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B Introduction

In the current phase of industrial devel-
opment of the material goods production,
there are such distinctive features as flex-
ible manufacturing systems known as
Quick Respond Technology (QRT) [1].
These systems are characterised by the
ability to quickly respond to changes in
both the product line as well as quantita-
tive variation in the production volume,
despite the technical sophistication. This
property of QRT systems transferred into
the clothing production area leads to an
increase in the mechanisation and auto-
mation of technological processes, with
the final stage leading to robotization.
Here specific requirements are placed for
the control. While in the past high pro-
duction efficiency was associated with
specialisation and standardisation, which
entails the use of specialised machinery
due to the massive nature of clothing pro-
duction, nowadays current development
trends are related to the presence of the
new generation of machines i.e. universal
structure machines, software-controlled
with the support of logical systems [2- 4].
Thus the present way of automation and
specialization can be described as soft-
ware controlled type.

The work carried out on QRT systems in
the field of robotisation, despite the huge
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forces and resources involved, face many
difficulties. Moreover, the planned com-
pletion date of these robotisation pro-
grams passed a long time ago [5, 6]. This
raises the questions: why did the initially
expected quick progress of robotisation
for the clothing technology not happen
and why was the use of opportunities cre-
ated by progress in other fields of tech-
nology not entirely possible? Diagnoses
are not clear in this case. Some people
say that the hands of seamstresses are
more efficient and cheaper than robots,
others believe that the cause lies in the
fashion variability or complex proper-
ties of textile materials. W. Wigzlak [7]
states that the diagnoses are simplified,
and the reason for the failures is the over-
simplifying of these analyses. The issue
can be looked at retrospectively through
the prism of robotisation usefulness, for
example the Institute for Manufactur-
ing and Automation in Stuttgart carried
out an evaluation of the susceptibility of
organisational and technical production
processes to robotisation. According to
the 117 - JPA-point scale [8], the process
of “sewing” was attributed the 18-th po-
sition with 48 points, among the twenty
different manufacturing processes.

The reason for this state of affairs is in
the particularity of the solid, usually
complex, textile object that is clothing.
The current structure of clothing, despite
some transformations carried out due to
the demands of the manufacturing proc-
ess, is outdated in terms of the nature of
its layer structure, which goes back to the
nineteenth century. New capabilities in
this regard are created by the concept of
Chebyshev [9] using the properties of tex-
tile materials as a flat network, developed
by Kobza and Wigzlak based on digital
techniques [10, 11].The concept provides
a starting point for a new division of the

shell patterns, and for restructuring some
clothing nodes [12]. The creators of these
robotozation programs seem not to notice
this phenomenon.

Indispensable are also the far-reaching
changes in the design of sewing ma-
chines, mainly within the stitch forming
mechanism [6, 13]. Repeated attempts at
automatic spool exchange in the shuttle
sewing machine [14], or at improving the
feeding mechanism, [4, 15] still based on
the friction phenomenon, have been un-
successful. However, significant progress
has been made in the sewing machine
drive. The more and more widely used
energy-efficient clutchless drives [16]
make it possible to program a series of
operations, examples of which are the
positioning of the needle, the number of
machine cycles divided into sequences,
bar tacking realization, thread cutting off
and the other opportunities created by
the use of logical support systems. These
logical support systems also offer the use
of a programming function in the test
machine during technical task realisa-
tions taking into account the technologi-
cal transformation of textiles and sewing
process control parameters [4]. With the
programming function in the test ma-
chine during technical task realisations
it is possible to seek the machine param-
eters necessary for the correct realisation
of the seam designed. For example, for
carrying out the easing of the seam, it
is set as an independent feeding mecha-
nism, including switching the settings in
the technological cycle with the logical
system.

The imperfect stitch forming mechanism
previously emphasised generates sensi-
tivity to the properties of textiles and to
changes in the machine’s rotation speed.
The previous programming function in
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the test machine during technical task
realisations allow to solve this problem
correctly in the range of made up prop-
erties of textiles. The diverse nature of
the rotational speed of the machine in
the programming phase and the phase of
task realisation may therefore continue to
cause a deviation in the actual parameters
established for the seam in the program-
ming stage [17]. Therefore it appears that
the sewing speed control software in con-
ditions of operator-machine interaction
can make significant progress in drive
sewing machines, which means the ex-
tension of existing support programming
systems by means of the programming
function of drive in the test machine
during technical task realisations. This
requires a training operator who submits
the machine control drive through all ac-
tivities carried out on the textiles.

