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¥ Introduction

A characteristic feature of anisostructural
knitted fabrics is the variation in the com-
ponent stitches surface structure. The stit-
ches form a given combination of threads
of structural elements, of different spatial
configurations and different lengths. In the
process of manufacturing warp anisomor-
phic knitted fabrics, selecting the optimum
parameters for feeding the knitting zone
of warp knitting machines with threads is
a key factor in programming the techno-
logical process [1]. The model of feeding
assumes a system of active warp unwin-
ding from warp beams with a constant or
variable programmed rotational speed of
the beams.

The model of feeding the manufactured

anisotropic warp knitted fabric with warp

threads is presented in the form of an al-
gorithm with defined successive steps of

the model partial solutions (Table 1).

m Step 1 - a mathematical model of an
anisotropic warp knitted fabric descri-
bed in the form of numerical matrixes
of 4; component stitches [2].

m Step 2 - a geometrical-empirical model
of the structural elements of the fabric.

m Step 3 - a definition of numerical ma-
trixes L,(V;) of surface distribution of
the thread length in stitch repeat.

m Step 4 - determining the thread gradient
Al according to one of four possible
methods of constant-length thread fe-
eding.

m Step 5 - a condition of selecting the fe-
eding method according to criteria de-
termining that the thread gradient in the
last formed course is close to zero, and
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that the overfeeds and deficiencies of
threads between the lengths of fed
warps and thread requirements in struc-
tural elements of the knitted fabric have
minimum values.

m Step 6 - defining the forcing of the fe-
eding system S(z), which is the sum of:
S'(t) - forcing conditioned by displace-
ment of knitting elements of the warp-
knitting machines, back displacement
of threads in the knitting zone, type of
stitch, conditions of fabric take-up. The
forcing was determined empirically by
digital analysis of pictures of the thre-

ad moving between the back rest roller
and the needles.

AS(1) - the forcing defined by variation
of the thread run-in gradient for the se-
lected feeding method.

Steps 7 and 8 - a mathematical model
of the feeding process describing the
time courses of the back rest roller de-
flections y(t) and the variability of the
dynamic forces in threads forming a
stitch repeat. The mathematical model
was formulated on the basis of the phy-
sical model of the feeding process pre-
sented in the following chapter.

3y 5,

g Knitting zone

Total kinematic forcing:
S =(8'W+AS+ S PN

Figure 1. A physical model of a constant-length feeding system.
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Table 1. Algorithm of the feeding model.

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Step 8

Defining numerical matrixes of i-th component stitches.
Numerical matrix of the i-th component stitch
A={a,orA={B}forr=1toR k=1t R

where Rr, Rk - height and width of a stitch repeat.

Assigning an element of matrix A, to the value of thread length |,
a, =, where:| =f(A,B,dk, ), AB,d - dimension parameters of the fabric,
k, - empirical coefficient of the open model

Describing numerical matrixes of thread lengths L, of the i-th component stitch
L={,
Transformation of matrix L, into symmetrical matrix L',

Determining gradients of thread run-in's A |, for element a
Al = (Ink)p - (l,), - where: (Ink)p - length of the fed thread,
(I.), - length of the required thread,

abcording to a given method of thread feeding:

R R
‘At (Al), -feeding 1 =1, =), =const

r=1 k=1
(average requirement |, within the limits of a stitch repeat)

R
zlr,k
| =

‘B (Al) - feeding | = )= R

r

(of a variable thread length of E in a group of threads at the height of the stitch
repeat)

'C(Al), - feeding |, = (E)r _|i=a

T
(of a variable thread length of [, in the fabric course)

"D (Al )g.c - feeding a variable thread length in a group of threads of Ip, equal
to the average requirement | in courses of a separated group of threads.

Selecting a feeding method 'A’, 'B', 'C', 'D' according to the criteria meeting the
following conditions:

Al,=0forr=R (for the last course of the stitch repeat),

+Al,

- thread overfeed in element a.

min

— Al
‘ " Klmin

- thread deficiency in element a

Defining the function of thread forcing S(t) in the feeding process

S(t)=(S'(t)+ A S), forthreads k =1 to R,

S'(t) -forcing conditioned by the displacement of knitting elements in the warp-
knitting machine,

A'S, =-Al, acomponent variable of forcing defined by the gradient of thread
run-in's

Determining dislocations of the back rest roller y(t) on the basis of identification
of the feeding system dynamics
d’y dy

