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Abstract— This paper presents a novel mathematical model of
float stitches in single Jersey knitted fabrics. The mathematical
model has been used to deduce the fabric geometrical relationships
that can be useful for predicting the properties of the fabric. Using
AutoLISP and AutoCAD software, a program has been designed
to simulate the surface appearance of knitted fabrics. The
program inputs and outputs are also displayed with each type of
float stitches. The proposed program and mathematical model
demonstrated their effectiveness in using a wide range of yarn
count, number of wales and courses, and predicting the different
geometrical properties.

I. INTRODUCTION

t is known that knitted fabrics are comfortable and
highly productive, compared to woven fabrics.
However, their dimensional stability and lack of
diversity in fabric appearance are their main problems.
Nevertheless, various stitches, whether float or tuck stitches,
were developed to improve the appearance of knitted fabrics.
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Generally, research studies depend on mathematical models to
predict the fabric properties that contribute to saving the
required production time and efforts exerted while testing the
fabric samples.

One of the studies predicted the knitted fabric weight per unit
area using prokKNIT software [, Nevertheless, the prediction of
the fabric weight was dependent on calculated non-dimensional
parameters. However, these parameters are limited to be used
for wool knitted fabrics only. Another study @ proposed a
method that calculates a new evenness of mass index and
denominated deviation rate and use it to classify of the knitted
fabric quality. However, the study did not verify the results
practically.

As far as the elastic properties of plain weft-knitted fabric
composite are concerned, analytical and experimental
procedures for estimating these properties were presented [,
the elastic moduli of the cotton yarn and knitted fabrics, having
a different load span and knitting directions, based on the Leaf
and Glaskin model were obtained. Furthermore, a numerical
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(Finite Element Method) elastic properties averaging model
was elaborated.

Similarly, the feasibility of assessing yarns with the Wool
Comfort Meter (WCM) to predict the comfort properties of the
corresponding single Jersey-knitted fabrics was examined I,
The inclusion of knitting gauge and cover factor slightly
improved predictions. This indicates that evaluation at the yarn
stage would be a reliable predictor of knitted fabric comfort,
and thus yarn testing would avoid the time and expense of fabric
construction.

Another study demonstrated the applicability of the finite
element method to analyze the bagging behavior of plain single
Jersey weft knitted fabrics in terms of bagging resistance Bl.
The study used solid elements and yarn transverse Isotropic
properties and found a good agreement with experimental
values. Nevertheless, that study is rarely used in the field of
knitted fabrics.

Another study [ created a three-dimensional plain of a warp
pile woven fabrics structure fabric geometrical model. The
model was based on the geometry of the unit cell of a single
loop and was evaluated by using geometrical and mechanical
porosity and measuring the air permeability value.

Furthermore, a novel mathematical model to predict the
geometrical properties of bleached cotton plain single Jersey
knitted fabrics was presented [l and practical verification was
carried out at different cotton yarn counts, twist factors, and
loop lengths. The results showed a good agreement between the
proposed mathematical and practical model. However, this
model considered the geometry of the knitting loop as a semi-
circle and straight lines, rather than circles and tangential lines.

Obviously, much of the researches based on mathematical
models are concerned only with basic structures and traditional
stitches (knit stitch). Therefore, this paper is mainly focused on
one of the special knit stitches namely float stitch. Meanwhile
focusing on developing a theoretical model based on different
geometry of the knitting loop seeking more accuracy.
Moreover, creating a simple and reliable program that simulates
the appearance of knitted fabrics produced from float stitch
regardless of the raw material.

Il. MATHEMATICAL MODELS FOR KNIT AND FLOAT
STITCHES

In this section, the mathematical model of the plain single
Jersey knitted fabric and float stitches are deduced. The model
of float stitches is presented through two stages namely float on
a one-course model and float on a two-course model. In this
model, the general assumptions are:

1- Yarns have a circular cross-section and can come into

contact but it cannot be compressed.

2- Loops are formed from straight lines, which are

tangents to circles.

