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COMPOSITELY FORMED ROTORS AND THEIR
MANUFACTURE

This application is a division of Ser. No. 33,437 now
U.S. Pat. No. 3,688,371 dated Sept. 5, 1972, and as-
signed to the assignee of the present invention.

The present invention relates to improvements in
rotor constructions and their methods of manufacture
particularly to meet the requirements of gas turbine en-
gines.

While not so limited in all aspects, the present inven-
tion is motivated by the peculiar needs of high perfor-
mance gas turbine engines and particularly multi-stage
compressor and/or turbine rotors found in such en-
gines. To give a brief description, radially projecting
blades are mounted on these rotors in circumferential,
axially spaced rows. In almost all instances the blades
are removably mounted on the rotors by dovetail tang
arrangements or the like. In many instances the centrif-
ugal loading of the blades requires that each row be

mounted around the periphery of a disc in order that

sufficient metal will be provided to meet structural re-
quirements. In lightweight rotor- constructions these
discs are spaced apart by annular shells or spacers to
accommodate vanes which are interdigitated between
adjacent rows of blades.

Many approaches have been taken to the construc-
tion and method of manufacturing disc type rotors as
described above. The objectives for such constructions
are generally well known. They include lightweight
which involves efficient use of metal in taking the high
stress loading thereon, particularly the stress loading
resulting from centrifugal force. Ease of manufacture
is another objective which generally results in the disc
and spacer components being bolted or otherwise sepa-
rably secured together. The separability of such rotor
components is also desirable in maintenance work.
However, where rotors have been secured together and
other objectives met, problems have arisen in that the
rotor components can, under certain operating condi-
tions, slip in a radial or transverse sense ralative to each
other, thereby throwing the rotors out of balance. A
large unbalance can result in failure of the bearings or
engine support structure. Even a mcderate amount of
unbalance can be caused by a relative shifting of as lit-
tle as .001 inches, and require engine shutdown and
maintenance action before the engine can be returned
to service.

Among the objects of the present invention are the
provision of an improved disc type rotor construction
and a method for its manufacture which meets or ex-
ceeds the objectives outlined above and which gives ut-
most assurance against radial shifting of rotor compo-
nents and the resultant rotor unbalance.

A further and more specific object of the invention
is to provide positive assurance that there will be no rel-
ative slippage between components of a rotor which
are held together by bolts.

The above and other related objects, as well as the
various features of the invention, will be apparent from
a reading of the following description of the disclosure
found in the accompanying drawings and the novelty
thereof pointed out in the appended claims..

In the drawings:

FIG. 1 is a simplified view, particularly in section, of
a gas turbine engine in which a rotor of the present in-
vention is employed;
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FIG. 2 is a longitudinal section of the compressor
rotor briefly illustrated in FIG. 1,

FIG. 3 is an enlarged fragmentary portion seen in
FIG. 2 illustrating one extreme of conditions; ‘

FIG. 4 is a section taken on line IV-IV with portions
thereof further broken away; and

FIG. § is a section similar to FIG. 3 showing the por-
tions thereof in exploded position and illustrating an-
other extreme of conditions.

FIG. 1 briefly shows a gas turbine engine 10 of the
type employed in the propulsion of aircraft. Such an
engine comprises an axial flow compressor 12 which
pressurizes air to support combustion of fuel in a com-
bustor 14 and thus generates an annular hot gas stream.
A portion of the energy of this hot gas stream drives a
turbine 16 which powers the compressor 12. The re-
mainder of the energy of the hot gas stream is con-
verted to a propulsive force by being discharged from
a nozzle 18.

The turbine 16 comprises a rotor 20 which is joined
to the compressor rotor 22 of the present invention by
a shaft 24. The compositely formed engine rotor com-
prising these elements is appropriately journaled in
frame components of the engine which can take vari-
ous forms well known to those skilled in the art.

FIG. 2 illustrates the composite fabrication of the
compressor rotor 22 in greater detail. This rotor com-
prises a series of discs 26 around the peripheries of
which are mounted blades 28 constituting the several
rows or stages of the compressor rotor. Each disc also
has an integral annular spacer 30, which (with the ex-
ception of the first and second stage discs) is connected
to the adjacent upstream disc 26 by bolts 32. The spac-
ers 30 of the first and second stage discs are secured to
each other and to the conical portion 34 of a hollow
shaft 36, also by bolts 32, The last stage disc 26 also has
an integral conical flange 38 which is secured to the
conical portion 40 of shaft 24 by bolts 32. A disc 42 is
interposed between the flange 38 and the conical por-
tion 40 to provide greater strength and rigidity for this
bolted connection.

