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UNITED STATES PATENT OFFICE 

1. 
This invention relates to the construction and 

manufacture of bladed elements of turbines and 
compressors. Whilst, as will be appreciated 
from the description which follows, the inven 
tion is capable of application both to the rotors 
and stators of such machines, and the expression 
"bladed element' is accordingly intended to in 
clude both rotors and stators, the invention 
Offers probably its maximum utility and advan 
tage when used in relation to turbine rotors, and 
more particularly rotors of combustion turbines, 
the requirements of which it was, in fact, de 
signed to meet. 

It is usual practice for the rotor of a combus 
tion or other turbine to be made from one or 
more substantial one-piece forgings or similar 
bodies, but this method of manufacture has a 
number of disadvantages, including the fact that 
a one-piece rotor element is expensive in first 
cost, and that a local flaw may involve total : 
scrapping of the element, possibly only after 
considerable; expense has been incurred in pre 
liminary machining operations. 
one-piece element is liable to certain mechanical 
limitations, including non-uniformity of struc 
ture... and directional sensitivity to operating 
stresses, whilst its material may be of relatively 
low"...tensile strength and Subject to loss of 
elasticity under the high duty conditions of tem 
perature and stress involved, resulting in a 
tendency of the rotor to growth during use. One 
piece rotor elements of the conventional type also 
involve expensive machining processes, since 
every finished part has to be machined from the 
solid, and thus do not lend themselves to maSS 
production. Similarly, due to machining diffi 
culties, they do not lend themselves, readily to 
the provision of internal cooling passages. 

It is an object of the present invention to 
eliminate or mitigate. Some or all of these dis 
advantages. - 

The invention is based on the conception of 
employing a laminar construction in the manu 
facture of the bladed elements of turbines and 
compressors, especially the rotors of combustion 
turbines, and in One of its aspects provides Such 
an element which comprises a multiplicity of 
metal laminae held together as a pack having 
separately fabricated blading mounted thereon. 
According further to the invention a blade car 

rier element for use in the construction of a 
bladed element as just defined comprises a multi 
plicity of metal laminae held together as a pack 
and having formations which are mutually com 
plementary so as to provide seatings for blades 
to be mounted thereon. 
In order to obtain the maximum advantage 

from the invention, particularly in eliminating 
or minimising the effect of local flaws in the 
blade carrier element and in facilitating mass 
production, the laminae are made of thin sheet 
metal which, if the element is a rotor for a 
combustion turbine, is preferably of a heat 
resisting alloy. The expression “sheet metal' 
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used herein is intended to indicate metal which 
is sufficiently thin to be susceptible of local shap 
ing by, pressing, stamping or similar operations. 
According to a further important practical 

feature of the invention, the sheet material used 
for the rotor of a combustion turbine is of a 
kind which has had its mechanical properties 
improved by a cold rolling or other pressure 
working process; thus, for example, the sheets 
may be made of an austenitic heat-resisting 
alloy, a characteristic of which is that after cold 
rolling it less readily loses its elasticity at high 
temperatures and that its tensile strength is 
improved. 
The technique of using thin sheet materia 

lends itself well to the cheap formation of blade 
seatings by, in accordance with another feature 
of the invention, Suitably stamping out portions 
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of the peripheries of the individual laminae 
according to the form of Seat desired, but if 
necessary these seatings may be finished by 
machining operations after the laminae have 
been assembled to form a carrier element. 
Warious examples of seating forms will be given 
below; preferably, however, the anchorages pro 
vided for the blades are Such as to distribute 
among the laminae the centrifugal stresses trans 
mitted from the blades. For a similar purpose 
the laminae may be held together by bolts Or the 
like passing completely therethrough so as to 
ensure reasonable stress distribution as between 
the individual laminae. 
In another aspect of the invention a bladed 

(or a blade carrier) element of a turbine or com 
pressor comprises a multiplicity of metal laminae 
held together as a pack, and a Space is afforded 
between adjacent laminae to provide a passage 
for the circulation of a cooling medium, which 
Will normally be "air... Preferably this cooling 
passage is afforded by the co-operation of com 
plementary formations of adjacent laminae, the 
latter, for example, having apertures arranged in 
overlapping register so as to form a continuous 
passage following a desired path without unduly 
weakening any one lamina. Alternatively, the 
spacing of laminae between which the passage. 
is required may be obtained by ribbing or other 
Wise deforming one or more laminae. . 

