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(54) METHOD FOR MACHINING A CASING FOR A TURBO ENGINE, A CASING FOR TURBO ENGINE 
AND A TURBO ENGINE WITH A CASING

(57) The invention relates to a method for machining a casing (20) for a turbo engine, wherein
a) at least one blank part (1) for the casing (20) is positioned in a tooling fixture (10),
b) the at least one blank part (1) and / or a tool (12) of a tool machine (11) is mechanically stressed by at least one locally
applied force (F1, F2, F3, F4, F5, F6, F7) into a predetermined stress status (S1), the tooling fixture (10) maintaining
the stress status (S1) in the at least one blank part (1)
c) the at least one blank part (1) in the stress state (S1) is subjected to a machining process;
d) the stress status (S1) is released after the completion of the machining process so that the machined part takes on
the shape determined by the internal stress (S2) without the at least one locally applied force (F1, F2, F3, F4, F5, F6,
F7). Furthermore, the invention relates also to a casing (20) manufactured by the method and a turbo engine with a
casing (20).
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Description

[0001] The invention relates to a method for machining a casing for a turbo engine according to claim 1, a casing for
a turbo engine according to claim 14 and a turbo engine with a casing according to claim 15.
[0002] In turbo engines, in particular aircraft turbo engines, casings are required to separate different regions within
the turbo engine from each other. Those casings generally have a shape which is rotationally symmetric, in particular
cylindrical or conical to cover for example the compressor and/or the turbine within the turbo engine. Within these casings
rotary devices like compressors and turbines are positioned. It is important that the clearance between the casing and
the encased parts (e.g. rotary parts such as turbine blades) is kept as small as possible. Therefore, compressor casing
liners, stator vane tips and shroud seals are typically machined during the assembly procedure to minimize tolerance
effects and to minimize the clearances. Those casings are put into tooling fixtures and are machined typically by for
example turning and grinding.
[0003] Casings manufactured this way undergo certain deformations during operation of the turbo engine (e.g. in flight)
which decreases the efficiency of the turbo engine.
[0004] Therefore, methods for manufacturing turbo engine casings for more efficient performance are required.
[0005] In a first step at least one blank part for a casing is positioned in a tooling fixture. The tooling fixture can e.g.
allow a fixed positioning of the at least one blank part relative to tools and / or a tool machine.
[0006] Then, the at least one blank part and / or a tool of a tool machine is mechanically stressed by at least one
locally applied force into a predetermined stress status, the tooling fixture maintaining the stress status in the at least
one blank part. The at least one locally applied force deforms the at least one blank part in a predetermined way resulting
in a predetermined stress status.
[0007] In this predetermined stress status the at least one blank part is subjected to a machining process.
[0008] After the completion of the machining process, the predetermined stress status is released so that the machined
part (i.e. the casing) takes on the shape determined by the internal stress without the at least one locally applied force.
[0009] So the machining of the blank part for the casing takes place under a certain predetermined stress in the blank
part. If the force or forces responsible for the stressing are removed after the machining, the machined part takes on a
form governed by the internal stress status in the now machined part. If the machined part is subjected in operation of
the turbo engine to forces similar to the predetermined stress status, the form of the machined part returns to that shape.
If e.g. a well-defined round shape was machined under the predetermined stress, this well-defined round shape will
reappear in operation. So it is possible to take into account deformations in the casing which will occur in operation of
the turbo engine.
[0010] In an embodiment the casing is a part of a turbo engine, in particular an aircraft engine or a gas turbine.
[0011] In a further embodiment the machining process is a turning process, a milling process, a lapping process, a
honing process and / or a grinding process. All these processes can be used to give the casing shape required in
operation of the turbo engine.
[0012] In an embodiment the mechanical stressing of the at least one blank part is determined by a data processing
unit using input data from finite element models, isothermal models or thermal models. The models can determine which
deformations might occur in operation. Therefore, it is possible to compute and generate local forces to provide a
predetermined stress status in the at least one blank part, anticipating the deformation under operational conditions.
[0013] Alternatively or additionally the mechanical stressing of the at least one blank part is determined by the data
processing unit using input data obtained from predetermined data, in particular experimental data, theoretical analysis
and / or simulation data conducted with and / or obtained from with the casing of the turbo engine.
[0014] The mechanical stressing of the at least one blank part can e.g. be performed by at least one force with a point
load and / or at least one force with an area load through at least one deformation device. The choice of a point load or
an area load depends on the stress status which is to be achieved within the at least one blank part.
[0015] Embodiments of the method can use at least one deformation device, in particular a hydraulic device, a pneu-
matic device and / or a mechanical device, in particular a screw device.
[0016] In one embodiment of the method the predetermined stress status in the at least one blank part comprises at
least one local deformation between 0,05 and 1,5 mm. In another embodiment the at least one blank part is subjected
to a mechanical stress by forces in at least two points, and preferably up to 8 points. In any case the deformation do not
have to be symmetrical around the circumference of the casing.
[0017] In one embodiment the at least one blank part is subjected to mechanical stress essentially perpendicular to
the surface of the casing. In this case, the forces act essentially on the at least one blank part in a perpendicular direction
to the surface.
[0018] It is possible that the at least one blank part is subjected to mechanical stress from the outside pointing towards
the inside of the at least one blank part and / or from the inside of the at least one blank part pointing towards the outside.
With this arrangement, complex stress situations can be imposed on the at least one blank part.
[0019] The at least one blank part forms the basis for the manufactured casing which in one embodiment has essentially
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a cylindrical shape, in particular with a circular cross-section or the shape of a part of the cylindrical shape.
[0020] The problem is also solved by a casing with the features of claim 13 and a turbo engine with the features of
claim 14.
[0021] Exemplary embodiments of the invention are shown in the Figures:

