and even the physical meaning of the test results;

5. Large amount of samples required: 30 cm in diameter. If 5 each in both warp and filling
directions, that is too much fabric to ask for in many cases.

Although there have been variations [28, 29, 31, 32] of the Cusick Drapemeter, attempting to
eliminate or alleviate some of the problems in the original design; however none of them seems
to have improved to such degree that a commercial model has been widely accepted by the
industrial users. Imaging analysis has been [11, 33-36] been applied to the test, but it can only
improve the analysis of the results but can do little in dealing the problems intrinsic in the test
principles.

On the other hand and as a result of research by Pan and his coworkers since 1983 [4, 37, 38],
a new instrument called PhabrOmeter fabric test system [39] has been developed, as shown in
Fig. 1, and commercialized to evaluate sensory attributes of various types of fibrous sheets.
Unlike the Japanese KES system, no attempt is made to separately measure individual fabric
properties (such as bending, compression, tensile and surface properties) deemed to be
associated with fabric sensory attributes. Instead, this instrument is based on the previously
proposed fabric extraction method [4]: a force-displacement curve, Fig. 1(b), is thus generated
during the fabric extraction process, which has been shown to be related to the bending, biaxial
extension, creasing and dynamic friction properties of fabrics [4, 37, 38]. Then a computer
algorithm was developed based on the pattern recognition technique to derive a series of
parameters defining fabric hand, including a Relative Hand Value, the fabric Softness,
Smoothness, and Stiffness etc. The instrument has been adopted by various companies in
major countries, and some successful applications have been reported [40, 41]. In addition, an
AATCC standard test method for the PhabrOmeter, AATCC TM202, has been devised to guide
the users[42].

It has long been established that fabric hand is closely related to its drape-ability [1, 43]. Given
the fact that during an extraction process on the PhabrOmeter, the fabric sample is going
through a forced drape with complex yet low stress state (Fig. 1(c)). It is only logical to examine
the potential for PhabrOmeter to be applied to fabric drape measurement. An added feature of
using PhabrOmeter for fabric drape test is that as the sample is cut into circular shape and
extracted by a force exerted at the sample center, it thus “isotropicizes” the measurement
process and eliminate the sample directional effect — a problem severely plagued the results
from the Cusick Drapemeter.

A new criterion for fabric classification

Before proceeding any further, one major issue has to be settled. With huge varieties of fabrics,
nonwovens and paper products, the first challenge for any quality evaluation scheme is to
categorize the vast types of the products into fewer, more homogeneous and thus akin groups if
a general test method like the PhabrOmeter is to be applicable to all fabric types. Classification
or sorting is arguably the first step of any scientific investigation, and comparison of product
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quality is meaningful only when conducted within a group of comparable products.

There is no formally established fabric classification scheme, and some parameters including
weave types, fabric weight and thickness have often been used expediently in categorizing
fabrics. The Japanese Kawabata’'s KES system approached this problem by first choosing
fabrics for the same applications, and then grouping them based on the fabric weight. Table 1
shows the four groups officially established first for the Japanese system [44].

Table 1 the major fabric categories for the Japanese system [44]
Men’s Women'’s

Winter suits Summer suits | Medium-thickness dress Thin-dress

In comparison, there are a couple of general differences between the two systems of
PhabrOmeter and KES. One of them is that PhabrOmeter has been applied to cover much
wider range of products, including textile fabrics, nonwovens and paper tissues so that just
using the product applications as a criterion for classification over such huge product range with
innumerous and ever increasing applications is unrealistic. More general and representative
criteria have to be established. Furthermore, product thickness is a critical parameter of broad
range over various products, but was ignored in the KES system. Here are the rules we have
developed on how to establish such general parameter(s), by which all the products can be
classified into groups that make sense first and easy to use as well:

1. As the most fundamental parameters in determining fabric performance, both fabric
weight and thickness should be included in the resultant parameter;

2. In developing PhabrOmeter, it is known that in such fabric extraction method, the fabric
compaction density in the nozzle in Fig. 1(c) is the key factor [45, 46] in generating the
test results. As increasing either fabric weight or thickness will lead to an increased
fabric compaction density, both fabric weight and thickness affect the resultant
parameter in the same trend;

3. Structural differences (weaves, fiber types etc.) can be specified afterwards within each
resultant group, if necessary.

