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Abstract: Vortex Gas Pistons technology has been developed and manufactured to be specifically applied in most air rifles and it uses 

regular air instead of any other type of gas. Manufacturer ****** offers 6 different types of Vortex Gas Pistons covering most of the Break 

Barrel and Underlever lines. Despite the demand for high quality materials and optimal construction, operational impacts invariably take 

their toll on the weapon and defects often occur due to a variety of reasons - either quality or manufacturing defects in the material and 

those resulting from friction between individual parts, pressure and errors in the maintenance and operation of the weapon. 

Each one of the listed impacts, as well as their combination, may be the cause of defects, which in this study are searched for on the items 

submitted for evaluation details of original and destroyed air gun piston and barrel, showing defect. 
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1. Introduction 
 

The scientific and production potential of the metallurgical 

and military industries should be involved in the development and 

application of technologies focused on original technical solutions 

with the massive use of new materials.As a result of these actions, 

emphasis should be placed on characteristics such as: 

 high innovativeness of design solutions to manufactured 

products, processes and their application; 

 maximum use of civilian technologies for military 

applications; 

 a better balance between costs, quality and functionality 

of the produced or delivered products. 

Achieving this type of transformation in the Bulgarian 

metallurgical and military industry is the current goal and can be 

implemented at different levels. 

 

2. Preconditions and means for resolving the 

problem 

2.1. Theoretical Model 
 

In the present study are investigated parts from original and 

destroyed pistons and barrels of air weapons. These materials are 

subjected to complex research, including the following methods of 

analysis: 

 Chemical analysis of the materials from which the 

destroyed details are made; Material hardness data. 

 Macrostructural analysis of the reasons that led to the 

destruction of the part - defects in the metal: fracture 

surfaces, voids, voids of various origins, etc. 

 Microstructural analysis, distribution of elements and 

phase characteristic`s. 

The individual components of the weapon that showed 

defects of different types are presented in fig. 1 (a, b): 

 

  

Fig. 1 Weapon components showing defects of different types 

a) original and broken 

pistons 

b) air rifle barrel, distorted 

 

The initial inspections showed that the reasons for the 

destruction and defecting of the components of the kit were most 

likely of a different nature – the pistons were broken and the barrel 

was curved in an arc. 

 

From all the defective parts, test bodies of appropriate 

dimensions were made for conducting chemical analysis, 

metallographic analyzes and mechanical tests. 

 

2.1.1. Chemical analysis of materials. Material 

hardness data 
 

Chemical composition was determined using an 

Olympus Delta Premium 6050-CC X-ray fluorescence analyzer. 

The carbon content was determined by a LECO CS-244 analyzer 

using a LECO HF-100 induction furnace. The results are 

presented in tables 2 and 3. 

 

Table 2 Detail: Piston part of an air rifle showing a defect 

Components, wt % 

C 0,48% Fe 99,4% Mn 0,64% Cr 0,19% 

Si 0,07% Ti 0,04% Mo 0,02%  

Hardness: HRB: 93 

 

Table 3 Detail: Air gun barrel bent on axis 

Components, wt % 
C  0,13% Fe 97,14% Mn 1,01% Pb 0,27% Cu 0,14% Cr 0,06% 

Ni 0,06% P 0,06% Mo 0,01% S 1,07% Si 0,15% Zn 0,04% 

Hardness: HRC: 23-24 

 

From the obtained results, it is clear that according to the 

presence of chemical elements in the examined details, their 

compositions do not meet the accepted standards for details of this 

type (see [6-8, 10]). The amounts of chromium and molybdenum 

are greatly reduced from those recommended for such products, so 

that this material can be classified as 40XX series steels and the 

manufacture of a fastener such as the piston of an air rifle to be of 

the corresponding strength and corrosion resistance. The 

composition of the alloy from which the "barrel" detail is made is 

also inconsistent with the requirements for similar materials, the 

strongest impression being made by the presence of lead (Pb - 

0.27%) and sulfur (S - 1.07%, most likely purposefully added!) in 

very large percentages. 

