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Abstract — An analytical and experimental methodology for
evaluating functional characteristics of the single-thread chain
stitch formation process (type 101) is proposed. The evaluation
is based on degree of correspondence between the required and
actual thread take-up, which reflects the machine’s efficiency
and the quality of stitch formation. A measuring system and an
experimental procedure were developed to record thread take-
up under different material thicknesses and stitch lengths. The
obtained dependencies were approximated by sixth-degree
polynomials with high accuracy (R*> > 0.99), which made it
possible to construct mathematical models of the thread take-
up process. For GK-9 type machines, excessive thread take-up
(20-64% above the required value) was set up, causing uneven
thread tension and reduced stitch stability. The proposed
methodology ensures quantitative evaluation, prediction, and
regulation of thread take-up process, which improves
functional efficiency of sewing machines and supports
development of adaptive thread take-up control systems.

Index Terms — Analytical modeling, thread take-up
function, chain stitch, adaptive control, sewing process,
convergence function, technological parameters, thread take-
up mechanism, mathematical modeling

I.  INTRODUCTION

Modern trends in sewing and composite
manufacturing highlight need to improve the
stability and quality of stitch formation processes, especially
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under automated production conditions [1, 2]. As the
operating speed of sewing machines increases and their
functional tasks become more complex, the requirements for
the ability of thread take-up mechanisms to provide required
take-up for stable stitch formation without tension
fluctuations also grow significantly. The inconsistency
between required and actual thread take-up leads to stitch
structure distortion, geometric deformation, and defects
occurrence, which is particularly critical for composite
reinforcement technologies.

The problem of stitch formation processes has been
discussed in numerous studies devoted to the classification
of stitches and the analysis of their structure [3-5], as well
as to the optimization of thread consumption considering
technological sewing parameters [6—10]. These studies laid
the foundation for the analytical description of stitch
formation processes and the defining patterns in interaction
of working parts and mechanisms. However, being mostly
focused on geometric and thread consumption models
without an in-depth analysis of thread take-up kinematics in
dynamics.

In studies [11, 12], the influence of technological
parameters — stitch length t, zigzag width z, material
thickness m, as well as stiffness and friction properties of
materials — on formation process of multi-thread chain and
shuttle stitches was established. At the same time, single-
thread chain stitches are mostly considered from the
standpoint of describing stitch formation process [12],
without a quantitative assessment of the impact of
technological parameters on stitch structure. The research
presented in [13—18] confirmed feasibility of using the
single-thread chain stitch type 101 for connecting and
reinforcing layers of composite materials, where the
simplicity of its structure and formation mechanism is
combined with high process speed. Comparative studies
[13—17] have shown that the stitch type 401 provides a
uniform load distribution, whereas type 101 ensures lower
thread consumption, simpler thread take-up function, and
lower sensitivity to thread tension.

However, models [16-20] mainly focus on the influence
of physical parameters of the material, such as thickness and
presser foot pressure force, on thread tension and stitch
structure stability. They describe thread consumption
without the ability to track its actual take-up over time,
which limits the prediction of how technological parameters
affect stitch formation stability. This creates a significant
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gap between theoretical calculations and the real operating
conditions of high-speed sewing machines.

Further studies [21-28] have shown that the thread take-
up functions actual P(¢p) and required P'(¢p) — are key
characteristics of stitch formation process since the
consistency between them determines stability of seam
structure and quality of thread connection. For shuttle
stitches type 301, these functions are presented in [21-23];
for single-thread stitches — in [24]; and for chain stitches of
class 400 — in [25, 26]. However, systematic studies of the
impact of parameters such as material thickness (m) and
stitch length (t) on the shape of P(¢) and P'(¢) functions for
single-thread chain stitch type 101 are still absent.

Developed methods for direct and indirect measurement
of thread take-up [11, 20] allow to determine functional
characteristics of take-up mechanisms, considering real
properties of the thread. Nevertheless, the issue of take-up
stability under varying technological conditions still is
actual. Take-up control models proposed in [27] provided
basis for the analytical evaluation of functional
characteristics of sewing mechanisms, whereas recent
studies [28-30] demonstrate transition to adaptive control
systems that integrate intelligent algorithms and
optimization methods (Kriging models, machine learning,
multi-criteria regulation). Such systems provide automatic
correction of thread take-up depending on material
properties and stitch technological parameters in real time,
opening up prospects for full automation of stitch formation
processes. Implementation of this approach requires a
mathematical description of the stitch formation process
considering coordination of thread take-up functions.

Studies [31-35] are devoted to the processes of sewing
composite preforms, where the stitch acts as a reinforcement
element determining the strength and structural stability of
the preform. Works [31-33] demonstrate impact of stitch
parameters on the mechanical properties of multilayer
systems, while [34, 35] substantiate the feasibility of using
three-dimensional reinforcement of textile preforms by the
stitching reinforcement method, which shares kinematic
regularities with thread take-up process in sewing machines.

Design features of thread take-up mechanisms for type
101 stitches equipped with integrated thread take-uppers in
kinematic link of the needle mechanism are discussed in
detail in [36, 37]. Such mechanisms belong to systems with
a simple kinematic chain [38] of slider or cam type with an
elastic lever compensator. They potentially allow adaptive
regulation of thread take-up depending on material
properties, which is a key direction for next-generation high-
speed sewing machines.

Therefore, literature analysis shows that despite the
significant progress in theoretical models of stitch
formation, the determination of actual and required thread
take-up functions P(¢) and P'(p) remains insufficiently
studied. The lack of quantitative data about these functions
complicates adjustment and regulation of thread take-up
mechanisms. Thus, a comprehensive analysis of thread take-
up functions for single-thread chain stitch type 101 is
relevant, as it will help to improve the design of take-up
mechanisms, enhance stitch formation stability, and ensure
sewing quality during the production of composite preforms.