This type of system was built [18] and
the tachogram modelling was conducted
[19]. In this article we will present the
research results for the functionality of
programmable drive control system of a
sewing machine. The process of machine
programming in test realisations should
include matching the tachogram to the
content of technological tasks and op-
erator adaptability. Studies have shown
that the tachogram should be built as a
polygonal curve [18, 19].

Efficiency of the technological
machine feeding mechanism
in easing actions

The sensitivity of sewing machine ele-
ments, which are responsible for manual
manipulation on the properties of tex-
tiles, requires the examination of ma-
chine technological parameters ensuring
the effect desired. For example, with re-
spect to technological tasks that require
positioning and so-called easing textile
items, the problem comes down to es-
tablishing the setting of the machine, i.e.,
the jump of the work link of the feeding
mechanism responsible for the easing
level Sy; and the corresponding number
of'the chain link of stitches N;. In the new
generation of machines, i.e., the support
of logical type, the process is realised
with the help of the function of the ma-
chine programming in sewing test reali-
sations. The schematic diagram shown
in Figure 1 illustrates this situation and
the corresponding functional diagram of
an action chain: the operator - machine -
task (Figure 2).
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Figure 1. Schematic diagram of the easing programming steps during test realisation of
the technological task; Designation: Sy — jump of cell feeding mechanism responsible for
length of chain link stitches, in mm, Sg/,-f Jjump of cell feeding mechanism responsible for
level of easing, in mm defined by easing degree W;, N; — the number of chain link stitch
corresponding to Sy, W; — designed (expected) degree of easing, in %, L;— designed path
length of the stitch, in mm corresponding to W;, F — force in the feeding mechanism system

of the machine, in N.
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Figure 2. Functional diagram of the chain of action, in the programming process of the
easing action. Characteristics of technological task: 1; 2 — Seamless construction ele-
ments, L — sewing length, P; — meeting points, X; — allows to keep track with the prediction,
X5 — seam width, ———"= streams of information, ——=pp energy currents, ===== I'S

searching settings of machine,

Disturbances in the seam which accom-
panied the process of machine program-
ming (Figure 1) result in a shorter stitch
(A), layer offset (P) and deviation in the
seam stitch counts from the set point (A
G). These limitations require force opti-
misation in the feeding mechanism sys-
tem of the machine.

The sewing process using a sewing ma-
chine with the support of logical type
occurs in conditions of the programed
switch of machine parameters (Sg/1, Np);
(Sg2, N2); ... (Sgji» Nj); ...; responsible

symbol of easing the stitch element structure.

for characteristics of technological tasks
(Wi, L); (Wa, Lo); ..; (Wi, Ly); ... (Fig-
ure 3, see page 136).

The natural diversity of the machine
rotational speed changes in the pro-
gramming phase of the manual task
and in the task carrying out process
with fixed settings on the one hand,
and the sensitivity of the feeding mech-
anism of the machine to the rotational
speed changes on the other, make the
convenient programming function of
these operations limited. With a task
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Figure 3. Functional diagram of the action chain in the sewing machine using the machine
supported with a logical type during the easing action.

Tabela 1. Textile material characteristic applied to the studies.

Textile designation A
composition cotton
weave twill
report

112 2
density G, dm-1
warp/columns Go; Gk, 283
weft/rangesGw;Grz 230
surface mass m, g 168
thickness, mm 0.62

friction coefficienty, - 0.54

of high quality requirements, this func-
tion can be quite unhelpful. It depends
on drive control technology by means of
an operator and on the scope of the ro-
tational speed changes of the machine.

Studies on the directional susceptibility
of textiles to easing (the angular posi-
tion relative to the direction ¢ of seam-
less warp/columns in the textile material)
for selected textile materials, (Table I)
showed a significant effect of the seam po-
sition and the rotational speed of the ma-
chine on the easing degree W (Figure 4).

To assess the efficiency of the feeding
mechanism in easing actions, the indica-
tor expressing the ratio of the easing de-
gree (designed) required was introduced.
The theoretical easing degree Wtheoreti-
cal, which was set assuming 100% effi-
ciency for the feeding mechanism, takes
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into account the required jump of the cell
feeding mechanism responsible for eas-
ing. This ratio expresses the relationship:

9= w _ AS, o (1)
Wineoret — AS,

where:

AS, in mm — difference in the jumps of
the cell feeding mechanism S, and
Sd,

ASg/er in mm — effective easing length of
the segment in the packet textile lay-
er, attributable to the one chain link
stitch length Sgy.

