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This invention relates to rotor blades for steam
and gas turbines and more particularly to blades
of the type consisting of sheet metal shaped in
the form of centrifugal catenary curves and hav-

§ ing enlarged ends adapted to be retained in ax-
ially separated blade carriers, such as are dis-
closed in the U. S. patent to Ljungstrom, No.
1,942,608 and in my copending application, Serial
No. 708,290, filed January 25, 1934, and issued

10 January 21, 1936, as Patent No. 2,028,533.

It is one of the objects of the present invention

to provide an improved construction for sheet.

metal blades of this type.

In comparison with turbine blades of conven- -

16 ticnal construction, rotor blades of the type to
. which the invention relates are very light, a
condition which therefore makes it possible to
construct rotor blade rims having much larger
outlet areas and rotatable at materially higher

o¢ peripheral speeds than ordinary blades. As is

well knoéwn, this is particularly important for

the low pressure portion of steam or gas tur-
bines, and makes it possible to build relatively
large, high speed units with a single outlet. How-
ever, it is not possible to reduce the thickness
of these sheet metal blades at will, because the
blades may tend to flutter under high loads.
Tests have shown that fluttering may. advanta~
geously be eliminated by making the breadth of
the blades in the peripheral direction as large
as possible, i. e., by reducing the number of blades
per rim to & minimum as for example to twelve
blades per rim. .

The invention has especial relgtion to this type
of wide arched blade, and it is an object thereof
to further reduce the centrifugal load exerted
by the blades but without decreasing the resist-
ance of the blades to fluttering. :

Another object is to provide & blade of novel
construction which will result in a substantially
uniform distribution of the load on the blade
carrier created by centrifugal force.

A further object is to so construct a blade of
the character described that the centrifugal forces
arising upon rotation produce a substantially
constant stress in the material of the blade, and
that the stress adjacent the blade base remains
within allowable limits. ]

still another object is to provide a turbine rotor
blade of the arched type which is more resistant
to fluttering than those hitherto known.

These objects are attained in the present in-
vention by reducing the thickness of the blade
. in the direction from the inlet to the outlet edges.
58 Arched blades which are relatively wide in the
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peripheral  direction are of less radial height -
at the inlet edge than at the outlet edge, as &
result of the blade angle. It is obvious that,
by increasing the blade thickness.at the inlet edge
or by decreasing it at the outlet edge, the cen-
trifugal force exerted by the blades may be re-
duced, the weight of the blade remaining con-
stant.. At the same time, as a result of the in-
creased blade thickness at the inlet edge, the
resistance of the blades to fluttering is appre-
ciably increased. The invention thus makes it
possible to construct blade rims with still greater
outlet areas and higher peripheral speeds, and
thus makes it possible to build correspondingly
larger turbine units.

Since t¢ produce a blade of varying thickness
by the ordinary processes and devices now known
to the art would be both’ difficult and expensive,
it is a further object of the invention to pro-

© vide a new and improved method for construct-
ing a turbine rotor blade of the arched type
which is relatively simple in its procedural steps,
requires a minimum of appalatus for its opera-
tions and is capablée of readily producing blades
of any desired configuration and thickness.

Still another object is to provide apparatus of
novel construction for carrying out this im-
proved method. ,

Further objects, features and advantages of
the invention will become apparent upon con-
sideration of the detailed description of the in-
vention which follows. Although two different
forms of ‘the blade and only one embodiment
of the method and apparatus of the invention
are described and illustrated in the accompany-
ing drawing, it is to be expressly understood that
the drawing is for purposes of illustration only
and is not to be construed as defining the limits
of the invention, reference being had to the
appended claims for this purpose.

Tn the drawing, wherein like reference char-
acters indicate like parts throughout the several
views: . .

Figs. 1 to 5 show one form of arched blade
constructed in accordance with the present in-
vention, the blade thickness being shown on a
greatly exaggerated scale for the sake of clear-
ness. Tig. 1 is a side view of the blade, viewed
in the direction of the turbine axis. Fig. 2isa
cross section at right angles to the turbine axis
(or to a line joining corresponding points of the
blade ends) through the middle of the blade.
Fig. 3 is an end view along line 3—3 of the blade
outlet edge. Fig. 4 is'a bottom view. along line
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4—4 of one of the blade bases. Fig. 5 is an end
view along line §—5 of the blade inlet edge.
Figs.-6 and 7 illustrate a second exemplary

"embodiment of an arched blade according to the

invention, Fig. 6 being a side view and Fig. 7 an
end view looking from the outlet end.

