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Abstract: This article discusses the application of ultrasonic technology in
silk production, which enables acceleration of the silk extraction process and
obtaining high-quality silk by rapidly decomposing sericin. The use of mechatronic
systems allows automation of the production process and increases efficiency
through precise control of water temperature and ultrasonic power.
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PA3PABOTKA YJbTPA3BYKOBOM TEXHOJIOI'MH C
NCITIOJIb3OBAHUEM MEXATPOHHBIX CUCTEM B IPOLECCE
PABMATBIBAHUS KOKOHA

Aaunmep borupoB AXMaIKOH yriu

Accucrent, @epraincKuid rocyJapCTBEHHbIA TEXHUYECKUN YHUBEPCUTET

AHHOTAIIUA

B nmanHOWM cratee paccMaTpUBAETCS NPUMEHEHHME  YJIbTPa3ByKOBOU
TEXHOJIOTHMH B IPOU3BOJICTBE IIEJIKA, KOTOPas MO3BOJISET YCKOPUTH IPOLECC
MOJTyYeHHUs] MIETKOBOM HUTH M OOECTEUUTh BBICOKOE KAa4eCTBO IIETKa 3a CYET
OBICTPOTO pa3ioXeHus cepunuHa. Vcrmonb30BaHWE MEXaTPOHHBIX CHUCTEM
oOecrieynBaeT aBTOMATU3ALMIO TPOU3BOJCTBEHHOTO TPOIECCa U  IOBBIIIAET
3¢ (HEeKTUBHOCTh 32 CYET TOYHOTO KOHTPOJSI TEMIEpaTyphl BOJBI U MOIIHOCTH
yIbTPa3ByKa.

KirodeBble cj10Ba: MEXaTPOHHBIE CHCTEMBI, pPa3MITYEHUE CEPULIMHA,
sHeprod(hPeKTUBHOCTh, aABTOMATU3HPOBAHHBIA KOHTPOJb, IPOU3BOJCTBEHHAS
(b ()EKTUBHOCTh, KA4YECTBO IIENKa, OOpa0OTKa TpHU HUBKUX TEMIIepaTypax,

MepeaoBbIC TCXHOJIOTUH.
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Introduction

In the cocoon reeling process, several important parameters significantly
affect process efficiency. These include water temperature, reeling speed, and the
frequency and power of ultrasonic Bo3neiicTBusa. Proper selection of these
parameters makes it possible to convert cocoons into silk threads quickly and
efficiently.

Water temperature plays a crucial role in the reeling process. The optimal
temperature range is 35-40 °C. At higher temperatures, sericin softens more
rapidly, facilitating easier separation of silk fibers. This process can be
mathematically expressed by the following equation:

Ry =k - T¢ (1)
where:
R, — sericin softening rate,
T, — water temperature,
ki and n — experimental coefficients defining the effect of temperature on
sericin.

As water temperature increases, 7 rises, leading to an increase in the sericin

softening rate (R,). Higher temperatures therefore help soften the cocoon more

quickly.

Reeling Speed

Reeling speed also has a significant impact on process efficiency. A speed of
178-182 m/min is considered optimal for the technological process. As speed
increases, the softening of sericin and the separation of silk fibers accelerate. This

relationship can be expressed by the following equation:
1
V= ky - —
T 2)

where:

o V. —reeling speed,
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o T, — water temperature,
o Kk, — coefficient describing the relationship between water temperature and
reeling speed.
At high reeling speeds with low water temperature, efficiency decreases
because sericin does not fully soften.
Frequency and Power of Ultrasonic Action
The frequency and power of ultrasonic exposure cause molecular-level
vibrations, which accelerate the softening of sericin and facilitate silk fiber

separation. The energy of ultrasonic influence can be expressed mathematically as:

where:

E, — ultrasonic energy,

f— ultrasonic frequency,

P, — ultrasonic power,

ks — coefficient influencing energy transfer.

As frequency and power increase, ultrasonic energy also increases,
accelerating the sericin softening process in the cocoon.

In the cocoon reeling process, parameters such as water temperature, reeling
speed, and ultrasonic frequency and power are of great importance. Optimization
of these parameters using mathematical models enables increased process
efficiency and improved energy savings.

Mechatronic System Scheme

The application of mechatronic systems is essential for the automatic control

of the cocoon reeling process in silk production.
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Relationship Between Ultrasonic Frequency and Energy
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Figure 1. Simplified scheme of the Ultrasonic Frequency and Energy

Such systems precisely and efficiently control water temperature, ultrasonic
frequency and power, as well as reeling speed. They enable automation and
optimization of the process, which positively affects both energy efficiency and
product quality.

Conclusion

The proposed scheme illustrates the operating principle of the mechatronic
system: water temperature and ultrasonic frequency sensors transmit data to the
controller. Based on this data, the controller manages the process through pumps
and power control elements. The system continuously monitors water temperature

and ultrasonic frequency, ensuring high efficiency of the reeling process.
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