
Detection of Defects in Plastic Products Using the Analysis of Noise In 

the Spectrum of Ultrasonic Bottom Signal 

Alexandr Demyanenko a, Vera Voropaeva b, Nurzhan Zhanibekov c, Vladislav Semenyuk d  

and Olzhas Alimzhanov e 
Department of Chemistry and Chemical Technology, Manash Kozybayev North Kazakhstan University,Abaya str . 18, 

Petropavlovsk , Kazakhstan 

demianenkoav@mail.ru, vera0805023@inbox.ru, evdimid@mail.ru, dtimeof@gmail.com, alimzhanov.olzzhass@gmail.com 

Keywords: Non-destructive testing methods, Plastic products, Rotational molding, Product quality, Quality assessment. 

Abstract: This article discusses the potential for detecting defects in plastic products using non-destructive quality 

control methods. Special attention is given to the quality of polyethylene containers for storing liquid mineral 

fertilizers. This issue is grounded in environmental and economic aspects. Therefore, the focus of scientific 

research is on quality control methods that ensure high reliability, waste reduction, workload optimization, 

and time savings. The authors conducted a literature review of non-destructive quality control methods for 

plastic products. Among the many traditional non-destructive methods, ultrasonic defect detection was chosen 

for this study. This choice is justified by the presence of specific identifying characteristics inherent to 

ultrasonic bottom signals, which provide higher accuracy and reliability in this context. One of these 

parameters is the noise coefficient (NN, r.u.a.), which affects the spectra of the ultrasonic bottom signal. Based 

on this parameter, it is possible to identify product defects related to the degree of sintering. It was found that 

samples with normal sintering have no noise, while samples with incomplete sintering show a noise level of 

0.1 r.u.a. Thus, samples with incomplete sintering can be accurately identified through this parameter. This 

article demonstrates the potential use of ultrasonic quality control for polyethylene plastic products as a viable 

alternative to non-destructive quality control methods for products manufactured by rotational molding.

1 INTRODUCTION 

Currently, a large number of companies are 
involved in the manufacturing of polyethylene 
(hereinafter PE) containers for storing liquid mineral 
fertilizers. One of the advanced manufacturing 
technologies for these products is Rotation Molding 
(RM). RM is a unique process that takes place at high 
temperatures, low pressure, and minimal shear force 
to produce hollow plastic items (Сrawford, Throne, 
2002; Ogila, Shao, Yang, Tan, 2017; Gupta, 
Ramkumar, Sangani, 2020). Products made from 
plastics in this way are known for their long service 
life, chemical resistance, and low cost (Hanana, 
Rodrigue, 2015; Vázquez Fletes, Cisneros López, 
Moscoso Sánchez, Mendizábal, González Núñez, 
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Rodrigue, Ortega Gudiño, 2020; Crawford, 1996). In 
the initial stage of RM, raw material is distributed 
along the inner surface of the rotating mold, and 
simultaneous mold heating causes it to melt, forming 
a thin shell-like coating (Gibson, Shi, 1997; Adams, 
Jin, Barnes, Butterfield, Kearnes, 2021; Głogowska, 
Longwic, Ludziak, 2022; Nieschlag, Seuffert, Strack, 
Friedmann, Kärger, Henning, Fleischer, 2021). 
During the second stage of the process, liquid bridges 
form between the melted plastic particles, trapping 
micro air bubbles, which are supposed to disappear 
during the subsequent compaction stage, all at 
temperatures higher than the melting temperature of 
polyethylene (Spence, Crawford, 1996). If these 
micro air bubbles are not eliminated, the 
manufactured barrels will have low impact strength 
and other mechanical properties (Castellanos, Martin, 
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Butterfield, McCourt, Kearns, Cassidy, 2020). 
Additionally, overheating the product (exceeding the 
allowable time in the oven) leads to thermo-oxidative 
degradation of PE and a significant deterioration of 
its mechanical properties. The impact strength of the 
finished containers for liquid mineral fertilizers 
(LMF) is the most important characteristic for 
assessing product quality. It is typically determined 
by the conditions of the manufacturing process and 
the composition of the raw materials being processed. 
Therefore, in the RM industry, there is a pressing 
need for precise control of the material sintering 
process, which is currently mainly monitored by 
tracking the Peak Internal Atmosphere Temperature 
(PIAT). 

