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2LLP REMPLAZMA 
 

SUBSTANTIATION OF EFFICIENCY OF PLASMA RECOVERY OF PHYSICAL  
AND MECHANICAL PROPERTIES OF TURBINE BLADES OF CHP 

 
Annotation: The results of researches, on the basis of that it is possible to draw conclusion that 

carried-out restoration of an entrance edge of blade, by laser-plasma spraying, meets requirements imposed 
to restoration of entrance edges of turbine blades, are presented in the article. The results of metallographic 
searches prove the prospects of the proposed method of recovery of turbine blades. Based on the work 
carried out, it was found that the complex treatment of the blades after their restoration with plasma surfacing 
increases the resistance to cold cracks by more than 1.5 times.  

At the same time, structural violations of the metal base are not observed. Studies of cause-effect 
relationships between the dynamic load of the turbine and the physical and mechanical properties of the 
material allowed to expand the horizon of understanding the formation of fatigue stresses in the structure 
and their influence on the changes in the phase components of the recovered turbine blades of the CHP. 
The developed technology of plasma recovery of power equipment parts extends the boundaries of 
innovation in the broad sectors of the economy of Kazakhstan. 

Key words: plasma welding, plasma spraying, turbine blades 
 
Introduction. Nowadays on the territory of the CIS there are more than 500 Combined 

Heat and Power Plant (CHPP), State Regional Power Plants (SRPP), hydro and other types of 
electric power plants. More than 50 of them are on the territory of Kazakhstan.  

It should be noted that the turbines of power plants are worn on 65%.At the moment, the 
amount of electricity generated on the power plants provides the needs of the industry in energy, 
but the dynamics of prices for energy, repair and maintenance is progressively increasing. 

In power industry for the drive of generator is mainly used the turbine with rotational 
movement of the rotor with blades, The blades convert the kinetic energy of the steam (water, gas) 
jet into mechanical work [1]. 

In operation, the turbine blades are subjected to intensive erosion wear. Hardening of the 
blade’s working edges is provided by welding or spraying of the expensive stellite coatings, which 
causes the relevance of plasma technology researches. 

The possibility to use the blades repaired using the new technology (which under the 
current procedure is rejected) creates a good basis for the diversification of this research direction 
due to the original high-quality product - the blade of turbine unit. There is appeared the possibility 
for its "reanimation" and development of a universal technology for high-quality prosthetics of 
blade’s worn parts, which reduces the cost to 3-3.5 times [2-3]. 

Particular attention is paid to the restoration of the blades directly on the rotor without 
dismantling them on the base areas of power plants (figure 1). 

 

 
Figure 1 Recovery of low pressure rotor blades on the turbine 

 
The turbine blades made of steel 20H13 (GOST 5632-72) intended for setting on low 

pressure rotor turbine 60-90 / 13 were restored. There was the restoration of leading edges of the 
blades by welding and spraying with fusion of the edges. 

The developed recovery process was carried out using argon-arc welding with the use of 
wire EP 533 (08H20N57M8V8T3R-ID. Flame spraying was made by powder PN70H17S3R3 (PN). 
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The study of physico-mechanical properties of the reconstructed surface, blades held in 
OJSC “TGC №9” Ekaterenburg branch. 

The layout of the blade with the welded and sprayed coatings is shown in Fig 2. The cross 
templets were cut from the blade for testing: 
 templet was cut from the starting part of the welded coating, 
 templet was cut from the middle part 
 templetof the welded coating, 

 
 
 
  

 
Figure 2 – Layout of the blade that was sent for testing with tagged for cutting templets 
 
1. Control of a metal uniformity of a blade feather was carried out by method of Physical 

Configuration Audit (PCA) and penetrant flaw detection all along feather from an entrance of the 
steam to the steam-out [4].   

Penetrant flaw detection was carried out in accordance with GOST 18442-80 according to 
the uniform test procedure and RRNI(Rules and regulations in the nuclear industry) G-7.015-89.  

Special attention was paid to zones of welding and spraying.  
Physical Configuration Audit showed that there are neither  cracks  no other defects in a 

zone of coating. 
Penetrant flaw detection showed that cracks, lack of fusion between welded coating and the 

basic metal, welded and  sprayed coatings aren't exist.  
By results of PCA and penetrant flaw detection of metal uniformity of blade’s metal is 

confirmed. 
2. Metallographic analysis and hardness measurements. 
The scheme of blade cross section  with welded and sprayed coatings and layout of the 

templet № 2 are given on figures 3 and 4.  
Research was conducted on cross samples. The  configuration of zones on the feather of 

the blade for all three templets is identical.  
 
 
 
 
 
 
 

 

 
Analyzing the microstructure of the sample (figure. 5а) it is established that the 

microstructure of the base metal of the blade is a fine-needle drawback troostite, the grain size 
corresponds to 5-6 points according to GOST 5632.  

