Dec. 1, 1953 J. ATKINSON 2,660,779

METHOD OF FORMING BLADE ROOTS

Filed Jan; 13, i949 2 Sheets-Sheet 1
47
' FIG. I

£ L—
=5
o]
<
S
- . FIG.3
3 1
B e == &
EORE] I :%
=
8 |9
FIG.2
e e P .

ML nventor
! A ttorneys



J. ATKINSON - 2,660,779

METHOD OF FORMING BLADE ROOTS

Dec. 1, 1953

2 Sheets-Sheet 2

13, 1949

Filed Jan.

L4

i E éggen{or
m’bv e Attoﬂ’t?fy?&b



Patented Dec. 1, 1953

2,660,779

UNITED STATES PATENT OFFICE

z 660,779
METHOD OF FORMING.BLADE ROOTS
- Joseph - Atkinson, London, England
_ Application January 13, 1949, Serial No. 70,723

Cla.lms prlorlty, application Great Brlta.m i
January 15, 1948

) 3 Claxms.,

This invention relates to an improved method
for forming the root or .anchor.poriion of the
blades used in bladed fiuid-flow machines such
as turbines and compressors, and relates par-
ticularly to blades of the type which are.formed
with.a profiled root. adapted to be secured in a
socket (hereinafter referred to as “blades of the
type described”).

The invention is mainly of 1ntez est in conm,
tion with the production of blades which are qub-
jected in use to high temperatures and stresses,
and which therefore require to be made of
specially developed steels or alloys, such as
nickel-chrome alloys, which may be difficult and
expensive to machine, Examples of such blades
are the turbine rotor blades of gas turbine ma-
chines, and in a lesser degree the compressor
rotor blades (in cases where bladed comprsssors
of the axial flow type are used).

One known method of securing the blades to
the turbine rotor disc of a gas turbine is to pro-
vide the periphery of the rotor dise with serrated
slots extending in a generally radial direction,
complementary serrations being formed on the
blade roots so that they can be pressed into the
slots and secured, for instance by peening.
Where the serrated blade root, and the corre-
sponding slot, are tapered, such a method of
blade mounting is generally known in the art
(from. the profile of the blade root) as:the “fir-
tree” mounting, and it will be hereinafter desig-
nated by this term. At present “fir-tree” mount-
ings are in wide use.

“Pir-tree” roots have hitherto been usually
made by a machining operation, such as broach-
ing, and one object of the present invention is
to provide an alternative method of making such
roots which eliminates or ‘reduces machining
operations, thus cheapening production, and
which, at least in the case of some materials, also
has a beneficial effect on the material treated.

Broadly the invention provides, for blades of
the type described, the method of forming the
root contour wholly or partly by means of
pressure-working. )

By “pressure-working” is meant a rolling,
swaging, stamping, coining or similar operation.

The pressure working may most advantage-
ously comprise a rolling operation, which will
usually be cold, but may be hot if the nature of
the material which is being worked requires it.
The rolls may be of any suitable material, such as
hardened steel or tungsten carbide.

Cold pressure working provides an improved
surface finish for most of the metallic materials
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turbine machines, and may have a . beneficial
eifect in other respects; for example, alloys of
the 18 chromium 8 nickel type can-have their

. creep limit raised by cold work- (see Zschokke,

Brown. Boveri Review 1946, v. 33, pp. 227-233).
Other highly alloyed steels are also improved in
the same respect by cold work (see Cornelius,
“Metellwirtschaft,” 1939, v..18 pp. 399403, and
©p. 418-421). The degree of such improvement
does however, depend  on the proximity of the
operating temperature of the blade root to the
re~crystallisation temperature. With the general
run of turbine rotor disc rim temperatures the
difference between the operating temperature
and the re-crystallisation temperature is such
that substantial improvement results.

Some alloys, intended to operate at lower tem-
peratures, such as aluminum alloys, bronzes, and
stainless steels, for compressor blades, lose a por-
tion of their highly creep-resisting .properties
when cold worked. With such alloys,.or where
the operating temperature is near to re-crystal-
lisation temperature, it is preferable to subject at

3 least the root of the blade (after pressure work-

ing) to re-heat treatment (which can often be
done by an induction process), and thereafter to
remove the oxidised surface by mechanical or
electrolytic means. :

For the sake of example some  practical
methods according to the invention of rolling the
“fir-tree” roots of turbine blades will now be
described with reference to the accompanying
diagrammatic drawings, in which:

. Pigs. 1-3 show the essential parts of a rolllng

machineé in which the work is held stationary
and the rolls are moved linearly over the work,

Fig.. 1 is a front elevation of the movable ram

carrying the rolls, Fig. 2 is a transverse section
through the ram, showing the stationary table in
which the blades are fixed, and Fig. 3 is a s1de
elevation of the ram.

Fig. 4 is a side elevation, and Fig. 5 is a frag-
mentary plan, of an alternative rolling machine
in which the blades are fed linearly through the
rolls.

Figs. 6 and 7 are detail views of modified types
of roll.

Referring to Figs. 1-3, the machine there
shown comprises in essentials a vertically mov-
able ram |, in which three slides 2 are mounted
for horizontal sliding movement. Each slide is
resiliently biassed to a central position by a
spring-pressed ball or plunger device 3, and the
slide can move against such spring pressure in
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order t6 accommodate any inacciracies in the
positioning of the work. The slides carry pairs
of spaced freely rotatable rolls 4, each roll being
mounted on an adaptor 5 capable of being se-
cured to the slide in various positions by means
of bolts such as § passing through slotted holes
in the adaptor: Theadjustmentof the adaptors
5, to set.the rolis for different- céritre-t6-cenitre
distances, is effected by end screws 1 bearing
against the adaptors.