Figs, 8 to 12 illustrate a method of and appa-
ratus for making.blades according to the inven-

‘tion. Fig. 8 is a view of the blank used in pro-

ducing a blade of varying thickness. Figs. 9 and

10 show s tensioning device used in working the.

blade sheet, Fig. 9 being a section .along line
9—39 of Fig. 10 and Fig. 10 being a section along
line 10—10 of Fig. 9 with the blade sheet and

" backing member shown in full, .
Figs. 11 and 12 show a drawing device for im-

parting the final dished form to the arched blades,
Fig. 11 being a section along line {1—i{ of Fig.
12, and Fig. 12 being a section along line 12—(2
of Fig. 11, the blade again being shown in full.

Line 13 in Fig. 1 represents the bottom edge
or base of each end of an arched blade. In the
present case, as shown, the blade bases are ar-
cuate in form in side elevation and are .adapted
to be secured in corresponding grooves of annular
blade carrier rings, not shown in the drawing.
Lines 14—21{ drawn on the blade surface represent
lines of the same blade thicknéss. The blade
thickness decreases from the bottom edges {3
outwardly, the difference in thickness between
each two successive lines shown being equal. It
is apparent from the extent of the lines of equal
thickness that the blade inlet edge 22 is appre-
ciably thicker than the blade outlet edge 23, as

shown in Figs. 3 and 5 wherein, as above stated, .

the blade thickness is on a greatly ‘exaggerated
scale for the sake of clearness. On the other
hand, it is evident from Fig. 4 that along the
entire length of the base 13 the blade is preferably
made of constant thickness. The section shown
in PFig. 2, which is taken on a plane perpendic-
ular to the turbine rotor axis (or to a line joining
corresponding points of the blade ends) and pass-
ing through the center or crest of the blade,
clearly shows the gradually decreasing blade
thickness from the blade inlet edge 22 to the blade
outlet edge 23. Sections taken on all other planes
parallel to that of Fig. 2, except those immedi-
ately adjacent the blade bases, will chviously show
similar variations in blade thickness between the
inlet and outlet edges. .

As shown in Figs. 3 and 5, the arc formed by
the blade inlet edge is substantially shorter or
shallower than that of the outlet edge 23. This
difference in curvature is particularly great with
blades which are relatively wide in the peripheral
direction of the rotor, i. e. the blade base 13 of
which is relatively long. This fact and the blade
angle at the middie or highest point of the blade

produce the appreciable difference in the height .

of the blade between the inlet and outlet edges.
If the blade were made of the same thickness
throughout in conventional manner, then upon
rotation of the blade an appreciably greater
centrifugal force would be exerted on the blade
carrier at the point of attachment of the outlet
end of the blade than at that of its inlet end. -On
the other hand, a proper distribution ¢f the blade
thickness, i. e. a correlated positioning of the
lines of like blade thickness 14—21, makes it pos-
sible to obtain a uniform or substantially uniform
centrifugal loading of the blade carrier through-
out the entire length of the blade base 13. Since,
for constructional reasons, it is desirable that the
thickness of the blade base {3 remain unchanged
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along the entire length thereof, this results in a
constant load on the blade base. It is also -ap-
parent that a corresponding increase in the blade
thickness toward the inlet edge and decrease to-
ward the outlet edge will cause the blade to exert
a smaller. centrifugal force, the blade weight re-
maining the same, since the result is to make
thinner and lighter those blade parts which are

fore move at the greater linear speeds.

- The above described distribution of the blade
thickness. is also of great importance from the
standpoint of the resistance of the blade to flut-
tering.. As is well known, fluttering of turbine
blades, aircraft wings, etc., s apparently due to

- & superposed transverse and torsional oscillation,’

_ disposed on the large radii and which there- .

