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(54) IMPROVEMENTS IN METHODS FOR FORMING HOLLOW CYLINDRICAL
PARTS WITH INTERNAL CONTOURS

(71) We, GENERAL ELECTRIC COM-
PANY, a corporation organized and existing
under the laws of the State of New York,
United States of America, residing at 1 River
Road, Schenectady, 12305, State of New
York, United States of America, do hereby
declare the invention, for which we pray that
a patent may be granted to us, and the
method by which it is to be performed, to be
particularly described in and by the follow-
ing statement:—

This invention relates to a method of
manufacture and in particular relates to a
method of manufacturing cylindrical metal
structures having discrete internal contours.,

Cylindrical metal structures are used
throughout industry in a wide variety of
applications. Such structures are particularly
useful in the construction of parts for gas
turbine engines including the construction of
rotor spools. Typically, rotor spools for gas

turbine engines have been machined from

thick-walled, heat treated, metal cylindrical
forgings of rectangular or other simple cross-
section having an axial length substantially
equal to that of the rotor, an internal radial
diameter slightly less than that of the rotor
and a wall thickness slightly greater than the
thickest part of the rotor. The cross-sections
of a typical starting forging 1 and rotor 18 to
be machined therefrom is shown in Figure 1.
In this machining operation, a lathe is used
to cut away excess material from the starting
metal cylindrical forging in order to achieve
the desired internal contour. Typically in
such an operation as much as 80% of the
original starting material may have to be
removed in order to achieve the desired
internal contour. Accordingly, such prior art
machining methods have been found to be
both extremely time consuming and waste-
ful. This problem is particularly acute in the
construction of rotors for use in gas turbine
engines because of the relatively expensive,
high-temperature metal alloys used and the

relatively high cost to machine these tough
alloys.

In order to overcome these problems, the
present invention provides a method of
manufacturing a hollow cylindrical metal
structure having a plurality of internal con-
tours comprising the steps of constructing an

initial hollow metal cylinder having a weight,

outside diameter and axial length substan-
tially equal to the weight, outside diameter
and axial length respectively of the desired
structure and having a smooth outer surface,
placing the initial cylinder within a cylindri-
cal container having a smooth inner surface
conforming to the outer surface of the

_cylinder, rolling the cylinder between a

forming roll die abutting the internal face of
the initial cylinder and having a plurality of
axially spaced external contours correspond-
ing to the desired internal contours on the
structure and a support roll die opposed to
the forming roll die and engaging said
container, while simultaneously restraining
outward radial growth and axial growth of
the cylinder, until the internal face of the
cylinder conforms to the profile of the
abutting forming roll die.

To facilitate the material flow during the
contouring operation, the starting cylinder
may be heated and maintained at that
temperature during contouring. The roll dies
and restraining container may also be heated
to a lower temperature to prevent chilling of
the starting cylinder during the rolling opera-
tion. By restraining radial and axial growth
during contouring a high degree of accuracy
in the dimensions of the contoured structure
is achieved. The resulting structure will have
an inside diameter which is smaller than that
of the starting cylinder at some point along
the axial length.

" This process produces a cylindrical metal
structure with internal contours which ap-
proximates the contours of a rotor spool to be
machined therefrom. Because the internal
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contours of the structure more closely ap-
proximates the internal contours of the rotor,
material loss is significantly reduced in the
construction of rotors using cylindrical struc-
ture manufactured according to the process
of this invention. Further, because less mate-
rial has to be removed from the structure,
rotors are machined in significantly less time
than required using manufacturing tech-
niques of the prior art.

A further advantage of this invention is
that rotors machined from heat treated cylin-
drical structures constructed in accordance
with the teachings of this invention exhibit
significantly improved strength properties
over rotors constructed in accordance with
the teachings of the prior art. This is because
the heat treated structures which have been
contoured in accordance with the teachings
of this invention are significantly thinner
than the heat treated forgings from which
rotors of the prior art are machined. Because
heat is more quickly and uniformly distrib-
uted through such thinner structures when
they are heat treated they exhibit improved
strength properties.

The invention may be better understood
from reading the following description in
conjunction with the drawings in which:

Figure 1 is a cross-sectional view of a prior
art forging having the cross-section of rotor
imposed thereon.

Figure 2 is a perspective view of a starting
cylinder used in the method of this invention.

Figure 3 is a perspective view of a cylinder
used to construct the cylinder of Figure 2.

