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Abstract:
The cover factor of Jacquard decorative knitted fabrics determines the quantity of light going through the knitted
material. By changing the fabric cover of the knitted material it is possible to influence both the aesthetic and
functional features of the product. The intensity of light transmission, determined on the basis of an instrumental
method of measuring the light-barrier properties of knitted decorative products, was correlated with values of the
fabric cover determined on the basis of both theoretical analysis and experiments.
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Introduction

the pattern threads of different lengths and the configurations.
For the 3-needle knitting technique, the pattern thread takes
the form of a classic ground weft or appears in the loop
arrangement with loop, resulting from using a fall plate. On the
basis of this model it is possible to determine the basic
relations defining the structural parameters of the knitted fabric.

Jacquard warp knitted fabrics belong to a wide group of
decorative products among which one can distinguish knitted
fabrics applied to window expositions such as curtains and
window shades. This type of knitted fabric is characterized by
both aesthetic (motive, stitch, pattern repeat, thickness of the
knitted material) and functional features, among which we can
distinguish the ability to suppress solar radiation. The
functionality of the knitted fabric in terms of light transmission
depends on the fabric cover parameter [1].

From the point of view of the light- barrier properties of decorative
products, the ‘fabric cover’ of athe knitted material is a
significant parameter. The cover factor of the knitted fabric zp is
a sum of the cover factor of the threads in the background of
the chain stitch zl and the cover factor of the pattern threads
going between the wales of the chain stitches zw:

The aim of the research was to analyse light transmission
through Jacquard decorative knitted fabrics in correlation with
fabric cover, depending on the fabric stitch and pattern.

z p = zl + z w

(1)

The cover factor of the chain threads zl is assumed to be
constant for the whole stitch repeat. The pattern threads cover
factor zw is defined by the rectangle PRST, whose surface
area is determined by weft elements of types 2 and 3 arranged
between the wales of the chain stitch. The area of pattern thread
cover depends on the length and cross-section of the weft
threads between the wales of the chain stitch and on the angle
Z of inclination of these threads with respect to the horizontal
line. The formula for the fabric cover coefficient is:

Determining fabric cover on the basis of a
structural model of the knitted fabric
A Jacquard warp knitted fabric was introduced in the form of a
geometrical model of the knitted fabric for a 3-needle knitting
technique [2].
The structural model of the knitted fabric combines the
background, in the form of a chain stitch of opened loops, with
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where dl is the diameter of the chain thread, dw is the diameter
of the pattern thread, dw(max) is the diameter of the pattern thread
in free state dw(max) = k1• dw, k1 is the coefficient of thread
cross-section in free state (for textured polyester yarns,
k1=1,63), Z1 and Z2 are the angles of inclination of the pattern
threads from the horizontal, A is the wale width in millimetres,
B is the course height in millimetres, Rr is the number of
courses in a repeat; and Rk is the number of wales in a repeat.
For calculating the value of the zp coefficient of variants of
knitwear, the DZIAKOL computer program was used. This

Figure 1. Geometrical model of the Jjacquard warp knitted fabric.
http://www.autexrj.org/No2-2010/ 0339.pdf
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a)

b)

Figure 3. Measuring set-up of the digital image analysis: 1-digital camera,
2-sample of the knitted fabric, 3-lighting with fibre-optic cables, 4view of the knitted fabric on the TV screen, 5-photograph of the
knitted fabric, 6-binary image of the knitted fabric, 7-histogram.

c)

d)

The image of the knitted material is visible on the TV screen
(4). The approximation and image sharpness of the sample
are adjusted with the camera. The same image is also visible
on the computer monitor. Here, the levels of brightness and
contrast are adjusted for registration of the photograph (5).
The received image is real, but then is converted into a binary
image (6) with the help of the histogram (7) illustrating the
disintegration of the cardinality of pixels of individual classes
as a function of the greyness (brightness) of the pixel. In the
beginning, the binary image is completely white (level of fabric
cover 100%). With the help of the min option one can manually
add black pixels to imitate the real image (Figure 4a). In the
course of the measurement, the appearance of the knitted
a)

Figure 2 Way of Ddetermining the structural parameters of a
Jacquard warp knitted fabric

program is based on a determinate structural model of the
knitted fabric and performs its calculations on the basis of the
repeat.
The repeat of the pattern is introduced in the form of a tricoloured
grid, where every colour of the grid refers to a defined length
and position of the pattern thread in the structure of the knitted
fabric. Next, this repeat is transformed into a numerical matrix,
thatwhich explicitly describes the spatial distribution of the
structural elements of the pattern weft. The technological
parameters of the knitted material, types of threads, their linear
densities and their corresponding to them coefficients are
implemented inputted into the program.
The final results are received obtained in the form of a series
of parameters of the knitted fabric such as the fabric cover of
the knitted fabric, the fabric cover of the pattern, the percentage
participation of threads masses, warp, and pattern threads
consumption and productivity.