3- The wales space at the maximum set is equal to four

times the yarn diameter.

According to these assumptions, the knitted fabric
appearance has been depicted as shown in Figure (1).
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A. Mathematical model of single Jersey knitted fabrics

To find out the mathematical equations that represent the
plain single Jersey knitted fabric, full repeat has been taken into
consideration and its boundaries are UXYZ as shown in Figure
(1). The dimensions of the half repeat for the studied loop are
illustrated in Figure (2).

U

Fig. 1: The simulated appearance of single Jersey knitted fabric

As shown in Figure (2), the loop head and the stem can be
drawn graphically by assuming an appropriate value for their
radius of curvature (R). To avoid jamming, the radius of
curvature should satisfy the following condition:

w d
R<(7-3)

Where; w is the wales space (mm) and d is the yarn
diameter(mm). According to the assumptions, the circles can
be graphically drawn, by the radius R and yarn diameter. The
stems can be drawn by a tangent to these circles. According to
Figure (2), the following relationships can be deduced; the
value of R as a function of the wale space and yarn diameter
can be determined as follows:

Y _R+d=R
. _
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w/2-R

Fig. 2: Graphical representation of plain single Jersey general model
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Hence, R = %+
Since,
d= 25.4 @
28 x /N,
Where, N, is the English yarn count. The wale space w and
course space ¢ (imm), can be calculated according to equations
(3) and (4) respectively.

da
2

M

- wi2 -
| ! i
\ 1
c/2 Q !
5 L3
L
2 e
' —
VTN
il [}
\ '
|
\

Fig. 3: Graphical representation of loop length for plain single Jersey model.

W=7 3)
_1o .
c== C))

Where W and C are the wales and courses per cm
respectively. The studied loop length in mm has been illustrated
in Figure (3) and derived as follows,

w
2 —
c*+ (2)

2
L =

L2=_

cos®, = R/L,
Ly = L,.sin@®,
Consequently,
Loop length (L,) = 2nR + 4L, (5)

From Figure 1, fabric cover factor C. F and fabric porosity
can be estimated according to equations (6) and (7)
respectively.

d X Loop length — 4d?
x 100  (6)
cXw

Porosity =100 — C.F @)

The fabric thickness is calculated by equation (8), which
was estimated earlier as three times yarn diameter (61,
Fabric thickness (mm) = 3d (8)

Evidently, the weight of the thread used to make one loop
(W/loop) in (gm) and the weight of fabric square meter
(F.W) in g/m? can be deduced according to equation (9) and

C.F=
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(10) respectively.

Loop length

(W/loop) = Moy, X1000 ©)]
= (W /loop) x 10° (10)
c Xw

B. Mathematical model of Float stitches on one course:

According to Figure (4), the average loop lengths for float
stitches on one course and different knit wales can be deduced
and have been demonstrated in equations (11), (12) and (13).
The geometrical parameters of float stitch are described as float
X:y: z, where x is no. of wales with the knit stitch, y is no. of
wales with the float stitch, and z is no. of courses with the float
stitch.

Fig. 4: Graphical representation of float stitch on one course

From Figure (4),

2
o2 + (%)
Ls = B E—
cos@, = R/Ls
Le = Lg.sin@,
Thus,
Float loop length (L;) = 2nR + 4L,
Hence, for float 1:1:2 structure,
6XL)+L,+w

7

average loop length(Lg) = (11)

For float 1:2:2 structure,
BXLy)+(2XL)+(@2xw)
10

average loop length(Lg) = (12)

For float 2:2:2 structure,

average loop length(Lg)
(12X L)+ @2xL)+ 2%Xw)
B 14

C. Mathematical model of Float stitches on two courses

According to Figure (5), the average loop lengths for float
stitches on two courses and different knit wales can be deduced
and have been demonstrated in equations (14), (15), (16), (17)
and (18).