Due to the relatively high cost and detrimental 

consequences (for the environment, human health, 

and the company's reputation in case of container 

failure and excessive leakage of LMF into the soil and 

groundwater), the issue of 100% quality control of all 

LMF storage containers is highly relevant. Some 

manufacturers now use destructive testing to check 

one or two containers from each batch to maintain a 

high level of quality. This control process is 

inconvenient for two reasons. First, it is an expensive 

procedure. Second, there is a slight chance of 

producing a defective product due to critical 

equipment failure. In such cases, the product may be 

conditionally considered as high-quality, but it will, 

in reality, have significantly reduced mechanical 

properties (yield strength and impact resistance), 

which is often unacceptable. Therefore, to enhance 

the reliability, accuracy, and efficiency of quality 

control for PE products, it is necessary to employ 

non-destructive quality control methods. 

In scientific literature, the following non-

destructive methods for inspecting plastic 

components are distinguished: 
1) Infrared method: Infrared 

spectroscopy/defectoscopy (hereafter referred to as 
IR) is described in numerous works (Anaya, de Paz, 
Rizzo-Sierra, Ramirez-Gutierrez, Isaza, 2022; 
Koinig, Friedrich, Rutrecht, Oreski, Barretta, 
Vollprecht, 2022; Neo, Low, Goodship, Debattista, 
2023; Mite-Guzmán, Lazo, Triguero, Damián, 
Adrián, Perugachi, Vera-Villalobos, Rigail-Cedeño, 
2023; Mazzoleni, Magni, Tretola, Luciano, Ferrari, 
Bernardi, Lin, Ottoboni, Binelli, Pinotti, 2023; 
Erchiqui, Kaddami, Dituba-Ngoma, Slaoui-
Hasnaoui, 2020; Kroell, Chen, Küppers, Lorenzo, 
Maghmoumi, Schlaak, Thor, Nordmann, Greiff, 
2023; Zhu, Chen, Wang, Guo, Lei, Jin, 2019; 
Gulmine, Janissek, Heise, Akcelrud, 2003). IR 
methods are based on the detection of infrared 
radiation reflected or transmitted through the 
examined plastic part. The ability to detect material 

defects relies on the relationship between the optical 
density of the material being examined and the 
intensity of the transmitted radiant energy. Such tests 
are well-suited for identifying internal cracks, lack of 
fusion, and voids with a diameter of about a 
millimeter or more. 

2) X-ray method or X-ray computed tomography 
(hereafter referred to as CT): The use of X-ray 
methods in plastic and polymer research is described 
in works (Tominaga, Takeda, Kotera, Suzuki, 
Matsumoto, 2022; Zanini, Carmignato, 2022; Girard-
Perier, Marque, Dupuy, Claeys-Bruno, Gaston, 
Dorey, Fifield, Ni, Li, Fuchs, Murphy, Pillai, Pharr, 
Nichols, 2022; Leonard, Fifield, Staack, Suresh, 
Pillai, McCoy, Faucette, Tucker, Huang, Md Kamrul, 
Perkins, Cooley, Murphy, 2021; Cramez, Oliveira, 
Fakirov, James, Crawford, Apostolov, Krumova, 
2001; Xie, Zhao, Jing, Zhang, Xia, Fu, 2018; Cramez, 
Oliveira, Fakirov, Crawford, Apostolov, Krumova, 
2001). This control method involves passing X-ray 
radiation through examined plastics with various 
structures or defects. CT can detect non-sintered 
defects in PE components thanks to the registration of 
"microbubbles." 

3) Capillary methods: The application of capillary 
control methods for the examination of plastics is 
described in works (Lopatin, 2019; Kuznetsov, 
Ivanchik, 2021). They are used to detect all types of 
surface cracks, delaminations, leaks in welded 
structures made of plastic materials. Capillary 
methods include fluorescent, color (paint method), 
and fluorescent-color. 