 
 
 
 
 
 
 

           a                b 
 

Figure 5 – The microstructure of the samples  
a – the microstructure of the basic metal of the blade (500) 

b – the microstructure of the basic metal of the blade in the zone of thermoinfluence of welding (x500) 

Figure 3 – Scheme of the blade section with welded and 
sprayed coatings. 

Figure 4 – Cross Templet of the blade. 
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A sample of figure 5b is presented in the form of a microstructure of the base metal of the 
blade in the surfacing in the zone of thermoinfluence of welding also fine-needled drawback 
troostit, partially spheroidized, the grain size corresponds to points 5-6 according to GOST 5632. 

The welded coating’s microstructure is uniform and austenitic (figure 6 a, b). The size of 
grain corresponds to points 6-8 according to GOST 5632. In metal of welded coating there are 
some sigma phase allocations, their quantity is insignificant. Availability of δ-ferrite in welded 
coating isn't revealed. Microstructure of the border between welded and sprayed coatings is 
smooth, lack of fusion of the sprayed coating isn't revealed. 

 
 
 
 
 

 
             a                b 

Figure 6 – The microstructure of the samples 
a – the microstructure of the welded coating (x500), 

b – the microstructure of welded coating on the border with the welding zone (x100) 
 
Microstructure of the welded coating layer is biphasic (figure 7 a, b): austenite with a small 

amount of sigma - phases. The size of grain corresponds to points 6-8 according to GOST 5632. In 
metal of welded coating, there are separate allocations of sigma - phases, δ-ferrite in metal is not 
found. Border of welded and sprayed coatings is smooth, peeling of the sprayed coating isn't 
revealed. 

 
 
 
 

 
a          b 

Figure 7 – The microstructure of the samples  
a – the microstructure of the sprayed coating (x500),  

b – the microstructure of welded coating on the border with the spraying zone (x500)  
 
3. Measurement of hardness.  
Measurement of microhardness was taken by the PMT-3 device. (figure 8). 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 8 – Measurement of microhardness by the PMT-3 device 
 
Conclusion. 
Thus, the conducted research showed: 

1. Metal uniformity: 
 Cracks in a zone of thermoinfluence aren't revealed. 
 In the welded coating metal defects like voids, cavities, blowholes, cracks, lacks of fusion 

are not  revealed. 
 The sprayed coating is dense and not porous. 

2. Microstructure and point of grains in zones:  
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 Microstructure of blade’s metal in zone of thermoinfluence of welding is troostitic, partially 
coagulated.  

 Microstructure of welded coating metal is uniform, austenitic with a small amount of sigma 
phase allocations (volume of fraction less than 1%), δ-ferrite isn't revealed.  

 Microstructure of sprayed coating  is biphasic.  
 The grain size in the basic metal of blade and in the zone of thermoinfluence of welding 

corresponds to 5-6 point in accordance with GOST 5632, the size of austenitic grain in 
welded coating corresponds to 6-8 point in accordance with GOST 5632. 

3. δ-ferrite availability: 
 δ-ferrite in the welded coating metal isn't revealed. 

4. Hardness of metal in zones:  
 Hardness of the basic metal and the zone of thermoinfluence is almost identical (249-257 

HRB). Slight increase of hardness in the zone of thermoinfluenceisn't essential;  
 Hardness of the welded metal is 220 HRB that corresponds to requirements of the 

specifications and technical documentation for the welding executed by austenitic 
electrodes; 

 Hardness of the sprayed coating is 590 HRB, the spraying is executed by an wear-resistant 
alloy. 
Based on the conducted research it is possible to make a conclusion that the carried-out 

restoration of an entrance edge of blade meets requirements imposed to restoration of entrance 
edges of turbine blades. The developed technology of plasma restoration of details of the power 
equipment expands borders of innovation application for wide spheres of economics of 
Kazakhstan. 
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ПЛАЗМАЛЫҚ ҚАЛПЫНА КЕЛТІРУ ТИІМДІЛІГІН НЕГІЗДЕУ ЖЭО ТУРБИНАСЫНЫҢ ЖҰМЫС 
ҚАЛАҚТАРЫНЫҢ ФИЗИКА-МЕХАНИКАЛЫҚ ҚАСИЕТТЕРІ 

В.В. Савинкин, Т.Ю. Ратушная, Л.А. Киселев 
 

Мақалада лазерлік-плазмалық тозаңдану әдісімен қалақтың кіру жиегін қалпына келтіру 
турбина қалақтарының кіру жиектерін қалпына келтіруге қойылатын талаптарға жауап 
беретіндігі туралы қорытынды жасауға болатын зерттеулердің нәтижелері Берілген. 
Металлографиялық зерттеулердің нәтижелері ұсынылған турбина қалақтарын қалпына келтіру 
әдістемесінің перспективалылығын дәлелдейді. Жүргізілген жұмыстар негізінде қалақтарды 
кешенді өңдеу оларды плазмалық балқытумен қалпына келтіргеннен кейін суық жарықтарға 
төзімділікті 1,5 еседен артық арттыратыны анықталды. Бұл ретте металл негізінің 
құрылымдық бұзылуы байқалмайды.  