N, Nld%
m2Y .y Yok voalk- b -5 2
kadt2+”dt+”y al[pkzlsl()+pkzldt]+

N, N, dSz N3 Ny dSs
+a, kpZSZ(t)+bp2E +a, k.Y %(t)ersz
k=1 k=1 k=1 k=1
where:
a, a, a,- coefficients describing the construction of the feeding system,

b, - coefficient of the system attenuation
k., - coefficient of the system elasticity

Determining the dynamic loads in threads P, (t):

1

Py () = o7 1 [kpSk(t)+bp%— k,(cosfB -sina)y—b,(cosp —sina)%]

1y
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Identification of the Feeding
System Dynamics at
Constant-length Thread
Feeding

A physical model of the feeding system
in a warp-knitting machine at constant-
length thread feeding in the process of
manufacturing anisotropic structures (Fi-
gure 1) was defined for the following as-
sumptions:

® a quasi-flat system referred to k& warp
threads in the width of the stitch repeat
R,

m parameters of the system described by
stiffness, the reduced mass of the back
rest roller, elasticity and attenuation of
threads. Threads are treated as weigh-
tless viscoelastic bodies,

m the assumed physical model reflects the
geometry of the warp thread feeding
zone,

® ata given direction of thread movement
on the back rest roller, the physical
model is a system subject to variable
kinematic forcing Sy(2),

u the physical model allows for the hy-
steresis of thread loads caused by their
friction against the back rest roller,

u the back rest roller is treated as an in-
flexible element, elastically supported
in such a way that it has one degree of
freedom of movement.

Symbols used in Figure 1:

P,  -tensionink-th thread between the
back rest roller and the knitting
zone,

P,.  -tensionink-th thread between the
warp beam and the back rest rol-
ler,

m - point, reduced to one thread,
mass of the back rest roller,

k - coefficient of the back rest roller
stiffness reduced to one thread,

k, - coefficient of thread elasticity,

bp - coefficient of thread attenuation,

l;,1, - geometrical parameters of the
system,

o, B - geometrical parameters of the
system,

NV, - rotational and linear speed of
thread feeding (n,=const. and
v,=const. for constant-length
warp unwinding),

R, - wale repeat of the stitch descri-

bing the number of threads affec-

ting the back rest roller,

A - total kinematic forcing of the fe-
eding system,

S'(t) - cyclic forcing during formation
of one course of fabric,

AS; - growth of forcing equal to the

gradient of thread run-ins.
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Mathematical Model
of the Feeding System

The physical model of the feeding system

dynamics (Figure 1) can be described by

the equation of motion (1) where:

e*HP - the quantity describing the interre-
lation between forces P, and P,;

Pop= Py et? @)

U - the coefficient of friction between the
back rest roller and the thread moving
on the back rest roller,

p - the angle of encirclement of the back
rest roller with thread.

Taking into account the properties of warp
threads in the physical model, as descri-
bed by the Kelvin-Voigt model, forces P,
and P, can be presented by equation (3)
and (4), where 4, A, - the thread elon-
gation after and before the back rest rol-
ler. Substituting relations (3) and (4) to
equation (2), we obtain equation (5).

From the condition of warp thread conti-
nuity

St). =(St)+as), = (6)
=M, + A, +y(cos B —sina)

we can determine the quantity:

Ay = S(th =y~ y(cos p—sinax) - (7)

Placing relation (7) in equation (5), we
obtain equation (8). After transformations
and grouping of terms, relation (8) can be
written as equation (9).

The left side of relation (9) is the value of
force P, (equation (1)), hence by placing
the above relation in the equation of mo-
tion (1) and rearranging it we obtain equ-
ation (10), where:

b, - the coefficient of the system
attenuation

ke, - the coefficient of the system
elasticity,

a,, a,, a; - coefficients describing the
geometry of the feeding sys-
tem,

N, - the number of threads moving
on the back rest roller in the
direction of the warp beam,
when condition 1 is fulfilled:

AS-V- At-A); - Ady<0 (11)

for:

AS - the growth of the kinematic for-
cing of the system,

AA;, AL, - growth of thread elongation in
the arms of thread /, and /,,,

Vv - the speed of thread delivery,

At - the step for discrete calcula-
tions after time.

