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Abstract. The correctness of the assumptions made when building the model of
interaction of the thread with the guide taking into account its physical and mechanical and
structural characteristics and the possibility of using recursion in sequential determination of
tension in areas of process equipment from the entrance area to the area of fabric and
knitwear. In particular, it is found that the thread tension increases from zone to zone and
reaches its maximum before the zone of formation. It is shown that excessive tension leads to
disruption of the technological process and to thread breakage. Thus, there is reason to argue
about the possibility, even at the initial stage of designing the technological process of fabric
and knitwear, aimed at adjusting the tension of the thread in front of the area of fabric and
knitwear by adjusting the geometric parameters and design of the thread feed system on
process equipment and specific guides, which will minimize the value of the thread tension.
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Hlepoans B., Ilemko A.
Kuiscokutl nayionanvrutl ynisepcumem mexHono2iti ma Ou3aHy
3ACTOCYBAHHS AJIT'OPUTMY PEKYPCII J1JIsI BABHAUEHHS HATSATY
HUTKU TA If KOMII'IOTEPHOI'O BITPOBAI’KEHHSI
Anomauin. Iliomseepooicena kopekmHicmos 3pobNeHuUx 0onyujenb npu nob6y008i mooeui
83AEMOOII HUMKU 3 HANPABIAIOYOI0 3 YPAXYBAHHAM i (DI3UKO-MEXAHIUHUX | CMPYKMYPHUX
Xapaxkmepucmux i MOJNCTUBICIb GUKOPUCMAHHA PeKYpCii npu nociioo8HOMY 6U3HAYEeHHI
Hams2y no 30HAX MEXHOLO2IYHO20 YCMAMKYB8AHHS BI0 30HU 6X00) 00 30HU (YOPMYEAHHS
MKAHUHU | mpukomasicy. 30Kpema 6CMaHo81eHo, o Hamse HUMKU 3pOCMAE 8i0 30HU 00 30HU
i docseae c8020 mMakcumymy nepeo 30noio popmysanns. llokazano, wo HaoMipHe 3HAYEHHS.
Hams2y Npugooums 00 NOPYULeHHS MEXHON02IuH020 npoyecy i 0o obpusy numiku. Taxum
YUHOM, € RNIOCMABU CMBEPONHCYBAMU NPO MONCIUBICb, We HA NOYAMKOSIil cmaoii
NPOEKMYBAHHA  MEXHOJOIYHO20 Nnpoyecy  6U2OMOBNEHHS MKAHUHU 1  MPUKOMAdiCy,
CHPAMOBAHO20 Ppe2VIIOBAHH HAMA2Y HUMKU neped 30HOK (QOpMY8aHHS MKAHUHU |
MPUKOMAdACY 34 PAXYHOK KOPUSYBAHHA 2€OMEMPUYHUX NaApamempis i KOHCMPYKYii 5K
cucmemy n00a4i HUMKU HA MEXHONOIYHOMY YCMAMKY8AHHI, MAK [ KOHKDEMHUX
HanpagisAiouux, wo 003601UmMsb MIHIMI3Y8amu 3HAYEHHs HAMA2Y HUMKU.
Knruoei cnosa: pexypcisa; ancopumm; HUmMKA; KYM OXONJEHHS, HANPSAMHA; paodiyc
KPUBU3HU, HaMSC.

Introduction. Under these conditions, mathematical modeling of the process of
increasing the thread tension in the zones of technological equipment, the use of which creates
the preconditions for the use of a computational experiment, which is based on the
implementation of the corresponding algorithms and numerical methods on a computer,
renders significant assistance [1-3].

Its use will allow at the initial design stage to determine the value of technological
loads and improve the shape of the threading line on technological equipment, which will
reduce the time of the technological process and increase the quality of the products [4-8].

The increase in the thread tension occurs due to frictional forces in the contact zone
with the guides. The magnitude of the friction forces depends on the material of the thread
and the guide, the ratio of their geometric dimensions (the radius of the cross-section of the
thread and the radius of curvature of the guide in the contact zone) [4-8], the actual angle of
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coverage of the thread by the guide and the angle of the radial coverage of the thread by the
surface of the guide, physico-mechanical and the structural characteristics of the thread, the
tension of the thread in front of the guide [1, 5, 7].

The sequential passage of the thread along the guides, from the entry zone to the
formation zone of fabric and knitwear, leads to a stepwise increase in tension. In this case, the
output parameter of the tension after the previous guide will be the input parameter for the
subsequent guide, which allows using recursion when determining the tension in front of the
formation zone [1].

In this regard, the study on the computer implementation of the algorithm for
determining the thread tension on technological equipment using recursion should be
considered relevant [3-7].