Figure 4 is a perspective view of a portion
of machinery useful for the practice of the
method of this invention.

Figure 5 is a perspective view of a cylindri-
cal metal structure constructed in accordance
with the teachings of this invention.

Figure 6 is a cross-sectional view of the
structure of Figure 5 having the cross-section
of a rotor imposed thereon.

In performing the method of this inven-
tion, a suitable hollow metal cylinder 2 of
rectangular or other regular cross-section
such as shown in Figure 2 is used as the
starting material. The cylinder 2 should have
a weight, outer diameter, and axial length
substantially equal to the weight, outer diam-
ter and axial length respectively of a desired
final cylindrical structure. The inside diame-
ter of the cylinder 2 is carefully selected to
permit the requisite amount of contouring
with minimum excess material. Generally
the inside diameter of cylinder 2 will be
slightly greater than the inside diameter at
the thickest part of the final structure. The
starting cylinder 2 may be constructed using
known prior art techniques such as by back
extruding a metal billet to form an elongated
cylinder and thereafter slicing this into cylin-
ders of desired length; or by forging; or deep

drawing a cylinder from a plate. Alterna-
tively, the starting cylinder 2 may be con-
structed by radially enlarging a smaller
cylinder 4 shown in Figure 3. The cylinder 4
should have a weight and axial length
substantially identical to the weight and axial
length of the cylinder 2. The thickness of the
cylinder 4 must be carefully selected such
that when it is radially enlarged it will have
thickness substantially the same as the cylin-
der 2. Depending on the relative inside and
outside diameters of the cylinders 2 and 4,
the cylinder 4 will ‘be two to three times
thicker than the cylinder 2. The cylinder 4
may be hot or cold rolled to radially enlarge
its inside and outside diameter to those of the
cylinder 2. "

In accordance with the method of. this
invention the cylinder 2 is placed in a
restraining cylindrical container 6 as shown
in Figure 4. The container 6 has an inside
diameter substantially equal to the outside
diameter of cylinder 2, has an axial length
substantially equal to the axial length of
cylinder 2 and is substantially thicker than
the cylinder 2. The container 6 should also be
constructed of a material significantly
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tougher than the material from which the .

cylinder 2 is constructed such that roliing
pressures sufficient to deform cylinder 2 do
not deform container 6. A preferred material
for container 6 when titanium is used for
cylinder 2 is a nickel base super alloy such as
INCO-718. The container 6 and cylinder 2
are rolled on a conventional ring rolling mill
well known in the art, a portion of which is
shown in Figure 4. The rolling mill shown
generally at 9 includes a forming roll die 8
and a support roll die 12 mounted for
rotation on a base structure (not shown).

In operation, the container 6 and cylinder
2 are placed between the forming and
support dies such that the forming die 8
abuts the inside face of the cylinder 2 and the
support die abuts the outside face of the
container 6. The forming die 8 includes
contours shown generally at 10 on its exter-
nal face which correspond to the desired
internal contours of the final structure.

The container 6 and cylinder 2 are rolled
between the dies 8 and 12 until the inside
face of the cylinder 2 has been contoured to
conform to the profile of the forming roll die
8. A typical cylindrical structure produced in
accordance with the teachings of this inven-
tion is shown in Figures 5 and 6. Radial
growth of the cylinder 2 during the contour-
ing operation is inhibited by the restraining
cylinder 6 which because it is thicker and
constructed of a material significantly
tougher than that used for the starting
cylinder does not deform under pressures
exerted by the forming and support roll dies.
Axial growth of the starting cylinder 2 during
the contouring operation is inhibited with the
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help of radially extending flanges 14 and 16
formed at opposite ends of support roll 12
which engage opposed ends of the cylinder 2.
Alternatively, lower flange 16 may be elimi-
nated by using the base of the machine which
supports the dies (not shown) to inhibit axial
growth in the downward direction.

To facilitate the material flow during the
contouring operation the cylinder 2 may be
heated and maintained at an elevated tem-
perature during contouring. It will also be
necessary to heat the rolls and restraining
container to prevent chilling of the starting
cylinder during the rolling operation. How-
ever, the restraining container and rolls are
heated to a lesser temperature than the
starting cylinder such that the restraining
container will not deform during the rolling
operation. When forming titanium alloy
cylinders a temperature of 1500°F to 1600°F
for cylinder 2 and a temperature of approxi-
mately 800°F for container 6 and roll dies 8
and 12 has been found to be satisfactory
when rolling at pressures of 30,000 to 40,000
pounds per square inch.