The theoretical easing degree Wneoretical
is calculated from:

L,-L,_S,-S
Ld Sd

Wtheorel = (2)

where:

Ly, Ly in mm — the length of the upper
and lower layer in the textile pack-
age, respectively.

The speed jump from n = 200 min-! for
n = 4000 min-! for the textile materials
studied produces a multiple increase in
the efficiency of the feeding mechanism
for the easing action. Speed changes in
the range of 200 + 800 min-! did not
cause significant changes in the techno-
logical efficiency of the feeding mecha-
nism in this range.

It should be emphasised that the effi-
ciency of the feeding mechanism ¥ in
the easing actions for the test materials
varied depending on the type of mate-
rial; the seam angular position (¢) and
the rotational speed of the machine (n)
is between 0 + 40% and increases with
the growth of the rotational speed of the
machine (Figure 4).

The sensitivity of the feeding mechanism
to the rotational speed of the machine
was the basis for the thesis that its verifi-
cation required to build a programmable
room unit tachometric [18].

Reflection of the stitch

path length in conditions of
programmable drive control
system

Evaluation of the reflection of the path
length stitch was carried out on a test
post, illustrated in Figure 5.

The study was developed in the course
of testing different speeds. The first two
tests (T}, Tp) were performed for three
segmental tachograms {1 0 -1} at a fixed
speed at levels n, = 900 min-1 and n, =
3500 min-! , respectively. Two further
tests (T3, T4) were performed by vary-
ing the speed of n € < 0, 3500 min-1.
For these tests the tachogram are related
(Tsep) to the following configurations:
T3-{10-1010-1} number of respons-
esr=7
T4-{10-1010-1010-1010-1}
number of responses r = 15.

The tachograms are composed of three
types of foot reaction [19]:
1 - increase, 0 - fixed gear, -1 - a decrease.

For each test set:
the number of working cycles N and
the corresponding average rotational
speed — nyy/set - calculated by the ad-
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Figure 5. Test post with the programmable drive control system of the sewing machine: a) general view of the test post distinguish-
ing the members of the control system, 1 - sewing machine, 2 - positional drive, 3 - tachometric generator, 4 - power supply and
control unit, 5, 6 - converter A/ D and D / A, 7 - acomputer with programmable speed adjuster, 8§ - Operator panel with program-
ming function for manual actions b) operation panel tachometric adjuster Ty, - tachogram given in the form of a polygonal curve,
Tyeul - a real tachogram.

juster tachometer program based on  speed (Tyea1), measured with a tachogen-  non-linear characteristics of the program-
the set tachogram erator. It depends on several factors and  mable drive control system of the sewing
the number of machine working cy- the following should be distinguished: = machine, inertia of the machine and drive
cles Neaireal and the corresponding

average rotational speed nav/set- cal-  Table 2. List of tachogram parameters and path stitch (stitching under the clutch less
culated by the adjuster program based ~ controls oft ware of the sewing machine),; T; — tachogram Ww3: {10 -1}, n, = 900 min-!,

T, — tachogram W3: {1 0 -1}, n, = 3500 min-1, T3 — tachogram W7: {1 0 -1 01 0 -1},
on the real tachogram, measured by a = 5555 01 7, D sachogram WIS {10-10710-1010-1010-1}, nyge = 3500 min-.
tachometric generator;

the path st.itch length Lieal apd .the Fabric Characteristic T, T, Ts T
corresponding number of chain link measured
Nreal- Nset, — 79.83 79.42 70.66 163.39
Nealireals — 81.15+0.15 79.86 +0.15 71.25+0.10 163.17 £ 0.25
Characteristics of the textile materials n Nreal 80.77 +0.27 79.77 £ 0.19 71.50 + 0.21 161.27 +0.46
b ted in Table 1 Lreal, MM 205.30 + 0.41 207.70£0.73 | 181.73+0.68 | 421.37+0.51
chosen are presen ‘ Naviset, Min-1 870.90 2647.20 1927.20 1999.10
) . Navireal, Min-1 885.19+1.62 | 2661.08+4.91 | 194258 +263 | 1936.11 +2.26
The §trength in the systerg of the machlne Neot, — 7983 7042 70,66 163,30
feeding mechanism (feeding mechanism, Nealireals — 81.04 +0.17 79.92 +0.12 71.96 +0.08 164.32 + 0.21
so-called ‘independent’) is assumed to be Nreat, — 80.43 £ 0.27 79.67 £0.18 7210+015 | 161.73+0.50
50 N for both the feed dog and presser B L mm 20837050 | 207.00+0.39 | 190.53+0.72 | 420.30 +0.42
foot. The stitch jumps = 2.6 mm. The re- Naviset, Min-" 870.90 2647.20 1927.30 1999.10
sults of measurements (30 repeats) after Navireal, Min-1 884.01+1.84 | 2663.16+3.86 | 1962.41+227 | 2010.24 +255
the statistical treatment are summarised Nset, — 79.83 79.42 82.33 163.39
in Table 2. Ncalireals — 80.58 £ 0.35 79.99 + 0.10 82.26 + 0.07 163.64 + 0.19
o MNreal, 78.80 + 0.32 76.73 +0.34 80.07 + 0.37 159.43 + 0.38
Figure 6 shows the discrepancy between Lreal, MM 173.17+055 | 171.10+£052 | 170.93+0.48 | 344.70+1.16
the given tachogram in the form of a po- Nav/set, Min-1 870.90 2647.20 2058.30 1999.10
Navireal, Min-1 878.96 +3.84 | 2665.31+3.66 | 2055.83+1.79 | 2001.96 +2.34