N, - the number of threads moving

on the back rest roller in the
direction of needles, when con-
dition 2 is fulfilled:

R.-m- Olt2+Rk K- y= Z(cosﬁ—e*“”‘sina)ﬂk )
p A4,
P =k, i K
R w2 |1 ot 3
da
=k, - A’lk G 4
Fax |2 dt @
k b, €™ da, b, dA
_P. et Kk :J A p Mok
, e Lod 1, L a ®)
k b 1P K,
A € e 0 “P[S(t), — Ay — Y(cos B —sin o))+
I, T, d ©
by [dS(t), _dA, _dy - ]
D e _ Oy _ QY _
+ ) [ o ot (cosB-sina)
b, Ay k ds(t)
p =P o) +—P Kk
Auct g = e SO
kp (cosﬁ sina)  b,-(cosf-sina) dy ©
[, €%+, [, €% +1,
& dS(t),
R-m Y on, Yok, y- ai[k S(th +b 1’]+
olt2 dt Z K kz (10)

+az-[kp‘kz:15(t)k(2)+bp des(t)k ] as-[kp-kZ:{S(t)k(B +b, - deSt)k@}

k=1
Equations 1, 3, 4,5, 8,9, and 10.
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3
k=1

AS-V . At- Adi - AA2>0 (12)

Nj - the number of threads not moving on
the back rest roller, when condition 3
is fulfilled:

AS-V. At- Adi - AA2=0
N, +N,+N;=R,

(13)

Depending on one of the three defined
conditions of thread movement on the
back rest roller, coefficients a;, a, and a;
have the values:

m for the group of threads N, (condition 1)
cosfB-¢€e*-sna

AT e,

(14)

m for the group of threads N, (condition 2)
cosf—e* .sino

&= I, - e +1; (15)

u for the group of threads N; (condition 3)
_cosf-sina

&=, (6)

Coefficients b and k_ are determined from
relations (17) and (18).
Since:
h - the relative coefficient of system atte-
nuation,
— bZT
T 2mR,

and o, - the frequency of free vibration of
the non-attenuated system,
k

@, = R
equation (10) has the form presented in (21).

(19)

(20)

According to conditions (11), (12) and
(13), the forces in threads P (1) for the
successive steps of calculations are deter-
mined from the following relations:
m for condition 1 - the relation (22),
= for condition 2 - the relation (23), and
m for condition 3 - the relation (24).

Realisation of the Feeding
Model Algorithm for the
Structure of a Jacquard Warp
Knitted Fabric

The subject of analysis is the structure of
a jacquard warp knitted fabric construc-
ted from two component stitches. The first
component stitch forms a repeatable set
of open chain loops; the other is the weft
stitch of varied configuration and length
ofthreads in successively formed courses.
Due to the repeatability of elements wi-
thin its stitch repeat, the chain stitch is an
isomorphous loop structure. The weft
stitch consists of three repeatable elements
a,, - type '1', 2" and '3' arranged in the
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repeat surface according to the plastic de-
sign of the fabric pattern (Figure 2a).

The pattern recorded in the form of colo-
ured squares (c - red, z - green, b - white)
contains information on the surface distri-
bution of weft threads in one wale (ele-
ment 'l") or joining two (element '2') or
three wales (element '3") of the first com-
ponent stitch. An anisostructural system
of single elements of the weft stitch struc-
ture was recorded in the form of a nume-
rical matrix A, (Figure 2b), on the basis
of the defined principles of stitch coding.
The numerical matrix A, clearly defines
the anisotropic character of the fabric
structure, and is the key parameter in iden-
tifying the variability of the fabric featu-
res as well as the technology of its pro-
duction. The algorithm (Table 1) parame-
ters of the fabric structure were defined
according to step 2: course height B=0.95
mm, wale width A=2.80 mm, chain stitch
thread diameter d;=0.14 mm (polyester
yarn of linear density 13.3 tex), weft thre-
ad diameter d,=0.2 mm (polyester yarn
of linear density 29.4 tex). The thread leng-
ths in chain loops and in wefts, calculated
according to an open geometrical model,
are: [=3.4mm, /=12 mm,/ ,=3.9 mm,
[,,;=7 mm (relative error £/=1.9%). By as-
signing the values of thread lengths in ele-
ments (a,,=/,,) to the elements a,, of
matrix A,, we obtain matrix L,.