 

2.2. Experimental stand 

2.2.1. Establishing the nature of the destruction of 

broken "piston" type parts and deformed "barrel" type 

parts. Macrostructural observation  
 

The failure location always provides information about 

the type of failure and allows determining the factors that caused it 

- unforeseen operational stresses, sudden impacts, overloading, 

non-regulated deformation conditions, imprecise manufacturing of 

the part, etc. The surface and morphology of the wrecks are 

carefully observed at magnifications that allow judging the nature 

and features of the destruction. 
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2.2.2 "Piston" type detail from an air rifle 

 
Fig. 2 shows a general view of a "piston" part of an air 

rifle - a new part and one with a tear defect. The location of the 

fracture coincides with a structural opening. 

Fig. 3 (a, b, c, d) demonstrate macro-photographs of the 

defect on a "piston" part of an air rifle at a magnification of 

approximately 20x. It is clearly seen that the topography of the 

quarry is different in all four photographed sections. A section 

with a flaky-granular structure is observed in Fig. 3a, discretely 

oxidized. In Fig. 3b shows a relief resembling a mixed-type 

fracture, granular in some areas and fibrous in others. They are not 

clearly defined, but rather flow into each other. In Fig. 3c shows 

deep radial grooves from the periphery to the inner diameter of the 

piston, and in Fig. 3d the surface is not oxidized, the fracture looks 

fresh and deformation grooves have a concentric appearance and 

resemble fish-scale-fracture. 

The fracture at the place of the piston bore, (Fig. 3d), has 

an absolutely flat, although strongly grooved surface. Structurally, 

the chute in which the spring guide rests is also positioned there. 

The thickness of the metal in this longitudinal section from end to 

end of the cylindrical piston is reduced by about 2/3 of its total 

wall thickness, which could also become a cause of failure. 

 

2.2.3. Detail of the "barrel" type of an air rifle 
 

The part provided for examination, air rifle "barrel" type 

****** with a spring-piston mechanism, is bent along its axis and 

along its entire length - from the silencer to the trigger mechanism. 

Fig. 4 (a, b) shows the manner in which test samples were 

obtained from the barrel, (general view of barrel, Fig. 1).  

 

a b 

Fig. 4 (a, b) Preparing of test samples from the barrel 

a) Sample bodies from different 

sections along the length of the part 

b) View along the outer 

surface of the barrel  

From the pictures in fig. 4a and 4b  is clearly visible how the 

integrity of the inner surface of the barrel was violated where it 

was in direct contact with the so-called "thrust" or also "bolt", 

(mechanism that pushes the piston back until it catches on trigger 

mechanism). From the inspection of the part, it can be assumed 

that the reasons for its distortion in the longitudinal direction are 

related, on the one hand, to the material used in production; on the 

other hand - with the production of the internal threaded surface; 

poorly conducted heat treatment can be of importance, and in 

addition to the previous reasons listed - the distortion can be the 

result of service load-friction with poor lubrication and bad 

material as a prerequisite for the deformation. 

 

2.2.4. Microstructural metallographic analysis of the 

samples 
 

The microphotographs are presented at fig. 5(a÷f). They 

are realized on metallographic microscopes Reichart and Neophot 

2. The magnifications are for Reichart 680x (Lens x85/Eyepiece 

x8) and for Neophot (Lens 25x/8x) and (Lens 25x/20x). 

 

 
Fig. 5 a, b, c "Piston" type details from an air rifle 

 
Fig. 5 d, e, f Details of the "barrel" type of an air rifle 

 

The object-micrometer to the microscopes is 

photographed and shown at the magnifications used, fig. 6. 

 

   
Reichart, 680x Neophot, 500x Neophot, 200x 

 

From the microphotographs of the destroyed and 

deformed details, it can be assumed that the observed 

inhomogeneities in the structural elements are partly due to the 

chemical composition of the materials, partly to the selected 

technological regimes for obtaining the semi-finished products or 

to unsuccessful additional processing. 

The "piston" type parts from an air rifle have a ferrite-

pearlite matrix structure, in places with eutectoid colonies - in the 

transversely cut specimen they are present as individual grains, 

fig. 5a, and in the longitudinal specimen they form vertical lines 

along the length of the part, fig. 5c. This fibrous structure is 

probably due to liquation phenomena (the detail at the site of its 

destruction has areas of fibrous, slate scrap!). The mechanical 

properties of such a material are different in the transverse and 

longitudinal directions, with the transverse ones being lower, [13, 

15, 18] This, as well as the presence of a smaller thickness of the 

cross section, are probable reasons for the destruction of the part. 

