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Electron Beam Heat Treatment of Aircraft Engine Combustion 
Chamber Casings, Made of Precipitation-Hardened Heat-

Resistant Chrome Nickel Alloys 

P. D. Zhemanyuk, I. A. Petrik, О. V. Gnatenko, Y. А. Marchenko  

 

Electron beam age hardening at repair of combustion chamber made of heat-resistant chrome 
nickel alloys is studied. At replacing old flange with a new one (welded by electron beam) furnace 
heat treatment in terms of age hardening is not applicable. In the paper implementation of electron 
beam age hardening of the parts is studied. This new technology allows performing combustion 
chamber repair without degrading the properties of parent metal and weld. 

Електроннолъчева обработка на обшивката на горивните камери самолетни мотори, 
направена от уякчена топло-устойчива хром-никелова сплав (П. Жеманюк, И. Петрик, О. 
Гнатенко, Ю. Марченко). Изучено е електроннолъчевото стареене и затвърдяване на 
горивните камери направени от топло-устойчива хром-никелова сплав. При замяна на износен 
фланец с нов (заварен с електронен лъч) термична обработка в пещ за да се постигне 
затвърдяване чрез стареене е неприменима. В работата приложение на електроннолъчево 
стареене и затвърдяване на частите е изучено. Тази нова технология позволява изпълнение на 
ремонт на горивни камери без влошаване на свойствата на основния метал и шева.  

 

Introduction 
Today a problem of choice of repair methods using 

welding processes for case-shaped parts, made of 
heat-resistant chrome nickel alloys, is still of vital 
importance in aircraft engine construction industry.  
Heat-resistant steels and alloys are disposed during 
welding to autocrack formation in a weld and heat-
affected zone. Autocrack formation is caused by 
degradation of alloy ductility owing to high content of 
alloying elements, such as Ti, Al, W, Mo, etc., which 
form fusible eutectics along grain boundaries. Parts 
which have been in operation or undergone heat 
hardening (age hardening) are largely disposed to 
crack formation and have a limited weldability. 

Description of mechanical strength 
improvement 

At “Motor Sich” JSC combustion chamber casings 
of aircraft engines are made of heat-resistant steel 
ВЖ-102. This grade of steel has good weldability, but 
slightly reduced heat resistance. It is applied for 
manufacture of parts operating at temperatures up to 
800 ºС. Chemical composition of this steel is listed in 
Table 1. 

For the purpose of mechanical strength 
improvement as well as for ensuring capability of the 
parts made of ВЖ-102 steel to operate at high 
temperatures, furnace heat treatment in terms of age 
hardening is applied (furnace soak at a temperature of 
750 ± 10 ºС during 16 hours). 

 

Table 1. 
Chemical composition of ВЖ-102 steel, % 

С Ni Cr W Mo Ti Si Mn S P Al Zr 

< 0.1 27-30 14-16 
4.5-

6.0 

3.0-

4.0 

1.8-

2.3 
< 0.6 < 0.6 <0.015 <0.025 <0.5 <0.02 
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Age hardening is a modification of material and 
alloy properties occurring during moderate heating 
and long-lasting soak after preliminary heat treatment 
(quenching, as a rule) with separation of dispersed 
phase. Age hardening never results in changes in 
metal or alloy chemical composition. During age 
hardening, strength is improved and brittle fracture 
resistance is reduced owing to aggregating of carbon 
atoms at dislocations or due to separation of excessive 
phases and ferrite (carbides, nitrides). 

During repair of combustion chamber casing it 
appears to be necessary to replace a flange, owing to 
intolerable wear rate (Fig.2). The old flange is cut off, 
face ends are dressed for further welding, ensuring the 
required geometry; and in place of the old flange a 
new one is welded by electron beam method. 

 
Fig. 2  - Combustion chamber casing 

The difficulty of repair operations consists in the 
following: 

- welding of parts should be done when material is 
in after-age-hardening condition, which may result in 
autocrack formation in the weld and heat-affected 
zone; 

- there is no possibility to perform subsequent heat 
treatment of the part (age hardening)  because of 
surfaces that are already finished.  