In order that the invention may be clearly 
understood and readily carried into effect it will 
now be more fully described with reference to 
the examples of construction illustrated in the 
accompanying drawings, from which further 
features will appear, and in which: ... 

Figure 1 is a partly sectional side elevation of 
a simple form of rotor formed by a laminated 
pack in accordance with the invention; , 

Figure 2a is a fragmentary face view of the 
??tor illustrated in Figure 1, illustrating one. 
form of root seating; - - - - 

Figure 2b is a fragmentary face, view of the 
rotor of Figure 1, illustrating another form of 
rotor seating; 

Figure 3 is a fragmentary sectional side elle 

  

  

  

  



2,613,058 
3 

vation of a rotor with a blade in position in an 
axially extending seating and showing one ar 
rangement for preventing axial displacement of 
the blades; 

Figures 4 and 5 are respectively a fragmentary. 
sectional side view and face view of a rotor hav 
ing a blade mounted in an axially extending Seat 
but having an alternative arrangement for pre 
venting axial displacement of the blades; 

Figure 6 is another fragmentary Sectional side 
view illustrating an alternative form of blade. 
root mounting; 
Figure 7 is a detail view illustrating a possible 

method of attaching a balance weight to a rotor; 
Figures 8(a), (b) and (c) are views illustrating 

in plan, rear elevation, and transverse section on 
line C-C on Figure 8b a form of holicw sheet 
metal blade suitable for use with a rotor accord 
ing to the invention, whilst Figures 8(d) and (e) 
illustrate a filler block for use in fixing such a 
blade; - Figures 9 and 10 are respectively a fragmen 
tary sectional side view and face View of a rotor 
illustrating one method of forming cooling pas 
sages therein, with entry to the paSSages from 
the face of the rotor; 

Figures 11(a), (b) and (c) illustrate alternative 
ways of forming internal cooling passages in a 
rotor; 

Figure 12 is a face view of a rotor indicating 
three alternative ways of arranging the cooling 
passages by the methods illustrated in Figure 11; 
Figure 13 is a part sectional side: view showing 

an arrangement for introducing cooling air at the 
hub of Such a rotor; 

Figure 14 illustrates in axial Section part of an 
axial flow compressor having the invention 
applied thereto both in the rotor and Stator con 
struction, alternative methods of blade mounting 
being shown, which are also illustrated in front 
elevation in Figures 15(a), (b) and (c). 

Figures 16 and 17 are detail views illustrating 
alternative forms of root mounting that might 
be employed. - - 

The general conception on which the invention 
is based is illustrated in Figure 1, which shows a 
turbine rotor, suitable for use in a highly stressed 
combustion turbine assembly, comprising, a pack 
of sheet metal laminae secured by bolts 2 to 
the flange of a shaft 3, the bolts 2 passing through 
all the laminae so that each Sustains a share of 
the radial stress in operation. 
laminae are thin sheets of a heat-resisting alloy 
which has had its tensile strength and elastic 
properties improved by a cold rolling process, a 
suitable alloy for the purpose being an austenitic 
steel alloy containing i8% chronium and 8% 
nickel stabilised with titanium. 
This construction lends itself to a variety of 

root mountings for the blades; for example aS 
illustrated in Figure 2a, and in Figure 3, a root 
4 may be of the “fir tree' type commonly used in 
combustion turbines, this type of root and its 
seating being characterised by being tapered in 
the radially inward direction and having its sides 
serrated after the fashion of a buttress thread 
with the straight faces on the radial inner SideS. 
This form of blade mounting has proved highly 
satisfactory in association with one-piece rotors, 
and the use of sheet material iends itself to the 
construction of a suitable seating therefor by 
simple stamping operations instead of the usual 
cutting and broaching from the solid, although 
broaching may still be used as a finishing process. 
In this construction axial displacement of the 