10

whereby the blade or wing constantly absorbs en-
ergy from the medium flowing therearound. By

making. the relatively lower portion of the blade
on the side of the irflet edge of relatively greater

20

thickness, great rigidity is imparted to the blade -

at this point.
lateral oscillation at this point difficult; and since
an-oscillation of the outlet edge alone cannot pro-
duce fluttering, it is thus difficult for fluttering to

_ take place. Another advantage-of the relatively

large blade thickness at the inlet edge resides in
the fact that it minimizes the importance of the
blade erosion which occurs at this part of the
blade. . ’

In the modification shown in Figs. 6 and 7, lines
24 again represent lines of like blade thickness.
In this illustration, as shown, the lines of like
blade thickness are disposed on cylindrical sur-
faces concentric with the turbine axis, i. e. the
blades are of constant thickness at all points
equidistant from the axis of rotation, the thick-

ness diminishing with an increase in said dis-

tance from the axis. In this embodiment, as in
that of Figs. 1-5, it is evident that the inlet edge
25 is of relatively greater blade thickness than
the outiet edge 26. Of course, it will be under-
stocd that the blade of the present invention may
be varied in thickness in many different ways.
The essential thing is that the blade thickness in
the direction of the flow of the driving medium
passing through the blades decreases from the
inlet to the.outlet edge. At the same time, in
this embodiment, the blade thickness. preferably
decreases from the blade base outwardly so that
the centrifugal forces which arise upon rotation
produce a substantially constant stress-in the
blade material, or that the blade stress adjacent
the blade base remains wiihin allowable limits.

Arched blades constructed in accordance with

the present invention are preferably made from

sheet metal rolled to a uniform thickness. It is
evident that the production of the variable blade

This renders the appearance of & )
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thickness in the desired distribution throughoui

the entire blade would be difficult and time-con-
suming with the aid of ordinary processes. It is
therefore one of the objects of the present in-
vention to provide a novel process and apparatus
whereby the §heet metal to be used in making
the blade is readily brought to the desired thick-
nesses. This process and apparatus are illus-
trated, by way of example, in Pigs. 8-10.

Broken line 21 in Fig. 8 represents an arched
blade In extended or developed form in a single
plane, line 29 indicating the piece of sheet metal
from which the blade is to be made. Whole lines
28 again represent lines of like blade thickness
and correspond in position to lines i4—2{ of
Fig. 1. As shown in Pig. 8, lines 28 are extended
beyond the limits of blade 27. According to the
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of the remainder of the plate which is in direct’

contact with the supporting surface, and then
removing sufficient metal from said outwardly
projecting portions -to render the entire outer

~‘surface of said plate parallel to said supportlng

surface.

5. A method o! making a turbine rotor blade
of varying thickness out of a plate of sheet metal
of-uniform: thickness including the steps of inter-
posing between said plate and the oufer surface
of a supporting member a backing member of
varying thickness, tensioning the plate against

- the outer surface of said backing member and
. securing -sald plate to said supporting member

in tensioned condition, and then removing metal
from the outer surface of said plate until the

. same 1§ parailel to the outer surface of said
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supporting member.
6. A method of making a turbine rotor blade
of varying thickness out of a plate of sheet:metal

_of uniform thickness including the steps of in-

terposing between sald plate and the outer sur-
face of a supporting member a plurality of
superposed pattern sheets of varying areas form-
ing a backing member of varying thickness,
tensioning the plate against the outer surfaces
of said superposed pattern sheets, and securing
said plate to said supporting member in tensioned
condition and then removing metal from the
outer surfaces of said plate until the same is

_ parallel to the outer surface of said supporting

" member.
7. A method of making a turbine rotor blade .
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of varying thickness out of a plate of sheet metal
of uniform thickness including.the steps of draw-
ing the plate under tension about s backing
member the surface of which in contact with
the plate is so formed that the distance between
certain points thereon and a cylindrical datum
surface lying inwardly from said surface of the
backing member corresponds to the decrease in
plate thickness which it is desired to effect in

the portions of the plate overlying said points,

fixing said plate relatively to said datum sur-
face in tensional condition, rotating thé backing

member and plate about the axis of generation of-

said datum surface, and removing sufficient
metal from the plate during rotation to render
its outer surface parallel to sald datum surface.

8. A method of making a turbine rotor blade
of varying thickness out of a plate of sheet metal
of uniform thickness including the steps of
securing the plate to a mandrel having a plate
supporting surface, interposing a backing mem-
ber of varying thickness between said plate and
the supporting surface of said mandrel, the
thickness of sald backing member at certain
points corrésponding to the decrease in thick-
ness which it is desired to effect in the overlying
portions of the plate, tensioning said plate about
said mandrel and interposed backing member
until said plate is in intimate contact with the
underlying portion of said backing member or
of the supporting surface of said mandrel, said
plate being secured to said mandrel in tensioned
condition, and then removing sufficient metal
from the outer surface of said plate to render
the same parallel to the plate. supporting sur-
face of said mandrel.

