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ABSTRACT OF THE DISCLOSURE 

The production of turbine blades in which a blade 
blank is provided in the area of the inlet edge with a 
steel weld portion, which, after smoothing of any un 
even spots, is shaped together with the blade body to 
the ?nal dimensions in a drop forge and ?nally subjected 
to heat treatment. 

This invention relates to the production of turbine 
blades. 
The development in turbine construction during the 

last few years has increasingly been directed toward 
larger constructional units. The required volume of the 
gaseous driving agents, particularly in the ?nal stages, 
therefore becomes increasingly greater and, by the same 
measure, larger blade surfaces are required. The increase 
in dimensions of the ?nal blades does not merely refer 
to length but, to an even greater extent, to the width 
of the blade so that its is necessary in many instances 
to develop new blade shapes. The likewise greatly en 
larged boundary diameter, very high revolutions per min 
ute, and consequential peripheral speeds of Mach 2 in the 
low-pressure stages, impose a considerable strain on the 
blades through strong centrifugal forces and oscillations. 
Especially in the case of steam turbines, considerable 
erosion and corrosion occurs mainly in the area of the 
inlet edges, because of condensation developing in the 
case of a lowering of the pressure. 
The selection of raw materials, which should have suf 

ficient strength, corrosion resistance and surface hard 
ness at high operating temperatures, on the one hand, 
as well as the construction from the point of view of ?ow 
engineering and the correct shape of blades pursuant to 
the degree of strength, on the other hand, make the com 
mercial fabrication of blades a problem dii?cult to solve. 

Therefore, the invention relates to a process for the 
manufacture of turbine blades which will meet all these 
requirements which are the result of modern technologi 
cal development. 

It is customary to make the blades, for example, from 
a blank made through rolling or forging, by means of 
cutting or noncutting treatment, or through casting the 
blades in their ?nal dimensions, or slightly beyond those 
dimensions according to waxhmelting, form masking or 
other processes. 
At the same time, raw materials must be used which 

have the following characteristics: 
(1) Sufficient mechanical strength against strain on 

the blades with regard to tension because of very con 
siderable centrifugal forces, and against bending due to 
the pressure of the driving agent which often has a vi 
brating effect (endurance bending strength). 

(2) Creep strength at operating temperatures of 650° 
C. and beyond. 

(3) Corrosion resistance against attack by the driving 
agents, particularly stress corrosion and vibration stress 
from corrosive agents. 
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(4) The resistance of the surface against erosion and 

cavitation by the driving agent. 
(5) Workability by cutting processes during the shap 

ing of the blade base. 
Heretofore, one tried to meet all these requirements 

through the use of steels with a content of 13% chrome 
and 0.25% carbon, which steels in their improved state 
have a basic martensitic structure with areas of ferrite. 
For modern, high-speed turbines, however, neither the 
strength values nor the behavior in the case of alternating 
reversal, nor the toughness of these steels sufficed. There 
fore, an attempt was made to achieve better character 
istics by increasing the carbon content. At the same time, 
it was important to make the inlet edges, which are under 
the greatest stress, more resistant to erosion through local 
surface hardening by means of ?ame or induction heating. 
The 13% chrome steels, which, in view of the partial 

surface hardening had been more highly carbonated at 
the edges of the blades, are less corrosion resistant when 
they are annealed in the area of 500~650° C. and, more 
over, they show essentially no improved strength values 
in comparison with the low carbonated types if one 
wants to prevent unocntrollable annealing processes dur 
ing the surface hardening, and if one increases the an 
nealing temperature beyond 650-700” C. 

Also, experiments with other alloys, especially with 
higher chrome contents, and Cr-Ni-Mo-V-Nb steels 
alloyed in a complex manner, failed because the tough 
ness value led to dangerous embrittlement because of car 
bide and nitride segregation in the case of certain an 
nealing temperatures. Also, stress and crack corrosion 
has produced very uneven values after the annealing 
treatments in the critical temperature ranges, just as did 
the fatigue limit in the case of simultaneous corrosive 

' attack. 

‘If, therefore, one wants to obtain improvement in 
the essential characteristics by means of metallurgical 
methods, especially through use of steels alloyed in a 
complex manner, application vof those processes for the 
strengthening of the inlet edges which can lead, at the 
zones of transition, the annealing phenomena which de 
crease quality, will be out of the question. 

In order to overcome the described di?’iculties, the 
invention proposes a new production process for turbine 
blades, which process is characterized in that a blade 
blank, produced in the customary manner, is provided at 
the area of the inlet edge with a steel plate portion that 
is welded in pre-prepared recess, for example, the weld 
material consisting of an alloy made of hard metal of 
high-speed steel, or something similar. The portion is 
built up by welding and any uneven spots in the welded 
portion are smoothed. The weld portion is shaped to the 
final dimension in a drop forge, together with the body 
of the blade, and the turbine blade is ?nally subjected to 
heat treatment. 

