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To all whom it may concern: 
Be it known that I, CHARLEs EDWIN 

SEARCH, a citizen of the United States of 
America, residing at Milwaukee, in the 
county of Milwaukee and State of Wiscon 
sin, have invented a certain new and useful 
Improvement in Blade-Bracings and Meth 
ods of Locating the Same, of which the foll lowing is a specification. 
This invention relates to improvements 

in the construction of steam turbines and 
particularly to improved means for bracing 
relatively long and thin steam turbine 
blades, and to a method of determining the 
most efficient location of such means. 
An object of the invention is to provide 

efficient means for bracing turbine blades. 
Another object is to provide a simple method 
of determining the most efficient location of 
the blade bracing means. 

It has heretofore been customary to stiffen 
or brace relatively long turbine blades in 
order to prevent fracture thereof due to vi 
bration, by connecting the successive blades 
at points intermediate their ends by means 
of a strip or ribbon of metal which was se 
cured to the blades either by distorting the 
bracing strip or by fusion of metal. It has 
been common practice to arbitrarily position 
the bracing strips of the prior art, the usual 
location of the strips being midway between 
the ends of the projecting portions of the 
blades. While these bracing strips of the 
prior art strengthened the E. it has 
been found that by positioning the bracin 
strip at definite points along the lengthso 
the a structure of maximum rigidity 
and strength results. The most efficient lo 
cation of the bracing strip may be definitely 
ascertained by making break-down vibration 
tests of similar segments of blades, each hav 
ing the bracing strip located at a different 
distance from the blade roots. As an ex 
ample embodying the results of such test, it 
has been found that for blades of approxi 
mately 7' length the most efficient location 
of the strip is between one-fourth and one 
third of the blade length, from their foets, 

A clear conception of an embodiment of 
the invention may be had by referring to the drawing accompanying and forming a part 
of this specification in which like reference 
characters designate the same or similar 
parts in the various views. 

Figure 1 is a transverse section through a 
rotor blade segment, the section being taken 
along the line I-I of Fig. 2 looking in the 
direction of the arrows. 

Fig. 2 is a side elevation of a rotor blade segment showing a segment of a bracing 
strip properly located. 

Fig. 3 is a transverse vertical section 
through the shroud, bracing strip, and foun 
dation ring segments, the section being taken 
between two successive blades. 

Fig. 4 is a curve adapted for use in deter 
mining the most efficient exact location of the bracing strip. 
The rotor turbine blading of which a seg 

ment only is disclosed in the drawing, com 
prises a foundation ring segment 4, a shroud 
ring segment 5, a bracing ring segment 3 
and a plurality of radial blades 2 intercon 
necting the ring segments. The blades 2 
are rigidly secured at their roots to the foun 
dation ring segment 4 in any suitable man 
ner, the blade roots in the present case being 
secured by fusion of metal by casting the 
metal of le ring segment 4 directly around 
the blade roots. To the outer opposite ends 
of the blades 2 is rigidly secured the shroud 
ring segment 5 in any suitable manner, as 
by fusion of metal by brazing. The braz 
ing ring segment 3 is rigidly secured to the 
thicker inlet edges of the blades by first 
notching these edges and inserting the ring 
segment within the notches, and then braz 
ing or otherwise securing the ring segment 
3 to the blades at their notched portions. 
The entire blading segment is therefore con 
structed as an integral, rigid, element which 
may be secured to the turbine rotor in any suitable manner as by calking, bolting or 
otherwise securing the same, 

in determining the most efficient point of 
location of the shroud sing, it is desirable 
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to construct a number of sample blade seg 
ments which are of like construction 
throughout except for the location of the 
bracing ring segment 3. This bracing ring 
segment 3 is located at different distances 
from the blade roots in the various Sgitaple 
segments. The segments are then subjected 
to like break-down tests by vibrating the 
segments in a direction approximately per 
pendicular to the blades, that is, across their 
thickness. As the blades 2 are set at an an 
gle to the shroud and foundation, rings 5, 4, 
this vibration will also be in a direction at 
an angle to the plane of these rings. The vibration of the sample segments is con 
tinued until the blades 2 break, it being 
found that the blades generally break at or 
lear the root ends thereof. By E; the number of vibrations or the length of 

20 time necessary to fracture the blades of the 
various samples, approximately the most ef 
ficient point of location of the bracing strip 
is ascertaiued. 