Formulation of the problem. Taking into account the multifactorial dependence of
the process of interaction of the thread with the guiding elements of the thread supply system
of the technological equipment, the purpose of the work is to determine the tension of the
thread in front of the zone of fabric and knitwear formation based on recursion.

Research results. At the break points of the threading line on the technological
equipment, the thread interacts with the guides. The filling line can be divided into zones,
each of which will contain one guide. Then the system of equations that describes the change
in tension over zones will have the form

R=Rf(R).

P, =R (R),

....................... (1)
B =P.f.(P.),

1=12..n,

where P, — the tension of the thread in the area of the entrance to the thread
feeding system of the technological cars;
P, P,...P —thread tension when leaving the corresponding zone;

f,(R), f,(P)...f._,(P_,) — functions that bind the thread tension to and after

the guide in each zone;
I — current zone number;
N — number of guides in a specific threading system technological machine.

Using a recursive approach to determining the tension of the thread in front of the
zone of fabric and knit formation, in which the output tension after the guide in the previous
zone will be the input value of the tension in front of the guide in the next zone (see Fig. 1),
we represent equations (1) in the form

Pn = PoHin:O f.(P.) 2)

Figure 1 shows a block diagram of the computer implementation of the algorithm for
determining the thread tension on technological equipment using recursion. Let us dwell on
the decoding of individual blocks. Block 1 corresponds to the beginning of the algorithm
execution. In block 2, constant values are set: a, n1 — constant coefficients for a given type of
thread; B — coefficient of bending stiffness of the thread; r is the radius of the cross-section of
the thread.

The bending stiffness coefficient of the thread is determined by the formula
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B=El,l =x(2r)* /64, ©)

where E, | — respectively, the modulus of elasticity of the thread in tension and the
moment of inertia of the cross section of the thread.
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Fig. 1. Block diagram of the computer implementation of the algorithm
for determining the thread tension using recursion
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Block 3 sets the number of guides in the yarn feeding system of a particular
technological machine, the value of the initial yarn tension in the entry zone.

Also, in block 3, for each -th guide, arrays are formed: for the calculated angles of the
thread of the guides ¢, (i) ; for angles of radial yarn wrap around the guide surface f(i); for
radii of curvature of guides R(i).

In block 4, the first rail is selected. Block 5 is used to call the subroutine for
calculating the roots of the transcendental equation f(B,)=0. The fact is that the

dependence that connects the tension of the thread before and after the guide is a system of
two transcendental equations (see 4.2). To determine the root, we used a modified Newton
method (tangent method), which consists in the fact that for the function

f(R)=0,(k=12..n) , instead of calculating the derivative df (P)/dP , at each
iteration step, its approximate value is found

df(Pj)_f(Pj+DP)—f(Pj)_Df(Pj)D
P P P

where & — given error in calculating the root.

P=¢=012..,

Then the recursive formula for constructing the iterative dependence {Pj} will look
like
P Pf(P,)
[ES )
f(P,+P)—f(P)

(4)

Formula (4) was used to numerically determine the tension for the -th rail. In block 6,
the transition to the next guide is carried out. Block 7 is used to check the number of the guide
with a given number of guides to the thread feeding system of the technological machine. If
the condition is met N>1 there is a return to block 5. In this case, in block 8, the

reassignment is carried out P =P, ,, when the tension value after the previous rail is
assigned to the tension value before the subsequent rail. In the case when the condition N > i
the transition to block 9 is not performed, where the tension of the thread in front of the zone
of formation of the fabric or canvas is fixed. Block 10 corresponds to the end of the algorithm
execution.

The expressions for determining the stiffness angles are

Yo;i =arccos[1— 23_1(: N r)2], ¥, =arccosf[1— Wzr)z]
The actual angle of coverage of the thread can be determined from the expression
B B
@ = @, —arccos[l— P (R Y r)2] —arccos[1— m]

where ¢, — calculated value of the angle of coverage — th guide.

The thread tension linkage function before and after the guide will look like
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Conclusions. On the basis of the developed block diagram, a computer
implementation of the algorithm for determining the thread tension on technological
equipment using recursion is carried out. The studies carried out have established that the
tension of the thread in front of the formation zone is influenced by the number of guides on
each specific technological machine.

On the basis of the developed theoretical model, a computational experiment was
carried out to determine the tension and the bond function of the thread tension before and
after the guide, taking into account the radius of curvature of the guide, the angle of the guide
thread, the angle of the radial thread, physical, mechanical and structural characteristics of the
thread. It has been established that the value of the crimp of the thread's coverage of the
guides and the crimp of the radial coverage of the thread by the surface of the guide are
determined by the geometric parameters and the design of both the filament feeding system
on the technological equipment and specific guides.
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