II. RESEARCH OBJECTS AND METHODS

The objects of research were mechanisms and processes
of thread take-up for basic machines of the GK-9 design
series (GK9-2, Gk9-10, GK9-18A, GK9-202, GK 9-500,
GK9-801, Gk9-886, GK9-890C, GK-9000A), Gk26-1A, GK
35 (GK 35-8), GK-3700, KP3000, RG-900D (RZ-668,
RG-555) [39, 40], which are widely used in light and food
industry enterprises. As part of the study, the value of actual
and required take-up functions was determined
experimentally at minimum and maximum values of
technological parameters (m, t) for GK-9-2 sewing
machines.

In the specified types of machines, sliding type thread
take-up mechanism [38] with one thread take-upper TU
(Fig. 1) and system of thread guides Gi is used. The function
of actual P(¢) and required P'(¢) take-up for this machine
was determined experimentally using the method proposed
in [11]. According to it, general thread take-up circuit Go-A
(Fig. 1) is divided into “thread take-up circuit” — Go-N and a
“thread consumption circuit” — N-A with shared point N,
which corresponds to upper edge position of the needle eye
at its uppermost position.

Fig. 1. Scheme of the general thread take-up circuit when forming a
chain stitch type 101 in the GK-9-2 machine: a —general take-up circuit at
the initial position, b — general thread take-up circuit at the “stab” moment

of the previous thread loop and its descent from the expander nose

To measure thread “take-up circuit” (Fig. 2, a) was used
device, developed at the Department of Mechanical
Engineering. The device contains a body 1, in which a
pulley 4 and a magnetic flywheel 5 are fixed in a bearing 2
on an axis 3. An induction sensor 6 is fixed next to the
magnetic flywheel 5 to measure the circumference of the
flywheel 5 during its rotation, and obtained values are
displayed on a digital display 7 (digital channel B, Fig. 2).
Rotational movement of the magnetic flywheel 5 was
carried out due to the passage of the thread 8 in a loop
wound on the pulley 4 in several turns, which provided
reliable adhesion and eliminates slipping possibility. One
free thread end passed through roller 9 and then gone to
"take-up circuit" or "consumption circuit", depending on
reserch direction (Fig. 2, b and Fig. 2, c, respectively). The
other thread end passed through the roller 10, and weight 11
was fixed to its end.

Rotation angle of the main shaft of GK-9-2 sewing
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machine — 12 (Fig. 2, b, c) was measured using another
induction sensor 13, which read rotation angle of the
magnetic flywheel 14, and angle values were displayed on
the digital display 7 (digital channel A, Fig. 2).

A-A

1 - device body; 2 - bearing; 3 — axis; 4 — pulley; 5, 14 - magnetic
flywheel; 6, 13 - induction sensor; 7 - digital display; 8 — thread;
9, 10 —roller; 11 — weight; 12 - GK-9-2 sewing machine;
15 - thread take-upper; 16 - thread tension regulator; 17 - material

Fig. 2. Experimental setup for measuring values of thread take-up
function of thread take-up circuit P(¢) and P'(¢): a — experimental setup
structure; b — experimental setup for measuring values of the actual thread
take-up function P(@); ¢ — experimental setup for measuring values of the
required thread take-up function P'(¢)

To minimize the influence of thread physical and
mechanical properties during experiment, its parameters
were approximated to the characteristics of an ideal thread
[20]. This was achieved by fact that during device
calibration and experiment itself, the same thread was used,
and the force applied to it (weight of 30 g) remained
unchanged in both cases. The experiment was carried out
under the following conditions:

1. The needle produced by "Raly" company, model GK9,

Ne 230, and cotton-paper thread 10S/3 left-hand twist in
three folds were used in experiment. The material used in
experiment was TLW "Obukhov" packaging cardboard [41],
its compressed thickness under pressure foot force was:
Mmin=0.4 mm and mp,,,=8 mm.

2. To assess the minimum and maximum values of the
required thread take-up, the study was conducted at the
extreme values of the stitch technological parameters:
Mpin=0.4 MM, tyix=8 MM, Myax=8 MM, tm=12 mm.

4. The actual stitch length was determined as the
arithmetic average for 10 stitches length.

3. The regulator force was set in such a way to ensure
chain stitch formation according to the specified
technological parameters, which guaranteed the appropriate
stitch structure [3].

To determine values of the actual thread take-up functions
P(¢), lengths changes in "take-up circuit" was done
(Fig. 2,b). To achieve this, thread 8 was wound several
times on pulley 4 surface to eliminate its slipping
possibility. Thread 8 ends were passed through rollers 9 and
10, which are movable mounted on body 1. A weight of
30 g was fixed to one of the thread 8 ends, and the other one
was wound to “take-up circuit” and thread take-upper 15.
Machines main shaft position 12 was set at with 10° interval
accordingly to indications of digital display 7 “A” channel
by rotating the flywheel 14. In parallel, length changes in
“take-up circuit” under the impact of weight 11 due thread
take-upper 15 position changes were recorded on channel
“B” of the same display.

The values of the required thread take-up functions P'(¢)
were obtained by measuring length changes of the
"consumption circuit" (Fig. 2, c). Firstly, corresponding
values of the technological parameters t and m were
established and regulator 16 was set up to ensure a uniform
stitch structure, free from defects (tightening, sagging,
excessive tension of thread loops). The flywheel 14 was
rotated with 10° interval additionally, accordingly to the
technological process of type 101 stitch formation,
measurements were carried out at characteristic moments of
stitch formation process. For this purpose, a cyclogram of
working bodies interactions for GK-9-2 machines was
obtained, which parameters are given in Table 1.

