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- ‘Application filed May 28, 1929, - Serial No. 366,618,

- My invention relates to an elastic fluid tur-
‘bine, more particularly to the blading thereof,
and it has for an object to provide an im-
proved construction.of blading, . -

‘More particularly, my invention relates to
turbine blades of the side entry type in which
‘the root portions are curved to conform in a

general way to the curvature of the blade, for -
-turbine

the purpose of providing increased strength
with minimum space requirements, as fully

set forth in the copending application of -

“(oldie Back, Serial No. 219,485, filed Septem-
ber 14, 1927, patented July 2, 1929, No.
1,719,415, and assigned to the Westinghouse
Electric & Manufacturing Company. »
-7 Tn the construction described in the above
~mentioned application, the rotor is formed
like a disc with transverse, serrated retaining
grooves or slots of curved form and the roots
of the-blades are properly shaped to fit into
these curved retaining grooves. - The.blades

“-are secured against radial movement by the

interfitting serrations in-the side walls of the
grooves and the roots, respectively. = .

- A particular object of my invention is to
provide means for bracing the blades against
each other adjacent the root portions, and
thus to provide a more rugged type of blad-
ing: construction. L o
A further object is to provide means for

locking the blades in their retaining grooves.

against axial movement, that.is, movement

" lengthwise of the groove::
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In accordance with my invention, the base
portions of the respective bladesare provided
with buttress-like enlargements having are-
uate side walls, the side wallsof each en-

largement being adapted to abut the side:

walls of the next adjacent enlargement 'in
such a manner as to brace the blades against
movement lengthwise- of - their - retaining
‘grooves.- The side walls of the enlargements
are so formed that with one blade mounted in
place, the next adjacent blade can be inserted
:without interference of the adjacent side
grooves, this being preferably. accomplished
by forming the said adjacent side wails of the
‘enlargements and the sides of the root por-
tion-of said next adjacent blade about a com-
mon center. These enlargements thus serve

" TURBINE BLADE "

and of locking them in the rotor. =
The above and other objects are effected by.
my invention, as will be apparent from the

the dual purpose of stréﬁgthening the blades

following description and claims taken in.
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connection with the accompanying drawings, -

forming a part of this application, in which :
Fig. 1isa perspective view of a portion'of a

place; S

Fig. 2 isa section on the line ITT—II of Fig.

1;and, - oo T '

Fig. 8 is a section on the line TTT—ITI of

Fig. 2.. , S .
In the drawing, T show a turbine rotor in

the form of a disc, indicated generally, at 10,

?

in Fig. 1, and fitted with a number of blades
11 arranged in a row about the periphery of
the rotor. The blades 11 are provided with
root portions 12, which are curved transverse-
ly, or in the direction of fluid flow, to conform
in a-general way to the curvature of the
blades, and which are provided with serra-
tions 13 adapted to interlock with serrations
14 formed in the side walls of ‘the trans-
verse retaining grooves 16.
grooves are, of course, curved similarly to the
root . portions. The serrations 13 and 14,

-therefore, serve to restrain the blades from

moving radially in their respective grooves.
In this type of construction, the curved
root portion follows approximately the cur-

‘vature of the blade section so that the blade
is directly over its anchoring projection, or

root portion and. hence, the bending stresses
are greatly reduced and a relatively strong
and compact anchorage is provided.- =
In order to provide for' bracing ‘and
strengthening such blades at their base por-
tions and to provide for locking the respec-
tive blades against movement lengthwise of

the respective retaining grooves, I have pro-

vided buttress-like enlargements 17 on the
base portions of the respective blades, and
these enlargements have arcuate side walls,
the curvature of which'is similar-to that of
the retaining grooves. Each enlargement
has a concave side wall 18 and a convex side
wall ‘19, the -concave side wall of each en-

Jargement being adapted to abut the tonvez 399

rotor, showing some of the blades in .
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side wall of the enlar oement of the next ad-.
jacent blade, and, due to the curvature of
the respective side walls, to lock ‘the blades.

against axial movement.

