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Abstract. To ensure uniform temperature in the infrared vibratory drying unit and to preserve the quality of the 

final product during the initial processing of silkworm cocoons, the temperature field was studied using a thermal 

imager. Using a thermal imager, you can measure the temperature in contactless and remote processes. At the 

same time, you can obtain temperature information from several points. The thermal imager measures infrared 

radiation in the long-wavelength range within the field of view and automatically detects cold and hot spots. 

Based on this, the temperature of the measured object is calculated. The thermal image appears on the thermal 

imager screen and the obtained image results are processed on a computer. 
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1 Introduction 

The program for the development of silkworm cultivation 

and processing of silkworm cocoons of the Republic of 

Uzbekistan in recent years provides conditions for the 

restoration and development of the silkworm industry, 

providing silkworms with high-quality local croutons, 

increasing the volume of production of silkworm cocoons, 

increasing the silkworm's feed base and providing silk-

processing enterprises with high-quality raw materials. 

Cocoons produced by silkworm caterpillars are one type 

of natural structure and polymer composite materials that 

have excellent mechanical properties. Having eaten the 

leaves of the mulberry tree almost constantly for 4-6 weeks 

(in order to preserve a sufficient amount of nutrients and be 

able to strip the skin up to five times), silkworm larvae begin 

to create protective cocoons for their pupae. The cocoon 

protects the moth pupa from microbial degradation and 

drying during metamorphosis, and also protects it from 

potential predators. A silkworm caterpillar rotates a light and 

compact cocoon around itself, continuously carrying out head 

movements in the form of an "8" or "S", and cyclically 

bending, stretching its body. It takes about 3 days to build a 

cocoon. After the silkworm finishes wrapping itself in a 

cocoon, it discards its skin for the last time and becomes a 

chrysalis [1].  

Cocoon production is the most developed of the silkworm 

Bombyx mori - a typical insect. Mulberries are propagated in 

large quantities to produce silk. There are more than 1000 

strains including various geographical and mutant strains. 

Among them are many colored mutants, including white, 

yellow, golden yellow, orange, pinkish and green [1]. 

Silkworm cocoons are biological composite structures 

that protect silkworms from environmental influences and 

physical attacks of natural predators. Silkworm pupae must 

be killed to obtain raw materials in the textile industry. For 

the death of pupae, drying of cocoons is used without 

allowing them to turn into a moth (butterfly), otherwise it 

will leave the cocoon, breaking through the shell, making it 

useless. The Seminar on Experimental Art (Sericultural 

Experiment Station - S.E.S.) [2] also states that fresh cocoons 

contain living pupae, which in the natural cycle will break 

through the cocoon and make it useless for silk production. 

To control the cycle, the pupae must be starved and the 

cocoons handled so that they can be stored and used in the 

winding process as needed. The percentage of moisture 

content varies depending on the variety of silkworms, 

growing season, on the floor of the caterpillars, etc. [3]. 

Cocoons can be killed using steam or hot air. Many 

studies show that the purpose of drying the cocoon is to 

prevent the appearance of larvae and moths and to remove 

moisture contained in the shell of the cocoon and pupae, and 

thereby make cocoons capable of preserving for a long time 

at normal temperature and humidity [3]. Several industrial 

drying methods have been aimed at killing pupae by placing 

cocoons on perforated mats or in wire boxes where they are 

exposed to water vapor for three hours. After that, the 

cocoons are dried. The most commonly used method used to 

kill and dry pupae involves blowing heated air with a 

temperature of 50 to 102 ± 2 °C vertically, through the grill, 

through cocoons placed in mesh bags.  

Most of the water (75-79%) is contained in the puppet 

body, while the fresh shell of the cocoon contains (11-12%). 

For this reason, fans must be designed to provide an air speed 

of 1.0 m/s. Air heated to 102 ± 2 °C is sufficient to allow 

 

*Corresponding author 

E-mail: jasursafarov@yahoo.com 

 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0

(http://creativecommons.org/licenses/by/4.0/). 

