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he stitch formation process in the

sewing machine presents a cycle

of consecutive stages, defined by
the cooperation of the machine’s work-
ing elements. This cooperation aims at
control of the sewing thread, leading to
the creation of stitch links. The correct
course of the process requires the sewing
thread to be loaded by adequate tensions,
both static and dynamic; this is the cause
of the undesirable changes in the thread’s
tensile characteristics after the sewing
process, particularly in the case of the
needle thread in the lockstitch machine.
The destruction of the thread in the stitch
formation zone may result in disruptions
to the production process (such as ma-
chine outages connected with the need
to remove broken threads) and also a
significant reduction in the use-durability
of the clothing.

The level of thread destruction after
the sewing process may be minimised
by appropriately selecting the values
of the technological parameters, and
consequently by shaping the conditions
in which the lockstitch interlacement is
placed inside the needle channel. In the
first part of this paper [1], we presented
a model of the stitch tightening process
which enabled the assessment of inter-
lacement location in the needle channel
under specified technological conditions.

The optimisation procedure connected
with modelling the stitch tightening con-
ditions, and consequently the decrease in
minimisation of the thread strength after
sewing, relies on establishing the ratio
of the needle-thread and bobbin-hook-
thread restraining forces, upon which the
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Process of Lockstitch Tightening and
Optimisation of Thread Working Conditions.
Part Il. The Trial of Optimising the
Interlacement Location in the Stitch Link

Abstract

The high level of destruction of the sewing thread after the sewing process is the main utility
disadvantage of using a thread in a lockstitch sewing machine. Using the stitch tightening
model presented in the first part of this paper [1], a procedure for optimisation has been
devised which allows the sewing process’ technological conditions to be shaped in such
a way as to obtain the lowest possible level of thread destruction in the stitch formation
zone. This theoretical modelling of stitch tightening conditions has been verified in sewing
trials. As part of the conducted research, the real interlacement location in the stitch link
and the degree of the thread’s strength loss related to it after the sewing process were

determinated.
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stitch interlacement will be placed in the
location described by the following con-
ditions [3, 5]:

1. u € (0.2; 0.3) — the optimisation of
the interlacement placing factor!) con-
nected with the minimisation of the
loading in the stitch formation zone,
and

2. P, — min - the minimisation of thread
loading within the single cycle of
lockstitch creating.

If the level of the restraining force of the
bobbin-hook-thread was assumed a pri-
ori, the problem discussed is then based
on determining the level of the second
static force, i.e., the needle-thread re-
straining force, which would be optimal
for the given stitch formation conditions.

It should be pointed out that the interlace-
ment location assessment by the coeffi-
cient u, which is a criterion of the optimi-
sation procedure presented, is of a theoret-
ical nature. For reasons of methodology,
the real interlacement placing coefficient
m is used while assessing the interlace-
ment location in the experimental condi-
tions; it will appear later in this paper.

The prediction of the interlacement
placed in the needle channel, according
to the procedure presented in the first
part of this paper [1], which was carried
out for many values of the needle-thread
restraining force, is a basis for building
a nomogram, which enables the opti-
mum level of needle-thread tension to
be selected. It should be noted that the
needle-thread restraining force value is
assessed in intervals. This concerns the

assessment (also in intervals) of the most
favourable interlacement location in the
stitch link, resulting from the wide di-
versity of conditions (as we described in
previous chapters) under which the stitch
tightening process proceeds, and from
the parameters which shape this process.

The optimisation nomogram presented
as an example in Figure 1 was devised
on the basis of the data included in
Table 1 of [1]. According to the chart, it
may be stated that under the realisation
conditions of the stitch-tightening proc-
ess given in Table 1, most favourable is
accepting the needle-thread restraining
force at the level of Ph; = 3 + 44 N.
At the same time, it can be predicted
that in the case of Phj < 1 N, the stitch
interlacement remains below the plane
of the sewn package, so the stitch will be
untightened.

The optimisation procedure presented
above has been verified by means of
experimental research [2]. Below, one of
the research variants, conducted for three
kinds of sewing threads (Saba No 150,
Epic No 140, Astra No 120), is char-
acterised. The verification carried out
involved the following stages:
Working out the optimisation nomo-
gram for the given conditions of real-
ising the stitch creation process.
Determining the optimum level of the
thread restraining force, for which
the following condition is fulfilled: u
e (0.2; 0.3). Setting the determined
force value on the sewing machine?).
Carrying out the sewing process under
the following accepted technological
conditions:
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Figure 1. The optimisation nomogram for the needle-thread restraining
force built for the hypothetical conditions (i.e. those given as an example)

of the technological process.

sewing machine; DB2-B373-913

from Brother Exedra

textile material; CO/PES woven

fabric, 3 plies

rotary speed of the sewing machine;

n=2100 rpm

stitch length; s = 2.5 mm

restraining force of the bobbin-

hook-thread; Ph;=0.21N

restraining force of the needle

thread; assessed according to the

optimisation nomogram.
The assessment of the interlacement
placing in the stitch link, carried out
by measurements of the thread de-
mands and calculating the value of the
interlacement placing coefficient m.
The assessment of the thread strength
after the sewing process, made by
tests using a tensile tester.