According to Rule 1, the actual fabric volumetric density p (weight/volume) becomes the first
logical candidate:

P=7
r (1)
where W is the fabric weight (weight/area), and T is the fabric thickness (length). However, use
of p will violate the second rule, i.e., both fabric weight and thickness have to influence the
result in the same trend. Alternatively we can define a parameter A:

A=WxT (2)

In this case, change either fabric weight or thickness will alter the A value in the same trend,
thus satisfying both rules. A has the unit of (weight/length) and is hence termed the linear
density. Table 2 provides the normal possible ranges for the three quantities specified in
PhabrOmeter, covering most commercial fibrous sheet products.
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Table 2. The possible ranges of fabric parameters*

Parameter Unit Minimum | Maximum
Fabric weight W (ug/cm?) | >100 <3,000
Fabric thickness T (cm) 0.01 2.0
Fabric linear density | A (ug/cm) >100 < 6,000

* Estimated data.

A A value is a linear function of either W or T, we cannot classify all products
by evenly dividing the A value for there is no proof that A value is evenly distributed over the
entire scope. It is conceivable that over the possible fabric ranges, there are fewer extremes in
both ends and more in the center; in other words, a normal distribution of A would be a more
acceptable assumption. The division shown in Table 3 is the grouping result based on this
consideration, currently used in PhabrOmeter.

Table 3 Different major fabric groups based on possible A values
Groups Super light (S) Light (L) Medium (M) Heavy (H)
A ug/cm) < 280 280 ~ 1,200 1,201 ~ 3,440 > 3,440

As it is less meaningful to compare samples from different groups, all data processing,
calculations, transformations and comparisons should be conducted within each major group.
Of course, fabric classification is a hugely complex issue and the groups shown in Table 3 are
just general yet useful results. It may be practiced to further classify products in the same major
group into subgroups if deemed necessary.

For this project, 40 fabrics of various types have been collected from Cotton Inc. Based on their
A values, the 40 fabrics were found to span over all 4 major groups (S=2), (L=27), (M=10) and
(H=1), as listed in Table 4:

Table 4. Groups for collected fabrics
Groups | Super light (S)-2 Light (L) - 27 Medium (M) - 10 Heavy (H) - 1
Fabrics | #26, #38 #1~#14 #18~H#20 #22~#25, | #15~#17 #21 #27 #28, | #31

#29,#30, #34,#36, #39,#40 | #32,#33,#35,#37

Samples and test methods

40 fabrics of various types have been provided along with the specifications by Cotton Inc., as
shown in Table 5, 38 of them with the Cusick drape data using the imaging approach of Option
B in ISO 9073-9:2008, and the drape data for Samples 9 and 10 are not available. UC Davis
lab conducted/repeated the following experiments on all 40 fabrics including: fabric thickness
(ASTM D1777), and fabric weight (ASTM D3776). We also tested all 40 fabrics using Cusick
method in following steps:

e Option A in ISO 9073-9:2008 was followed, using 30 cm specimen diameter.

e Three specimens for each fabric were tested on each side (face and back), so a total of
6 data obtained for the fabric.

e For each of the six readings from a given fabric, a drape coefficient value D was
calculated as

M %100

g 3)

D(%) =
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where my is the original weight of the paper ring, and ms the weight of shadowed area
only. Six D values were then averaged to yield the mean drape coefficient for the fabric.

e Note that in Option A, the area equaling to the center-plate was not included in the
calculation since what we weighted is only the paper ring without the center-circle part.
Therefore, when the specimen is very limp (the shadow area is very small), the drape
coefficient could be very small (theoretically down to 0%). So, to be consistent with
Option B the Cotton Inc. used, we also rectified the UCD data by making m: equal to the
weight of a paper of circular shape with the same diameter to the outer diameter of the
paper ring (i.e., adding the weight of the center-part of the paper ring) in the calculation,
so that all our Cusick data were increased, with a minimum for Sample #33 from 20.7%
raised to 38.8%.