lygonal curve (Tset) and the actual process
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Figure 6. achogram configurations used for evaluation of the path length of stitch reflected: a) test T;; T», b) test T3, c) test Ty
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mechanisms, the stiffness and backlash of
the drive mechanism, and friction moment
of the mechanisms of the whole machine
and the motor. All these factors induced
textile loading in the sewing process.
These differences are transferred to the
number of chain links of stitch set and
measured in the reference stitch (7able 2).
This is not essential to the task quality
because the operator makes the decision
to terminate the programming process and
operator’s learning, taking into account
the evaluation of the correctness of the
technological task realised. In contrast,
the seamless parameter repeatability at
a fixed tachogram has great significance
because of the stitch path length (Ley))-
Here the average random error did not
exceed 0.5% for the process of machine’s
rotational speed tested, which should be
viewed positively.

Programming of programmable
drive control system of the
sewing machine and operator’s
learning during test realisation
of the technological task

In the process of sewing using machines
with conventional open-cycle technol-
ogy, the drive control by the operator is
susceptible to the manipulative opera-
tions by him/her. The transfer of motor
control activities to the machine tasks
reverses this relationship and leads to
searching a configuration and param-
eters of the tachogram accordingly to
the task directed to the operator and its
adaptability. Thus this process should be
proceeded by measures which restrict
operator participation in textile transfor-
mation activities. Easing and stretching
the textile item can be transferred to the
machine tasks. Bending and position-

FIBRES & TEXTILES in Eastern Europe 2012, Vol. 20, No. 6A (95)



t,s

Figure 8. Example of a tachogram as a
broken curve, taking into account the seg-
ment division of varying complexity for the
operator'’s execution.

ing operations are usually only partially
transferred to the machine tasks (interac-
tion with the operator is assumed), in rare
cases totally.

Programming the programmable drive
control system of the sewing machine
and the operator’s learning is proposed
according to the algorithm shown in Fig-
ure 7.

The algorithm shown in Figure 7 in-
cludes the tachogram with the reaction
number r = 3 and r = 5. The increase in
reactions in the tachogram creates oppor-
tunities for highlighting more of its seg-
ments (Figure 8), which are assumed to
correspond to stitch sections of varying
complexity for the operator’s execution.
It is assumed to use the tachogram data-
base in the programming process of the
machine drive. The tachogram database
employed is auxiliary because of the need
to adjust the configuration and tachogram
parameters to the task content assigned
to the operator and operator adaptabil-
ity. Drive programming is aimed at the
subordination of the operator’s actions to
the drive control by the machine. Fitting
activities change the tachogram perform-
ance of a specified configuration.

ri{1010-10-1010-1} (3

Tachogram indices when writing:
the superscript - the number of reac-
tions,
subscript - the location in the tacho-
gram database,
Ni, Np, N3, ... - tachogram segments

Figure 9 illustrates the process of sewing
in conditions of the programmable drive
control system of the sewing machine.

An attempt to program and test the ma-
chine drive and operator’s learning using
a tachometer adjuster was done accord-
ing to the algorithm proposed in Fig-
ure 7, as an example of combining two
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textile items with different curvatures.
For the test presented in Figure 10, the
complexity of the executive is charac-
teristically differentiated into sections
with the number of machine cycles Ny
and Nj. In section Nj;, we have a task
of type P, which requires the position-
ing of the entire textile package, while
the section N - PP task requires a dif-
ferent positioning of the package ele-
ments. This programming process was
carried out in four steps: The first step
uses a tachogram {1 0 -1} at an aver-
age rotational speed n,ye = 963 min-l,
the second - the tachogram {1 0-1 0 -1}
(Figure 11) from n,yje = 1136 min-1; the
reaction was raised in the third set to give
a first segment of n,ye = 1249 min-l;
in the fourth set there was an additional
reaction (Figure 12) which ultimately
helped to achieve ngy/e = 1332 min-1.