This will be more apparent from a con-
sideration of Fig. 2, wherein the convex side
wall 19 of the enlaroement 17,.is shown as
an arc described about the centel 21 and hav-
ing a radius R. As shown in this figure, the
center 21 falls upon the line AB which is

parallel to the side of the rotor disc 10, and -
intermediate the axial extent of the enla1 ge-

ments.

For convenience, t be enlargements shown |

in Fig. 2 have been designated as 17, 17" and

177 respectlvely The convex side wall 19

of the enlargements 17 obviously must have
the same curvature as the. ]umapoqed con-
cave side wall 18 of the adjacent enlarge-
ment 17/, for otherwise, it would mt Lie pos-
sible to slide the enlargement 17’ past the
enlargement 17 in inserting the blades into
their 1espect1ve slots in the rotor.
from the center 21, alotig the line AB.a dis-
tance equal to the maximum thickness of the
enlargement 17 is the center 22 about which

‘the convex side wall 19 of the enlargement

177 is formed as an arc having the same ra-
dius R. Likewise, the concave side wall of
the next enlargement 17"/ is formed in a
similar manner with the same radms aboub
the same center.

Cornsidering the- enlarﬂement 177, it-will be
seen that as the oppos1te side -walls of this
enlargement are formed as arcs having the
same:radius-of curvature, but having differ-

-ent"centers, this enla wement must lmve its
‘maximum thickness cireumfer entially of the

rotor on the line -AB as designated by the
dimension L. Since, if the arc forming the

. convex side wall 19 of the enlargement 17’

€5

s of.  Furthermore,

be completed to a circle, then this cu‘cle must
necessarily intersect. a circle formed in the
same manner by extending the concave side
wall of the same enlaroemem Since these
circles intersect each othel -1t follows that
the adjacent arcs of these Civeles must ap-
proach each other. Hence, these enlarge-
ments have a greater thickness in their cei-
tral portions than at the sides thereof, and
the dimension L will always be greater than

either the dimension M, or the dimension N,
which indicate the respectne thicknesses of

the enlargements at the end portions there-
as the curvature of the
adjacent side Walls of the respective enlarge-
ments is the same in each case, it will be-ap-
parent that the blades may be slid irito their
respective grooves, one at a time, and that
each blade will be locked in place between

the enlargements of the adjacent blades.

T As-will be observed from s consideration
of the above, the curvature of the root per-
tions and the grooves miust be so related: to
ctirvature of the- enlargement:as to. permit

largement 17/
Spaced
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_each‘ blade to be inserted after one of the

adjacent blades has been inserted without in-
terfering therewith. .
accomplishing this is to form the sides of

-the root portion and the groove and one side

of the enlargement of each blade about a

common center ; the other side of the enlarge- -

ment being formed to contact with the-en-
1argement adjacent thereto, that is, .about
the center of curvature of the adjacent root
portion and groove, which is spaced a dis-
tance equal to the pitch of the blades at
the enlarged portions.

This will be apparent from Fig. 2, wherein
the dotted lines 24 and 25, are meant to in-
dicate that the sides of the root portion and

the groove associated with the - enlardement :

17" are formed about the center 21, Whlch is
the center. of curvature of the concave side
wall 18 of the enlar gement 177, It will'thus
be apparent that the blade hawno the en-
may - be inserted aftel the
blade heving the enlargement 17 is in place,
and . ‘that the concave side wall 18 of the

former will slidé along the convex side wall

19 of the latter.
Any suitable provision may be made for
thie insertion of the last blade. For example,

if the blade 1777 is the last to be inserted,

the convex side wall 19 thereof may be re-
lieved -along a ‘curved surface whose center
is the center 22, as indicated by the line 26,
to provide a maximum: thickness equal to
the dimension N. This permits the convex
side of the enlargement 17’/ to pass the
corner 27 of the ad]acent enlargement. The

~enlargement 17’ and its associated root por-

tion may then be secured against movement
transversely of the rotor in any suitable
manner, as by caulking or- peemncr the root
portlon