TABLE 1

Characteristic moments of type 101 chain stitch formation process

The physical essence of formation | Main shaft
Pos. | moments for single-thread chain | rotation
stitch angle
The uppermost needle position and o o
P09 | the rig%l‘zmost expander gosition 07 (360%)
¢; | End of material transportation 50°
@2 | Needle eye passes in material 95-68°
Needle tip performs a “stab” of the
@3 | previous thread loop and pulls it out 172°
of the expander nozzle.
Reducing the thread loop of thread o
P4 172
take-upper
¢s | Needle downmost position 180°
“Overlap loop” formation and 2550
o capturing by the expander nozzle
Reducing "overlap loop" to the size o
o7 255
of expander nozzle
[0 Start of material movement 288°
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At moments @34 and @s.7, the “consumption circuit” was
reduced to size limited by geometric parameters of working
elements and their positions at the corresponding moments
¢4, @7 and @s. In the period @s-s, the indicators of the
“consumption circuit” remain constant, that is required for
stability of "overlap loop" formation process and
corresponds to function P(¢s) value at argument @s value.
The "consumption circuit" length value and main shaft
rotation angle were measured similarly to the measurement
at the "take-up circuit".

Device 1 calibration (Fig. 3) was performed by measuring
the ratio between pulley 2 and magnetic block 3 diameters.
Series of measurements (N=10) was carried out in 0—50 mm
range for this purpose. Thread 4, passing through pulley 2,
under the impact of weight 5 moved magnetic tape 6. The
movement of thread 4 through tape 6 was recorded by
sensor 7 (channel A) of measuring device 8, while the
movement of magnetic block 3 was determined by a
separate sensor of device 1 (channel B).

L WL W W i i e e
SRR
',

A
LR AL WA

Fig. 3. Calibration scheme of the experimental setup

The length readings of the “consumption circuit” and
“take-up circuit” were processed in two stages. At the first
stage, the results of direct measurements were processed,
with calculation of average values and standard deviation
for series of experiments at certain points (main shaft
rotation angle, digital display readings in millimeters),
according to the method [42, 43]. The results containing
obvious gross mistakes, accordingly to the recommendations
[44], were discarded, and the remaining values were
processed further accordingly to the algorithm [45].

Before processing the results, all data were checked for
anomalous values wusing the Chauvenet criterion,
accordingly to the recommendations [42]. If such values
were detected, they were removed from the calculation, and
the remaining values were calculated repeatedly.

The following assumptions were considered:

1. Neglecting methodological fault;

2. Recognition that instrumental fault has only a
systematic component;

3. Recognition of additional
component;

4. The accuracy of measuring devices is guaranteed (the
largest absolute instrumental fault is Aay=+ 0.05 mm);

5. According to the recommendations [42], a reliable
probability a = 95% is set.

It is worth noting that instrumental fault of measuring
device is equal to the confidence interval of the values
obtained at certain calibration points. Therefore, according

to [42-44], we obtain:
At‘al, = 1/1 f z Wn H
n=l1

fault as a random

where:
w, =1/Ax;

wy—statistical contribution of the n-th measurement fault;

Axy—n-th measurement fault of the values obtained during
calibration.

As a result of the calculations, the calibration error was
Acal. = 0,008.

The rounded values of the experimental data processing

results at each point are written in the form X = (x+Ax)

At the second stage, after processing the experimental
values, they were converted into real values according to the
calibration chart (Fig. 4) using the indirect measurement
processing technique [42, 43].

For this purpose, an equation that approximates
calibration chart was found. Considering that each of its
points (Fig. 4) has +Aa dispersion along the ordinate axis,
the chart can be approximated by next linear equation
[44, 45]:

y=aptaix, (1)

where equation coefficients [35]:
:Nzxiyi_zxizyi Zyi_alzxi
N 2 rq, ===
Ny =(Xx) N
Approximation quality was assessed using the method:
ei = y,- _)’},‘s

1

where:

V,— the function
approximating model.
Sum of squares (SSE) [45]:

N
SSE=Y¢,
i=1
Determination coefficient R%:
SSE

pINEESI @

where: Y — the average value of y;.
The approximation accuracy was R? = 0.9991, and the
equation of the approximated line (Fig. 4.) is as follows:

values, calculated wusing an

R =1-

)7(x) =0,4587 - x, 3)
Y, y, mm Device calibration charts
30 o
Rz =0.9991

25
20

15

10

5 1-y(x)

2 — y(x)=0,4587x
0
0.0 20.0 40.0 60.0 X, mm

Fig. 4. Device calibration charts: 1 — average value of measurement
readings, 2 — approximated line

The values of the actual thread take-up function P(¢) and
the required thread take-up function P'(p) expressed in real
units are:

P(9),(P'(9)) = ¥(x(9)) = 0,4587 - x(¢) (4)
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Since the experimental data were processed using the
direct measurement method [42, 43], the instrumental error,
calculated according to equation (3), is as follows:

_|
in. dx

Ay, - instrumental error of the device, mm;

Ay - Ax, (3)

& librati fficient Q:O4587'
- calibration coefficien (dx R );

Ax - instrumental measurement error on the scale
(Ax=0,05 MM), MM.
The analysis of expressions (3) and (5) shows that the

instrumental error decreases to AV, =0,023

The total error of the results was evaluated taking into
account both the instrumental error and the statistical error
of the average value. The final error was calculated using
the following formula:

EE ’ ,
Atot. = Ax + \/N +Acal. s (6)

where: A, — total measurement error, mm;

S - standard deviation relative to;

N - number of repeated measurements;

t, — Student’s t-coefficient (for P=0,95, N=10, t, = 2,62).

dy
dx

The obtained values of actual P(¢) and required P'(¢)
thread take-up functions and faults were rounded to the
second decimal place, which is regulated by device
accuracy.

In order to determine the correspondence of the value of
actual P(p) function to the required P'(¢p) one, it was
determined convergences function Ci(p), as the difference of
the values of these functions according to ¢ argument at the
i-th value of technological parameters:

Ci(@)=Pi'(¢)-P(¢) (7

The difference between the values of P'(¢)min and P'(¢)max
functions reflects the total increase of A(¢) function due to
the change in technological parameters values from the
minimum (Mmin, tmin) t0 the maximum (Mmax, tmax):

A()=P"2() - P'i(9), ®)

A(@)=Ci(9) - C(). )

or

Estimation of the convergence function Ci(p) allows to
detect the difference between actual and required values of
thread take-up functions, which values determine stability
and quality of the stitch formation process, namely
excessive or insufficient thread take-up when sewing
materials of different thicknesses and with different stitch
parameters, including performing their analysis at limit
values.