Also according to ISO 9073-9:2008 standard, different diameters should be adopted for certain
types of fabric in order to make the test consistent with the real condition. However, the
document also stated that “ Results obtained on test specimens of different diameters are not
directly comparable, in all cases, tests also need to be carried out on a 30 cm diameter test
specimen, regardless of the drape coefficient.” Thus all UCD Cusick data were obtained using
30 cm specimen diameter only.

Measurement by PhabrOmeter

The fabric extraction method used in PhabrOmeter simulates the related fabric behaviors and
closely imitates the processes — during a test, the fabric sample is actually going through a
forced drape under complex stresses. Also fabric hand and drape are interconnected by the
same group of mechanical properties [5]. It is therefore proposed here to use the PhabrOmeter
as a tool to measure the sample drape. To save space and avoid repetition, a more detailed
theoretical background on the principle can be found in [4, 5]. The high repeatability, sensitivity
and fast test speed of PhabrOmeter provides high potential to replace some of the existing but
less effective test methods in evaluating the fabric drape in a much more consistent way.

Sample is cut into the circular shape of 100cm? area using a standard cutter and mounted onto
a secure sample holder in PhabrOmeter. Once ready to operate the instrument, the computer
will prompt for both fabric weight and thickness so that the linear density A value for this sample
is calculated. Accordingly the sample is assign to the corresponding density group in Table 4 for
subsequent testing and analysis. User has the option to input other specifications for the
sample so that finer grouping, if needed, can be done easily in computer.

Among other outputs after the sample is tested, the fabric drape coefficient will be displayed or
saved into a data file. The details on testing operation and data generation can refer to the
PhabrOmeter User Manual [39].

Data analysis
Once done with actual measurements, we have following kinds of data in Table 5b related to

drape:
1. Fabric linear density A values calculated from Eq. 2;
2. Cusick data Drapecs based on Option B in ISO 9073-9:2008 by Cotton Inc;
3. Cusick data Drapeya based on Option A in ISO 9073-9:2008 by UCD;
4. Drapeyas UCD Cusick Option A data rectified to Option B;
5. PhabrOmeter drape data Drapep, by UCD;

A series of analysis listed below is conducted on them to reveal the important information,
implication and relationships of the fabrics tested regarding the fabric drape behaviors.
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a) A as a fabric sample classifier

As shown above, A is the fabric classifier currently adopted by PhabrOmeter, and is studied
here to further confirm its usefulness. To validate the rationality of using value A, we use the
area under the extraction curve (Extraction energy) as a representation of the energy required
to extract the sample through the testing ring and calculated by PhabrOmeter in Table 5b. Fig.
2 shows the connection between fabric weight W and the Extraction energy, and Fig. 3 between
thickness T and Extraction energy, for all 40 fabrics. It is clear in both figures that increasing
either fabric weight or thickness will increase the fabric compaction density during extraction,
thus the Extraction energy: i.e., both have to be considered when classifying fabrics. Whereas
the fabric linear density A, which shows in Fig. 4 a correlation r = 0.86 with the Extraction
energy, higher than either fabric weight or thickness yet incorporating both, is a more
comprehensive fabric describer.