(13)
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2
302 +(3)
Ly = S E—
cos@s = R/Lg
Lig = Lg sin Q¢
Thus,
Float loop length (L11) = 2nR + 4L,
Therefore,
For float 1:1:3 structure,

average loop length(Lq;)
_ (5XL4)+L11+ (ZXW)

. (14)
For float 1:2:3 structure,
average loop length(Lq;)

_ (6xLy)+ (2 x8L11) + (4 xw) (15)

For float 2:2:3 structure,

average loop length(L,,)

2 (16)
For float 2:3:3 structure,
average loop length(Lq,)
(11X Ly) + (B XLy + (6xXW)
- 14 an
For float 3:3:3 structure,
average loop length(Lq,)
_ (A5X L)+ (B xLyy)+ (6xw) (18)

18

- wlz fe

Fig. 5: Graphical representation of float stitch on two courses

I1l. METHODOLOGY

To verify the above-mentioned mathematical model, which
assumes that the knitting loop consists of circles and tangents,
plain single Jersey knitted fabric was produced using ALBI
circular single Jersey knitting machine, Gauge 28, Diameter 17

FOUDA AND M. ELDEEB

inch and Number of feeders 34, with yarn count 32 Ne and loop
length 2.8 mm. The loop length of the fabric sample was
measured. 40*40 cm fabric samples were weighed five times
using a digital balance of two decimal digits accuracy and the
average weight was recorded. The fabric thickness was
measured according to ASTM D1777 — 96 (2019). By using
AutoLISP programming language along with AutoCAD
software, a program was created to draw plain and float knitting
stitches in their various forms and to calculate loop length and
fabric weight, cover factor, porosity, and thickness. The
program code inputs are the number of wales per cm, number
of courses per c¢cm, yarn count and the corresponding
mathematical equations for each type of stitches. Moreover,
Table 1 shows part of the program code that was created.

TABLE (1)
PART OF AUTOLISP PROGRAM CODE

(cond ((> x 0)

(command "ucsicon" "off")

(setq 11 (sqrt (+(* b b) (*(/ 2 2) (/2 2)))))

(setq p1 (list 65 150))

(setq p2 (list (car p1) (+(cadr p1) r1)))
(command “circle” p10 p12)

(command "regen™)

(command "line” "tan" p11 "tan" p23 ")
(command "copy" "last" " "m" p10 p1 p25 ")
(command "erase” p11 p12 ")

(command "line" p2 p3 ")

(command "trim" p1 p29 " p30 p31 ")
(command "text" "j" "bI" w38 3 0 "Magnefied - 4x")
(command "zoom™ "e")

(command "layer" "off" 0 ")

(princ)

IV. RESULTS AND DISCUSSIONS

By running the program that was created, the geometrical
properties of single Jersey knitted fabrics were predicted as
shown in Figure 6. The values of practical and predicted
geometrical properties for single Jersey knitted fabrics are
shown in Table 2. It is clear that there is a strong agreement
between practical values of single Jersey knitted fabric
geometrical properties and the results of the proposed
theoretical model where the prediction error ranges from
0.3125% to -4.7%.

TABLE (2)
THE VALUES OF PRACTICAL AND PREDICTED GEOMETRICAL PROPERTIES
Properties Practical Predicted Z:ﬁg;c(t(% ?
Loop length (mm) 2.8 2.668 -4.7
Fabric weight (g/m?) 112 110.994 -0.9
Fabric Thickness (mm) 05 0.4815 -3.7

Consequently, the engineering properties of knitted fabrics
with floating stitches can be predicted, as well as observing the
appearance of these fabrics and identifying their shape before
the production process. The following Figures (7 to 14) show
the program outputs for each type of floating stitches, and the
Figures demonstrated the program flexibility to use a variety of
courses and wales as well as a variable range of yarn counts.