In order to obtain analytical expressions of thread take-up
functions in form of mathematical models, an approximation
of the experimental data (xi,yi, where i=1,2,...,m;) was done
using the least squares method.

The analysis of thread take-up functions given in [37]
showed that they are piecemeal and their sections are
approximated to straight lines or curves of the n-th degree.
In order to ensure maximum approximation accuracy for
approximation mathematical model, it is advisable to use a

polynomial model of n-th degree [44, 45], determining the
type of function and its coefficients depending on the curve
(line) nature.

Polynomial model of a piecemeal function of n-th degree:

y(X)=apta;x+ax>+... +anx",

where y(x) - the approximate value of the piecemeal
continuous function of the thread take-up law (P(¢)),

x - an independent variable (analogous of the
main shaft rotation angle - ¢).

The coefficients ag, a;, a ..., a, were found by
minimizing the sum of deviations squares between the
experimental values yi and are calculated by value of the
polynomial:

S= Z(y,. —(anx,f’ +a, X'+ ta,x +a0))2 — min
i=1

The partial S derivatives with respect to each coefficient
ak are set to zero, which has the system of equations:

m m

k _ k n n—1
2 N Vi = z Xi (anxi ta, X teetax +a0)»
i=1 i=1

The coefficients ay, a1, az,..., an were determined from the
system of equations, R? determination coefficient is given

by (2): i .
2 2 | %o Vi
m dx. DX Dx %x.y.

2 3 n+l a]
fo fo fo fo _ 2
: : : .. : G |= inyi :
1 2 2 : :
Si Tat THv e A n
a,] | XX,

The presented approximation models allow us to determine
mathematical thread take-up functions P(¢) and P'(¢), which
can be used for analysis and modeling of stitch type 101
formation process, as well as for optimization synthesis of
adaptive thread take-up mechanisms.

III. RESULTS AND THEIR DISCUSSION

Results of experimental studies of thread take-up laws for
GK-9-2 sewing machine are given in form of graphic
representation of average values of required thread take-up
functions Pi'(¢) (curve 1, Fig. 5) and P>'(9p) (curve 2), and
actual take-up function P(¢) (curve 3) (maximum absolute
deviation for P;,'(p) and P(¢) function values was

Ay, =+0,06 mm). For an analytical comparison of these
functions, Figure 6 presents a diagram of convergence
functions Ci(p) values of actual P(¢) to required Pi,'(9)
thread take-up at maximum and minimum technological
parameters. Also on convergence diagram Ci(@) the
difference of these functions — A(¢), which shows the
magnitude and nature of technological parameters impact on
the required function of the actual thread take-up P'(¢) is
shown. Approximation results (Table 2, Fig. 7) of
experimental data, represented by mathematical models of
piecemeal-continuous dependencies of thread take-up at
different technological parameters of chain stitch on GK-9-2
machine, are given in table 1.

Analysis of actual P(¢) and required Pi'(¢) and P,'(¢)
thread take-up functions (curve 3 and curves 1, 2 Fig. 5)
showed that required thread take-up Pi'(¢) significantly
differs from actual P(¢), and in different moments of the
stitch formation process, these values are different. Also
analysis of diagrams of thread take-up functions P(¢) and
P'(¢) showed that in range @3, thread take-up process takes
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place, required for passing the thread loop through the
materials and forming the previous thread loop. At the same
time, the amount of supplied thread is excessive (maximum
value of the convergence function is — Cix(@o3) = 18+30
mm), which leads to thread sagging. In the range ¢34
accordingly to requirements for required thread take-up
function P'(p) specified in works [36, 37], shortening of
previous thread loop which is coming out from the
expander’s nozzle after it was "stabbed" by needle is
necessary (Fig. 1, b). However, in real stitch formation
process this is impossible to achieve. Firstly, in @3 range of
stitch formation process an excess of supplied thread is
created by thread take-upper (Cia(@o3) = 30+18 mm).
Secondly, it is possible to shorten loop of the needle thread
only to dimensions limited by needle shaft (Fig. 1, b). And
finally, taking into account that total surfaces coverage angle
by the thread from the approaching branch of the loop BC
(Fig. 1, b) to NC circuit section is about 3,5m, this is
practically impossible to do. Therefore, the selection of
excess thread begins in @75 period respectively at the
moments determined by intersections of functions Pi,'(p)
and P(o) charts respectively at points A and B (Fig. 5, 6).
o, deg.

0 30 60 90 120 150 180 210 240 270 300 330 360

Do
5.0

1-P/(@)min
2- Pz'((p)max

55.0 P(p), mm H

1 — chart of experimental values of actual thread take-up function P(¢);
2 — chart of experimental values of required thread take-up function P'(@)min
at minimum values t,;;=8 mm, my;;=0.4 mm;
3 — chart of experimental values of required thread take-up function
P'(p)max at maximum values ty=12 mm, my,=8 mm;

Fig. 5. Thread take-up charts for GK-9-2 sewing machine
330 C(0), A(g), mm

1-
-15.0 Cie)
2-Cxp)
250 3 A(g) 9
2
-35.0

1 — chart of correspondence functions C;(¢) at minimum parameters tmin
and my,; 2 — chart of correspondence functions Cy(¢) at maximum
parameters tmax and my,,,; 3 — chart of increase A(¢) of function of

required thread take-up when changing technological parameters from

minimum to maximum

Fig. 6. Diagram of convergence Ci(¢) and growth functions of the required
thread take-up A(p) of GK-9-2 sewing machine at minimum i=1 and
maximum i=2 technological parameters

0 30 60 90 120 150 180 210 240 270 300 330 360
®o P34 I(Ps

30 60

15

25

35

45

P7P(3 mm P S "

55

Fig. 7. Graphical representation of mathematical models of P(¢) and
P'(¢p) thread take-up functions in general view

