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Abstract. The article analyzes and develops an algorithm for the operation of the powder backfill 
process using vibration oscillations. The results of the study make it possible to predict the main 
properties of particles of any shape. The developed computer simulation model also provides for the 
superposition of horizontal and vertical oscillations. It should be noted that the difference between 
them is that the main one for the implementation of horizontal oscillations is the X-coordinate, and 
for vertical ones – the Y-coordinate. It is also important that the model algorithm provides for 
simultaneous application of vibration oscillations, which makes it possible to study the influence of 
the history of the backfill process. It should also be noted that in this scientific study, a number of 
experiments were conducted, the change in porosity during the imposition of oscillations was studied, 
and graphs of the obtained experimental dependences were constructed. Porosity from the main 
parameters of the bunker, in particular: width and height, is also studied. The obtained results made 
it possible to record the optimal porosity of the backfill with a reliable deviation error (±1%). 

1 Introduction 
One of the main directions of development today is the improvement of known and the 

development of new materials based on modern modelling [1, 2]. A special feature when creating 
such materials is that you can control their properties within a fairly wide range [3, 4]. In turn, 
structurally inhomogeneous materials that can have different shapes and sizes are characterized by 
changes in composition and properties in a given direction [5, 6]. Improving technologies for 
obtaining such materials with heterogeneous operational properties has always been and will always 
be one of the important areas of research [7, 8]. Because when obtaining such materials with 
guaranteed properties, it is advisable to control the parameters of their structure during the 
manufacturing process, which include: the density of pressing, the quality of contacts, the size of 
particles (grains), the shape, the content of components, etc. [9, 10, 11]. 

Analysis of the structures and the results of their computer modelling show [12, 13] that the blanks 
obtained using traditional powder metallurgy technology have significant disadvantages [14, 15]. The 
authors of the work [16, 17] implemented the concept of the configuration space of geometric objects, 
the generalized variables of which are metric and placement parameters. This is especially true for 
the process of filling powders, which is accompanied by the formation of additional voids - the 
"arched effect". The appearance of the" arched effect " leads to heterogeneity of properties within 
materials, and does not make it possible to obtain structural characteristics at the qualitative level [18, 
19, 20]. Thus, forecasting the structural characteristics of materials using computer modelling 

Defect and Diffusion Forum Submitted: 2023-02-12
ISSN: 1662-9507, Vol. 428, pp 27-35 Accepted: 2023-05-01
doi:10.4028/p-sX9LJY Online: 2023-08-22
© 2023 Trans Tech Publications Ltd, Switzerland

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications Ltd, www.scientific.net. (#626049369-26/10/23,16:32:33)

https://doi.org/10.4028/p-sX9LJY


 

methods, as well as those obtained as a result of a combination of technological operations with 
known characteristics, is an urgent task today [21, 22]. 

2 Main Part 
The analysis of the structure of various materials, the study of sintering, extrusion and diffusion 

processes, as well as modelling the structure of porous systems are covered in [23, 24, 25]. The 
peculiarity of these works is that the process of filling molds with regular-shaped particles is 
considered, that is, sets of identical elements that are naturally placed in space and distributed 
statistically [26, 27, 28]. A universal method for the production of nanomaterials based on the use of 
solid-phase matrices with ordered porosity is presented by the authors [29, 30]. In turn, large-scale 
particles in the correct order and structure may contain smaller defects [31, 32, 33, 34], as a result of 
which there is a large local heterogeneity of real materials, which you need to know and be able to 
control [35, 36, 37, 38]. Such problems arise, for example, in powder metallurgy, when modeling 
optimal packages of cylindrical objects with an elliptical base [39]. Therefore, to improve the quality 
of the final product, it is necessary to apply vibration oscillations, which will reduce labour costs by 
reducing the number of technological operations, as well as study structurally heterogeneous 
materials and predict the porosity distribution in any configuration of the workpiece, regardless of 
the size and geometric parameters of the bunker [40, 41]. Therefore, computer modeling is the most 
promising way to verify data from experimental studies [42, 43, 44, 45, 46]. 
Purpose of work: create a computer simulation model of powder filling using vibrational oscillations 
and analyze the resulting structures. 

Materials. For better filling of the mold with powder, increasing the physical and mechanical 
properties of the resulting products, as well as obtaining powdered porous materials with high-quality 
structural properties, it is possible using "vibration oscillations", which are necessary for additional 
compaction of the workpiece. The compaction effect consists in breaking the initial bonds between 
the particles and moving them relative to each other (Fig. 1).  

In Fig. 1 the window of the simulation program developed by us for studying the effect of vibration 
oscillations on structural changes in polydisperse backfill is presented. 

 

 
 

Fig. 1. Study of particles using oscillations. 
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The mold particle filling algorithm implements vertical and horizontal oscillations. They can be 
independently enabled or disabled at any time of the program's operation. The values that characterize 
vibration oscillations in the algorithm are: amplitude and frequency of oscillations. The structural 
characteristics of backfills are determined by: the magnitude of the oscillation amplitude A, the 
oscillation frequency W, the particle size and their percentage ratio in the charge. A variable 
parameter is also the period of applying oscillations. Particle sizes are set in millimeters or 
micrometers and do not depend on the monitor resolution. Vibration oscillation parameters can be 
changed using the vibration control panel. The model algorithm (Fig. 2) provides that the procedures 
for applying horizontal and vertical vibration oscillations are similar. The difference between them is 
that the main one for implementing horizontal oscillations is the X-coordinate, and for vertical ones 
– the Y-coordinate. The model assumes the possibility of simultaneous implementation of horizontal 
and vertical oscillations. The ratio of horizontal and vertical oscillations that are superimposed on the 
process simultaneously makes it possible to study the influence of the history of the backfill process. 