The experiment also included carrying
out the sewing process under the same
technological conditions of the restrain-
ing force levels of the needle-thread and
the bobbin-hook-thread under which the
terminal stitch structures were created,
that is, the stitch interlacement was lo-
cated near the bottom or upper plane of
the material package sewn. The values
of the interlacement placing coefficient
and of the breaking force obtained by
tensile tests, as determined for the termi-
nal stitch structures, presented the point
of reference for the stitch phase forms
which were analysed.

Optimisation nomograms for the three
kinds of sewing threads we considered
are presented in Figure 2. As those
threads have similar parameters, the pre-
dicted optimum restraining force value,
determined from the charts, takes a simi-
lar value for each case. Within the opti-
mum range of the interlacement placing
factor u, the differences in the terminal
values, which designate the most favour-

experiment.

able range of the needle-thread restrain-
ing force values (regarding the thread
working conditions) do not exceed the
level of 0.2 N.

The terminal values of the restraining
force Ph; may be precisely determined
on the basis of the trend-line equations
calculated for the courses obtained. In the
case of the threads examined, the equa-
tions take the following formulas:
Astra No 120:
u=-0.0309 Ph2 + 0.4552 Ph; — 0.3562

Saba No 150:
u=-0.0268 Phi2 +0.4114 Ph;—0.3423

Epic No 140:
u =-0.0244 Phi2 + 0.3997 Ph; — 0.3400

Considering the condition u € (0.2; 0.3),
the equation presented above gives us the
following terminal values of the needle-
thread optimum restraining force:

AstraNo 120: Phj € (1.35+1.62) N
Saba No 150: Phj € (1.46 + 1.76) N
Epic No 140:  Ph; € (1.48 + 1.80) N

For each of the experimental variants,
the values of elementary demands of
the needle and bobbin hook were deter-
mined; this was done for the structures
taken as optimum, as well as for the
terminal structures. On the basis of the
values obtained, the interlacement plac-
ing was evaluated by calculating the real
interlacement placing coefficient3) m.

The coefficient m is the main tool for
evaluating the stitch structures obtained
in the experimental research. Assuming
that the lockstitch terminal structures
(mmin and my,y) are described by the
following conditions:

the structure of the minimum share of

needle-thread my, (the stitch inter-
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Figure 2. Optimisation nomograms for threads used in the

lacement located by the upper materi-

al plane): lipin = s and lepax =2 1 + s,

the structure of the maximum share of

needle-thread my,;, (the stitch inter-

lacement located by the bottom mate-

rial plane): lijy,x =2 h+sand leyin = s,
we may construct a chart which repre-
sents the theoretical changeability area of
the stitch-phase forms [6]. Furthermore,
this area is verified by considering the
values of the stitch shape coefficient4)
y calculated empirically, consequently
obtaining the real changeability area of
the phase-forms, which is illustrated in
Figure 3.

The theoretical interlacement placing
factor u precisely expresses the interlace-
ment location with respect of the height
of the needle channel (parameter #);
however, it is not possible to determine its
value by experiments. On the other hand,
in the case of the real interlacement plac-
ing coefficient m, the interpretation of the
result allows us to assess (on the first ap-
proximation) whether the interlacement
is located below or above the central po-
sition. For the needs of the optimisation
procedure, the assumption may be taken
that the assessment of the interlacement
central position by the coefficient m = 1
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Figure 3. The theoretical and real area of the
optimum phase-forms of the stitch [2].
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Figure 4. The theoretical and real change-
ability area of the stitch phase-forms, to-
gether with the plotted structures examined
in the experiment,; a) Saba No 150, b) Epic
No 140, ¢) Astra No 120.

corresponds with the theoretical factor
value u = 0.5. Therefore, the area of the
stitch optimal phase-forms, described by
the condition u = (0.2;0.3), should be
sought within the range of m = (mpjn; 1).
The stitch structure of the needle-thread
maximum share corresponds with the
value of the theoretical factor u =0 (Fig-
ure 3), and the determination of the value
Mpi, presents the necessary conditions
to assess whether the stitch-phase form
created under the experimental condi-
tions belongs to the area presumed as the
optimum.