It may help further explore the validity of this linear density acting as the primary factor in
representing fabric properties, by analyzing the connection between the linear density A and
other fabric parameters provided in Table 6, where Drapepn and Drapeua are the UCD fabric
drape coefficients measured by PhabrOmeter and Cusick methods respectively; Energy is the
fabric Extraction energy and RHV is the Relative fabric hand value when #26 (RHV=0) was
chosen as the reference [39]. It is shown clearly in the table that:

e Drapepn, Drapeua and RHV are correlated highly with each other;
o Extraction energy correlates more significantly only with the Linear density;

Here are some possible explanations. The Extraction energy and Linear density, both being
more intrinsic material properties in describing the fabric extraction process, are thus well
connected with each other, are much less related to other three; whereas Drapepn, Drapeua and
RHV are more extrinsic properties, each highly correlated with the other two among themselves.

b) Comparison of drape data

When comparing with the Cusick drape data from Cotton Inc., where drape data are not
available for Samples 9 and 10, only n = 38 samples are involved. Fig. 5 presents the results
between the Cusick drape data from Cotton Inc. versus UCD. A very good agreement is
exhibited with a correlation as high as r = 0.95. This suggests that data from both Options A
and B, 1ISO 9073-9:2008, used by UCD and Cotton Inc., respectively, are consistent. The outlier
#33 is a single knit Inlay that appeared to have yielded an irregular drape data either too high
(from Cotton Inc.) or too low (from UCD).

Fig. 6 is the same plot as Fig. 5, except the rectified UCD drape data are used. A very decent
linear relation between the two group data is shown if excluding #33. If fact, the existence of #33
led to a big drop of correlation from r = 0.97 to r = 0.77. Overall, these data suggest that both
Cotton Inc. and UCD Cusick data are consistent, and data rectification doesn’t seem to yield
noticeable improvement. So, despite the problems with the Cusick test method discussed
before, the data can serve as a reference when in comparison with PhabrOmeter drape data for
at least the 40 fabrics given.

Fig. 7 uses the drape data Drapepn by the PhabrOmeter method against the Cusick drape data
for the 38 fabrics from Cotton Inc. Drapecs. Again a high correlation r = 0.88 (r = 0.91 if
excluding # 39) exists between the two groups of data, indicating that the PhabrOmeter drape
data represent the fabric drape performance just as well as the Cusick drape data. Similar
conclusion can be drawn from Fig. 8 where the PhabrOmeter data Drapepn are plotted against
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the UCD Cusick drape data Drapeua for all n = 40 fabrics with r = 0.89 (r = 0.91 if excluding #
39).

In discussing the outliers, it is noted that from the figures, in addition to #33 and #39, Sample #9
in Fig. 8 may also be problematic. As from Table 5a, #9 is a 100% cotton, standard twill, but
careful examination found that there seems some coating or special finish on the surface to
rend it more rigid than Samples #1 ~ #8, otherwise identical fabrics of 100% cotton, standard
twill. As there is no Cusick data for #9 from Cotton Inc., so #9 only appeared once in Fig. 8
where all 40 fabrics were involved, and so there is insufficient information to further examine #9.
Whereas #33 is a single knit Inlay fabric and #39 100% polyester, very loose twill: both are
highly stretchy fabrics. Note that fabric curl, a tough problem in Cusick method, is no longer a
concern in conducting PhabrOmeter test.

c¢) Factors influencing fabric drape measurement

So far we have concluded that Cusick drape data following either Option A or Option B in ISO
9073-9:2008 are consistent. Also PhabrOmeter can be used to measure fabric drape properties
effectively. As the samples are forced to drape, different sample diameters recommended in
Cusick test are no longer necessary, and fabric curl, a tough problem in Cusick method, is no
longer a concern for PhabrOmeter. There are still other factors that may cause errors in fabric
drape determination, as investigated below.

i. The grouping effect
One of the remained issues is whether we should use all 40 fabrics as a single group to
test/compare fabric drape behavior or divide them into subgroups for more thorough
examination. As expected, if we divide all fabrics into more similar and thus smaller groups,
there will be higher agreement between the test results, which on the other hand will increase
the complicity of the entire test and analysis process — a compromise is therefore desirable.
We use 3 groups classified by fabric linear density discussed above to study such grouping
influence:
e All (40 fabrics), Group 2 (27 light fabrics only), Group 3 (11 Medium and heavy fabrics);
e Two fabrics #26 and #38 in the Super light Group, and #31 in Heavy Group are
eliminated from comparison;
o We used PhabrOmeter to test the drape data to explore the grouping effect associated
with linear density A.