From the above descmpblon it will be seen
that ‘I have provided- 1nterlock1nor enlarge-
ments for blades of the chardcter set forth
which lock the blades in- the grooves and

~which brace the blades avamst each other,

at the same time forming “the enlargements
to permit successwo inser tion of:the root por-
tlons

While T have shown my 1nvent10n in but ¥

one form, it will be-obvious to those skilled
in the art that it is not so limited, but is sus-
céptible of various changes and. modifiea-
tions, without departmg from the spirit
thereof, and I desire, therefore; that only
stich limitations shall be placed thereupon
as are impesed by the prior art or as are
spbecifically set’ fOIth in the appended clalms

“What 1 claim ‘is:

1. The combmatlon of a rotor disc havmg
blade-holding grooves disposed transversely
of its periphery, and blades -having root por-
tions secured 1in the grooves and. provided
with-enlargenients abuttmg each-other aloncr
durved surfaces : :

A preferred manner of -

70

76

30

90

85 -

100

119

125

130



[+

1;793,468

S 2. The combination of a rotor- havmor a
row of curved blade-holding grooves, the
grooves extending transversely of the row,
and blades havmo curved root portions se-
cured in the grooves and provided with en-
largements abutting each other along curved

- surfaces.
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3. In a turbine, the combmatlon ofa rotor,
a row of blades; means providing for the
attachment and ‘detachment of the blades
by lateral movement thereof relative to the

rotor, and interfitting enlargements- carried -

by the blades each enl‘u‘oement having con-
tact surfaces which are convex and concave
in a direction transverse of the rotor and the
convex and concave surfaces of each enlarge-
ment having spaced centers of curvature.

4. In a fluid motor, a rotor and a row of
blades mounted theleon said blades having
root portions and enlarged portions inter-
mediate the blades and the root portions,
the opposite sides of each enlarged portion
being formed along arcuate surfaces whose
centers are spaced, c1rcumferent1ally of the
rotor, a distance equal to the pitch .of the
blades at the enlarged portions, and said
root portions being secured in grooves in the
rotor extending tmnsversely of the row.

5. In a turbine, the combination of a ro-
tor having curved grooves, each groove hav-
ing concentric sides, and. blades ‘havin%
curved: root portions fitting the grooves an
having abutments provided with contacting
curved surfaces, the root of each blade and
one abutment surface of that blade and the
contacting abutment surface of the next ad—
jacent blade being-all concentric.

6. The combination of a rotor having a
row of blade-holding grooves, the grooves ex-
tending transversely of the row, and blades
having root portions secured in the grooves
and provided with abutting enlargements,
the sides of the root portion and grooves and
one side of the enlargement of each blade
being formed along arcuate surfaces hav-
ing a common center disposed intermediate
the axial extent of the grooves.

7. In a fluid machme, a_rotor having an
annular row of blade-holding grooves ex-
tending transversely of the row, and blades
having root portions inserted in said grooves
and abuttmfr enlarged portions, the sides of
each groove and the root portion therein
being Formed along arcs having a common
center, one side of an enlarged portlon being
formed along an arcuate surface whose
center coincides with said common center of
the associated root portion and the opposite
side being formed conjugate to the adjacent
side of the enlarged portion abutting there-
with.,

8. In a fluid maehine, a rotor having an
annular row of blade-holding greoves ex-
tending transversely of the row, and blades
having  Toot portions inserted in said grooves

‘3

‘md abutting enlarged portlons, the qldes of

reach groove ‘and the oot portion - therein -

“béing: “formed along arcs-having a common

'center disposed 1ntermed1ate the axial ex-

tent of the grooves, one side of an enlarged ..