b)

Experimental determination of the cover factor
based on a digital image analysis
The opto-electronic method of measuring the cover factor
(Figure 3) is based on digital image analysis in a 2D system
with the computer program TEXTIL Studio [3].
In this method, with the help of a camera, proper illumination,
blow-up, contrast, and parameters of the canvassing of the
image, a photograph of the knitted fabric is registered.
After turning on the camera (1) the knitted fabric sample is
placed on the stand and lit with fibre-optic cables (3) to select
the appropriate illumination.

http://www.autexrj.org/No2-2010/0339.pdf

Figure 4. Way of assigning a cover factor to the knitted fabric:
a) a manual increase in min value,
b) reading the value of the coefficient zp.
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a) no 156B

b) no12

f) no103

g) no117

c) no161

d) no 111

e) no 134

h) no 135B

i) no 164A

j) no 135

Figure 5. Examples of several variants of the tested material.
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Instrumental method of
measuring
light
transmission
through
decorative knitted fabrics

30

The project of the measurement setup was related to real conditions of
observations of the barrier
properties of decorative products.
of the cover factor
Figure 8 shows the relation: window
- net curtain - observer.
The distance between the light source, i.e. the sunlight falling
through the window panel, and the net curtain is the average
distance between the window pane and the net curtain (L1).
The distance between the net curtain and the observer (L2) is
the distance from which the observer assesses the light
properties of the net curtain inside the room.

Cove r factor de fined according to image analysis m ethod zp e xperimental
Cove r factor de fined according to structural m odel of knitte d fabric, zp theore tical
Lin iow y (Cover fac tor d efined according to ima ge analysis m ethod zp e xperim ental)
Lin iow y (Cover fac tor d efined according to stru ctural m ode l of knitted fabric, zp the oretical)

Figure 6. Results of theoretical and experimental analyses
of Jacquard net curtains.

fabric on the computer monitor is compared to the real image
visible on the TV screen. After getting distinct outlines of yarn
and background of the binary image, the value of the cover
factor zp of the knitted material is read (Figure 4b).

Analysis of the value of the cover factor on the
basis of the measurement methods described
above

Values of the theoretical zp
coefficient are located within the
range of 37,, 8% up to 65,.2%;,
however the values of this coefficient
determined experimentally appears
within a the larger range from
37,.22% up to 79,.84%. Thise
difference in values of these
coefficients manifests itself
particularly for patterns with greater
z p values. However, the results
received by both methods take the
form of linear dependence with a
great degree of probability (Figure
6). The relation between these
coefficients
is
shaped
withposesses a large degree of
linear correlation.

Patte rn num be r of
knitte d fabric

The value of the cover factor zp was determined for 24 patterns
of Jacquard decorative knitted fabrics which constitute the
background in curtains (Figure 5).
Every variant has an ascribed number given by the Karl Mayer
Company for standardizing the identification of nets and
marquisettes all around the world. The 3-needles knitting
technique was used in the chosen patterns of knitted fabrics,
the linear density of the background thread was 76dtex and
the linear density of the pattern yarn was 330dtex KDK.
The following graph shows the measurement results obtained
by means of both the theoretical and experimental method:

Figure 8. Conditions of observation of barrier properties of a decorative
product in a living room, L1 is the - distance between the the window
pannel and the curtain:, L1 = 200 mm; L2 - is the distance between the
curtain and the observer:, L2 = 200 mm.

The structure of the measurement standset-up for measuring
light transmission through jacquardJacquard curtain fabrics
is related to the conditions of observation of decorative products
in living compartmentspaces, where the product is hangsed

Figure 7. Graph of the correlation between both kinds
of cover factors of the knitted fabric.
http://www.autexrj.org/No2-2010/ 0339.pdf
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traditionally in the window (Figure 9). The relation presented in
Figure 8 was adapted for to the following measuring conditions:
the window constitutes the light source, the net curtain is the a
sample, and the observer is a light transmission measuring
instrument.
The measurement standset-up constitutes a tunnel (1) of
black, matte walls, inside of which measuring elements are
placed: the source of the light (halogen lamp) (2), a frame for
placing the sample (3), and the a head of a digital light intensity
meter of light intensity (4). In order to adapt to the lighting
conditions of the room, the light intensity is changed with the
help of a controller (5).