This process according to the invention results in con 
siderable advantages as compared to all processes pro 
posed heretofore. Both in conjunction with the shaping, 
which takes place subsequent to the steel plate portion 
being welded, as well as the subsequent heat treatment, 
the formation of abrupt transitions from one shape of 
the structure to another will be prevented, and, as a re 
sult thereof, the development of critical deteriorations 
of the local characteristics of strength are decreased. 
Through this method it is possible to adapt the protective 
edges made of hard alloys to truly every desired blade 
pro?le without any disturbing welding joint. The blade 
pro?le runs completely and smoothly around the curva 
ture of the inlet edge. Experiments by way of comparison 
with the turbine blade produced according to the tradi— 
tional methods have shown that the ones produced ac 
cording to the present process have a considerably long 
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er holding time and that, moreover, during the end con 
trol, a considerably smaller amount of waste develops. 
The process according to the invention will be ex 

plained in more detail with reference to the drawing on 
the basis of an embodiment by way of example. 
FIG. 1 is a view showing a blade blank in cross-section 

produced, for example, through a forging or cutting treat 
ment; 
FIG. 2 is a cross-sectional view showing the blank 

with a welded steel plate portion; and 
FIG. 3 is a cross-sectional view showing the turbine 

blade obtained after drop forging, precisely to measure 
ment, and subsequent heat treatment. 
From a billet, pre-rolled in the customary manner, a 

corresponding section is rough forged in such a manner 
that it can be shaped with as few strokes as possible in a 
preliminary drop forge without too great a ?ow of mate 
rial. This blank is freed, in the customary manner, of the 
?ash under a trimming press while retaining the forging 
heat, and which ?ash was formed from the excess mate 
rial between the two halves of the drop forge around 
the contour of the blank. Subsequently, the preparation 
for a welded steel plate portion 2 takes place by cutting 
out a groove 1 in parallelism to the longitudinal extent 
of the blade blank on the leading edge area ('FIG. 1). 
This groove could be provided during the drop forging; 
if not, it can be produced by material cutting processes, 
for example, a cutting treatment or an electro-erosive 
treatment. 
One must be careful that the groove and the adjacent 

area of the blank are carefully descaled so that a good 
metallic interface, free from the inclusion of oxide, will 
occur with the hard weld alloy 2 that is to be applied. 
Prior to the welding process, and depending on the mate 
rial characteristics of the basic raw material of the blank 
and portion to be welded, which must be taken into con— 
sideration, and also especially in consideraton of sensi 
tivity to hot tears, a careful preheating will take place, 
such as by resistance or induction heating. The applica~ 
tion of the welding material to form the portion is accom 
plished by means of known fusion welding processes, 
whereby, if need be, welding under a protective gas or 
under slag, with or without feeding of ?uxing agents 
from the casing of the electrode or through a welding 
powder can be utilized if the alloys require it. 

After a careful cooling of the welded blanks, and in 
any case after exposure to compensatory annealing for 
avoidance of tension cranks in the base material, or par 
ticularly on the surface of the hard alloy portion, the 
uneven spots resulting from the welding beads in the weld 
portion can be smoothed, for example, by grinding. The 
blanks is the again heated slowly and intensively, and is 
shaped to the ?nal dimensions in a ?nishing drop forge 
of precise measurements. The slight ?ash developing dur 
ing this step is removed through some mechanical proc~ 
ess, for example, grinding, and the blade is then hard 
ened by heat-treatment. After reheating to below the 
annealing temperature and, if need be, after interposing 
a leveling stroke in the ?nal drop forge, a straightening 
step can take place for the elimination of any distortion 
(warpage) which may possibly have occurred. through 
the hardening process. For sensitive raw materials, it is 
recommended that a special “Quette” be used for align 
ing. Insigni?cant deviations from the size tolerance, which 
still exists after removing (by polishing) the super?cial 
accumulations of material, are eleminated by subsequent 
aligning in the cold state. 
Compared to the processes customary heretofore, the 
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4 
method of operation according to this invention has 
proven itself to be superior for the simple reason that 
by way of the heat-treament after steel-facing by welding, 
a uniform structure, free of cracks, will be achieved. Also, 
there is no danger that the tension in the material will 
have a disturbing etfect during operation, such as lead 
ing to subsequent changes of shape during the heating of 
the ?nished blades to operating temperature. The inlet 
edge portions Welded on according to the invention and 
shaped through subsequent forging, together with the 
basic blank, will have, in the case of the correct choice 
of the raw material, a superior surface, be free of cracks, 
corrosion resistant, and exceedingly resistant to the ero 
sive stress resulting from the driving medium. Expansion 
joints or separation between the basic raw material and 
the hard alloy has been welded is impossible, so that un 
derwashes can no longer occur at the surface interface 
made their effects disturbingly felt in the case of edges 
produced according to other methods, especially when 
soldering. It is particularly surprising that, contrary to all 
expectations corresponding to expert knowledge, forging 
of these blanks provided with a welded steel plate por— 
tion, precisely according to measurement, is possible with 
out dif?culties even if, for example, high-speed steels or 
hard alloys of the Co-Cr-W type are used, which in them 
selves are not considered forgeable. Another technical 
advantage which occurs, particularly with regard to the 
simpli?cation and the lowering of costs for the produc 
tion process, lies in the avoidance of a cutting treatment 
of the edges made of hard alloy, which is possible only 
through grinding and, even then, with di?iculties and only 
by means of special equipment. 
‘What is claimed is: 
1. A method of producing turbine blades comprising 

the steps of preforrning a steel blade blank having a recess 
along the inlet edge thereof; fusion welding with a hard 
alloy steel to apply said hard alloy steel in excess to said 
recess; carefully cooling to prevent tension cracks in said 
steel blade blank; mechanically smoothing any uneven 
spots resulting from welding beads; forging said steel blade 
blank and said welded hard alloy steel into a smooth tur 
bine blade con?guration of ?nal shape; and then heating 
treating. 

2. A method as claimed in claim 1 wherein said hard 
alloy steel weld material is of the Co-Cr-W type; and 
said forging is drop forging. 

3. A method as claimed in claim 1 comprising the 
further steps of descaling said steel blade blank and es 
pecially said recess, as well as preheating said blank prior 
to said welding step. 
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