4) Radiofrequency methods: Radiofrequency 
control methods (based on the use of radio waves in 
the extremely high-frequency range from 1 to 100 
GHz) are used to detect certain defects in plastic 
components (Katagiri, Chen, Yusa, Hashizume, 
2021; Zou, Sneed, Mirala, Al Qaseer, Donnell, 2023; 
Wahab, Md Maniruzzaman, Mohd. Sam, Kok, Bhatti, 
Khairul, 2019). The positive aspect of this method is 
that radio waves in this spectral range penetrate and 
propagate very well in plastics (as well as in other 
dielectrics). In this case, there is no need for contact 
between the radio wave emitting devices and the 
plastic component. In the presence of cracks, foreign 
inclusions, and other defects in plastic components, 
radio waves, when reflected or passing through them, 
change their phase (phase method), amplitude 
(amplitude method), or polarization characteristics 
(polarization method). 

5) Electrostatic method: The electrostatic method, 
like capillary methods, allows the detection of surface 
defects (cracks, pores, non-uniformities, etc.) in 
welded plastic joints (Brühl, Hanke, Pidcock, 2001; 
Esmaeili, Wang, Harvey, White, Holweger, 2023; 
Esmaeili, Zuercher, Wang, Harvey, Holweger, 
White, Schlücker, 2018). This method is simple, 



inexpensive, and highly productive. However, this 
method is effective only for detecting cracks or 
surface defects in PE products, and it cannot be used 
to identify subsurface and non-sintered defects. 

6) Thermal method: The thermal control method 
is based on the alteration of the distribution of thermal 
radiation passing through the examined item in the 
presence of a defect (Melnikov, Sivagurunathan, 
Guo, Tolev, Mandelis, Ly, Lawcock, 2016; 
Maldague, Krapex, Cielo, Poussart, 1998; Dolinko, 
Kaufmann, 2007; Vavilov, DeGiovanni, Didierjean, 
Maillet, Sengoulier, Houlbert, 1993). It is used to 
inspect sheet welded plastic joints after the removal 
of the sprue. This method allows for the 
determination of the shape, dimensions, and locations 
of large defects such as "integrity violations." 

7) Raman Spectroscopy: Spectroscopy of Raman 
scattering of light (hereafter referred to as Raman) has 
been used to detect microscopic structural changes in 
PE HP/LD due to ultraviolet radiation in works 
(Yusuke, Takumitsu, Kento, Toshio, Kohhei, 2018; 
Yusuke, Takumitsu, Kento, Toshio, Kohhei, 2018; 
Mousavi,  Ahmadi, Arabi, 2022; Jin, Song, Ma, Li, 
Li, Zhang, 2022). Under the influence of degradation 
phenomena, the proportion of non-crystalline 
sequential trans-chains sharply decreases after 
approximately 600 hours, along with a decrease in 
molecular weight and an increase in crystallinity. 

8) Magnetic Levitation: Magnetic levitation is 
also used as a non-destructive method for diagnosing 
plastic items (Xia, Zhao, Xie, Zhang, Fu, Turng, 
2018; Shi, Gao, Ullah, Li, Wang, Yang, 2016; Sekar, 
Roopmani, Krishnan, 2018; Landrigan, Li, Turnbull, 
Burr, Niebur, Roeder, 2011; Chen, Turng, 2005; 
Yang, Zhao, Zhou, Chen, 2014; van Dongen, Desai, 
Orr, Baker, Holl, 2013; Zhao, Fu, Zhou, Cui, 2011; 
Lee, An, Chua, 2017; Tang, Zhao, Shen, Zhou, Xie, 
Fu, 2020). Magnetic levitation can be used to detect 
shrinkage voids caused by the presence of 
microbubbles in polyethylene items. The degree of 
porosity in plastic parts can be calculated using 
magnetic levitation because voids caused by 
shrinkage affect density (Tang, Zhao, Shen, Zhou, 
Xie, Fu, 2020). 