At the same time, in the works [24] it is noticed that
reduction of the needle thread loop for stitch type 401
occurs in 2 stages, partly in the same period @o4 when
moving needle to the lowest position and tightening the
stitch in period @s.o. Which indicates the uniqueness of
formation processes for this stitch type and distribution of
load on the thread throughout stitch formation process. In
period @46, “overflow loop” formation occurs and it’s
captured by expander’s nozzle, in period @7, the excess
“overflow loop” is reduced to the size of expander, these
processes also cannot be provided with actual thread take-up
function P(¢), since thread take-up process occurs with an
excess of supplied thread (Ci2(@s-7) = 21+9 mm). In period
¢7-3, thread loop is expanded by the expander, which starting
from the moment @g happens simultaneously with materials
movement up to the moment ¢@;, these processes can be
performed up to the moments ¢a and @p. Depending on
technological parameters values stitch tension and winding
thread from the bobbin occurs in periods @a-o and @g.9. The
first thing to note is that period @a.p arises as result of
technological parameters changes (stitch length t and
material thickness m) and it is an indicator for moments
when stitch tightening process begins. The duration of this
period shows how these parameters affect machine cycle,
determining the time available for thread tightening and
winding, which in its turn affects stitch quality.

It should be noted that for different technological
materials t and m convergence functions Ci(¢) and Ca(¢)
(Fig. 6) have different values, due to the fact that GK-9-2
machine does not provide ability to adjust actual thread
take-up value P(@), and its value satisfies the conditions
only with maximum parameters values, that is confirmed by
smaller function values in comparison with minimum
technological parameters (Ca(¢) < Ci(¢)). Analysis of the
diagram in Fig. 6 shows that at minimum parameters value
of actual thread take-up P(¢) exceeds the required one by
64.1%, indicating excessive take-up, while at maximum
parameter values the mismatch function C,(¢) exceeds the
required one by only 20.7%.

The increase A(¢) (curve 3, Fig. 6) of required thread
take-up function P'(p) due to changes in technological
parameters is approximately linear, which is associated with
an increase in size of thread loop, which is passed into
material by needle, due to increase in material thickness.
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Table 11

Mathematical models of thread take-up functions

Mar- Interval Coefficients of mathematical models of thread take-up functions
king range P'i(9) P [ Ao P()
Qo-1 Y'i(X0-2) = ai3x® + apx? + ajjx+ajg
a10=0; a=0; 331:6061007573;
o oo a11=-0,0629; ax=-0,111; 837 0,000 /5.
P12 | 0-95%(68%) a1,=-0,0006; 22,=0,006; 333__'2,’?82,3’
(x12) a=410% | an=810% | BT
R2=0,9971 R2=10,9971 i
i i R2=0,9994
Y'i(x2.3) = aux*taipx® + apx? + aix + aj
330:—493,9;
310:-1 13,73; 320:-167.64; a31:24,662;
025 95(68)- a11=2,9083; a=6.211; a»=-0,492; | y(x)= agx®+asx>+asx*+
- 1720 a1,=-0,0242; a2,=-0.0819; a33=0,0051; +asx3+arx2+a;x+ag
(x23) a13=5-10"5; a23=0.0004; a3=-3-10";
a14=3-1 0'8; 324:—8' 1 0'7; a35:9~ 10'8; 8.0:0;
R2=10,9997 R2=0,9997 a36=-1-10"1%; a,=0,1373;
R2=0,9997 a,=-0,0126;
P46 o yi=-21 y>=-31,5 y3=-10,5 a;=0,0001;
(xeq) | 177D RZ= | R2= | R =1 a=-5-107;
Y'i(x7.8) = ai3x® + apx? + aix+ ajo 35:1'10'9i2
a10=-671,87; a20=771,64; ag=-1-10""%;
P7.8 255-288° a;1=7,7699; a,=-8,097, R2=0,9986
(X7.8) 3122-0,0301 N a22=0,0275; a30=54276;
a;3=4-1073; a»=-3-107; a31=-1009,4;
R2=0,9946 R2=0,9958 as=7,7736;
310:568180; 3202150587; a33=0,0051;
a;,=-8637,6; ay=-2347,1; a34:7~10’5;
a1,=52,46; a»=14,597, 335:-9'10'8;
P50 1 288-360° a;=-0,1591; |  a,=-0,0453; | ay=410""";
(xs9) a1,=2-10%; =710, R2=0,9927
315:-1'10'7; 325:—4'10'8;
R2=0,9998 R2=0,9982

However, the nature of these changes could be more
complex, requiring more in-depth research.

The negative values of curves 1 and 2 (Fig. 6) illustrate
beginning of stitch tightening process at points "A" and "B".
The analysis shows that at maximum values of stitch size
and material thickness (curve 2) tightening occurs earlier,
before the start materials movement (@g), while at the
minimum parameters tightening occurs simultaneously with
materials movement. This indicates that stitch tightening
conditions depend on technological parameters, and these
point require further research. Also it can be concluded that
with different technological parameters, stitch quality
changes, since the law of actual thread take-up P(¢p) remains
unchanged.

The adjustment of the actual thread take-up P(¢) in
machines of this design series is mostly done by changing
force on stitch regulator, that can cause thread take-up
instability. This phenomenon depends on such parameters as
thread thickness, elasticity and coefficient of thread friction
with other mechanism elements. Deviations can be caused
by dynamic processes in thread take-up circuit, its elastic
deformations or design features of machine.

The obtained mathematical models of thread take-up
function (Table 2, Fig. 7) can be used for analytical
description of take-up laws during the design of thread take-
up mechanisms and maintenance this type of equipment.
They serve as basis for further, deeper research aimed to

improve obtained mathematical models for required and
actual thread take-up, taking into account its physical and
mechanical properties, such as stiffness, deformability and
friction. This allows to expand analytical capabilities and
consider more precisely kinematic and dynamic
characteristics when studying thread take-up process.
Additionally, these models can be used in development of
thread take-up mechanisms with possibility of automated
regulation of thread take-up law when performing such
operations, where change in technological parameters values
occurs during sewing process. This, in turn, ensures
adaptation of thread take-up mechanisms to different
operating modes of sewing machine, minimizes process
instability and improves quality of stitch formation.