Preferably the 

4. 
blades after assembly may be prevented either by 
peening over the ends of the blade roots or (See 
Figure 3) by providing outside laminae 5 which 
are not notched and thus extend across the ends 
of the blade root faces, or again (see Figures 4 
and 5) by displacing a notched lamina 6 periph 
erally in relation to the remainder of the laminae 
before securing the rotor finally, so as to enter 
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a groove in the blade root. 
In place of the fir tree type of root fastening, 

the sides of a root and seating may have comple 
mentary semicircular grooves as indicated in 
respect of the root 7 in Figure 2b, the blade being 
retained against radial displacement by pins 8 
fitting the holes thus formed, and against axial 
displacement by peening of the pins 8. 

It will be appreciated that in each of the con 
structions just described the centrifugal load due 
to the blades will be distributed over, all the 
laminae. 
As an alternative to axially extending root 

mountings, adjacent laminae may be of differ 
ent, radial dimensions as illustrated in Figure 6 
so as to form peripheral channels at the rim of 
the rotor, and the blade roots have correspond 
ing tongues 9 lying in the peripheral direction, 
the blades, being locked in position by pins. Or 
dowels ?o passing through aligned holes in the 
tongues 9 and laminae and peened over for axial 
retention, the arrangement thus being such that 
the Securing pins. are in shear at several points 
along their length. With this arrangement as 
shown the laminae of smaller radius do not assist 
at their peripheries in Sustaining the radial load 
but they can be enabled to do so by pinning the 
laiminae together. Alternatively the laminae of 
Smaller diameter can be left unstressed, in which 
case they act merely as spacers and can be made 
of inferior material to the largerlaininae. There 
may, of Course, be. Several of the latter grouped 
together as shown at the right hand side of the 
figure. 
In order to cool the blades and, if necessary, the 

rotor itself, the latter may beformed with coolant 
paSSageS in the manner indicated in Figures 
9 and 10, in which successive laminae are 
pierced with holes in such a way that the holes 
in Successive laminae overlap and together form 
continuous paSSages extending from a radially 
inner point on the rotor to the blade root seatings. 
It will be noted that in this instance the passages 
f are arranged to emerge at one face of the rotor 
and the outermost lamina at that point is 
deformed to provide a lip 2 which will act as 
a scoop for entraining air into the passages. It 
will also be noted that although no one lamina, 
is unduly Weakened by perforations it is possible 
to obtain a distribution of coolant passages sup 
plying every blade root. 
In the alternative suggested cooling arrange 

ment illustrated in Figures 11 to 13 it is proposed 
to deform individual laminae so as to produce 
a Spacing between them at desired points. For 
example, as illustrated in Figure 11(a), successive 
laminae have interengaging combined grooves 
and ribs 3 formed therein which result in a spac 
ing of adjacent laminae, whilst in Figure 11(b), 
Only ribs 4 are employed and in Figure 11(c) 
alternate plane and grooved laminae , 5 are 
provided. The deformations of the various types 
Suggested may be arranged, for example, in any 
of the three ways indicated in Figure 12, that is, 
radially as at 6, annularly as at 7, or spirally 
as at 8, in order to provide continuous passages 
from Some radially inner point of the rotor to 
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the periphery. In the example illustrated in Fig 
ures 12 and 13 it is assumed that the air is to be 
supplied from a hollow shaft 3 (see Figure 13) 
through appropriate ports cominunicating with 
an inner Space 9 at the centre of the rotor. 
Alaminar construction of blade carrier element 

in accordance With the invention, particularly a 
rotor with cooling passages as in Figures 9 to 13, 
may be advantageously combined with a hollow 
sheet metal blade, an example of which is illus 
trated in Figure 8, in which a root 33 of corru 
gated form is employed, being secured in a cor 
respondingly shaped Seating by the insertion of 
an internal filler block 34. The latter has pas 
Sages at 35 to conduct cooling air emerging from 
the rotor into the body 36 of the blade, which is 
open at its trailing edge and radially outer end 
for the escape of the cooling air into the working 
fluid flow. 
A method of attaching rotor balance Weights 