The diagram of the algorithm for working using oscillations is shown in (Fig. 2). 
 

 
 

Fig. 2. Scheme of the work algorithm. 
 
Tests. Based on the developed computer simulation model for studying the effect of vibration 

oscillations on structural changes in polydisperse backfill is presented. For an example of the model's 
operation, powder backfilling is given when using vibration oscillations. Also, researched Results of 
experimental porosity after applying vibrational oscillations. The obtained results show an 
insignificant effect of particle diameters on porosity. Also, researched influence of technological 
parameters on changes in porosity. It was found that, a width and height, has a very weak effect on 
the porosity of the backfill. Therefore, it was decided to fix the parameters of the 800×800 mm bunker 
during further research. 
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For an example of the model's operation, powder backfilling is given when using vibration 
oscillations. Backfill was carried out in a square bunker measuring 600 by 600 mm. The value of the 
angle α, was 10°, which characterizes the coefficient of internal friction of the particles. Vibration 
oscillations were applied for 5-10 minutes. The oscillation frequency was constant and was 2 
oscillations per second. The initial parameters and results are shown in Table 1. 

From the obtained results, a graph of the obtained dependencies was constructed, which is shown 
in (Fig. 3). 

Also, for an example of the operation of the model, the filling of powders with the use of vibration 
oscillations is given. Filling was carried out in a square bunker measuring 800 by 800 mm. The value 
of the angle α was 10°. The size of the particles (diameter, D) varied from 5 mm to 25 mm. Vibration 
oscillations were applied for 5 minutes. The oscillation frequency was constant and equal to 2 
oscillations per second. The initial parameters and obtained results are shown in Table 2. 

Table 1. Results of experimental porosity after applying vibrational oscillations 

D [mm] Porosity after vibration 
oscillations [%] 

5 12 
8 13.7 
10 16 
13 18 
15 19 
18 22 
20 24 
22 25.5 
25 28 

 

 
Fig. 3. The influence of vibrational oscillations on changes in porosity. 
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Table 2. Porosity results when superimposing vibrational oscillations 

D [mm] Initial porosity [%] Porosity after vibrational 
oscillations [%] 

5 12.2 12 
8 14 13.7 
10 16 15.7 
12 18.9 18 
15 20 19 
18 22 21.2 
20 24 23.5 

22.5 26.5 25 
25 30 28 

 
From the obtained results, a graph of the obtained dependencies was constructed, which is shown 

in (Fig. 4). 
 

 
Fig. 4. Influence of technological parameters on changes in porosity, where: 

a – porosity according to traditional technology; b – porosity using vibrational oscillations. 
 

It should also be noted that the porosity was investigated from the main parameters of the bunker, 
in particular: width and height. For the experiment, the following parameters were set: the particle 
size was 10 mm, 20 mm and 30 mm. The experimental porosity ranged from 5 % to 30 %.  The width 
of the bunker was 200 mm, 400 mm, 600 mm, 800 mm and 1000 mm. And the height of the bunker 
was constant and was equal to 800 mm. Experimental results of porosity from bunker parameters are 
presented in Table 3. 

 
Table 3. Experimental results of porosity from bunker parameters 

Porosity [%] Width of bunker [mm] Height of bunker [mm] 
5 200 800 
10 400 800 
15 600 800 
20 800 800 
25 1000 800 
30 1000 800 
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Fig. 5 presents the experimental results of porosity from the main parameters of the bunker (width 
and height) and modelling of elements of different sizes. 

It should be noted that further growth of bunker parameters, in particular width and height, has a 
very weak effect on the porosity of the backfill. Therefore, it was decided to fix the parameters of the 
800×800 mm bunker during further research. 

 

 
 

Fig. 5. Experimental results of porosity from bunker parameters. 

3 Conclusion 
Based on the developed simulation model and its implementation algorithm, it is possible to study 
changes in the structure of an inhomogeneous medium in a wide range of technological parameters. 
The use of the model makes it possible to reduce labour costs by reducing the number of technological 
operations, as well as to study structurally heterogeneous materials and predict the porosity 
distribution for any configuration of elements (round, triangular, square), regardless of the size and 
geometric parameters of the bunker. It should also be noted that the developed computer simulation 
model allows solving the following main tasks: 

1) to study the main properties of forming products with different structures based on the analysis 
of the compaction process of structurally inhomogeneous materials (monodisperse and polydisperse 
inhomogeneous media);  

2) to investigate the process of changing the structure of an inhomogeneous medium during the 
transition from a static to a vibrational state using modelling methods;  

3) to model a mathematical model of the behaviour of elements, in particular: round, triangular, 
square shapes when using vibrational oscillations; 

4) to calculate the main coefficients of the simulation model, their variances, covariances and 
confidence intervals at the qualitative level; 

5) predict the basic properties of a structurally inhomogeneous medium with a reliable deviation 
error (±1 %). 
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