IV. CONCLUSIONS DISCUSSION

1. Excessive thread take-up, conditioned by design
features of take-up mechanisms is observed in single-thread
chain stitch sewing machines of type 101. This can lead to
excess of required take-up by 20-64%, that relates to
discrepancy between actual and required thread take-up. The
deviations are caused by design limitations of the take-up
mechanism or impact of physical and mechanical thread
properties.

2. The lack of thread take-up adjustment leads to its
variability depending on technological conditions, which is
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compensated by redistribution of thread from previous
stitches and changing the force on stitch regulator. This
reduces thread take-up stability and limits its adaptation to
different material thicknesses and stitch lengths.

3. It has been established that at maximum values of
technological parameters the process of stitch tightening
begins earlier than at minimum values, when it matches with
material movement. To achieve stable quality of materials
stitching it is necessary to consider that initial moments of
stitch tightening depend on specific conditions, such as
stitch length and material thickness. To ensure process
stability it is necessary to adapt thread take-up function to
the required conditions, which will allow to reduce pA-¢B
interval to zero, providing the same conditions for stitch
tightening.

4. The application of the obtained mathematical model of
thread take-up process allows to consider its dynamic and
physico-mechanical ~ characteristics  under  different
conditions and technological parameters, when analyzing
thread taking-up process, that simplifies calculations related
to analysis of thread taking-up and synthesis of new
mechanisms. They can also be used to develop mechanical
systems for auto adjustment of thread take-up value when
changing technological parameters during sewing process,
that will allow to achieve greater compliance of thread take-
up functions values, and, therefore, improve products
quality.

ACKNOWLEDGEMENTS

The authors thank the cooperation between Kyiv National
University of Technologies and Design and Lutsk National
Technical University.

REFERENCES

[1] P. Potluri, and J. Atkinson, “Automated manufacture of composites:
handling, measurement of properties and lay-up simulations”,
Composites Part A: Applied Science and Manufacturing, 34(6),
pp493-501, 2003. (Online). Auvailable:
https://doi.org/10.1016/S1359-835X(03)00056-3

[2] J. Shen, A. Ramirez-Gémez, J. Wang, and F. Zhang, “Autonomous
Sewing Technology and System: A New Strategy by Integrating Soft
Fingers and Machine Vision Technology,” Textiles, vol. 5, no. 4, Art.
45, pp1-19, 2025. (Online). Available:
https://doi.org/10.3390/textiles5040045

[3] I1SO 4916:1991, Textiles — Seam types — Classification and
terminology, International Organization for Standardization, 1991.

[4] DSTU ISO 4915:2015, Textile materials. Types of seams, Kyiv:
Ministry of Economic Development of Ukraine, 2015.

[5] O. Manoilenko, “Topological analysis and synthesis of machine chain
stitches,” Vlakna a textil (Fibres and Textiles), vol. 27, no. 4, pp58-69,
2020. (Online). Available:
http://vat.ft.tul.cz/2020/4/VaT 2020 4 _8.pdf

[6] S. Malek, F. Khedher, D. C. Adolphe, and B. Jaouachi, “Sewing
thread consumption for chain stitches of class 400 using geometrical
and multilinear regression models,” AUTEX Research Journal, vol.
21, no. 1, 2021. (Online). Available:
https://doi.org/10.2478/aut-2019-0051

[71 A. Rehman, A. Rasheed, Z. Javed, M. S. Naeem, B. Ramzan, and M.
Karahan, “Geometrical model to determine sewing thread
consumption for stitch class 406,” Fibres and Textiles in Eastern
Europe, vol. 29, no. 6, pp72-76, 2021. (Online). Available:
https://www.researchgate.net/publication/357901719 Geometrical_M
odel_to_Determine_Sewing_Thread_Consumption_for_Stitch_Class
406

[8] R.P. Abeysooriya, and G. L. D. Wickramasinghe, “Regression model
to predict thread consumption incorporating thread-tension constraint:
Study on lock-stitch 301 and chain-stitch 401,” Fashion and Textiles,
vol. 1, no. 14, ppl-8, 2014. (Online). Available:
https://doi.org/10.1186/s40691-014-0014-5

[9]1 A. Rasheed, A. Sheraz, A. Nauman, A. Rehman, and R. M. Babar,
“Geometrical model to calculate the consumption of sewing thread for

504 over-edge stitch,” Journal of the Textile Institute, vol. 109, no. 11,
pp1418-1423, 2018. (Online). Auvailable:
https://doi.org/10.1080/00405000.2018.1423902

[10] Shuart, M. J., et al. “Automated fabrication technologies for high-
performance composite materials.” NASA CP-1998, 1998. (Online).
Available:https://ntrs.nasa.gov/api/citations/19980235527/downloads/
19980235527.pdf

[11] V. O. Pyshchikov, and B. V. Orlovsky, Design of sewing machines.
Kyiv: Format, 2007, 320 p.

[12] B. V. Orlovsky, and N. S. Abrinova, Technological equipment of the
industry (sewing production). Kyiv: KNUTD, 2013, 285 p.