The comparison between drape data Drapep, and fabric linear density when all 40 fabrics
forming a single group is provided in Fig. 9a. A disappointing correlation of r = 0.197 suggests
that it is not a good idea to put fabrics of different types into one group to compare their drape
behaviors. Once divided into smaller groups however based on the fabric linear density A,
Group 2 (27 light fabrics only) shows an increased r value to 0.696 in Fig. 9b, and further to
0.901 in Group 3 (11 Medium and heavy fabrics) in Fig. 9c. That is, grouping fabrics based on
linear density indeed improves performance comparability.

ii. Construction type effect

An often used grouping criterion is the fabric construction types, i.e., woven, knits or nonwoven.
There are only two construction types out of the 40 fabrics, 13 wovens and 27 knits. We used
again correlation analysis to examine if construction based grouping improves the results. Note
that as this grouping based on construction mixed the different fabric linear density A values into
the same group, we have to use the Cusick drape data Drapeua in comparison.
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First, if all 40 fabrics form a single group, the correlation between the drape data measured
using Cusick and PhabrOmeter methods already in Fig. 8 is r = 0.89. If we divide them into
woven and knit groups however, this correlation turned out to be r = 0.819 for the woven group,
and r = 0.785 for the knit group. That is, grouping fabrics based on construction type doesn’t
seem to improve the consistence.

iii. Effect of fiber types

Another general grouping scheme is based on fiber types. This way the 40 fabrics can have 3
categories - 15 of pure cotton, 19 of cotton blend, the remaining 6 are of manufactured fibers (5
polyester and 1 rayon). Again comparing their drape data measured by Cusick and
PhabrOmeter methods, the resulted correlations are: r = 0.838 within the pure cotton group, r =
0.554 for the cotton blend group, and r = 0.545 for the synthetic group. In other words, grouping
based on fiber type doesn’t seem to be a very useful option here either.

iv. Side and direction effects
Next we conducted studies to look into some extremely loose, limp and stretchy fabrics for
which test results often appear irregular. There are several factors that may contribute to such
test errors and we tackled the problems of testing direction and sample side, which appeared to
be more influential. There are fabrics that tend to exhibit different behaviors when tested at
different directions, so called material anisotropy, although by cutting specimens into circular
shape when using PhabrOmeter, we have more or less “isotropicized” the specimen and thus
alleviated the problem. Here are the steps followed:
e Selected 18 most loose, limp and stretchy fabrics out of the 40 fabric set;
e Followed Option A in ISO 9073-9:2008 for Cusick drape test, as directionality is not a
problem for PhabrOmeter;
o Tested by aligning a sample at 3 different directions, 0°, 45°, 90°, angles between warp
and the instrument width directions;
e Tested both face and back sides.

It is clear from the data that both testing direction and specimen side can impact testing results.
For instance in Fig. 10a for Sample #36, a 100% polyester jersey with alternating S and Z twist
in yarns, where the tested average drape coefficient is 10.66 (0°) and 16. 26 (90°), differing by
more than 50%! Yet this same sample shows a moderate variation between face and back
sides, with highest difference at 90° of 16.774 (face) and 15.754 (back). On the other hand, in
Fig. 10b for Sample #23, a 37% cotton/ 63% acetate, plated jersey, it produced negligible
direction effect but significant side effect. Overall Sample #30 in Fig. 10c generated the highest
direction related error, and Sample #29 in Fig. 10d the highest side error.