which makes use of the characteristics of lami 
nar construction in accordance With the inven 
tion is illustrated in Figure 7, in which the Weight, 
is in the form of a headed stud 3 accommodated 
by perforating Successive laminae and retained 
by its head 32 being “buried' as shown. There 
might be several of these studs 3 annularly ar 
ranged on the rotor, and to assist balance ad 
justment each might be tapped to receive grub 
screws such as 3a of different weights, or bored 
to receive other forms of balance weight. Bal 
ancing might also be achieved by the provision 
of a bead 37 (Figure 3) from which material can 
be ground as required. 
Although the drawings illustrate a simple form 

of rotor built up from plane laminae, it will be 
understood that Some of these may be dished or 
otherwise centrifugally unbalanced in order to 
enable the centrifugal load to be utilised to main 
tain stability in the axial direction by reason of 
its straightening effect on the laminae. 

In applying the inventon to stator elements, 
blade carrier rings 20, as illustrated in Figure 14, 
may be formed each from a pack of thin laminae 
providing at the inner periphery of the ring suit 
able blade retaining formations, the individual 
rings 20 being supported between spacing rings 22 
and the Whole Secured to form a rigid unit which 
may be mounted in an outer casing 23 or not 
as desired. It Would be possible to construct the 
entire stator element as a pack or series of packs 
Of thin Sheets, but in its relation to Stator ele 
ments the principal advantage offered by the in 
vention is in adaptability to mass production, 
and this advantage is largely achieved if the 
laminar construction is confined to the blade sup 
porting parts proper of the stator. 
As indicated at 24 in Figures 14 and 15(a), the 

blade seatings might be formed by a simple ta 
pered recess in all except the two outermost 
laminae of a ring, the blade being secured by a 
dowel 25. Alternatively, as at 26 (Figures 14 and 
15(b)), where the blade seating is again a simple 
tapered recess, the Outermost laminae 2 are of 
reduced radial depth to make room for retaining 
rings 20a, which engage axially extending projec 
tions 27 on the roots; or again the “fir tree” type 
of fixing already described may be employed as 
at 28 (Figures 14 and 15(c)). 
In the construction illustrated in Figure 14 the 

compressor rotor also employs the laminar con 
struction, but in this case again the laminar packs 
are used only for those parts of the rotor actually 
required to Support blades, the individual packs 
forming rings 29 separated by spacers 30. 
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6 
In any of the cases described in the foregoing 

which employ axially directed blade seatings, the 
Seating could be skewed in the manner indicated 
in Figure 16(b), this formation being attained 
quite simply by relative peripheral displacement 
of adjacent laminae and, if necessary, machin 
ing the inner faces of the seatings to remove the 
Small steps thus produced. A further alternative 
form of Seating, Suitable for rotor or stator ele 
ments, is illustrated in Figure 17, and is of dove 
tail form afforded by matching recesses 37 in suc 
cessive laminae . 

If difficulty should be experienced in achieving 
acceptably close limits for the axial dimension 
of a blade carrier element with a laminar con 
Struction in accordance with the invention, with 
out recourse to Special finishing of the surfaces 
of individual laminae, such difficulty may be met 
by using laminae of differing standard thick 
nesses as illustrated in Figure 6 so that by ap 
propriate combinations of laninae the correct 
thickness may be obtained. 
I claim: - 

1. A bladed rotor for an axial flow gas turbine 
Operating at high temperatures comprising a ro 
tor body composed of a plurality of flat metal 
discs, means to hold the discs together in mutual 
ly Supporting relation as a pack, some of said 
discs having a plurality of circumferentially 
Spaced apertures therethrough extending for only 
a part of the radius and only partly overlapping 
like apertures in adjacent discs to define a coolant 
paSSageWay extending between laminae, from a 
point adjacent the axis of the pack to its margin, 
blades, and means affixing said blades adjacent 
the marginal termini of said passageways. 

2. A bladed rotor as claimed in claim 1 where 
in the face of the rotor is provided with a scoop 
like protrustion for entraining air into said cool 
ant passageway at a point adjacent the axis of 
the pack. 

JOSEPH ATKINSON. 
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