9. A method according to claim 8 wherein

3,168,631

the backing member consists of a plurality of
Trelatively thin, superposed sheets of mefal of
varying areas, the outline of each of said sheets
corresponding to a line of constant thickness
in the blade to be formed from said plate.

10. A method of making a turbine rotor blade

- of varying thickness out of a plate of sheet metal

of uniform thickness including the steps of bend-
ing the plate about a mandrel having a semi-

cylindrical plate supporting surface; interposing’

a backing member of varying thickness between
said plate and the supporting surface of said
mandrel, the thickness of said backing member
at certain points corresponding to the decrease
in thickness which it is desired to effect in the
overlying. portions of the plate, tensioning said
plate about said mandrel and interposed backing
member until said plate is in intimate contact
with the underlying portion of said backing
member or of the supporting surface of said
mandrel, securing said plate to said mandrel in
tensioned condition, and then rotating said
mandrel about the axis of sald semi-cylindrical
supporting surface while removing the metal
from the outer surface of said plate to reduce
said surface to that of a true cylinder parallel
to said supporting surface.’

11. A method of making a turbine rotor blade
of varying thickness out of a plate of sheet metal
of uniform thickness including the steps of super-
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posing a plurality of relatively thin pattern sheets

.of varying areas upon a datum surface of an

area at least equal to that of said plate to
produce & backing member the outer surfce of
which is so formed that the distance between
certain points thereon and sald datum surface
corresponds to the decrease in plate thickness

35

which it is desired to effect in certain portions -

of the plate, bringing the plate into contact with
the outer surface of said backing member and
fixing said plate reilatively thereto, and then
removing sufficient metal from the plate to render
its outer surface parallel to said datum surface.

12. A method of making a blade of varying
thickness out of a plate of sheet metal of uni-
form thickness, including the steps of inter-

-posing between a2 sheet metal blank and the

outer surface of a supporting member a backing
member of varying thickness, tensioning the
blank against the outer surface of said backing

-member and securing said plate to said sup-

porting member in tensioned condition, and then
removing metal from the outer surface of said
blank until the same is parallel to the outer sur-
face of said supporting member.

13. A method of making a blade of varying
thickness out of a plate of sheet metal of uni-
form thickness, including the steps of interpos-
ing between a sheet metal blank and the outer
surface of a supporting member a backing mem-

‘ber of varying thickness, securing such blank

with relation to the supporting member in con-
tiguous engagement with the backing member,
removing metal from the outer surface of said
blank until the same is parallel to -the outer
surface of the supporting member, and then im-

- parting to said blank the desired arched con-

figuration of the completed blade,

FRITZ ALEXANDER WETTSTEIN.
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present process, patterns 28’ of relatively thin
sheet metal are first cut out according to the
forms represented by lines 28, these patterns
being limited as shown in Fig. 8, and then super-
posed on each other. This results, as shown, in
a saddle-shaped member which, by using a pat-
tern sheet of proper thickness, corresponds in
thickness at its various points exactly to the
amounts by which the thickness of the sheet
metal used in making the blade is to be reduced.

As shown in Figs. 9 and 10, sheet 28 is next at-
tached to a tensioning device consisting essential-
ly of a semi-cylindrical body 30, the outer sur-
face 31 of which is accurately cylindrical, and
which is adapted to be rotatably mounted on two
central bores 32, 33, as on a lathe. The blade
sheet 29, is tightly clamped at both its ends bhe-
tween two plates 34, 35 carried by body 30, the
superposed pattern sheets 28’ being interposed be-
tween the cylindrical surface 31 and the blade
sheet 28 to form a backing member of variable
thickness. Then, by turning screws 36 and 37
which are threaded into plate 34 and thrust at
their lower ends against the inner surface of body
30, the blade sheet 29 is tensioned and drawn into
intimate contact with the outer surface of the
packing member constituted by pattern sheets 28°.
This causes the outer surface of the blade sheet
29 to be raised in certain portions to an extent
corresponding to the amounts by which its orig-
inal uniform thickness is to be decreased. Blade
sheet 29 may then be readily brought to the de-
sired variable blade thickness by means of a sim-
ple operaticn, such as turning or grinding, prei-
erably while rotating the tensioning device 38
about the axis defined by pores 32,33.