However throughout our testing, it is the Sample #33 that has constantly displayed a peculiar
drape behavior. In the original data from our first around of Cusick test, it resulted in a value of
20.6. Butin our second around of testing in examining the directional effect, the values for the 3
testing directions (0 °, 45°, 90 °) are 35.4, 34.54 and 33.61 respectively, exhibiting large
discrepancy between two testing times. After carefully checking our test procedures, we
affirmed that all the data are reliable. By examining the fabric itself, we found a few possible
causes:
e Being a single knit Inlay, #33 is a highly unstable structure. If not handled or even stored
with extra caution during the period of whole process, inadvertent alternation of the
fabric structure will lead to testing variations;
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e Sample #33 has an extremely high 1,852.4% fabric stretch. It is hard to predict if there is
any residual deformation left in a sample from previous stressing, resulting in changes in
properties;

e #33 also shows a very significant curl, known to cause testing error using Cusick
method.

Conclusions

The fabric linear density A defined in this paper is an intrinsic fabric parameter by definition, that
reflects the influence of both fabric weight and thickness on fabric extraction using
PhabrOmeter, is related closely to a series of fabric properties, and is easy to calculate. Our
results demonstrated that grouping fabrics based on this linear density indeed improves
performance comparability. With the validation presented in this study, other major parameters
including fabric weave and fiber type don’t show any conflicts with or supersedes over the fabric
linear density A. We hence recommend that it be used more widely as a primary fabric
classifier.

Regarding fabric drape test using Cusick Drapemeter (ISO 9073-9:2008), our data confirm that
both Option A, and Option B are consistent. This study further demonstrated that using
PhabrOmeter to measure fabric drape properties is a more reliable and effective approach - it is
quick, sensitive with high repeatability. In addition, it has the additional characteristics:

e cutting specimens into circular shape and being extracted during test by a force exerted
at the sample center actually “isofropicize” the measurement process to reduce the
variation caused by fabric directionality or anisotropies;

e as the samples are forced to drape, different sample diameters recommended in Cusick
test are no longer necessary;

e fabric curl, a tough problem in Cusick method, is no longer a concern for PhabrOmeter
when the sample is actively compressed during test.

On the other hand, this approach will not be sensitive if fabric directionality or curling is of
interest to be studied, which unfortunately is not handled well using Cusick approach either.

Before conducting drape test, the test face should be identified and recorded to maintain
consistence. Face/back sides can lead to significantly different results.

Comparing the drape behaviors of different fabric types is not appropriate, and dividing them
into more homogeneous groups, e.g., using fabric linear density A Logically once in the same
group defined by fabric linear density A further grouping based on and fiber types can be done,
if necessary. Our results here show however, such further division doesn’t result in much
improvement.
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Table 5a. Fabric specifications