The results of the experiments with the
charts of the stitch structure changeabil-
ity area are presented in Figure 4. In each
of the experimental variants analysed, the
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stitch structures obtained on the basis of
the optimising procedure are character-
ised by the interlacement located in the
bottom of the needle channel (according
to the estimation by the interlacement
placing coefficient m), which fulfils the
assumptions of the procedure devised. At
the same time, in the case of the stitch-
phase-forms described as optimum, the
creation of excessive stitch structures
along the seam length has not been noted.
Nevertheless, such structures have been
recognised in selected links of the limited
stitch phase-form which was created by
the minimum share of the bobbin-hook-
thread (the minimum value of the needle-
tread restraining force). It can thus be
stated that the procedure devised ensures
the appropriate changeability area for the
stitch phase-forms, connected with the
lack of stability of the stitch formation
zone fed by the needle-thread in the con-
secutive working cycles of the machine.

The breaking force values for threads
taken from the seam were measured for
the stitch structures determined on the
basis of the optimisation nomograms, as
well as for the limited structures which
were taken for comparison. In order to
determine the thread destruction level
under the given technological condi-
tions of the sewing process carried out,
the results obtained were linked to the
breaking strength value determined for
the thread before sewing. The breaking
force average values obtained during
the tensile stretching tests, together with
their changeability area, are presented in
Figure 5.

The analysis of the percentage assess-
ment of the thread strength loss after
sewing in relation to the un-sewn thread
(Figure 6) shows that in the case of the
structure described as minimum, the
thread strength decreases; this is caused
by the action of the stitch forming tools

Astra No 120

|=p

F.N

a) + Std. dev.
+ Std. error
Mean value

Phmin Phopt Phmax

Saba No 150

75 —

7.0 —
w65

6.0

55

50

45 b)

Phmin Phopt Ph max

Rl

N

+ Std. dev.
+ Std. error
Mean value

Epic No 140

104
100
96 n -

92

F.N

8.8

84
8.0 + Std. dev.

C) + Std. error
76

Phmin Phopt Ph max Mean value

Figure 5. The comparison of the average
values and the changeability area of the
breaking force values, obtained during the
verification experiments for the three kinds
of sewing thread.

during the sewing process, and the losses
are within the range of 3.2 + 7.7%. Such
values, adequately for the types of thread
examined, correspond with the thread
destruction by reduction of the stitch
tightening stage, and present a point
of reference for the values assumed as
optimum. In the case of the structure de-
termined on the basis of the optimisation
nomogram, the strength losses are at the
level of about 8.6 to 12.1%; this means
that they fall within the acceptable limits

O Astra No 120 @ Saba No 150 O Epic No 140

Figure 6. Compa-
rison of the relative

values of the thread
strength loss after

tensile strength relative loss, %
Mo
(=]

sewing with rela-
tion to the un-sewn
thread.

mmax
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of 15% accepted by publications in the
literature. On the other hand, the struc-
ture described as the maximum projects
the thread destruction level under con-
ditions when the stitch interlacement
during the stage of the stitch tightening
is pulled to the sewn package’s upper
plane. So, the extreme thread destruction
under the given technological conditions
may reach the level of 19.6 to 35.5% (ad-
equately to the thread examined), if the
lockstitch structure is not modelled.

M Summary

On the basis of the experimental re-
search results presented herein, it can
be stated that under the given techno-
logical conditions of the sewing proc-
ess, the optimisation procedure which
we devised allows the lockstitch struc-
ture to be shaped in the most favour-
able way for the subsequent use of the
seam created.

The procedure proposed enables
the sewing process parameters to be
selected in such a way that the proc-
ess discussed does not cause a thread
destruction at a level higher than 15%,
whose value of the thread strength
loss after sewing is acceptable.

The stitch structures obtained as the
result of the optimisation procedure at
the same time ensures an appropriate
changeability area for the interlace-
ment location, connected with the

lack of stability of the stitch forma-
tion zone fed by the needle-thread
[7, 8]. At the same time, the potential
maximum level of the needle-thread’s
destruction which might arise by not
using the optimisation tools was de-
termined by experiments.

Editorial notes

1) The theoretical factor of the interlace-
ment placing u is calculated as the ra-
tio of the interlacement distance from
the sewn material lower plane x (ex-
pressed in absolute units) to the entire
stitch link height 4: u = x/h [3].

2) As the assessment of the optimum
value of the needle thread restraining
force is of an interval character, the
tensioner settings should thus corre-
spond approximately with the mean
value of the range calculated from the
nomogram.

3) The interlacement placing coefficient
is determined as a ratio of the elemen-
tary demand of the bobbin-hook-
thread (/.) to the elementary demand
of the needle-thread (/;): m = [./I; [3].

4) The stitch shape coefficient y expresses
the relation of the theoretical and the
real thread demands in the stitch link;
coefficient y is determined from the
equation: 2s + 24 =y (I; + I.), where
s — the length of the stitch, # — the
stitch link height [3].
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