MANSOURA ENGINEERING JOURNAL, (MEJ), VOL. 45, ISSUE 2, JUNE 2020

INPUT DATA ,
INPUT DATA
No. of walles per (cm): 15
No. of courses per (cm): 15
Yarn count (Ne): 32
. - L) 9 i 9 9 0
B e i
- L it
'n','o‘.'.*.‘;",'o' l.l,..l'l.',
Simulated Appearance f.','.i‘f’f’f’b
Magncﬁcd- ax ,:9 p'g
Loop length (mm): 2.668 h' "l'

e o . tyrgrgtyryryt "
chghl/unit arca (_g/m"Z): 110.994 Simulated A ppeenc i
Cover factor (%): 73.114 Av.loop length (mm): 6.529
Prosity (%): 26.886 Weight/unit area (g/m*2): 139.069
Fabric thickness (mm): 0.4815 Cover factor (%): 70.723

Prosity (%): 29277
Geometrical Properties Fabric thickness (mm): 0.703
Fig. 6: Theoretical properties of single Jersey knitted fabrics (Program Geometrical Propertics
output)

Fig. 8: Theoretical properties of float stitch 1:2:2

INPUT DATA

INPUT DATA

.muwm
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000 0 ‘q‘
L ‘ xl‘ ‘l. *li 'l!l 2 :hi

Simulated Appesrance Mg fiod - 45

Geometrical Properties

Greometrical Propertics

Fig. 7: Theoretical properties of float stitch 1:1:2
Fig. 9: Theoretical properties of float stitch 2:2:2
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INPUT DATA

No. of courses per (cm): 10
Yamn count (Ne): 20

e B O

Simulated Appearances s W U T Wt un

Magnified - 4x
Av.loop length (mm): 4977
Weight/unit area (g/m”2): 147245
Cover factor (%): 84.495
Prosity (%): 15.505
Fabric thickness (mm): 0.609
Geometrical Properties

Fig. 10: Theoretical properties of float stitch 1:1:3

INPUT DATA
No. of wales per (cm): 9
No. of courses per (cm): 7
Yam count (Ne): 14

Simulated Appearance 1 '?g‘n‘n 1od - 9%
Av.loop length (mm): 7.149
Weight/unit arca (2'm”2): 190.363
Cover factor (%): 94384
Prosity (%): s5.6l16
Fabric thickness (mm): 0.727

Geometrical Propertics

Fig. 11: Theoretical properties of float stitch 1:2:3

INPUT DATA |
No. of wales cm);
No. of comsega pe(t (ct);l): 6
Yarn count (Ne): 12

2 "l
Magnified - 4x
Av.loop length (mm): 7.428
Weight/unit area {(g/m”*2): 175.822 |
Cover factor (%): 80.208
Prosity (%): 19.792
Fabric thickness (mm): 0.786

Fig. 12: Theoretical properties of float stitch 2:2:3

INPUT DATA

No. of wales per (cm): 10
No. of courses per (cm): 8

Yarn count (Ne): 24

LATATATATATATE
Speats QTR
e {INISISISISISINL

Magnified - 4x

Av_loop length (mm): 5.997

Weight/unit area (g/m”2): 118.28
Cover factor (%): 77.862
Prosity (%): 22.138

Fabric thickness (mm): 0.556

Fig. 13: Theoretical properties of float stitch 2:3:3



MANSOURA ENGINEERING JOURNAL, (MEJ), VOL. 45, ISSUE 2, JUNE 2020 T: 7

No. of wales per (cm): 7

No. of courses per (cm):. >

Yam count (Nej: 10
Av.loop length (mm): 8.729
Weight/unit area (g/m”"2): 180.783
Cover factor (%): 76.123
Prosity (%): 23.877
Fabric thickness (mm): 0.861

Fig. 14: Theoretical properties of float stitch 3:3:3

V. CONCLUSION

In this paper, a mathematical model for plain single Jersey
knitted fabric (knit and float stitches) were presented. In
addition, a program was created by the AutoLISP programming
language and the AutoCAD software, which simulates the
appearance of knitted fabrics. The results showed the ability of
the proposed theoretical model and the software along with the
programming to predict the geometrical properties of different
float stitches. Consequently, the effort, material, and testing of
fabric can be reduced while studying the geometrical properties
of knitted fabrics.
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