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I Introduction

In the machine sewing processes, the
destruction of the sewing thread in the
stitch formation zone is one of the main
technological disadvantages [2 - 6]. This
problem has particular significance when
the needle thread forms the lockstitch,
because its destruction level resulting
from the machine tool action is so high
that it may lead to a reduction in both the
sewing process efficiency (technological
thread breakage [7]), and the utility &
durability of the clothing article (seam
strength).

It has been stated that the number of the
thread loading cycles, as expressed by
the dynamic loading quotient [4, 8] and
the dynamic force magnitude generated
in the thread within the single machine
working cycle, determines the thread
destruction level in the stitch formation
zone. Both the above-mentioned factors
are closely connected with the interlace-
ment location in the lockstitch link, as
shaped by the ratio of the static forces
put against the threads forming the stitch.
The interlacement located inside the
needle channel, at the specific level of
the stitch link height, is carried out dur-
ing the last stage of the machine working
cycle, known as the stitch tightening.
That process seems to be crucial for the
analysis of the thread working condi-
tions in the sewing machine, because it
first determines the stitch structures, and
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secondly the dynamic force generated in
the thread by the sewing process reaches
the maximum value at that cycle stage, in
most of the cases analysed.

According to research concerned with
the thread working conditions in the
sewing machine (including [5, 9 - 11]),
factors may be specified which shape
the stitch-tightening process as well as
the qualitative relationships between
them. In this paper, we present a model
of the stitch tightening process, which
expresses in a quantitative way the re-
lationships between the sewing process’
technological parameters and the stitch
tightening dynamic force. It also allows
us to predict the interlacement location in
the stitch link under given technological
conditions.

While creating the model of the stitch

tightening process in dynamic condi-

tions, the following assumptions have
been made:

1) The course of both the needle and the
bobbin hook threads along the stitch
formation zone is simplified while
passing over some barriers, and con-
sequently, a three-dimensional system
is reduced to a two-dimensional one.

2) The system analysed is built of two
threads: the first one (needle thread)
inserts the second (bobbin hook
thread) into the needle channel made
in the fabric. The needle thread and
the bobbin hook thread are of the
same characteristics.

3) The stitch tightening process is con-
sidered with reference to the currently
formed stitch link only. It is assumed

that the interlacements created in the
previous machine working cycles oc-
cupy their final location in the seam.

4) The main sources of resistance while
inserting the lockstitch interlacement
into the needle channel are the friction
of threads in the interlacement and the
friction of the interlacement inside the
needle channel. The mutual friction of
both threads in the interlacement is
described by Euler’s law, for which
the friction coefficient is determined
empirically. The friction resistances
inside the needle channel are char-
acterised by the maximum value of
the force, as determined during the
experimental research.

5) The friction of the needle thread in
the thread take-up eye is considered
as relatively small, in relation to the
thread friction forces in the interlace-
ment, and is passed over.

6) The deformation of the needle thread
during the stitch tightening process
has a resilient character, and may be
described by Hooke’s law. Simultane-
ously, the relatively small length of
the bobbin hook thread section which
participates in the process analysed
justifies being omitted from the con-
siderations of the elongation of the
above-mentioned thread.

7) The total mass of the thread sections
taking part in the stitch tightening
process is concentrated in the stitch
interlacement. Additionally, the mass
of bobbin case filled out by the thread
is taken into consideration, and the
following condition is fulfilled: the
mass of bobbin case is several times
greater than the mass of interlacement.
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For the model of the stitch tightening
process which we worked out, according
to Newton’s second law of dynamics,
the following equation may be formu-
lated with reference to the thread mass
M concentrated in the interlacement Q
(Figure 1.b):

Mx"()=-s—85,-T+s5,+5, (1)

where the values of the forces in the
individual thread sections sy, ..., 54 are
unknown.

Such values may be determined by
analysing the forces and force moments
against the thread sections distinguished
(Figure 1.b, c, d), and formulating ad-
equate equations for the interlacement
area, the thread take-up eye area, the ten-
sioner area in case of the needle thread,
the interlacement area and the bobbin
case area for the bobbin hook thread.

In the case of the bobbin hook thread,
it was assumed that unreeling from the
bobbin case and inserting a new thread
section into the stitch formation zone
occur during the whole process of the
stitch tightening. From the equations
formulated with reference to the bobbin
case rotation centre, the following rela-
tionships are obtained:

s1 =52 Exp(um) @
(s2-s9) = 1z4”(2) 3)

Simultaneously, the equation of the bo-
bbin hook thread length balance in the
stitch formation zone may be written as:

L+ Lo R=1+1+2x(@)  (4)

and after simplification and two-time dif-
ferentiation, the following relationship is
obtained:

¢”(t) =2/R - x(¢) 5)

The inertia moment of the bobbin case,
determined in relation to the horizontal
axis of its rotation, is expressed by the
relationship:

_ mCR2
2

2 ©)

Thus, equation (3) may be written as
follows:

§2= 59+ mex"() (N

With reference to the needle thread in the
model devised, the process of the loca-
tion of interlacement in the needle chan-
nel has been divided into two stages. The

first is characterised by elastic stretching
of the needle thread; such a stretching is
considered as being proportional to the
geometrical load (displacement) mag-
nitude u(f), by simultaneously blocking
the needle thread end in the tensioner
(stage I). The second stage is connected
with inserting a new needle thread section
k into the stitch formation zone (stage II).
At this stage of the stitch tightening proc-
ess, feeding the stitch formation zone by
the thread section from the tensioner is
assumed to be the only source of the nee-
dle thread’s increase in length.