9) Ultrasonic Defect Inspection: Ultrasonic defect 
inspection is a collection of non-destructive control 
methods that use ultrasonic waves to detect defects in 
plastic items (Lee, Jeon, Lee, 2023; Righi, Li, Jiang, 
Li, Tian, 2022; Cheng, Ma, Wu, Zu, Hu, 2023; Fatin, 
bin Ismail, bin Mohd Aris, 2023; Jung, Kang, Song, 
Lee, Jeon, 2022; Honarvar, Varvani-Farahani, 2020; 
Wu, Huang, Krishnaswamy, 2017; Huang, Turner, 
Song, Ni, Li, 2019). The obtained data are then 
analyzed to determine the shape, size, depth, and 
other characteristics of defects. With advantages such 
as sensitivity to damage, high efficiency, a wide 
detection range, and a long propagation distance 

(Hong, Su, Lu, Sohn, Qing, 2015), it is widely used 
for non-destructive control of composite materials, 
metals, ceramics, and other structures (Su, Hong, 
2016; Behravan, deJong, Brand, 2021). 

From all the various non-destructive control 

methods for plastic items discussed above (described 

in scientific literature and databases such as "Scopus" 

and "Web of Science"), the most optimal method in 

terms of quality, speed, and accuracy of assessing the 

quality of plastic items produced by rotational 

molding is the ultrasonic method (hereafter referred 

to as UT). 
In works (Gaisin, Tyukanko, Demyanenko, 2021; 

Gaisin, Tyukanko, 2020), ultrasonic testing (UT) of 
PE parts produced by rotational molding was studied. 
This method, implemented using the USW-60 
defectoscope, involves transmitting a probing 
ultrasonic signal through close contact with the 
plastic's contact surface. The reflected bottom signal, 
representing a radio pulse with frequency deviation, 
carries several informative parameters: the thickness 
of the item, the speed of the ultrasonic signal's 
propagation, and its amplitude. However, due to the 
equivalence of amplitude in the bottom signal for 
both normal and overcooked samples, it is not 
possible to determine the branching of chains and the 
formation of cross-links between crystallites, 
characteristics of thermo-oxidative degradation. 

In works (Gomes, Thompson, 2017; Gomes, 
Thompson, 2018; Gomes, Garg, Mhaskar, 
Thompson, 2019), the authors presented the 
possibility of detecting product defects related to NS 
and TDS. However, there is a significant margin of 
error in determining the quality of items in these 
results, and the model's adequacy varies from 58.6% 
to 80.3%. 

In work (Tyukanko, Demyanenko, Semenyuk, 
Dyuryagina, Alyoshin, Tarunin, Voropaeva, 2023), 
the authors examined the influence of temperature, 
plastic thickness, PIAT on the speed, amplitude of the 
bottom signal, the temperature stability coefficient, 
and the third harmonic coefficient using Taguchi 
methods (Tyukanko, Demyanenko, Dyuryagina, 
Ostrovnoy, Lezhneva, 2021) and probabilistic-
deterministic planning (Gomes, Thompson, 2017; 
Gomes, Thompson, 2018; Gomes, Garg, Mhaskar, 
Thompson, 2019; Tyukanko, Demyanenko, 
Semenyuk, Dyuryagina, Alyoshin, Tarunin, 
Voropaeva, 2023; Dyuryagina, Lutsenko, Tyukanko, 
2019; Dyuryagina, Lutsenko, Ostrovnoy, Tyukanko, 
Demyanenko, Akanova, 2022; Dyuryagina, 
Lutsenko, Demyanenko, Tyukanko, Ostrovnoy, 
Yanevich, 2022; Tyukanko, Duryagina, Ostrovnoy, 
Demyanenko, 2017; Ostrovnoy, KDyuryagina, 
Demyanenko, Tyukanko, 2021; Tyukanko, 
Demyanenko, Dyuryagina, Ostrovnoy, Lezhneva, 