The purposes of current work are as follows: 
 – trying out of the technology of ВЖ-102 alloy 

electron beam age hardening; 
 – ensuring mechanical properties of the welds at 

the required level; 
 – reducing the likelihood of casing distortion 

during welding and heat treatment. 
As part of test work there have been made and 

welded the ВЖ-102 steel specimens which have 
undergone furnace heat treatment in the following 
conditions:  

- quenching at a temperature of 1120 ºС ± 10 ºС; 
- age hardening at a temperature of 750 ºС ± 10 ºС 

during 16 h. 
The selection of weld geometry factor for reducing 

the likelihood of autocrack formation as well as 
selection of welding conditions are carried out for a 
specimen with the dimensions of 100×50×2,5 mm. 

Fig. 3. Specimen for selection of welding conditions 

Based on the results of non-destructive inspection, 
no defects, such as cracks in welds of the specimen, 
have been detected.  

To perform age hardening there has been used 
LARA-52 machine, designated for electron beam 
annealing under simultaneous heating of 3/4 of 
welded joint by two electron beam guns positioned at 
90º against each other while the workpiece is rapidly 
rotating. 

 
 

 
Fig. 4 – Welding and electron beam heat treatment 

machine Lara-52 

Specimen welds have been heated with electron 
beam to a temperature of   750 ±10ºС with 60, 90 and 
120 minutes soak (Fig.5). 



 

“E+E”, 5-6/2014 214

 
Fig. 5. Timing chart of electron beam age hardening of  

ВЖ-102 steel welds 

Mechanical tests of the welds showed that if the 
welded specimens are heated with electron beam to a 
temperature of 750 ±10 ºС and soaked for 60 min. and 
90 min., the rupture occurs along the weld and 
ultimate strength and yield strength of ВЖ-102 steel 

falls below the required limit. 
When the specimens are heated at a temperature of 

750±10ºС and soaked during 120 minutes, an 
improvement of mechanical properties of steel is 
observed and the rupture occurs in the heat-affected 
zone of welded joints (Fig. 7). 

The specimens mechanical test results are 
summarized in Table 2. 

It can be clearly seen from the table that when the 
specimens are soaked at a temperature of 750±10ºС 
during 120 minutes, ultimate strength of the material 
grows steadily while its ductile properties slightly 
degrade. 

Requirements as to mechanical properties of the 
welded joints after furnace age hardening are listed in 
Table 3. 

Microstructure of weld and heat-affected zone are 
shown on Fig. 7. 
 

 

Fig. 6. Broken specimen appearance Heating - 750 ±10 ºС, soak - 60 min. 

 
 

Fig. 7. Broken specimen appearance. Heating - 750 ±10 ºС, soak - 120 min. 

Table 2. 
Specimen test results after electron beam age hardening  

No 

Heatin

g time, 

min 

Ultimate 

strength, 

kgf/mm2 

Yield 

strength, 

kgf/mm2 

Elongation, % 
Transverse 

contraction, % 

Impact 

strength, kgf-

m/cm2 

НВ, 

dent Ø, mm 

1 60 
87.9 70.7 14.4 33.4 10.00 

3.60 
87.4 70.7 11.6 33.4 3.5 

2 90 87.6 76.4 11.2 39.2 5.5 3.60 

3 120 
92.3 67.9 12.8 36.0 6.0 

- 
91.2 66.9 11.2 39.2 5.33 
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As it can be seen, no visible changes in parent 

metal microstructure occurred in the heat-affected 
zone. Grain growth is not observed. 

Conclusion 
Implementation of electron beam welding and 

electron beam age hardening of the parts which have 
been in operation and manufactured of ВЖ-102 steel 
allows performing their repair without degrading the 
properties of parent metal and weld. 
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Table 3. –  
Properties of the welds after furnace age hardening  

Ultimate 

strength, 

kgf/mm2, 

не менее 

Yield 

strength, 

kgf/mm2, 

не менее 

Elongation, 

%, 

minimum 

Transverse 

contraction, 

% 

minimum 

Impact strength, 

kgf-m/cm2 

minimum 

Brinelle hardness, 

dent Ø, mm 

minimum 
- 

90 58 6 6 1,5 

 

 

 

weld  heat-affected zone 

 Fig. 7. Microstructure of the ВЖ-102 steel welded joint after electron beam age hardening. 


