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Abstract: Ultrasonic non-destructive method has been applied to investigate different types of optical polymeric materials. Attenuation 

coefficients and paths lengths of normal incidence shear waves in the materials have been determined by means of the pulse -echo 

multireflection technique. Comparison among acoustic properties of the examined polymers and the standard polymethyl methacrylate test 
sample at 5MHz frequency is carried out. Obtained results are used to qualify homogeneity and isotropy of studied materials.  
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1. Introduction 

Nowadays, polymers are widely used in all areas of industry, 
science, medicine, domestic consumption, etc. In many 

applications, they are preferable to traditional materials mainly 
because of their low cost and weight. Excellent electrical and 

thermal insulation properties of plastics, high abrasion and 

corrosion resistance, good transparency in optical applications are 
an essential issue for their usage, too [1].   

In this paper, eight types of thermoplastic optical polymers have 
been investigated applying normal incidence ultrasonic shear 

waves. Velocity and attenuation of ultrasonic waves are the most 
important parameters for material characterization [2, 3]. Obtained 

values and the frequency dependence of these two quantities are 
related to composition and structure of the medium as well as to the 

different mechanism of interaction of sound waves with substance 

particles. The ultrasonic study of a material provides information 
about elastic constants, structural inhomogeneities, mechanical and 

thermal properties under different conditions, etc. [3].  
We have determined velocities and attenuation of the 

longitudinal ultrasound waves propagating through the optical 
polymeric materials [4]. The measurements of thin walled plastic 

samples were carried out at frequencies of 2.25 MHz, 5.0 MHz, 
10.0 MHz [5] and 15MHz [6]. In this report, ultrasonic shear waves 

were used to obtain additional information on acoustic properties of 

polymers. 

2. Experiment 

Several types of transparent polymeric materials have been 
studied: acrylic, styrene acrylonitrile (SAN), low-molecular weight 

S-low Styrene, cellulose and some trade-marks as Optorez 1330, 
Zeonex E48R and Bayer. Samples were prepared as plane-parallel 

plates with thickness varying from 2.00 mm to 5.58 mm.  

Ultrasonic investigations of studied polymers have been carried 
out by means of Krautkramer flaw detector USM 35XS.  A pulse-

echo contact ultrasonic method was applied and a 5 MHz, SONIC 
transducer with effective diameter Ø 6 mm was used as both 

transmitter and receiver of the ultrasonic signal. The transducer is 
aligned on the Krautkramer test specimen, made of polymethyl 

methacrylate (PMMA) and the detector is adjusted to obtain a 
maximal number of back echoes, clearly observed on the time axis 

at the display. The fixed time interval is set the same during the 

measurements of all studied polymers. Attenuation (the sensitivity 
level) in dB of shear ultrasound waves in the samples was 

determined at level of signal amplitude of 80% of F.S.H. (Full 
Screen Height). 

3. Results and discussion 

In Table 1 the number of back echoes and the sound path length 

L in studied polymers are presented. The total attenuation 

coefficient  is estimated by the well-known equation: 
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where A0 and AL are the signal amplitudes at x = 0 and x = L, 
respectively. Results are included in the table. The thickness d of 

samples is also indicated. 
 
Table 1: Sound path lengths and attenuation coefficients of polymeric 

materials. 

Optical 

polymer 
d, mm 

Number 

of echoes 
L, mm , dB/mm 

PMMA 

(test 

sample) 

2.00 4 16.00 2.98 

SAN 2.77 4 22.16 2.20 

Optorez 
1330 

2.01 4 16.08 2.92 

S-low 

styrene 
3.07 2 12.28 4.28 

Zeonex 

E48R 
2.07 2 8.28 6.67 

Bayer 2.51 1 5.02 7.83 

Cellulose 4.65 1 9.30 4.74 

Acrylic 5.58 1 11.16 4.75 

 
In case of plastics, the energy decrease of ultrasonic wave is due 

mainly to absorption. It is related to the structure and homogeneity 

of the material and depends on the wave frequency. Obtained 
results are compared to the Krautkramer test PMMA sample. This 

polymer is typically used as a delay line in ultrasonic non-
destructive testing and its acoustic properties are well investigated 

and guaranteed by the producer. The test specimen gives many 
clearly defined reflected signals in the defined time interval and 

consequently has low acoustic resistance. 

Table 2 shows the required increase in sensitivity in dB, 
compensating the damping of ultrasound waves for multiple passes 

of the distance in the studied polymeric samples. The number of 
rows corresponds to the number of registered echoes in each 

sample.  

Table 2: Adjusting the sensitivity in dB for different types of 

polymers in respect to the registered back pulse echoes. 