[13] T. Fristedt, “Novel fiber placement technologies for composite
applications,” Tailored Fiber Placement, 2012. (Online). Available:
https://www.tailoredfiberplacement.com/laystitch-acce-2012.pdf

[14] NASA Technical Reports Server, Handbook of Analytical Methods for
Textile Composites, 1997, p. 176. (Online). Auvailable:
https://ntrs.nasa.gov/citations/19970017583

[15] B. V. Orlovsky, O. P. Manoilenko, and D. M. Bezuhlyi, “Object-
oriented analysis of frame 3D textile structures,” Journal of
Engineering Sciences, vol. 10(2), pp26-35, 2023. (Online). Available:
https://doi.org/10.21272/jes.2023.10(2).c4

[16] C. McDonnell, S. Hayes, and P. Potluri, “Investigation into the tensile
properties of 1SO-401 double-thread chain-stitched glass-fibre
composites,” International Journal of Lightweight Materials and
Manufacture, vol. 4, no. 2, pp203-209, 2021. (Online). Available:
https://doi.org/10.1016/j.ijlmm.2020.11.001

[17] B. Lee, I. Herszberg, M. K. Bannister, and J. I. Curiskis, “The effect
of weft binder path length on the architecture of multi-layer woven
carbon preforms,” Proceedings of the 11th International Conference
on Composite Materials (ICCM-11), vol. 5, pp260-269, 1997.
Available:
https://zenodo.org/records/15409330/files/ICCM11_V5_27.pdf

[18] P. Wang, X. Legrand, and D. Soulat, “Three-dimensional textile
preform using advanced textile technologies for composite
manufacturing,” Textiles for Advanced Applications, ppl161-189,
2017. (Online). Available: https://doi.org/10.5772/intechopen.68175

[19] B. Jaouachi, and F. Khedher, “Effect of compressional behaviour and
sewing machine foot pressure on sewing thread consumption,” Indian
Journal of Fibre & Textile Research, vol. 46, pp 325-332, 2021.

[20] V. Y. Shcherban, Thread Mechanics. Kyiv: Ukrblankovydav, 2012,
533 p.

[21] V. K. Midha, V. Gupta, and A. Mukhopadhyay, “Impact of Positive
Thread Feeding for High-Speed Industrial Lockstitch Sewing
Machines: Part | Development of Device,” Journal of The Institution
of Engineers (India): Series E, vol. 100, pp71-79, 2019. Available:
https://doi.org/10.1007/s40034-019-00136-2.

[22] V. M. Bezryadin, and V. M. Dvorzhak, “Research of the two-crank
four-link thread take-up mechanism of a sewing machine,” Herald of
the Kyiv National University of Technology and Design. Technical
Sciences Series, no. 6(116), pp26-34, 2017.

[23] B. V. Orlovsky, V. M. Dvorzhak, and E. S. Radchenko, “Metric
synthesis of the inverted rocker mechanism of thread take-up of a
sewing machine,” Technologies and Design, vol. 1, no. 2, ppl-8,
2011. (Online). Available:
https://er.knutd.edu.ua/bitstream/123456789/2897/1/td_2011 N1_07.p
df

[24] S. M. Hlobenko, Development of a sewing machine for joining
packages with corrugated middle layers. Abstract of PhD thesis in
Technical Sciences (05.05.10 — Light industry machines). Kyiv: Kyiv
National University of Technologies and Design, 1984, 20 p.

[25] V. V. Yehorov, Development of a two-thread chain-stitch sewing
machine with reversible fabric feed. Abstract of PhD thesis in
Technical Sciences (05.05.10 — Light industry machines). Kyiv: Kyiv
Technological Institute of Light Industry, 1983, 20 p.

[26] S. V. Mashentsev, Development of loop-forming mechanisms for two-
thread chain-stitch zigzag machines. Abstract of PhD thesis in
Technical Sciences (05.05.10 — Light industry machines). Kyiv: Kyiv
National University of Technologies and Design, 1985, 24 p.

[27] A. H. Chen, “Modeling of industrial sewing machines and the
balancing of thread supply,” The Journal of The Textile Institute,
92(3), pp251-259, 2001. (Online). Auvailable:
https://doi.org/10.1080/00405000108659575

[28] S. Lee and H. Kim, "A basic study on establishing the automatic
sewing process based on intelligent control systems," Processes, vol.
9, no. 7, ppl-17, 2021. (Online). Available:
https://doi.org/10.3390/pr9071206

[29] Y. Kamata, “Analysis on tightening tension wave in a lockstitch
sewing machine,” Journal of the Textile Machinery Society of Japan,
vol. 36, no. 2, pp64-70, 1990. Available:
https://www.jstage.jst.go.jp/article/jte1955/36/2/36_2_64/ pdf

Volume 34, Issue 3, March 2026, Pages 1062-1070


https://doi.org/10.1016/S1359-835X(03)00056-3
https://doi.org/10.3390/textiles5040045
http://vat.ft.tul.cz/2020/4/VaT_2020_4_8.pdf
https://doi.org/10.2478/aut-2019-0051
https://www.researchgate.net/publication/357901719_Geometrical_Model_to_Determine_Sewing_Thread_Consumption_for_Stitch_Class_406
https://www.researchgate.net/publication/357901719_Geometrical_Model_to_Determine_Sewing_Thread_Consumption_for_Stitch_Class_406
https://www.researchgate.net/publication/357901719_Geometrical_Model_to_Determine_Sewing_Thread_Consumption_for_Stitch_Class_406
https://doi.org/10.1186/s40691-014-0014-5
https://doi.org/10.1080/00405000.2018.1423902
https://ntrs.nasa.gov/api/citations/19980235527/downloads/19980235527.pdf
https://ntrs.nasa.gov/api/citations/19980235527/downloads/19980235527.pdf
https://www.tailoredfiberplacement.com/laystitch-acce-2012.pdf
https://ntrs.nasa.gov/citations/19970017583
https://doi.org/10.21272/jes.2023.10(2).c4
https://doi.org/10.1016/j.ijlmm.2020.11.001
https://zenodo.org/records/15409330/files/ICCM11_V5_27.pdf
https://doi.org/10.5772/intechopen.68175
https://doi.org/10.1007/s40034-019-00136-2
https://er.knutd.edu.ua/bitstream/123456789/2897/1/td_2011_N1_07.pdf
https://er.knutd.edu.ua/bitstream/123456789/2897/1/td_2011_N1_07.pdf
https://doi.org/10.1080/00405000108659575
https://doi.org/10.3390/pr9071206
https://www.jstage.jst.go.jp/article/jte1955/36/2/36_2_64/_pdf

