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[57] ABSTRACT 

A steel blade for an axial-?ow turbo-machine is dis 
closed which has a hardened leading edge portion. In 
accordance with the invention, the hardened edge 
portion is imparted with a permanent compressive 
prestress in the direction of the longitudinal axis of the 
blade. This protects the blade against stress corrosion 
cracking. 

2 Claims, 1 Drawing Figure 
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BLADE CONSTRUCTION FOR AXIAL-FLOW 
TURBO-MACHINES AND METHOD OF 

PROTECTING TURBO-MACHINE BLADES 
AGAINST STRESS CORROSION‘ CRACKING 

FIELD OF INVENTION 

The invention is directed to a procedure for protect~ 
ing the hardened leading edge of blades or vanes (here 
inafter blades) of axial-?ow turbo-machines against 
stress corrosion cracking. 

BACKGROUND INFORMATION 

It is general practice to harden the leading edges of 
blades of axial-?ow turbo-machines for the purpose of 
minimizing erosion of the blades. The desired hardness 
may be obtained by various heat treatments, for exam 
ple by ?ame hardening or by means of induction heat 
by high frequency. 

It is well known, however, that hardened steel is more 
susceptible to stress corrosion cracking —- sometimes 
referred to in the art as stress crack corrosion - than 
is unhardened steel. The phenomenon of stress corro 
sion is discussed in “The Making, Shaping and Treating 
of Steel”, United States Steel Corporation, 1964, page 
933. Hardened alloy steel, for example stainless steel 
containing 12 percent of chromium, exhibits a particu 
lar great tendency towards stress corrosion cracking. 
This susceptibility is‘ dependent on various factors, 
among others the composition and the heat treatment 
condition of the steel. Further, it is dependent on the 
contaminants, for example chlorides, which are present 
in the flowing working medium of the turbo-machine 
and also on the tensile stresses which act on the respec 
tively endangered portion of the blade. Since a blade of 
the indicated kind, during operation of the machine, is 
subjected to tensile stresses due to the centrifugal 
forces, and sometimes also due to forces caused by the 
working medium, also a hardened edge of such blades 
is attacked by stress corrosion cracking. 

It has previously been proposed to reduce the me 
chanical stresses on the blades by construction meas 

' ures. This, however, results indisadvantages such as, 
for example, less favorable aerodynamic characteris 
tics. 

SUMMARY OF THE INVENTION 
It is the primary object of the present invention to 

provide a procedure by means of which the hardened 
leading edge of a blade of an axial-?ow turbo-machine 
is largely protected against stress corrosion cracking. 
Another object of the invention is to achieve such 

protection by technological, as distinguished from con 
structive, measures. 
Generally it is an object of the present invention to 

improve the characteristics of the blades of axial-?ow 
turbo-machines. 

Brie?y, and in accordance with the invention, the 
leading edge of such a blade, and while it is being hard~ 
ened, is imparted with. a permanent, compressive pre 
stress in the direction of the longitudinal axis of the 
blade. 

If a blade which has been imparted with such an ini 
tial compressive stress is, during operation, subjected 
to tensile stresses caused by centrifugal or other forces, 
that portion of the blade which exhibits the compres 
sive prestress is then completely, or at least to a very 

‘ large extent, relieved of the pressure. Any tensile forces 
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which may still arise in this portion of the blade are so 
insigni?cant that they do not cause any substantial. in. 
crease in the stress corrosion cracking. 
The blades may be imparted with the permanent 

compressive prestress in exceedingly simple manner. 
Generally, hardening of steel is effected by heating to 
a temperature above 850°C. and subsequent cooling or 
quenching. Due to the martensite formation in the 
steel, a volume increase takes place. If only a portion 
of a steel work piece is hardened in the indicated man 
ner, as is the case in the hardening of the leading edge 
of a blade, then a compressive stress or prestress occurs 
in the hardened portion, provided the remainder of the 
work piece, which remains cold or unheated during'the 
hardening, has a suf?ciently large'cross-sectional area 
in order to enable it to absorb the resulting tensile 
stresses without being plastically deformed, i.e. beyond 
the yield point. 

In a blade having an oblong pro?le of which merely 
one end portion, such as the leading edge, is to be hard 
ened, the conditions are particularly unfavorable. Ex 
tensive experiments have indicated that a permanent 
compressive prestress in the direction of the longitudi 
nal axis of the blade, which prestress thus also remains 
in cold condition, is imparted with certainty only to the 
hardened portion if the cross-sectional area of this 
hardened blade portion occupies at the most 20 per 
cent of the total blade cross section. The remaining 80 
percent of the cross-sectional area of the unhardened 
blade portion can then effectively absorb the corre 
sponding tensile stresses without. deformation. 
Accordingly, and pursuant to the invention, the lead 

ing edge portion of the blade to be hardened is not per 
mitted to have a cross-sectional area in excess of 20 
percent of the total cross section of the blade and the 
thus remaining 80 percent are maintained in cold, un 
heated condition during the hardening, whereby the 
hardened portion is imparted with the desired perma 
nent compressive prestress. 
The various features of novelty which characterize 

the invention are pointed out with particularity in the 
claims annexed to and forming a part of this speci?ca 
tion. For a better understanding of the invention, its op 
erating advantages and speci?c objects attained by its 
use, reference should be had to the accompanying 
drawing and descriptive matter in which there is illus 
trated and described a preferred embodiment of the in 
vention. 
The single FIGURE of the drawing is a cross 

sectional view of a blade of an axial-?ow turbo 
machine. 

It will be noted that the cross-sectional area of the 
blade is formed by the portions 1 and 2, portion 1 being 
the cross~sectional area of the hardened zone, to wit, 
the area of the leading edge of the blade. This hardened 
zone 1 extends not only adjacent the leading edge but 
also adjacent a portion of the suction side of the blade. 
The area 2 occupies the remainder of the cross 
sectional area of the blade. In accordance with the in 
vention and in order to create during the hardening the 
desired permanent compressive prestress, the cross 
sectional area 1 amounts to at the most, and preferably 
less than, 20 percent of the total cross-sectional area, 
to wit, the sum of the cross-sectional area 1 and 2. The 
hardening of the area 1 may be: accomplished by any 
conventional tempering treatment as previously re 
ferred to. 
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What is claimed is: 
1. In a steel blade of an axial-?ow turbo-machine, 

wherein the blade has a hardened edge portion, the im 
provement which comprises that said edge portion ex 
hibits a permanent compressive prestress in the direc 
tion of the longitudinal axis of the blade, whereby said 
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blade is protected against stress corrosion cracking. 

2. The improvement of claim 1, wherein the cross 
sectional area of said hardened edge portion amounts 
to at the most twenty percent of the total cross 
sectional area of the blade. 

* >l< * * * 