Optical 

polymer 
Compensating increase in sensitivity, dB 

PMMA 30.6 34,1 41.4 47.6 

SAN 26.2 36.9 45.4 48.8 

Optorez 

1330 
24.5 31.4 41.4 47 

S-low 

styrene 
36.5 52.5 - - 

Zeonex 
E48R 

38.5 55.2 - - 

Bayer 39.3 - - - 

Cellulose 44.1 - - - 

Acrylic 53.0 - - - 

As low the required increase in sensitivity is, the lower the 

acoustic resistance of the polymer is. As seen, at lowest damping 
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best results are obtained for the Optorez and SAN samples as well 
as for the Krautkramer test specimen. It is interesting to note that 

the acrylic polymer produced by the American Eastman Chemical 
Company (ECC) has much higher damping than the test specimen 

which is acrylic type, too. However, the thicknesses of the two 
specimens are rather different. The thicker the sample the stronger 

absorption is observed and less back wall echoes are registered. The 

difference in the results for both acrylic specimens may be due also 
to the production conditions as degree of polymerization, 

processing temperature, moulding injection rates and pressure, 
cooling time, etc. as well as to the used additives as plasticisers, 

mould release agents and brand peculiarities. As a result acoustic 
properties of different types of a given polymer may vary 

significantly. 
Attenuation of the wave signal at corresponding back echoes is 

visualised in Fig.1. Along the abscissa axis the number of echoes is 

given for each material while damping is indicated at the ordinate 
axis. As it can be seen, studied polymers can be divided in three 

groups.  Test PMMA specimen, SAN and Optorez 1330 samples 
show similar acoustic characteristics and form the first group. The 

numbers of registered back wall echoes in these materials are 4 and 
attenuation coefficients are with small values bellow 3 dB/mm 

(Table 1). Results for Optorez almost coincide with those of the test 

sample for the third and fourth reflected signals and the ultrasound 
path length is up to 16 mm. 

Among studied polymers, the SAN material is with the lowest 
values of attenuation coefficient (Table 1). The thickness of the 

sample is about 1.4 times greater in comparison to the other two 
plastics in the group and therefore, the decrease of wave energy at 

the opposite surfaces is smaller. The number of back wall echoes 
indicates the negligible relaxation time of the medium in 

comparison to the durability of the wave propagation which means 

that the polymer remains practically in equilibrium state. The results 
for SAN and Optorez samples reveal high acoustic homogeneity of 

their structure. 
The second group in Fig. 1 consists of the Zeonex E48R and S-

low styrene samples. For these polymers the attenuation coefficients 
are 6.67dB/mm and 4.28dB/mm at 2 registered echoes, respectively. 

Results show that absorption in these materials is high with initial 

attenuation of the signal over 50 dB (Table 2).  
 

 
Fig. 1 Signal attenuation in dependence of the number of registered back 

echoes 

 

 
 

 

 
 

 
 

 
 

The acrylic and cellulose polymers of ECC are with relatively 
low attenuation coefficients and form the third group. The samples 

are much thicker in comparison to the rest specimens and therefore, 
the number of echoes is restricted and lower energy losses due to 

reflection at opposite surfaces occur. The energy decrease is 
determined mainly by the absorption in media with high acoustic 

resistance. The Bayer can be also assigned to this group with one 

echo in the sample but greater value of coefficient . 

4. Conclusions 

The conducted experiments show that the applied non-

destructive testing method can serve as a comparison between the 
different polymeric materials in terms of structure and 

homogeneity, as well as for quality testing of samples through the 
so called "Express-analysis" without disturbing their integrity. The 

co-application of this method with optical and mechanical 

measurements ensure a better study and correct selection of 
polymeric materials in respect to their applications in various 

optical, electro-optical and acoustic optical devices. 

References 

1. Lampman, S. (Ed.). Characterization and Failure Analysis of 
Plastics, ASM International, Materials Park, OH, 2003, p. 11. 

2. Pandey, D., S. Pandey. Ultrasonics: A Technique of Material 
Characterization, In Acoustic Waves, Sciyo Publishers, Sciyo, 

Croatia, 2010, pp. 397-430.  
3. Chen, C. Ultrasonic and Advanced Methods for 

Nondestructive Testing and Material Characterization, World 

Scientific Pub Co Inc, 2007, p. 3. 
4. Kasarova, S., R. Kasarov. Ultrasonic investigation of optical 

polymers, Proceedings of National Conference “Acoustic 
2007”, vol. 9, 2007, pp. 74-79 (in Bulgarian).   

5. Kasarova, S., N. Sultanova, R. Kasarov. Investigation on thin-
walled optical polymer samples by means of pulse-echo 

method, Scientific Proccedings, vol. 1(121), NDT days 2011 

and 26th Internаtional Сonference “Defectoscopy’11, 2011, 
pp. 56-58 (in Bulgarian). 

6. Kasarov, R. Investigation of polymeric materials by means of 
electro-acoustic methods, Annual of Assen Zlatarov 

University, Burgas, vol. XLVIІ, Book 1, 2018, pp. 97-100. 

 

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS" WEB ISSN 1314-507X; PRINT ISSN 1313-0226

131 YEAR XV, ISSUE 3 , P.P. 130-131 (2021)


	84_Paper_Miloradovic_ttos21
	85_Pidgurskyi
	Algin
	14_Kuşçu
	12_Mrzljak
	36_Kalchevska (1)
	25_Al-Juboory
	08_Brezinova_IM
	20_bondarenko_im21 (article)
	21_Kolesnikova_im21
	70_Kasarov