The annular spacers 30 space the rotating blade rows
so that stationary vane rows 44, supported by the com-
pressor casing, may be mounted therebetween. These
vanes turn the air in a known fashion so that it has a
proper angle of attach on the next succeeding blade
row. Labyrinth-type seals 46 are provided between the
vane rows and the spacers 30.

The bolted connection between each disc 26 and the
adjacent upstream disc spacer 30 (again excluding the
connection between the first and second stage discs) is
typically illustrated in greater detail by FIGS. 3-5.
These discs have an enlarged rim 48 to provide for tang
mountings of the blades 28. An inwardly projecting
flange 50 extends from the downstream side of the rim
48 in closely spaced relation from the disc 26. The
spacer 30 also has at its upstream end an inwardly pro-
jecting flange §2. The bolts 32 pass through holes 54,
56 formed respectively in the flanges 50, 52. Nuts 55
are tightened on the bolts 32 to clamp the flanges to-
gether and complete the bolted connection. It will be
seen that the flanges 50 and 52 are scalloped, to the
depth of the holes, between bolt holes to essentially
eliminate loss of clamping force due to the effect of
Poisson’s ratio when operating at high rotational
speeds.
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The holes 54 and 56 are equi-angularly formed
about, what is referenced as, bolt circles, c,;, and ¢,
which are concentric with the axis of the disc and rotor
and have radii r, and r; respectively. It is recognized
that, for practical manufacturing purposes, there must
be an allowed variation in the location of the axes of
the holes 54 and 56 from the nominal radii of the bolt
circles. Also it is recognized that there will be varia-
tions in the diameters of the holes 54 and 56 as well as
the body portions 58 (of bolts 28) from their nominal
diameters. In other words, the referenced dimensions
will have given allowable maximum and minimum val-
ues.

In accordance with one aspect of the invention, the
parts are formed by manufacturing these components
in such a fashion that there is an assured contact be-
tween the body portion 58, bolt 28 and holes 54, 56
which prevents the spacer 30 from shifting outwardly
in a radial sense relative to the disc 28. This is shown
by FIGS. 3 and 4 where differences in dimensions are
greatly exaggerated for sake of illustration.

In FIG. 3, this assured positioning is illustrated in its
minimum condition with the holes 54, 56 formed at
maximum allowable diameters and the bolt body por-
tion 58 formed at a minimum allowable diameter. This
results in a maximum combined clearance between the
body portion 58 and the holes 54 and 56. The axis of
the hole 56 is formed at a minimum allowable radius r,
from the disc or rotor axis which is greater than the
maximum allowable radius r, of the axis of the hole 54
from the disc or rotor axis, by a distance Ar at least
equal to the maximum combined radial clearance be-
tween the bolt body portion 58 and the holes 54 and
56. This extreme condition is illustrated in FIGS. 3 and
- 4 showing a zero clearance between the bolt body 58
and the outer surface of hole 54 and also a zero clear-
ance between the bolt body 58 and the inner surface of
the hole 56. _ ‘

FIG. 5 illustrates the opposite extreme of allowable
dimensions employed in forming these components.
The diameters of holes 54 and 56 are at a given allow-
able maximum while the bolt body portion 58 is formed
at'a given allowable maximum. The bolt circle radius
for hole 54 is at a given allowable minimum r, while the
bolt circle radius for hole 56 is at a given allowable
maximum r;. This results in a maximum Ar.
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By forming the flange 52 at the end of the long annu- -

lar spacer 30, the radial deflection, upon assembly of
the bolts 32 can readily be taken in the flexible shell
spacer 30 with a minimum of stress. At the same time
the flange 50, being closely spaced from the adjacent
disc 26 gives a high degree of rigidity to the bolted as-
sembly. Under any conditions other than a minimum Ar
there will be deflection of the spacer 30 as a bolt is in-
serted into the holes 54, §6. This is facilitated by a
bevel 60 between the bolt threads and body portion §8.
The bolts can be drawn into assembled relation by the
nuts §5.