2021; Tyukanko, Demyanenko, Dyuryagina, 
Ostrovnoy, Aubakirova, 2022; Zhanibekov, Brilkov, 
2023). As a result, it was established that the third 
harmonic coefficient allows for the detection of 
defects with high precision (up to 95%). Works 
(Gomes, Thompson, 2017; Gomes, Thompson, 2018; 
Gomes, Garg, Mhaskar, Thompson, 2019; Tyukanko, 
Demyanenko, Semenyuk, Dyuryagina, Alyoshin, 
Tarunin, Voropaeva, 2023; Dyuryagina, Lutsenko, 
Tyukanko, 2019; Dyuryagina, Lutsenko, Ostrovnoy, 
Tyukanko, Demyanenko, Akanova, 2022; 
Dyuryagina, Lutsenko, Demyanenko, Tyukanko, 
Ostrovnoy, Yanevich, 2022; Tyukanko, Duryagina, 
Ostrovnoy, Demyanenko, 2017; Ostrovnoy, 
KDyuryagina, Demyanenko, Tyukanko, 2021; 
Tyukanko, Demyanenko, Dyuryagina, Ostrovnoy, 
Lezhneva, 2021; Tyukanko, Demyanenko, 
Dyuryagina, Ostrovnoy, Aubakirova, 2022; 
Zhanibekov, Brilkov, 2023) did not investigate the 
impact of one important spectral parameter, such as 
the noise coefficient (NN). This article conducts an 
experiment to explore the possibility of identifying 
defects related to incomplete sintering of 
polyethylene plastic using noise analysis in the 
spectrum of the bottom ultrasonic signal. 

2 MATERIALS AND METHODS 

2.1 Materials 

For the research, rotational polyethylene (LLDPE) 

"ELTEX HD3850UA" hexene (hereinafter referred to 

as "ELTEX") with a density of 9381 kg/m³ and a melt 

flow index (MFI) of 0.0044 kg/10 min at (190 °C/2.16 

kg) from INEOS (London, UK) was used. 

2.2 Sample Preparation 

During ultrasonic testing of the samples, the noise 

coefficient (NN, r.u.a) was determined using the 

shadow mirror method. Industrial ultrasonic flaw 

detector UCD 60 by Kropus (Russia) was used in the 

research. Prior to the experiments, a layer of glycerin 

was applied to the surface of the plastic sample to 

improve the transmission of the ultrasonic signal. The 

shadow mirror method involves the use of two 

piezoelectric sensors, one of which functions as a 

transmitter, and the other as a receiver. A signal with 

an amplitude of 200 V, a fill frequency of 3.75 MHz, 

and a pulse repetition frequency of 20 Hz is emitted 

at an angle of 65 degrees, and the bottom signal is 

detected on the receiving side. Using the "Spectrum" 

function on the instrument's scale, the relative level of 

amplitude harmonics and noise can be determined. 

The amplitude step of the grid is 0.1 r.u.a. (relative 

unit of amplitude). 

3 RESULTS 

Fig. 1 presents the spectrum of the bottom ultrasonic 

signal for Eltex polyethylene with a normal degree of 

sintering (NS) at a temperature of 20°C and PIAT 

200°C. Fig. 2 demonstrates the graph of the ultrasonic 

signal under similar temperature conditions, but for 

polyethylene plastic with incomplete sintering, which 

is identified as a product defect. 

 

 

Figure 1: The spectrum of the bottom ultrasonic signal for 

Eltex plastic with a sintering degree of NS, temperature 

20°C, and PIAT 200°C. 

 

Figure 2: The spectrum of the bottom ultrasonic signal for 

Eltex plastic with a sintering degree of ICS, temperature 

20°C, and PIAT 170°C. 



4 CONCLUSIONS 

The spectra of the bottom ultrasonic signal are 

directly dependent on PIAT. Using two samples with 

different PIAT values (NS and ICS), it was observed 

that in the NS sample, there is an absence of noise, 

and the third harmonic with an amplitude of 0.05 is 

evident. Meanwhile, in the ICS sample, the noise 

level reaches 0.1 r.u.a. Based on the above, it can be 

concluded that ultrasonic testing (particularly using 

the shadow mirror method) for PE allows for the non-

destructive detection of product defects related to its 

sintering, ensuring the quality control of the finished 

product. 
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