E3S Web of Conferences 289, 07028 (2021) https://doi.org/10.1051/e3sconf/202128907028
Energy Systems Research 2021



quick drying. Air temperatures above 115 ± 5 °C may affect 

the sericin content. So, in the winding process, it is observed 

that the efficiency of the end ends and the decrease in the 

ability of the drums leads to a decrease in the proportion of 

raw silk in the cocoon. P.Wu et al. [4] showed that the main 

goal of drying silkworm cocoons is to kill pupae and reduce 

the potentially hazardous moisture content, which allows 

cocoons to be stored for up to a year in appropriate 

conditions. Therefore, silkworm cocoons must be dried 

immediately after harvest due to the possibility of the 

appearance of moths from the pupae that they contain, and 

can spoil an important feature of the cocoons from the inside, 

which leads to the rolling of raw materials. Proper drying 

allows cocoons to withstand long-term storage (6-12 months) 

without mold. The whole dried cocoon has a moisture content 

of about (8-12%) and (6-8%) in the shell of the cocoon, while 

the body of the dried pupae contains about (7-13%). EK 

Nguku et al. The authors of [5] showed that drying in the sun 

is still the most common method for storing cocoons. Due to 

the lack of sufficient storage methods, cocoons are dried in 

thin layers on paved bases or mats, where they are exposed to 

sunlight and wind for 3-5 days. 

Silkworm (Latin Bombyx mori), or silkworm - caterpillar 

and butterfly. Mulberry silkworm is the only fully 

domesticated insect not found in nature in the wild. Females 

even “forgot how” to fly. An adult insect is a thick butterfly 

with whitish wings up to 6 cm wide. The caterpillars of this 

silkworm eat only the leaves of mulberry, or mulberry tree. 

Silkworm caterpillars curl cocoons, the shells of which 

consist of a continuous silk thread 300-900 m long and up to 

1500 m in the largest cocoons [6-8]. 

Natural silk has been known to mankind for more than 

five thousand years. All this time he was considered the most 

elite and luxurious material. The reasons for the popularity of 

silk fabrics lie in the special composition of raw materials 

and the unique properties of silk thread. Indeed, by its nature, 

natural silk consists of 97% of fibrous proteins and 18 amino 

acids that positively affect human metabolism. This is a very 

gentle, light and surprisingly warm material, contrary to the 

opinion of the coldness of its touch [9-13]. 

2 Results and Discussions 

To ensure a uniform temperature in an infrared vibratory 

drying unit and to preserve the quality of the final product 

during the initial processing of silkworm cocoons, the 

temperature field was studied using a thermal imager shown 

in Fig. 1 [14-17]. 

Using a thermal imager, you can measure temperature in 

non-contact and remote processes. At the same time, you can 

obtain temperature information from several points. The 

thermal imager measures infrared radiation in the long-

wavelength range within the field of view and automatically 

detects cold and hot spots. Based on this, the temperature of 

the measured object is calculated. The thermal image appears 

on the thermal imager screen and the obtained image results 

are processed on a computer. The temperature measurement 

range is from -30 °C to +650 °C, image quality is 320x240 

pixels, the spectral range is 7.5-14 μm, the error is ±2 °C 

(2%). 

 

 
Fig. 1. The thermal imager Testo 868 

 

Laboratory experiments were carried out and temperature 

fields were studied in an infrared vibratory drying unit during 

the initial processing of silkworm cocoons (Fig. 3-7). 

On the basis of the obtained theoretical results, an 

experimental infrared vibration unit was developed at the 

Tashkent State Technical University, which allows carrying 

out the process of carrot and drying of the optimal parameters 

of the processed silkworm cocoons (Fig. 2). 

 
1-IR heater; 2-thermocouple; 3-thermostat; 4-pallet;  

5-scales with digital display; 6-stand; 7-raw material. 

Fig. 2. Laboratory experimental IR-drying equipment 

 

This installation allows to carry out research: calculation 

of the technological process of preliminary processing of a 

living silkworm using infrared rays; analysis of acoustic and 

vibration elastic waves and low temperature; carrying out 

works aimed at the energy efficiency of the installation; 

process control of an energy-saving and low-temperature 

plant for high quality products. This method is used to 

calculate the technological process of preliminary processing 

of a living silkworm with infrared rays, thereby achieving 

energy conservation and improving the quality of the 

product. 

As a result of the research, the optimal temperature and 

time for the primary processing of silkworm cocoons were 

found. Due to short-term processing, the final product is 

improved. 
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Fig. 3. Thermal image of IR emitters 

 

 

 

 
Fig. 4. The primary processing cocoons 

 

 

 

 

 
Fig. 5. Temperature measurement of dried cocoons 
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Fig. 6. Measuring the temperature of the drying process of cocoons 

 

 
Fig. 7. Drying cocoons processing results 

 

3 Conclusion 

Based on the results of the study, the imager 

eliminated the shortcomings of the infrared vibratory 

drying unit associated with the emitters and the flow of 

heat during the initial processing of cocoons, 

determined the optimal temperatures and ensured 

uniform processing of silkworm cocoons. 
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