For method 'A', that is feeding a constant
thread length equal to the average requ-
irement /_ in the stitch repeat, the gradients
of the thread run-ins A/, were determi-
ned. The quantities

Ar,
Aw, = E:'k

were shown in the lined fields of the thre-
ad run-in matrix V'2 (Figure 2c¢). For step
6, the algorithm Table 1 components of
kinematic forcing A= .k Were determined,
where:

AS, =-AlL

Thus, for the successive four weft threads

AS,., expressed in mm:

m for k;: AS; =-2.3, A8, =-2.2,
AS; =-2.1, A8, =-2.0, AS; = 1.0,
AS, = 1.1

m for ky: AS) ;= 0.1, AS, ,=0.2,
AS; =32, AS, ;= 3.3, AS; )= 1.0,
AS; = 1.1

m for k;: AS; 573.0, A5, =31,
AS;5=0.8, AS,5=0.9, AS; = 1.0,
ASg = 1.1

b, =b,(cos B —sina)-(a,-N,+a,-N,+a,-N,)
k, =N,k +a-(cos B -sina)-k, |+ N, -k, +a,(cos B —sinax) -k, |+
+N3~[k5+a3‘(cos/3—sinoz)-kp]

N N dS(t)
al[kp 3 Slt)y +b, 3. dtk<1>]+
k=1 k=1
d?y dy 1 & & dS(t)yr)
—+2h-—+w -y= +a,-|k S(t )y +b +
d'[z dt (1)0 y Rk'm az p kzd ()k(z) p = dt
Ny N dS(t)
+a3-[kp > S(t)e +by- Y, dtk(a)]
k=1 k=1
das(t), .
" 1 kp-S(t)k(1)+bp-Tk(1)—kp-(cos,B—sma)-y—
)=
lo-e” +1, —bp-(cosﬂ—sina)-ﬂ
dt
ds(t .
" 1 Ko Slthz) +by - ()k(z)—kp-(cosﬁ—sna)-y—
o) =
e+l —bp-(cosﬁ—sina)‘%
ds(t .
" 1 kp~S(t)k(3)+bp-%—kp‘(cosﬁ—smoc)-y—
1\ ) = :
2+, —bp-(cos/}—sina)-%

Equations 17, 18, 21, 22, 23, and 24.

Pattern .
a) drawing 2nd component stitch
matrix B (.
6 /
o
I \
.
54
I, i
541
2
o kI Sk2 \k3 o Nkd4
Ro.=R=4
b) c)
AZ ‘ 3,6/0,0 ‘ 3,6/0,0 ‘ 3,6/0,0 ‘ 3,6/0,0 ‘
1
2 2 2 2 3,6/2,4|3,6/-0,2|3,6/-3,1|3,6/-0,2
2
3 I 2 ] 3,6/2,33,6/-0,4|3,6/-3,3|3,6/-0.4
21221 3
3,6/2,1 |3,6/-3,5|3,6/-0,93,6/-0,5
213112 7
3,6/1,9 13,6/-3,6|3,6/-1,0| 3,6/1,9
2121122 3
3,6/-1,2|3,6/-1,2|3,6/-1,2] 3,6/4,3
3,7 3,7 3,7 3,7
112]3)2 Uik T T

Numerical matrix
of the second
component stitch
(master weft)

Figure 2. A mathematical model of fabric structure.
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MATRIX V' = { %}

according to method ,, A"

17

(18)

(21)

(22)

(23)

(24)
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Figure 3. a) Forcing St) for the weft thread k,; b) A time course of dynamic forcesin thread k.

for k. AS; ~0.1, ASM: 0.2,
AS; =03, A8, =-2.0, AS; ~=-4.3,
AS, ~4.2.

For calculations of the back rest roller di-
splacements y(z) and dynamic loads of
threads P, (), the following input data was
taken (symbols as in Figure 1): m=3.7 g;
k=0.51 cN/mm; kp:4680 cN; bp:2100
cNms; p=0.2; /,=723 mm; /,=1344 mm;
0=46°; [f=34°; knitting speed n=400 co-
urses/min; Nu=18/2"E. The final result, in
the form of an example time course of for-
ces in the thread &, for forcing S(2), is pre-
sented in Figures 3a and 3b.

Conclusions

The mathematical model of the feeding
process for anisostructural warp knitted fa-
brics, with defined assumptions of the dy-
namic system of constant-length thread
feeding for the forcing reflecting variable
parameters of the fabric structure and fe-
atures of the knitting process on warp-knit-
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ting machines, should be helpful in selec-
ting optimum conditions for the knitting
process. This optimisation is defined by
the limiting values of forces in threads
P, ..and P .. Beyond these values, espe-
cially for P,, >P>P, ., disturbances of
the knitting process occur, which further
leads to unfavourable changes in the fa-
bric structure.
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