For an air gun “barrel” type detail, the frontal, transverse surface 

of the specimen was examined at various magnifications and after 

tempering, ferrite grains (light) and pearlite as a network (dark 

areas) were found. In the chemical composition of this detail, one 

can literally talk about "pollution" with sulfur and lead (results 

confirmed by SEM and EDX-analysis presented in a detailed 

version of the present study). Probably at high temperature Si and 

Mn are dissolved in γ–iron, and sulfur is in the form of sulfides of 

type (Mn,Fe)S. Sulfur is the strongest "liquator" of all the 

elements present in this composition. At the same time, the 

chemical composition is deficient in Cr and Mo, which must be 
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present in adequate amounts [10, 17] and fulfill their function in 

the service life of details of this type - to help obtain high 

hardness, hardenability, corrosion resistance, etc. 

 

3. Results and discussion 
 

Piston" type details from an air rifle 

 The chemical composition does not meet the accepted 

standards for this type of detail (see table 1-4). The amount of 

chromium is greatly reduced, molybdenum is practically 

absent. 

 The nature of the failure is of a combined type and the type 

of fracture is different along the perimeter of the specimen. 

The brittle failure started from a section where the thickness 

of the workpiece was about 2/3 of the total thickness of its 

wall. 

 The microstructural metallographic analysis showed a ferrite-

pearlite structure, in places with eutectoid colonies - in the 

transversely cut sample they are present as individual grains, 

and in the longitudinal one they form vertical lines along the 

length of the part. The mechanical properties of such a 

material are different in the transverse and longitudinal 

direction , with the transverse ones being lower. 

 Measured hardness is HRC:23-24 and is probably due to steel 

normalization problem and breakdown in hardness as a result 

of recovery process. This, as well as the reduced thickness of 

the part in part of its cross-section, are probable reasons for 

its destruction. 

 

Air gun barrel type details 

 The composition of the alloy contains lead (Pb-0.27%) and 

sulfur (S-1.07%), most likely added in these quantities for the 

purpose of better machinability when making the caliber of 

the barrel. Sulfur in a bound form, such as sulfide, causes a 

sharp decrease in strength, and even 0.05% lead favors 

cutting and eliminates dry friction between surfaces, but a 

large amount, as in this case, can become the cause of the 

appearance of cracks. 

 The integrity of the inner surface of the barrel is broken at the 

point of contact with the so-called "thrust" or "bolt" 

(mechanism that pushes the piston back until it engages with 

the trigger mechanism). Distortion in the longitudinal 

direction is due to operational stress - the calibration of the 

barrel, friction with poor lubrication and poorly selected 

material as a prerequisite for the deformation. 

 The microstructure is build from light ferrite grains and a 

network of pearlite, (dark areas). In the chemical 

composition, one can literally speak of "pollution" with 

sulfur and lead, and it is very likely that at high temperature, 

found in γ-iron, Si and Mn are in solid solution, and sulfur is 

in the form of sulfides of the type (Mn, Fe)S. Sulfur is also 

the strongest "liquation maker" of all the elements present in 

this composition and certainly contributed to the 

inhomogeneity of material. 

 

4. Conclusion 

 
The initial inspections showed that the reasons for the 

mass destruction and defecting of the elements were of a different 

nature – the pistons were broken, the barrel was arcuately bent, the 

frames of the air guns had fracture cracks radially on the product 

or were completely destroyed at the end of the hole of the part. 

In principle, it is possible for the piston or barrel to show a purely 

operational defect, a defect as a result of a poorly executed 

technological process during production, or a defect as a result of 

poorly selected material for the manufacture of the individual 

components. 

Research has shown many factors converge and affect 

the ability to shoot effectively with this type of weapon, and 

confirmed the high probability of defects. They identified many of 

the causes that led to appearance of defects and destruction of 

parts of the equipment of air-pneumatic weapons. 

The results will serve to review the financial aspects and 

the conditions for importing spare parts from the manufacturer 

company ****** in Bulgaria and guarantee the conditions for the 

safety of consumers. 
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