By restraining the radial and axial growth
of cylinder 2 during contouring, a high
degree of accuracy is achieved in the dimen-
sions of the final structure. This process
produces a cylindrical metal structure having
internal contours which closely approximates
the contours of a rotor spool to be machined
therefrom.

To produce a spool 18 as shown in Figure
6, cylindrical structure 2 is heat treated and
the spool 18 thereafter machined therefrom.
As can be seen by examination of Figures 1
and 6 because the structure 2 more closely
approximates the contours of the rotor 18,
material loss is significantly reduced in the
construction of rotors using cylindrical struc-
tures contoured according to the process of
this invention. Further, because less material
has to be removed from the final structure
rotors are constructed in significantly less
time than manufacturing techniques of the
prior art.

A further advantage of this invention is
that rotors machined from heat treated con-
toured structures constructed in accordance
with the teaching of this invention exhibit
significantly improved strength properties
than rotors constructed in accordance with
the teachings of the prior art. This is because
the heat treated cylindrical structures are
significantly thinner than the heat treated
forgings from which rotors of the prior art
are machined. Because heat is more quickly
and uniformly distributed through such thin-
ner structures when they are heat treated,
they exhibit improved strength properties.

While the starting structure for the method
of this invention has been depicted as com-
prising a simple hollow cylinder, it is also
possible to form other cylindrical type struc-

tures in accordance with the teachings of this
invention. Alternative structures which may
be formed include cylindrical vessels with
external faces which have been circumferen-
tially relieved in desired areas and/or which
may include tapered inner and outer faces.

While particularly useful in the construc-
tion of cylindrical metal structures for gas
turbine engines, the method of this invention
may be utilized to produce cylindrical metal
structures for any application requiring inter-
nal contours.

WHAT WE CLAIM IS:—

1. A method of manufacturing a hollow
cylindrical metal structure having a plurality
of internal contours comprising the steps of
constructing an initial hollow metal cylinder
having a weight, outside diameter and axial
length substantially equal to the weight,
outside diameter and axial length respec-
tively of the desired structure and having a
smooth outer surface, placing the initial
cylinder within a cylindrical container hav-
ing a smooth inner surface conforming to the
outer surface of the cylinder, rolling the
cylinder between a forming roll die abutting
the internal face of the initial cylinder and
having a plurality of axially spaced external
contours corresponding to the desired inter-
nal contours on the structure and a support
roll die opposed to the forming roll die and
engaging said container, while simultane-
ously restraining outward radial growth and
axial growth of the cylinder, until the inter-
nal face of the cylinder conforms to the
profile of the abutting forming roll die.

2. The method claimed in claim 1,
wherein the cylindrical container is thicker
than the initial cylinder and is made of a
material significantly tougher than the mate-
rial from which the initial cylinder is made
such that rolling forces applied to the initial
cylinder and container which are sufficient to
deform the initial cylinder do not deform the
container.

3. The method claimed in claim 1 or
claim 2, wherein the initial cylinder is re-
strained from axial growth during rolling by
a pair of radially extending flanges disposed
at opposite ends of the support roll die which
engage opposed ends of the initial cylinder.

4. The method claimed in any preceding
claim, wherein during the contouring opera-
tion the initial cylinder is maintained in a
first temperature range sufficient to facilitate
flow of the material from which it is con-
structed and the cylindrical container and the
forming roll die and the support roll die are
maintained in a second temperature range
significantly lower than said first temperature
range, said second temperature range being
sufficient to inhibit excessive chilling of the
initial cylinder during the contouring opera-
tion but insufficient to cause deformation of
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the cylindrical container during the contour-
ing operation.

5. The method claimed in any preceding
claim, wherein the inside diameter of the
initial cylinder is slightly greater than the
inside diameter of the thickest portion of the
final structure.

6. A method of manufacturing a hollow
cylindrical metal structure as claimed in
claim 1, and substantially as hereinbefore
described with reference to the accompany-
ing drawings.

BROOKES & MARTIN,
Chartered Patent Agents,
High Holborn House,
52/54 High Holborn,
London WCI1V 6SE.

Printed for Her Majesty’s Stationery Office by Burgess & Son
(Abingdon) Ltd.—-1981. Published at The Patent Office,
25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.
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