1t is evident that this method may also be car-
ried out in other ways and by the use of other ap-
paratus. For example, the cylindrical support 30
may be replaced by a support of any other suit-
able form. In such a case, the superfluous blade
sheet thickness may be eliminated by grinding, as
before, or by any other suitable operation for pro-
dueing the requisite surface on the free side of the
blade sheet. Instead of preducing the desired
blade thickness by working off the superfiuous
sheet material, it is evident that this may also be
done by rolling the blade sheet, in which case the
latter is again placed over a suitable backing
member. Of course, in this event, the backing
member must be made of relatively very hard
material or sheet metal in order that the rolling
may reduce only the thickness of the blade sheet
placed thereon.

After the blade sheet has been brought to the
desired thickness, as above described, a further
operation is necessary in order to impart there-
to its final dished or arched form. As shown in
Figs. 11 and 12, this may he accomplished by
drawing the blade sheet 29 over 2 form or man-
drel 38 the outer surface of which is provided with
a shape corresponding to that of the finished
pblade. To this end, the blade sheet may be ten-
sioned or clamped at its ends between plates 39
and 40. Then by tightening screws 41 and 42
which are threaded into plate 39 and thrust
against mandrel 38, it is evident that the central
portion of the blade sheet will be stretched until
the entire extent thereof is drawn into intimate
contact with the surface of mandrel 38, whereby

it receives its final dished or arched configura- -

tion. The finished blade may then be produced
by cutting it out of sheet 29 along dotted line 43.
The desired configuration of the blade may also
be produced by a combined drawing and pressing

N

3

operation, instead of by the aforedescribed purely
drawing operation.

It will be obvious that the present invention is

not limited in its scope to the particular blade
constructions, procedural steps and apparatus de-
scribed and illustrated, but that various changes,
in addition to those suggested above and which
will now become apparent to those skilled in the
art, may be made in the form, details of con-
struction and arrangement of the parts, and in
the steps of the method, without departing from
the spirit of the invention. Reference is there-
fore to be had to the appended claims for a defi-
nition of the limits of the invention.

What is clalmed is:

1. A method of making an arched turbine rotor
blade of varying thickness out of a plate of sheet
metal of uniform thickness including the steps
of bringing the plate into contact with and se-
curing it to a supporting surface, spacing certain
portions of said plate from said supporting sur-
face by amounts corresponding to the decrease in
plate thickness which it is desired to effect in
said portions, whereby the outer surface of said
plate in said portions projects beyond that of the
remainder of said plate which is in direct contact
with the supporting surface, removing sufficient
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metal from said projecting portions to render the )

outer surface of said plate parallel to the support-
ing surface, and then imparting the desired

_arched configuration to said plate to complete the

blade.

2. A method of making an arched turbine rotor
blade of varying thickness out of a plate of sheet
metal of uniform thickness including the steps of
bending the plate into substantially semi-cylin-
drical form, causing certain portions of said plate

" to project beyond a true cylindrical surface by

amounts corresponding to the decrease in plate
thickness which it is desired to effect in said

35
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portions, removing sufficient metal from said -

portions to restore the surface of said plate to a
true cylindrical surface, and then imparting the
desired arched configuration to said plate to com-
plete the blade.

3. A method of making an arched turbine rotor
blade of varying thickness out of a plate of sheet
metal of uniform thiékness including the steps of
bringing the plate into contact with and securing
it to a cylindrica} supporting surface, spacing cer-
tain portions of said plate from said supporting
surface by amounts corresponding to the decrease
in plate thickness which it is desired to effect in
said portions, whereby the outer surface of said
plate in seid portions projects beyond that of the
remainder of said plate which is in direct contact
with the supporting surface, removing sufficient
metal from said projecting portions to render the
entire outer surface of said plate cylindrical in
form and parallel to said supporting surface, and
then imparting the desired arched configuration
to said plate to complete the blade.
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4. A method of making an arched turbine rotor

blade of varying thickness out of a plate of sheet
metal of uniform thickness including the steps

of bringing the plate into contact with and se-

curing it to & supporting surface, interposing a
backing member of varying thickness between
said plate and said supporting surface, the thick-

ness of said backing member at certain points 7

corresponding to the decrease in thickness which
it is desired to effect in the overlying portions
of the plate, the interposition of sald backing

-member causing the outer surface of the over-

lying portions of the plate to project beyond that
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