For stage I of the stitch tightening process,
the following equations with reference to
the individual needle thread sections may
be presented:

Sy

* " Bappm) ®)

S5 =5, ©)

According to the assumption made at the
beginning, the needle thread undergoes

a) i

)&

I3 gl(‘——

deformation under the influence of the
outer forces put against the thread in the
stitch tightening process. Thus, for each
individual section, as distinguished con-
ventionally in the needle thread, i.e. /3, /4,
I5, the relationships in the following form
may be formulated:

I=1(+e) (10)
The deformations of the needle thread in
the stitch tightening process are elastic,
and subordinate to Hooke’s law. There-
fore, the relationships may be written as
follows:

S; = EA € (1 1)
Taking the above-mentioned fact into
consideration in equations (8) and (9),
the following relationships may be ob-
tained:

21
o= 12
™ Bplp) (12
e=e (13)

Simultaneously, in the case of the needle
thread, the following equations of this
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Figure 1. Physical model of the dynamic placing of the lockstitch interlacement inside the
needle channel; a) general view, the forces and force moments acting against the thren sections
are presented in the: b) interlacement area, c) thread take-up eye area, d) bobbin hook area .
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thread balance in the stitch formation
zone (corresponding with stage 1 of the
stitch tightening process) may be formu-
lated:

L=L+1+I (14)
L'=a+['-x(t) (15)
E+L'+'=L +2u(t)-2x(¢) (16)
L'—l'-'=a-b 17)

Equations (15) to (17), after taking the
general relationship (10) into considera-
tion, can be written as:

L1 +e3)=a+ls(1+es) -x(1) (18)

I3(1+e3) +Iy(1 +ey +15(1 +es)=
= Li+2u(t)-2x(t)  (19)

ly(1+ey) - Is(1+es) - [3(1+e3) =a - b (20)

Solving the system of equations (12) to
(14) and (18) to (20) with respect to the
unknowns: I3, Iy, I5, e3, e4, es permits the
following relationship to be formulated:

sy=EAey 21

where the absolute elongation ey is de-
scribed by the function (22).

Providing the determined forces sy, ...,
s4 into relationship (1), equation (23) is
obtained. The geometrical loading u(?),
as generated by the thread take-up, is de-
fined by the time function as follows:

u(f) = 12 + cot (24)

After taking the above-mentioned rela-
tionship into consideration, equation (23)
takes its final form in equation (25).

The differential equation obtained
presents a function of variables ¢ and x(?).
If there are no algebraic solutions, the
value of the variable x(¢) to be searched
may be determined numerically by the
given technological conditions of the
stitch tightening process. Below, a solu-
tion to the problem of the hypothetical
conditions characterised in Table 1 is
presented.

Providing numerical data, the differential
equation (25) takes the form (26).

After formulating the border conditions
and determining the integration limits of
the equation (25), the solution is obtained
as the interpolating function.

This function is presented in Figure 2 as
a graphical form of the relationship x(7),

within the established integration limits

66

of the argument. In this chart, the area At
may be distinguished, in which the inter-
lacement remains below the lower mate-
rial surface, in spite of the geometrical
load u(?) put on the thread. After the time
period At, the interlacement is inserted
into the needle channel, and the value of

o = K +K,-K,

the absolute interlacement placing index
x(f) increases in a non-linear way by the
increase of the argument ¢.

The interpolating function obtained
permits us to calculate the value of
the interlacement placing index x(¢)

4 2L

where: (22)

K (x,u)y==b+e" (b—L)+2u(t)—(1+e")x(t)

K, (x,u) =" [~b+ L+x(t)]’ +[b—2u(t) + x(t)]

K, (x,u) = 2" {b(b— L) = 2u(t)[b+ L — x(£)]+ 3Lx(r) - x(t)?*}

-
A-E(1+e ™)K (x,u) + K, (x,u) — K;(x,u)] s+ ey T @3)
X'(1) = 2L
M+m.(1+e")

A-E(1+e ") {K [x(t),t]+ \/Kz[x(t),t] - Ki[x(2),t]}

x”(t) — 2L

—s,(1+e"™) =T

M+m,(1+¢")

where:

(25)

K\[x(£),t]==b+e" (b— L) +2(c,t” +cyt) — (1+€")x(2)
K [x(2),t] = e [-b+ L+ x()]* +[b—2(c,t” +c,t) + x()]
K [x(2),t]=2e"" {b(b— L) = 2(c,t* +c,t)[b+ L —x(¢)]+3Lx(t) — x(¢)*}