"portlon ‘being Tormed along an- arcuate .sur-
face whose center “coincides with said ‘com-
mon.cénter of the associated ‘Foot portion
and the opposite side being formed conju-
gate to the adjacent side of the enLu' red po
uon ‘abutting therewith: - T
9.-Ina ﬂmd machine, a rotor havm'r an
annular vow of blade- holding- grooves hav-

~f
clea

ing concave and convex mdes and extending

‘tmnsvexbely of ‘the row, and: blades’ havmo
root ‘portions” formed with concave ‘and: con-
'vex gides inserted in“the grooves and having
-abutting:enlarged po"tlons the-concave and
convex sides of the grooves rmd root portions

being formed to per'mt insertion of the root

portlons in the grooves laterally of the row

..80'

from one side thereof, means extending later-
ally of the concave and convex: 51des of the -

root portions for anchoring the ‘same in:the
grooves, one side of the: enlarcred portion of
-a blade and the adjacesit or abuttlng side of
‘the -enlarged portion of the adjacent. blade

~ being formed to perthit insertion of the root

pOItlon of the first blade while the second

‘blade-is'in" place, and the other side of thet

enlarged portion ‘of the first blade being
formed similarly to'the firstmentioned. side
thereof but spaced therefrom a distance equal
to.the pitch of the blades at the enlawed
portmns C T

10. In a fluid m‘mhme, a Totor hfwmfr -an
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aninular row of blade-holding grooves hav-

ing concave and convex 51des and extending
‘tmnevelsely of ‘the row, and blades h‘wm"'

"TQot ‘portions formed with concave and con- :

vex sides inserted in the grooves and having
-enlarged portions contacting with each other
:ulong contacting surfaces,’ the coricave and

‘convex ‘sides of the slots and root ‘portions

being formed to permit insertion of the root
portions in the grooves laterally of the row
from one side thereof, means extendmo lat-
erally of the concave and convex sides of the
root portions for anchoring the same in the

grooves, one side of the enlarged portion of -

a blade and the adjacent or contactmcr side
of the enlarged portion of the ad]acent blade
being formed to permit insertion of the root
portlon of the first blade while the second
blade is in place, and the other side of the
enlarged portion of the first blade being

formed similarly to the first-mentioned side

110
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thereof but spaced therefrom a distance equal”
to the pitch of the blades at the enlarged.

portions.

11. In a fluid machine, the combination of
a rotor having an annular row of'blade-hold-
ing grooves having curved sides and extend-
‘ing transversely of the row, and blades hav-
ing blade portions, root p01t10ns ‘secured in
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the grooves, and abutting enlarged portions
interrmediate the blade and root portions,
said root and enlarged portions having
curved- sides, one side of the enlarged por-

. 5 tion of a blade being concentric with the cor-
respending side of the reot portion of the
blade and the opposite side of the enlarged
portion being conjugate to the abutting side - .
of the adjacent enlarged portion. o

10 - 12. Tn a fluid machine, the combination of

- arotor having an annular row of blade-hold-
ing grooves having curved sides and extend-
ing transversely of the row, and blades hav-
ing blade portions, reot portions secured in. -

“15 the grooves, and abutting énlarged portions .-
intermediate the blade and root. portions,
‘said - root and enlarged portions - having
curved sides, one side of the enlarged por-
tions and the corresponding side of the root -

20 portion of a blade being formed along arcs -
having a common center disposed interme-
diate the axial extent. of -the grooves, and
the opposite side of the enlarged pertion
being conjugate to the abutting side of the -

25 adjacent enlarged portion. o

18. In a fluid machine, & rotor having an
annular row -of ‘blade-holding groeves ex-
tending transversely of the row, and blades
having root portions inserted in the grooves .

- 30 and having abutting enlarged portions, the -
side walls of the grooves-andthe sides of the
root portions being formed with interengag-
ing parts retaining the root portions in the
grooves but permitting insertion of the root

' 38 portions in the grooves laterally of the row
from one side thereof, the sides of the grooves
and the root portions and the abutting sur-
“faces of the enlarged portions being so -
formed and arranged relatively to each other

_ 4o that when one blade is in place, the root por-
tion of a mnext adjacent blade may be in-
serted and when. inserted, the enlarged por-

tion thereof contacts the -enlarged portion
- of said one blade and locks the same against

45 movement laterally of the row. :

In testimony whereof, I have hereunto sub-
scribed my name this 27th-day of May, 1929.
BENJAMIN V. DENSMORE. -
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