Figure 10. Curves of light intensity distribution: 1- January, 2- January
including the pane absorption, 3 - average in the course of the year, 4
- average, allowing for pane absorption.

Figure 9. Measurement set-up for determining the light transmission
of curtains: 1 - tunnel, 2 - source of light, 3 - sample, 4 - regulator of the
light intensity, 5 - digital light intensity meter.

The selection of the light intensity was determined on the basis
of the light intensity distribution in central Poland (Figure 10).
In the literature, the light intensity distribution during the day is
presented in the form of curves. They are parallel to one another
and have a symmetrical arrangement.
The character of these curves depends on the season, month,
and average day length in the month. For the representationg
of the luminous conditions around us, the characteristic of
light intensity was determined for 25th-29th January 2010, on
the basis of measurements made with an illumination meter
(Figure 10).
The graph shows two levels: the - higher
one, representing the light intensity
falling on the pane (curve No. 1) and a
lower - the light intensity reduced by 20%
standing due tofor the pane (window)
absorptionbing capacity (curve No. 2).
From the point of view of measuring the
light barrier properties we are interested
in, the light intensity falling behind the
pane and it will be regarded as the light
intensity of the source. The
iIlluminationnce levels included in the
measurements were determined on the
basis of average light intensity
distribution in the course of the year
(graphs No. 3 and No. 4). The maximum
of graph No. 3 corresponds to an
intensity of 62.8 klux, which is the a
medium intensity of light in Poland at 12
o’clock. According to graph No. 4,
allowing for the light absorption of the
pane, the individual values of the intensity

http://www.autexrj.org/No2-2010/0339.pdf

Figure 11. Graph of changes of the transmitted light intensity in as
athe function of the light intensity of the source and the daytime of
day.

Figure 12. The graph of the relation between the light intensity as a function of fabric cover
for three levels of light source intensity.
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for the light source, correspond to individual values of intensity
from 7 to till 12 c’clock, that is appropriately: 21.2 klux; 36.9
klux; 44.2 klux, 47.4 klux; 49.4 klux, and 50.3 klux.

3.

Mikolajczyk, Z., Analysis of warp knitted fabrics’ relative
cover with the use of computer technique of image
processing. Fibers & Textiles in Eastern Europe, 2001, No.
7-9, pp. 26-29.

Measurement results
∇∆
Analysis of the changes of light intensity transmitted through
knitted curtains as a function of the light intensity of the source
and time of day is presented in Figure 11.
Analysis of the changes of light intensity transmitted through
knitted curtains asin athe function of light intensity of the source
and daytime of day is presented in Figure 11. Higher levels of
incident light intensity generate larger amounts of the
transmitted light. Smaller values of pattern fabric cover (sample
No. 107 and No. 137) cause larger differences between in
light intensity for the subsequent hours. The curves of the
relations of light transmission as a in the function of the hour
have the character of a third degree polynomial.
Analysis of the changes of transmitted light intensity in
correlation with the cover factor z shows a substantial
interdependence between these parameters (Figure 12). With
an increase of the fabric cover of the knitted fabric, the quantity
of transmitted light decreases and light absorption is greater.
The curves of dependence of light intensity on the parameter
of fabric cover have a linear character. Between these quantities
a high degree of correlation can be observed (R2 = 0,95). It is
compatible for both variants of the zp factor-theoretical and
experimental.
Analysis of the light barrier properties of decorative knitted
fabrics is useful at the stage of designing net curtains. Having
given interdependences between the transmitted light intensity
and the zp factor for any pattern of the net curtain, a given
knitting technique, and type of the pattern thread, it is possible
to determine the barrier properties of the given pattern. Further
research on light barrier properties of Jacquard knitted fabrics
will concern the analysis of the influence of the yarn kind, its
linear mass, and surface and structure modifications on the
light transmission.

Conclusion
1.

Jacquard decorative knitted fabrics are characterized by a
great variety of patterns and the capacity of shaping
structural parameters-such as fabric cover and functional
parameters-for suppressing sunlight.

2.

Analysis of the relation between the structural parameters
and light transmission was carried out for many variants
of nets of knitted curtains and has proven an unequivocal
correlation between the transmitted light intensity and the
cover factor.

3.

The above investigations can help designers of Jacquard
decorative knitted fabrics in determining the degree of light
barrier properties even during the preliminary stage of
drafting the pattern of the knitted material.
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