A series of partly formed blades 8 are secured
vertically aligned on a vertical £8blé’ 9;-With the”
roots protruding as shown, in position-to..co-
operate with the various pairs of roil§ prov1ded
on the ram |. In operation; the: thieé pEits of

Y

b

rolls are set to progressively smaller: centre-fo- .

centre distances, and when the ram { is caused
to descend the pairs of rolls pass in succession
over the blade roots and progressively’ foith’ the:
“fir-tree” serrations.

THe:-macliine may be: mod1ﬁed in obvious ways:
For ‘instance, the rolls could- be:mounted ox the
fixed- tdble and the blades on the méovable ram;
aitd” the ram; whether it carries rolis or blades;
could: be disposed  for horizontzl movement:
However, the pdrticuldr arrangement shown:in
Figh:. 123 is convenient; sirce’ it represents: afi
adaptation of a standard-type of broaching mea-
éhine ised for the:conventional method of mak-
ing“fir-tree” roots.

In‘the machine showii i’ Figs. 45 a- senes of-
pairsiof: freely fotatable rolls 18, 1, are niounted
abové dard-below a vertically adj U;s‘téble‘ apertured
plateii (2 over whieh blades {3 fromi o magazing
{4:are-horizontally fed betweeri-the rolls-bys ram
5.0 Here agaifi-the foots are: prosiessively: Folled
to the requiréd:conteur.- An eiid guide’ 16 takes
the end thinist of theblades durify rolling:

- TFhé'ram- 15-may be constructed- and- drranged

toHave 4 sufficiently 16hg siroké to pass between
the whole-seriesof Yol or al‘fernamvely its stroke
may be-shorter: In the latter case'thé iaéhine
may be cleared: affer working by pasing’ through
tHe rolls’ dimmy blade Blanks; which gy be re~
sﬂ1ent

Fig. 6 illustrates d1agrammat1cally 3 riethod 6f
S1mu1taneously rolhng fir= tree roots on two blades

thrust of the blades during rollmg is’ balanced
The' double-s1ded F¥olls'each Havé o ceritral 1oeat-
ing r1b 18, atid ‘may be solid -(ag'showh in- Fig. 6)
oF builk up of & hutibér of disc members éach
depetideritly’ freely rotatable, such as'(8, 20; 21
(Fig. 7).
~ The' constritction' showit in® “Fig. 7 iray if désited
pe’ aﬁphed to the’ rolls ifi the miachines described
w1th reference t6 Tigs: 1-3 avd 4=5:

The rolls and the work will’ pro"bably requlre to
be' ficoded’ with oil" during operations*
rulling process may be further facilitated

;8%

P!
viously plating” the blade roots’ with a friction=
reducing matenal such'as cad "1um or zmq

plied'to forthitig Foots of other ‘cotitours; stich
bulbed contour.
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1 claim!i

1. A method of forming root portions of a plu-
rality of blades for turbines and similarly bladed
fluid-flow machines, comprising rigidly securing
said plurality of blades with respect to one an-
other with root ends aligned for movement in a
direction norinal: to the length- of-the’ blades,
moving s&i6 plurality of blades betweed a plu-
rality of pairs of spaced similar contour-forming
rollers located at spaced stations along the line
of movement of said blade roots, said pairs of
rollérs- Having sinsiler spacing between successive
pairs;. whereby: the plurality of blade roots are

' progresswely reduced to contour as they pass be-
15

twees- stdeeskive: decreased spaces between said
rollers..
2K method of ‘forming root portions of a plu-

‘rality of blades for fluid turbines and the like

mégehines, comprising rigidly securing a plurality
of blades aligned one parallel with respect to the
others; with- the-root-ends-extending in the'séine
direction; spaeing & plurality of pairs of contour~
forming: rollers alighéd:simildrly to the:blades-at
spaced-intervdls corresponding: {6 the-loeation of
theblddes, in'which-the spacing between tHe:pairs
of rollers- is>.decreased’ between: succéssive: pairs;
placing-sdid plurality’ of: blades ifi alignmeént-with
said plurality of rollers and movifig:said-pairs-of
rollers-relative-to said-blade roots to progréssivély
and- suecessively redute the glurality of' blade
roots tothe -desired contont. «

3. A method-of foriiing rbot portlonsldf a plu-
rality of bladés: for fuid’ turbines drd the: like
maehines, comiprising: figialy’ sesuiring s pluralits

5 of blades alighied-oné parallel With:resbect to-the

Ads: extendidy 11 tie sairié
rality’ of pairs of coRtéur~

others, with the ri
diféc¢tion, spacing”

Toffiing rollefs alisned sithilarly to the bladeés at
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spaced intervals® cofresponding to the: loeation of
tHe blades, in which the §Padiligetweett the: péurs
of Folers is-desreased- between stiedessive: ‘Pairs]
placmg said plut: ahty of blades in-alighiment with

it 3 Ad effeetifigrélatiVe o<
ertitig said laderoots
inito tHe- path-of it Said-plufdlity of pairs
of FEHEIS to prégressively and §iléeessively reduse
the plurility 6 blade ro6ts fo-the dégired-contous
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