Engineering Letters

[30] S. Ghosh and R. Chauhan, “A model on stitch tightening process of
lockstitch machine,” The Journal of The Textile Institute, vol. 115,
no. 7, pp1093-1105, 2024, (Online). Available:
https://doi.org/10.1080/00405000.2023.2214294

[31] P. Potluri and V. S. Thammandra, “Influence of uniaxial and biaxial
tension on meso-scale geometry and strain fields in a woven
composite,” Composite Structures, vol. 77, no. 3, pp405-418, 2007.
(Online). Available: https://doi.org/10.1016/j.compstruct.2006.10.005

[32] M. Karahan, Y. Ulgay, N. Karahan, and A. Kus, “Influence of stitching
parameters on tensile strength of aramid/vinyl ester composites,”
Materials Science (MedZiagotyra), vol. 19, no. 1, pp67-75, 2013.
(Online). Available: http://dx.doi.org/10.5755/j01.ms.19.1.3829

[33] C. Sickinger and A. Herrmann, “Structural stitching as a method to
design high-performance composites in future,” in Proceedings of the
11th International Techtextil Symposium, Frankfurt am Main,
Germany, 2001. (Online). Available:
https://scispace.com/pdf/structural-stitching-as-a-method-to-design-hi
gh-performans-bghObtxm3t.pdf

[34] M. K. Bannister, “Challenges for composites into the next millennium
— a reinforcement perspective,” Composites Part A: Applied Science
and Manufacturing, vol. 32, no. 7, pp901-910, 2001. (Online).
Available: https://doi.org/10.1016/S1359-835X(01)00008-2

[35] K. T. Tan, N. Watanabe, and Y. Iwahori, “Effect of stitch density and
stitch thread thickness on low-velocity impact damage of stitched
composites,” Composites Part A: Applied Science and Manufacturing,
vol. 41, no. 12, pp1857-1868, 2010. Auvailable:
https://www.sciencedirect.com/science/article/pii/S1359835X1000255
1

[36] O. P. Manoilenko, V. A. Horobets, V. M. Dvorzhak, Y. A. Kovalov, I.
Knsaziev, and V. Shkvyra, “Research of variable parameters of needle
thread take-up mechanisms and development of recommendations for
adjusting multi-thread chain stitch sewing machines,” Vlakna a textil
(Fibres and Textiles), vol. 30, no. 5, pp52-60, 2023. (Online). Available:
http://vat.ft.tul.cz/2023/5/VVaT 2023 5 6.pdf

[37] O. Manoilenko, V. Dvorzhak, V. Horobets, and |. Panasiuk, “Assessing
the impact of sewing machine thread take-up mechanism parameters on
the magnitude and nature of thread take-up,” Engineering
Technological Systems, vol. 6, no. 1(132), pp64-75, 2024. (Online).
Auvailable: https://doi.org/10.15587/1729-4061.2024.315129

[38] O. P. Manoilenko, V. A. Horobets, V. M. Dvorzhak, D. D. Pysarenko,
and K. A. Bylyk, “Analytical inspection and development of a
classification of needle threads teke-up mechanisms of chain stitch
sewing machines,” Technologies and Engineering, vol. 4, no. 9, pp35-
47, 2022. (Online). Available: https://doi.org/10.30857/2786-
5371.2022.4.3

[39] Jinzhifeng (Tianjin) Automation Technology Co., Ltd., “Jinzhifeng
Automation Technology.” (Online). Available: http://www.jzf-

tj.com/en/
[40] HeBei QingGong Sewing Machine Co., Ltd., “HeBei QingGong
Sewing Machine Co., Ltd.” (Online). Available:

http://www.qgfr.com/en/

[41] DSTU 8401:2015, Cardboard. Packaging, marking, transportation
and storage. Kyiv: Ministry of Economic Development of Ukraine,
2016.

[42] A. V. Degtyarov, M. G. Kokodiy, V. O. Maslov, and V. O. Timanyuk,
Setting up the experiment and processing the results: A study guide,
Kharkiv: V. N. Karazin KhNU, 2017, 176 p.

[43] V. M. Kyslyi, Organization of scientific research: Study guide. Sumy:
University Book, 2011, 224 p.

[44] M. V. Kartashov, Probability, processes, statistics: Handbook. Kyiv:
Publishing and Printing Center “Kyiv University”, 2008, 504 p.

[45] Yirui Zhang, Shengli Zhao, Zonggi Man, Baojun Qu, Xiangyu Tian,
Qijun Zhu, and Kai Zhang, “Multi-Objective Optimization Design of
Lever Arm based on Kriging Model,” Engineering Letters, vol. 33,
no. 3, pp508-519, 2025

Volume 34, Issue 3, March 2026, Pages 1062-1070


https://doi.org/10.1080/00405000.2023.2214294
https://doi.org/10.1016/j.compstruct.2006.10.005
http://dx.doi.org/10.5755/j01.ms.19.1.3829
https://scispace.com/pdf/structural-stitching-as-a-method-to-design-high-performans-bgh0btxm3t.pdf
https://scispace.com/pdf/structural-stitching-as-a-method-to-design-high-performans-bgh0btxm3t.pdf
https://doi.org/10.1016/S1359-835X(01)00008-2
https://www.sciencedirect.com/science/article/pii/S1359835X10002551
https://www.sciencedirect.com/science/article/pii/S1359835X10002551
http://vat.ft.tul.cz/2023/5/VaT_2023_5_6.pdf
https://doi.org/10.15587/1729-4061.2024.315129
https://doi.org/10.30857/2786-5371.2022.4.3
https://doi.org/10.30857/2786-5371.2022.4.3
http://www.jzf-tj.com/en/
http://www.jzf-tj.com/en/
http://www.qgfr.com/en/

	1+ стор
	camera-EL_250718Ed-(21.02.2026)
	1 стор
	camera-EL_250718Ed-(17.02.2026)
	camera-EL_250718Ed
	Підшивка2
	Manoilenko_2025_24.11+
	Acknowledgements
	References