@ Conclusions

1. In conventional machines, which are
operated by the drive of the operator,
the drive control by the operator is
subjected to the content of the tech-

Figure 10. Test of a trial to program the
drive of the machine and learn the operator
according to the algorithm presented in
Figure 7; N; = 72 stitch; Ny = 84 stitch;
s =2.5mm

nological task in fuzzy and operator
qualifications. The programmable
drive control system of a sewing ma-
chine proposed reverses such submis-
sion. Adapting the operator to the new
conditions requires operator training,
which can be implemented in the
programming process of the machine
drive and teaching the driven machine
operator.

2. The test system of the programmable
drive control system of a sewing ma-
chine makes it possible to obtain good
reproducibility of the actual speed

The introduction of elements of textile package
to the machine work area
Seam length L

|

e Running the machine (n> 0).

e Positioning textiles by the
operator according to the
given program

e Machine manipulation actions

e Drive control by the machine
according to the tachogram

Set program :

in the process of "learning" o Geometric characteristic of
seam and the operator
l manipulation actions required
Current information of Comparison of information *  Machine manipulation
the sewing process perceived with a given program actions required
| l ®  Machine foot actions
(configuration required

Manipulation influence
on textiles
subordinated

The decision to modify the control
conditions of textiles by the
operator

and tachogram’s parameters)

to the drive’s control

by the machine < Modification of the control
conditions of textiles by the
l operator

Forming the normal
vector of sewing speed

Operator manipulationaction’s
following the new program

Li<L l
|

Realisation of seam length Li

Broken thread

[ =

machine failure

Stopping machine software
n=0

i<t J
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Machine stopped by the operator
n=0

stop the machine

PR

Figure 9. Process of sewing in the machine-operator system - a machine with aided
manipulative actions and the sewing speed control software.
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its parameters in the trial of programming
the machine drive and operator's learning

(step 2).

140

. The programmable drive

and, as a result, correct reflected fea-
tures of the seam proposed that are
sensitive to changes in speed.

control
system of a sewing machine with a
tachometer adjuster creates condi-
tions for the effective use of the ma-
chine speed, and thus may lead to an
increase in productivity at the work-
place.

. The control panel of the tachometer

adjuster allows to program the tacho-
gram as a broken curve as well as to
record the actual speed of the ma-
chine. Comparison of the tachogram
based on the number of cycles of the
machine designated by the program
and the average adjuster speed is used
as a basis to correct the specified tach-
ogram.

. Differences between the given tacho-

gram and the real one, which occur
in the process of sewing, are depend-
ent on many factors. The following
should be distinguished:
non-linear characteristics of the
programmable drive control sys-
tem of the sewing machine,
inertia of drive of the system, in-
duced by the mass moment of iner-
tia of the machine and drive mech-
anisms, reduced to the motor shaft,
stiffness and backlash in the drive
mechanism,
friction moment of machine and
motor mechanisms
technological moment in the proc-
ess of sewing.
These differences do not have great
significance for the quality of their
actions, because the operator makes
an assessment of the correctness of

Figure 12. Tachogram configuration and
its parameters in the final phase of the ma-
chine drive programming and operators
learning (step 4).

the technological task and decides to
end the programming process of the
clutchless control system.

6. The test adjuster of the tachometer of
the clutchless control system provides
opportunities to use the tachogram da-
tabase. Because of the need to adjust
the configuration and tachogram pa-
rameters to the task technological con-
tent and adaptability of the operator,
the tachogram base serves as an auxil-
iary and includes the so-called tacho-
gram limit, i.e., designed to limit the
speed (the average in the technologi-
cal cycle). Matching the tachogram
and its effectiveness varies according
to the algorithm proceeds developed.

7. The programmable drive control sys-
tem developed is an important step in
the development of sewing machine
drives in open-cycle technology. A
further development of this drive
seems to be advisable to consider the
possibility of using neural networks
and fuzzy logic. The use of a neuro-
fuzzy controller could relieve the op-
erator in the tachogram fitting activi-
ties, which requires the development
of additional equipment for the image
analysis system of evaluating the cor-
rectness of tasks realised.
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