No. Fabric ID Construction Fiber content
1 A1 Standard Twill 100% Cotton
2 A3 Standard Twill 100% Cotton
3 B1 Standard Twill 100% Cotton
4 B3 Standard Twill 100% Cotton
5 C1 Standard Twill 100% Cotton
6 C3 Standard Twill 100% Cotton
7 D1 Standard Twill 100% Cotton
8 D3 Standard Twill 100% Cotton
9 Standard Twill Standard Twill 100% Cotton
10 EP01-51A Jersey 92% Cotton/ 8% Spandex
11 EP01-52A Jersey 50% Cotton/ 50% Modal
12 SK1914-6A Jersey 95% Cotton/ 5% Spandex
13 SK1914-1A Jersey 95% Cotton/ 5% Spandex
14 SK1914-3A Jersey 57% Cotton/ 38% Polyester/5% Spandex
15 DK2770-1B Interlock 50% Cotton/ 50% Acetate
16 DK2770-2A Interlock 50% Cotton/ 50% Acetate
17 DK2770-1A Interlock 50% Cotton/ 50% Acetate
18 DK2770-2B Interlock 50% Cotton/ 50% Acetate
19 DK2710-2 Interlock 100% Cotton
20 DK2710-1 Interlock 100% Cotton
21 FK1046-1 Flat Knit 100% Cotton
22 SK1839-13 Plated Jersey 62% Cotton/ 38% Nylon
23 SK1928-2 Plated Jersey 37% Cotton/ 63% Acetate
24 SK1928-1 Plated Jersey 54% Cotton/ 46% Acetate
25 SK1847-1E 50% Cotton/ 50% Modal
26 SK1839-14 Jersey 100% Cotton
27 SK1921-1 Crepe 96% Cotton/ 4% Spandex
28 SK1744-3 Jacquard Single Knit 100% Cotton
29 DK2729-5 Needle Out, Double Knit 100% Cotton
30 SK1799-1 Plated Jersey 66% Cotton/ 34% Polyester
31 DK2766-2A Interlock 95% Cotton/ 5% Spandex
32 DK2766-5A Interlock 47.5% Cotton/ 47.5% Polyester/ 5% Spandex
33 Blue Denim Single knit Inlay 80% Cotton/ 18% Polyester /2% Spandex
34 Blackberry Interlock 100% Polyester
35 Charcoal Ponte Ponte di Roma 58% Polyester/ 40% Rayon/ 2% Spandex
36 Stone Print Jersey (S & Z twist, alternating) 100% Polyester
37 Black Ponte Ponte di Roma 100% Polyester
38 Berry Paidley Satin 100% Polyester
39 Navy Gabardine Twill 100% Polyester
40 Greenwich Paisley Plain Weave 100% Rayon
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Table 5b. Fabric data tested

No. Fabric weig;nt Thickness Linear density Drapecs Drapeuas Drapeuya Drapepn Energy RHV
g/100cm (1/1000 inch) mm x0.1 A (ug/cm) (%) (%) (%) (%)