In order to ascertain exactly the most effi 
cient point of location of the bracing strip 
(ther samples having the bracing strip - 
cated in the vicinity of the location Öf the 
strip producing the best results utilder the 
preliminary test, may be subsequently tested 
and the one selected showing the best results. 
The sanie result Inay also be arrived at by 
plotting a curve such as shown in Fig. 4, 
having the time of vibration to break-down 
as one coördinate and having locatioi of 

strip along the blade length in 
inches as the other coödinate. This ctitive 
will rapidly reach a maximut point of time 
value and as rapidly recede therefroin. The 
point in question is therefore sharply dé 
fined. 

It has been found by actual experiment 
that locating the strip at this nost efficietit 
point of location of the bracing strip 3 pro 
longs greatly the life of the bilatia. As 
heretofore stated it has also been fisturit that 
the most efficient location of the bracing 
strip is slightly more than one-fourth the 
length of the blades from the foundation ring for a giveti length of blades. It all 
bases it has feet fourt that the triost effeiert 
location of this bracing strip 8 is less thath 
one-half the length of the blades froth the 
foundation ring. While the élittit location 
inity differ slightly for differeft types attd 
shapes of blades, the present irishtion is ap 
plicitbie ih all cases to properly locate flé 
filost efficient bisition of the bifacing strip. 

It should be chderstool that it is it de sired to be limited to the exact details of 
construction hereifi deserted for various 
mtidifications will 6bcur to a person skilled 
in the fit . . . . . ; ; ; 

It is claimed and desired to sectarts by Let 
ters Patafiti - 

1, in combinatith, plurality of Blades 
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rigidly secured at corresponding ends to a 
foundation element, and bracing means co 
operating with said blades intermediate 
their ends, said bracing Iceans constituting 
the sole intermediate, support and being be- 7 
nearer the fixed blade ends than the oppo 
site ends of said blades. 

2. In coli bination, a plurality of blades 
igldly secured at corresponding elids to a 
folndation element, and bracing means co 
operating with said blades intermediate 
their ends, said bracing means constituting 
the sole intermediate support and being less 
E. one-third the length of the blades from 
their fixed ends. 

3. It combination, a plurality of blades 
rigidly secured at corresponding ends to a 
foundation element, and bracing means co 
operating with said blades intertmediate 
their E, shid bracing deals constitutihig 
the sole interfnediate support Bild being be 
tween one-third arid one fourth of the length 
of the blades from their fixed elds. 

4. In combination, a plurality of blades 
rigidly settired at corresponding ends to a 
foundation element, and bracing tilettis co 
operating with said blades intermediate 
their ends, said bracing means constituting 
the sole intertiddiate support arid being B 
tween one-third and one-fifth of the length 
(if the blades from their fixed ends. 

5. In edibiliation, a plurality of blades rigidly sebured at corresponding efids to a 
fotification elemét, ahidbrating meiris (p- 
operating with said blades intertibiliate theirens, said bracing means constituting 
the sole intermediate stippet and bellig be 
tween one-half ind one-fifth of the length 
of the blades from their fixed ends. m 

6. In combiittion, a plurality of blades 
rigidly secured at their rotts, and bracing 
eas coöperating with said blades initef 

mediate their ends, said blacing meafis con 
stituting the sole intermediate support aid being approxiphately one-fourth the length 
of the blades from their root grids. . . . 

7. It cortibination, a plurality of blades 
rigidly securet to each dther at their oppo 
site ends, and bracing heans rigidly E. 
to sitti blades interedite their ends, sai bracing theans constitutifig the sole inter ediate y: and being approximately 
the-totirth the length of the filades frofi their correspofittihgends. 

8. In conibinator, a plurality of blades fightly secured at corresponding ends, and 
sits means secured to the illet edges : said blades intethediate their ends, said bracilig means being nearer the E. blade 
efreshan R 8posite ends : said blades, 9. In etymbination, a bfatality of blades 
rigidly secured at 9.E.E. ends to a finition elephéritaticipfittin E. se 
titled to the inisted tes of sai E. inter mediate their sibriefigheangs 
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ing less than one-third the length of the constituting the sole intermediate support 
blades from their fixed ends. for said blades and being nearer said foun 

10. In combination, a plurality of radial dation segment than the opposite ends of 10 
blades rigidly secured at corresponding said blades. 

5 ends to a segmental foundation element, and In testimony whereof, the signature of the 
bracing means coöperating with said blades inventor is affixed. 
intermediate their ends, said bracing means C. EDWIN SEARCH. 
Copies of this patent may be obtained for five cents each, by addressing the “Commissioner of Fatents, 

Washington, D. C." 


