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To all whom it may concern:

Be it known that I, CmarLes Epwin
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 fol-
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 eflicient 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. If 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 %lading, it has
been found that by positioning the bracing
strip at definite points along the lengths of
the blades, 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 73"’ length the most efficient location
of the strip is %etween one-fourth and one-
third of the blade length, from their rests,

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—TI 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 eurve 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 the 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 segiment
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
loeation of the shroud sing, it is desirsble
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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
segiient 3 1s located at different distances
from the Dade roots in the virloug sgihiple
segments. The segments are then subjected
{o like brealk-down tests by vibrating the
segments in 4 ditection appProximately B1-
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 degments is con-
tinued until the blades 2 bruwak, it being
found that the blades generally break at or
hear the root ends thercof. By cumpwfin%
the number of vibrations or the length of
time neceseary to fracture the blades bf the
various samples, approximately the modt of-
ficient point of location of the braving strip
is ascertaiued.

Tn order to ascertain exactly the most effi-
cient. point of location of the brucihg strip
other snmples having the bracitig strip lo-
cated in the vicinity of the locition of the
strip producing the best results uhider the
preliminary test, may be subsequéntly tested
and the one selected showing the best results.
The sanie result may also be atrrived at by
plotting a curve such aé shown in Fig. 4,
havihg the time of vibration to bregk«down
as one codrdinxte hnd having location of
strip along the blade lengtH in
inches as the other coBtdinate; Thig cttve
will rapidly reach a maximumt poitit of time
value and as rapidly fecede thersfrom. The
point in question is therefote sharply de-
fined.

Tt has been found by actual sxperimet
that locating the strip at thid inest efficient
point of location of the bracitig #trip 3 pro-
longs of-‘reatly the life of the Blading:  As
heretofore stated, it his akso beart-fotund that
the nost offietent locationh of the brhcing
strip is slightly more than one-fourth the
length of the blades fremi the foundation

ving for a givet lenbth of blades: Ta all

bases it has buen fountl that the wrost effiélett
location of this bracing strip 8§ is lets thdn

one:hal? the lenigth of the blades from the
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foundatioft ring. While the ¢gitt 1ocation
may differ dightly for differefit types and

5 shapes of blades, the present invehtion is ag-
e

plicdble ih wll casés to properly lotats
most efficient pbsitiont of the bpticing sthip.

It should #ie wnderstoodt thit 1t i8 Hot de-
strad to b Hmvited to the dxwel detafly of
construetion hdretti desoribed for 'vdtidus
modificativis Wil obaul to 4 person’ dkilled
in the Hfti ‘ o

It is claimed and desited ¥ securs By Let-
ters Patefit - o K ‘

1 In combingtivh, ¥ pluradity of bBlades
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rigidly sccured at corresponding ends to a
foundlation element, and bracing means co-
operating with said blades intermediate
their ends, said bracing means constituting

the sole intermediate support and being be- 7

ntarar the fixed blade ends than the oppo-
site ends of said blades.

2. Tn combination, a plurality of blades
tigldly secured at corresponding ctids to a
fotindation element, and brading means co-
operatig with said blades Ihtermediate
their ends, said bracing means constituting
the sole intermediate support and being less
tﬁrun one-third the length of the blades from
their fixed ends.

8. In comblnation, a plurality of blades
rigidly secured at corresponding ends to a
foundation clemetit; anid bricing meahs co-
operating with said blades intermediate
their éﬂii shid hracing means consbitititig
the sole intertedidte support uid being be-
tween one-third and one-fourth of the length
of the Blades from their fixed ends.

4, In combinition, a plurality of blades
Mgidly settired at cofregponding énds to a
foundation elenient, and bracihgd rilefitts co-
operating with said DBladés intermediate
their ends, said bracing meéans constitutitg
the gole interttiediate support and belng be-
tween one-third and one:fifth of the lefigth
of the blades froid thair fixed ends.

5. In combitiation, a plutality of blades
#gldly setured at cotresponding etds fo a
fottidation elemdiit, atid Braciiy meatis ¢o-
operating  tvith snid blades interitisdiafe
thelt ehdy, sidd bracinp meahis constituting
the sole intermediaté gidpport and belity be-
fweett oh HALF nd ofo BEH of the lehirth
of the bladus from their fixed ends, »

6. In combinttion, a plurality of blades
figidly secured at thelr routs, ahd brading
Means codperating with said blades itter-
nediate their ends, said briting medis con-
stibutthy the sole interhmediite support ahd
being approximately ohe-fourth the Tength
of the bladeés from their root ends. =

7. TH coibihatiofi, a plurality of blades
rigidly seeuret to each other 4t thelr oppo-
site bnds, and Braving means rigldly éeévu]iz@g
th saitl blades intetifedidte their ends, sai
brdclhg meats constitititig the sole initer-
mud{ats npiadt*t und being approximately
uhe-foilrth tHe lenpth of thed blades frofi
theit coriesfiohding ends. o

8. In conibinatiod, a plui‘aliﬁy ot blades
tigldly sediired at cotrésponding ends, snd
braditip neiths sbeured to the 1ulet edgoes og
said blades Titetthediate thelr ends, sai
bravitie medtts bdihg nearer the fixed blade
etids than the 8pbosite ends of said blades

9. In éombination, 4 plaraitty of bldc

Higidy sddtifed 4t qtifr?%{mdingﬁ ends to,
foundition eleméiit, atit bBrudin ggeézns s6-
ditted to the »il‘ﬂéﬁ'éé by of sdit &ms inter-
metiute their éntls, B0 brubing heans He-

s

e

es
a

80

90

95

100

105

110

115

120

. 125

130



1,300,818 8

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 codperating with said blades inventor is aflixed.
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 Patents.
Washington, D. C.”