1 2.57 17.38 0.44 1,134.53 81.10 94.52 85.89 3.39 28.32 4.55
2 2.62 17.96 0.46 1,195.20 79.10 92.14 79.71 3.99 30.78 5.17
3 2.62 17.24 0.44 1,147.29 75.40 87.20 67.24 3.25 24.53 4.41
4 2.62 17.08 0.43 1,136.64 70.60 92.03 79.47 3.75 26.39 4.91
5 2.60 16.90 0.43 1,116.08 81.40 90.25 74.95 3.97 28.76 5.15
6 2.58 17.18 0.44 1,125.84 75.10 90.49 75.57 4.84 28.28 6.00
7 2.59 17.30 0.44 1,138.10 74.10 89.73 73.51 3.43 24.78 4.58
8 2.58 16.98 0.43 1,112.73 67.20 85.81 63.39 3.14 24.72 4.29
9 2.58 16.96 0.43 1,111.42 missing 84.17 2.09 32.52 3.27
10 1.50 19.70 0.50 750.57 missing 34.25 1.05 19.10 0.41
11 1.28 15.72 0.40 511.09 47.20 69.60 21.87 0.81 19.63 0.54
12 1.66 19.00 0.48 801.12 44.70 69.13 20.72 0.70 20.52 0.71
13 1.38 12.68 0.32 444.46 45.10 68.34 18.87 1.03 13.46 0.29
14 1.44 22.98 0.58 840.52 47.60 70.85 25.19 0.89 16.45 0.40
15 2.18 23.48 0.60 1,300.13 46.40 69.58 22.30 0.99 23.26 0.49
16 2.16 22.44 0.57 1,231.15 47.40 70.44 23.73 1.02 30.96 0.78
17 2.20 23.00 0.58 1,285.24 45.00 71.05 25.50 1.05 2414 0.55
18 2.05 22.46 0.57 1,169.49 45.60 70.08 23.01 1.04 23.32 0.51
19 1.47 20.68 0.53 772.15 46.90 70.77 24.74 1.14 23.97 0.60
20 1.49 21.46 0.55 812.18 47.60 69.47 21.55 1.17 23.34 0.58
21 2.58 43.78 1.11 2,868.99 53.10 75.81 37.76 0.93 25.41 0.67
22 0.90 14.06 0.36 321.41 46.60 68.82 20.47 1.1 13.77 0.15
23 1.53 1714 0.44 666.09 50.30 67.88 17.18 0.99 14.36 0.31
24 1.86 22.80 0.58 1,077.16 52.10 69.87 22.80 0.78 22.03 0.63
25 1.19 14.08 0.36 425.58 47.20 67.73 17.31 1.04 14.96 0.24
26 0.70 12.00 0.30 213.36 47.50 68.38 19.20 1.24 12.26 0.00
27 2.58 38.04 0.97 2,492.84 55.90 77.51 42.41 1.09 24.60 0.58
28 1.75 46.50 1.18 2,066.93 55.80 74.16 33.78 0.95 19.93 0.41
29 1.04 18.78 0.48 496.09 43.30 66.97 14.64 1.31 13.15 0.14
30 1.36 19.86 0.50 686.04 48.50 69.73 22.22 1.06 18.38 0.32
31 3.85 57.84 1.47 5,656.17 65.80 89.23 72.45 3.03 65.36 3.02
32 3.05 44.00 1.12 3,408.68 53.90 75.61 37.52 1.95 46.63 1.84
33 2.34 31.84 0.81 1,892.44 60.00 38.85 20.68 0.79 25.32 0.72
34 0.91 18.02 0.46 416.51 45.00 67.15 15.79 0.99 15.71 0.25
35 2.53 26.04 0.66 1,673.38 45.00 67.63 16.90 0.57 21.50 1.02
36 1.95 13.10 0.33 648.84 43.00 65.43 11.49 1.01 16.50 0.33
37 2.33 28.08 0.71 1,661.83 51.00 70.36 24.49 0.78 30.72 1.75
38 0.83 6.08 0.15 128.18 55.00 72.52 29.52 0.97 13.43 0.40
39 1.89 17.16 0.44 823.78 62.00 78.01 43.90 0.61 23.00 0.93
40 1.32 11.16 0.28 374.17 49.00 68.69 19.41 0.84 14.26 0.51
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Fig. 1. PhabrOmeter Model 3 Fabric Evaluation System.

(a) Hardware of PhabrOmeter Model 3. (b) PhabrOmeter user interface and a load-displacement extraction curve
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Fig. 1(c) The fabric sample extraction process
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Figure 2. Fabric weight vs Extraction Energy
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Table 6. Correlations between key parameters

-_

B = Drapep,

B 1 0.448  0.889  0.959 0.197 C = Extraction energy
E = Drapey,
J = RHV

C 1 0.548 0.478 0.865 A = Linear density

E 1 0.925 0.316

J 1 0.206
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Figure 9a PhabrOmeter Drape data and Linear Density (n =40) §
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Figure 9b PhabrOmeter Drape data and Linear Density (Light weight only n =27) §
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Figure 9c PhabrOmeter Drape data and Linear Density (Medium weight only n =11)

Drape;,

3.5

2.5 -

r=0.901

1.5 -

0.5

A ([ g/cm)

0 T T T 1
0.00 1000.00 2000.00 3000.00 4000.00 5000.00 6000.00

PhabrOmeter Drape and Linear Density ( Medium weight only, n = 11)

3
)
E
=
=
(2]
s
=
2
i
)
o
§
@
=
=
=z
@]
_|
U
[
M
5
2y
m
<
=
m
@)
U
o
2
®
=L
[e9)
(&)
)
=
=
®
<
N
o
=
(9]

TA'6700° TO8TOCZSIULIdal



http://dx.doi.org/10.20944/preprints201801.0049.v1

Figure 10a Directional and side effects for Sample #36
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Figure 10b Directional and side effects for Sample #23 §
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Figure 10c Directional and side effects for Sample #30
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Figure 10d Directional and side effects for Sample #29
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