From the above it will be apparent that the described
bolted connecttion adjacent discs 26 gives positive as-
surance against relative radial or transverse slippage
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and consequent rotor unbalance attributable to the .

connection. The minimum Ar conditions of FIGS. 3
and 4 provide positive metal contact between the bolt
body 58 and the surfaces of holes 54, §6 so as to pre-
vent relative outward displacement of the flange 52.
This flange is formed on the relatively flexible spacer
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30 while the flange 50 is formed on the relatively rigid
rim 48. Thus, the bolt body 58 positively prevents rela-
tive radial growth in the direction it will occur under
dynamic loading. The closely spaced boits 32 also
firmly clamp the flanges 50, 52 together so that there
is a friction force preventing radial displacement in ei-
ther direction at all times. It will be recognized that all
of the bolt connections are formed in the same fashion
in the pair of flanges so that there are bolts on the op-
posite side of the rotor axis to maintain the positive po-
sitioning function described.

The above discription has been based on the assump-
tion that the axes of matching holes 54, 56 lie in the
same radial plane, i.e. have identical angular spacing
between adjacent holes. In actuality there may be some
misalignment in this sense. Such misalignment only fur-
ther assures positioning positive contact between the
bolt body 58 and the surfaces of the holes. Further, it
will be noted that the scalloping of the flanges gives cir-
cumferential flexibility to minimize stresses as well as
to facilitate assembly when such misalignment occurs.

The described manner of forming a bolted connec-
tion is particularly effective when joining rotor compo-
nents:with bolts on a bolt circle having a large radius,
in the described rotor the ¢connections between the sec-
ond stage disc and subsequent downstream discs. Other
bolted connections can, however, also advantageously
employ these features.

Other features to be noted are that the discs 28 are
joined together without forming any holes therein. This
means that there are no stress risers which would re-
quire a greater mass of disc material to carry a given
load. By having the bolted connections between adja-
cent discs closely adjacent the disc and the spacer inte-
gral with one disc means that only one bolted connec-
tion is required between each disc and further that the
centrifugal loading of the bolt connection can be effi-
ciently carried into the disc rim:

The referenced steps of forming rotor components in
a prescribed fashion would be done by lathe turning, jig
boring and other obvious manufacturing techniques in
the manner described to give an improved rotor con-
struction with practical tolerances and resultant econ-
omy of manufacture. :

Various maodifications of the preferred embodiment
described will occur to those skilled in the art, as for ex-

‘ample, the use of stud bolts to facilitate assembly in-

stead of the more common type of bolt described. The
scope of the present inventive concepts are therefore
to be derived solely from the appended claims.
Having thus described the invention, what is claimed
as novel and desired to be secured by Letters Patent of
the United States is:
1. A turbomachinery rotor comprising:
a pair of cylindrical components coaxially bolted to-
gether in assembled relation,
each of said components having matching bolt holes
therethrough spaced apart from the center axis of
said components, and:
bolts having body portions secured in said holes and
clamping said components together wherein clear-
ances are provided between the body portions of
said bolts and said matched holes and the radius
from the axis of each bolt hole of one component
to the center axis are offset from the radius from
the axis of each matched bolt hole of the other
component to the center axis by a distance equal
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to or greater than the combined clearances be-
tween the matched holes and the body portions of
the bolt secured therein with said bolts having dia-
metrically opposed, body portion surfaces, respec-
tively, in positive engagement with the inner and
outer surfaces of a pair of matched holes in said
components.

2. A turbomachinery rotor as in claim 1 wherein each
of said components comprises a disc and one of said
components has an integral annular spacer extending
toward said other disc, terminating in a radially in-
wardly projecting flange with the other of said discs
having a matching flange projecting radially inwardly
and closely spaced from the other disc with said
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matched holes extending through said flanges.

3. A turbomachinery rotor as in claim 2 wherein, all
of the bolt holes in one flange have the same nominal
diameter and have a maximum radial spacing from the
axis of the component, all of the bolt holes in the other
flange have the same nominal diameter and have a
minimum radial spacing from the axis of the other com-
ponent by a difference which is greater than the com-
bined maximum clearance between the bolts and the
bolt holes.

4. A turbomachinery rotor as in claim 2 wherein, the
bolt holes having said minimum radial spacing are in

the spacer flange.
* * * * *
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