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OPTIMIZATION OF SAMPLE VOLUME IN STATISTICAL CONTROL OF THE 

WELDING PROCESS BY ALTERNATIVE CHARACTER 

Increasing the sample size increases the sensitivity of statistical process control to the influence 

of special causes. At the same time, the costs of statistical control increase significantly. The 

optimal sample size should be considered the minimum size that provides an acceptable risk of 

untimely response to the influence of a special cause [1]. 

The acceptable level of risk was determined using the Failure Mode and Effects Analysis 

(FMEA) method. Acceptance criterion – risk priority number (RPN0) does not exceed the value of 

100. The value of the risk priority number is determined as the product of the rank of significance 

of the consequences of failure (rank S), the rank of possibility (probability) of failure (rank O) and 

the rank of timeliness of failure detection (rank D). The rank of timeliness of failure detection 

depends on the applicable detection method and takes values in the range from 1 to 10. The 

significance rank of the consequences of failure is also in the range 1…10 and depends solely on 

the nature of the failure. Based on the fixed values of the consequences ranks S and the detection 

D of the failure and RPN0, the maximum acceptable value of the rank of the possibility 

(probability) of failure (rank O0) and the corresponding acceptable maximum probability of failure 

P0, which provides an acceptable level of risk RPN0, can be found. 

The welding process can be considered acceptable if two conditions are simultaneously met. 

First, the statistical controllability of the welding process is confirmed. Second, the statistically 

justified probability of failure p0 does not exceed the value of the acceptable maximum probability 

of failure P0. For statistical control of such a process, a control p-chart with a central line p0 can 

be used. The purpose of using a control chart is to obtain information about the occurrence of a 

special cause in a timely manner (from the first sample). The sensitivity of the control chart to the 

influence of a special cause is determined by the operational characteristic of the control chart. 

The larger the sample size, the higher the sensitivity of the control chart. The sample size should 

be such that, according to the operational characteristic, when the actual probability of failure p* 

is increased to the value of the acceptable maximum probability of failure P0, the probability of 

regulation 1-Pa is not less than 0.9 (90%). 

The application of the proposed approach to determining the sample volume for statistical 

control of the welding process of an air tank by the porosity of the weld metal allowed us to justify 

the minimum required sample volume for the p-map. The P7-78 air tank has a shell diameter of 

300 mm. The length of the annular weld is 942 mm. Two annular welds are made on each tank, 

thus each tank has 62 individual weld sections with a length of 30 mm. It is shown that the results 
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of porosity control of welds of two consecutively manufactured tanks form a sample of 100 

individual sections, which is sufficient for use in statistical porosity control. 
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DEPENDENCE OF THE ELASTIC MODULUS OF POWDER COATINGS ON THEIR 

POROSITY IN ELECTRICAL CONTACT HARDENING 

Porosity is an inherent feature for many types of powder coatings and is considered to be of 

their second (after adhesion strength), but in some cases, of the first order property. It is the main 

means of assessing the quality of coatings, especially corrosion-resistant and wear-resistant 

coatings, where its presence is undesirable.  

A significant decrease in the porosity of coatings can be achieved by thermal hardening. 

However, it should be noted that in some cases the volumetric heat treatment of coatings is 

undesirable, since it deteriorates their physical and mechanical properties [1]. 

Required compaction of coatings can be achieved using chromium and aluminum-containing 

phosphate binders as well as polymeric and other materials [1]. For the same purposes, chemical 

heat treatment (CHT) is used. 

In order to increase the coating density, methods of subsequent processing of coatings have 

become widespread such as overflow in a furnace or with an open flame of a gas burner, as well 

as impregnation with plastics or molten metals. 

The current methods of coating processing have a number of disadvantages: as a rule, during 

the overflow the pores are closed only at the outer surface of the coating while in the subsurface 

layers they preserve.  

An increase in the density of the sprayed coatings is facilitated by an increase in the intensity 

of the mechanical-thermal interaction between particles of the powder and the base during both 

formation of coatings and subsequent mechanical-thermal treatment. The use of mechanical-

thermal treatment of as-formed coatings (for example, deposited by gas thermal spraying) makes 

it possible to increase the coating density in parallel with maximal preservation of the original 

structure and properties of the powder [1]. 

A significant decrease in porosity after MTF in comparison with the effect of gas-flame 

treatment is due to the positive role of the mechanical factor, which under high temperatures 

determines the development of plastic deformations that contribute to the "healing" of pores [1]. 

The interaction of materials in the solid phase is activated not only by temperature, but also by 

pressure [1].  

According to the reviewed literature and patent information, among the large number of current  

mechanic-thermal methods of hardening parts with powder and compact materials, the advantage 

should be given to electric contact ones [1], because they allow one: to obtain practically non-

porous coatings; more than 150 MPa; to preserve the original properties of the coating materials,  
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