1
2(M +m,+e™m,)

x(1) =

2™ s tt, + 2™ s tt, — 2s,tt, — 2e™ s, tt, + 2™ T, — e™st, — e

(ef’w(—em‘sol‘2 - 62"”S0t2 + s4t2 + en“s‘tt2 —e™2T +

2mp 2 2
Soti + sty +

+e™Ms,t! — T + 2™ MUV, + 2™ m 1V, + 2™ m 1V, — 2¢™ M1V, - (29)
—Zen”mcthp - Zezﬂ”mcthP + Zen“Mxp + 2en“mcxp + 2e2"“mcxp))
Equations: 22, 23, 25, and 29.
Table 1. Set of the model parameter values.

Description of the parameter desiggﬂtion, value
total length of the needle thread in the stitch formation zone Li, m 0.3
distance between the lower plane of the sewn material and the
seizing point of the thread in the tensioner am 02
distance between the lower plane of the sewn material and the b. m 0.006
seizing point of the thread in the last interlacement ’
half of the thread take-up eye acceleration cq, m/s2 -14.8
speed of the thread take-up eye Cp, m/s 3.5
bobbin case radius R, m 0.009
mass of the bobbin case full of the thread me, kg 0.006
diameter of the sewing thread d, m 0.0002
dynamic module of the thread initial rigidity E, N/m2 5109
thread mass gathered in the interlacement M, kg 0.001
friction coefficient of the thread inside the interlacement M, - 0.4
maximum friction force of the interlacement in the needle channel T,N 0.3
restrain force of the bobbin hook thread sg, N 0.2
restrain force of the needle thread (put in the tensioner) P, N 3.5
length of stitch s, m 0.0025
height of material package h, m 0.002
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0.5-336.31[—1.04 + 2(3.5t — 14.8%) — 4.51x(¢) +

+\/ (1.079 + 4.28(3.5t — 14.8¢7) + 4(3.5t — 14.8¢%) + x(£)(2(0.47 — 9.03(3.5t — 14.8¢7)) + 20.37x()) ] +

+3.51(0.2 + 0.006x" (1)) + 0.007x"'(¢) = 0

Equation: 26.

within the established integration lim-
its of the argument. According to the
assumptions for stage I of the stitch
tightening process, at the moment
t = 0.0026 s the interlacement will oc-
cur at the location x(£)=0.347 10-3 m,
providing that no new section of the
thread will be inserted from the tensioner
into the stitch formation zone, and so
stage II of the stitch tightening will not
ensue.

The model presented above expresses the
correct description of the stitch tighten-
ing when the value of the force s, which
is rising in the thread, is lower than the
force of thread restraint in the tensioner
(i.e. until time #;). Next, the appearance
of the insertion of the new thread section
k into the stitch formation zone should
thus be taken into consideration.

The relationship (3) presents the basis for
formulating the differential equation for
stage 2 of the stitch tightening process.
The relationships (4), (5), (6) and (23)
also remain correct. As a consequence,

x(t), m
0.00008
0.00006
0.00004
0.00002 | At
t, s
0 0.001 0.002
Figure 2. Interpolating function x(t).
x(t), m
0.00020 ¢
0.00015
0.0 r
0.0014 0.0018 0.0014 0.0018

Figure 3. Relationship x(t) for stage 2 of the
stitch tightening process.

the following equation may be written
down:

2(f) = —

il —ptm
So—¢€ S,+8, +e 5, —T
0 0 "%y 4 27)

M+m, +e"m,

where the value of the force s, (Fig-
ure 1.b) is equal to the value of the thread
restraint force in the tensioner P:

s4=P (28)

The differential equation obtained gives
the following algebraic solution after
integration, which permits us to calculate
the final interlacement location in the
needle channel at the final moment of the
stitch tightening process (29), where the
values: x,, = x(¢;) and V), = x’(#,) are the
border conditions for equation (27).

In the technological conditions char-
acterised in Table 1, the value of the
force s4 will reach a level equal to the
assigned restraint force P after the time
t;=12410-3s, for which moment
Xp=2.26 10> m and ¥, = 8.29 10-2 m/s.
After providing the calculated border
values into the relationship (29), the
quadratic equation for the interlacement
location as the function of time x(¢) is
obtained:

x() =5.067(1.967-10-6 +

-0.0123t+ 11.571#2 (30)

which is presented graphically in Figure 3.

Under the given technological condi-
tions, the final location reached by the
interlacement in the needle channel after
the stitch tightening process is described
by the value x(0.0026) = 0.244 10-3 m.
After relating the interlacement loca-
tion calculated to the total height of the
material package, the following value of
the interlacement location index will be
obtained as u = 0.122.

In the second part of this paper, we will
present the verification of the stitch tight-
ening model devised by means of the
experimental research conducted in the
sewing conditions.
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