 Турбинаның динамикалық жүктемесі мен материалдың физикалық-механикалық қасиеттері 
арасындағы себеп-салдарлық байланыстарды зерттеу құрылымдағы шаршау кернеулерінің 
қалыптасуын түсінудің көкжиегін кеңейтуге және олардың ЖЭО турбинасының қалпына 
келтірілген қалақтарының фазалық құрауыштарының өзгеруіне ықпал етуге мүмкіндік берді. 
Энергетикалық жабдықтың бөлшектерін плазмалық қалпына келтірудің әзірленген технологиясы 
Қазақстан экономикасының кең салаларында инновацияны қолдану шекарасын кеңейтеді. 

Түйін сөздер. Турбиналардың қалақтары, плазмалық қалпына келтіру, плазмалық тозаңдату 
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ОБОСНОВАНИЕ ЭФФЕКТИВНОСТИ ПЛАЗМЕННОГО ВОССТАНОВЛЕНИЯ  
ФИЗИКО-МЕХАНИЧЕСКИХ СВОЙСТВ РАБОЧИХ ЛОПАТОК ТУРБИНЫ ТЭЦ 

В.В. Савинкин, Т.Ю. Ратушная, Л.А. Киселев 
 
 Аннотация: В статье представлены результаты исследований, на основании которых 
можно сделать вывод о том, что проведенное восстановление входной кромки лопатки, методом 
лазерно-плазменного напыления, отвечает требованиям, предъявляемым к восстановлению 
входных кромок лопаток турбин. Результаты металлографических исследований доказывают 
перспективность предлагаемой методики восстановления лопаток турбин. На основании 
проведенных работ установлено, что комплексная обработка лопаток после их восстановления 
плазменной наплавкой повышает стойкость к холодным трещинам более чем в 1,5 раза. При этом 
структурных нарушений основы металла не наблюдается.  
 Исследования причинно-следственных связей между динамической нагрузкой турбины и 
физико-механическими свойствами материала позволили расширить горизонт понимания 
формирования усталостных напряжений в структуре и влияние их на изменения фазовых 
составляющих восстановленных лопаток турбины ТЭЦ. Разработанная технология плазменного 
восстановления деталей энергетического оборудования расширяет границы применения 
инновации в широких сферах экономики Казахстана. 
 Ключевые слова: Лопатки турбин, плазменное восстановление, плазменное напыление 
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О БЕЗОПАСНОСТИ НЕРАСЧЕТНОЙ СИТУАЦИИ В ХОДЕ ЭКСПЕРИМЕНТАЛЬНЫХ 

ИССЛЕДОВАНИЙ РЕАКТОРНЫХ АВАРИЙ НА ИГР 
 

Аннотация: выполнены исследования в обоснование безопасности проведения реакторных 
экспериментов на ИГР, посвященных моделированию аварийных процессов, возникающих в ходе 
работы быстрых энергетических атомных реакторов с натриевым теплоносителем. 
Определены условия возникновения нерасчетных ситуаций на ИГР[1] с максимально возможным 
масштабом последствий. Определены нейтронно-физические и теплофизические 
характеристики развития нерасчетного аварийного процесса на примере характерной 
конструкции экспериментального устройства, устанавливаемого в центральный 
экспериментальный канал ИГР. Полученные результаты теплофизических расчетов показали, 
что в случае реализации нерасчетной ситуации при внутриреакторных испытаниях 
экспериментального устройства с повышением мощности реактора и энерговыделения в 
нем,конструкция устройства обеспечивает термическую защиту его элементов и, тем самым, 
возможность безопасного проведения эксперимента на реакторе ИГР. 

Ключевые слова: внутриреакторные испытания, экспериментальное устройство, твэл 
быстрого реактора, реакторная авария 
 

Введение. Проводимое ведущими предприятиями атомной индустрии интенсивное 
развитие технологии быстрых реакторов с натриевым теплоносителем требует расширения 
экспериментальной базы данных по тяжелым авариям применительно к разрабатываемым 
проектам реакторов. 

Наиболее представительным способом получения таких данных являются испытания 
элементов активных зон в исследовательских реакторах. При проведении экспериментов в 
реакторных условиях может быть достигнуто максимальное приближение к возможным 
натурным режимам [2,3]. 

Для подобных экспериментов с моделированием аварийной ситуации, вызванной 
прекращением циркуляции теплоносителя в НЯЦ РК было разработано экспериментальное 
устройство, представленное на рисунке 1. 
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