Fig. 1 showing a detail view of a casing of an aircraft turbo engine;

Fig. 2A showing a blank of the casing within the tooling fixture;

Fig. 2B showing the casing of Figure 1A without the tooling fixture with applied deformation forces to obtain a pre-
determined stress state;

Fig. 2C showing a casing in a tool machine for machining the casing;

Fig. 2D showing the casing after the release of the deformation forces in a stress state after the machining;

Fig. 3A showing a schematic cross-sectional view of a pre-stressing step;

Fig. 3B showing a schematic cross-sectional view of a casing after a machining step;

Fig. 3C showing a schematic cross-sectional view of a casing under operation;

Fig. 4 showing a cross-sectional view of a deformation device with a casing;

Fig. 5 showing a detail view of a casing with different features.

[0022] Fig. 1 shows a view of a section of a compressor casing 20 of an aircraft turbo engine with a rotational axis
indicated. The complete casing 20 is build up from individual sections, i.e. casing elements 21, 22, 23, 24, 25 which are
held together by bolted connections. In other embodiments a so-called ’split’ case design is used, i.e. a casing 20 which
comprises multi-stage components but is made up of two 180 degree half shells. In other embodiments the casings
could be segmented casings i.e. where the casing liner (or rotor path) is split into (typically) 4, 6 or 8 segments and held
within a ring casing.
[0023] In the design of an aircraft turbo engine these individual casing elements 21, 22, 23, 24 25 form rings which
together enclose e.g. the compressor stages of the turbo engine as a casing 20. In a similar manner casings 20 can
enclose other parts of the turbo engine, like for instance the turbine stages and / or the combustion chambers of the
aircraft turbo engine.
[0024] In Fig. 1 a part of a tooling fixture 10 is shown which is attached in two points to the casing elements 21, 22,
23, 24, 25 to exert point like forces F1, F2. The purpose of the tooling fixture 10 will be explained below in Fig. 2. In Fig.
1 one way of interfacing a tooling fixture 10 with casing elements 21, 22, 23, 24, 25 is shown, i.e. tooling fixture 10 is
releasable screwed to casing elements 21, 22, 23, 24, 25. In those locations forces F1, F2 are pressed onto the casing
elements 21, 22, 23, 24, 25 which are assembled to form the casing 20.
[0025] It should be noted that the design of these particular casing elements 21, 22, 23, 24, 25 in Fig. 1 is just an
example. Other parts of the turbo engine might require differently shaped casings 20. Furthermore, the embodiments
shown here are aircraft turbo engines. Other embodiments relate to stationary turbo engines like gas turbines. Should
I provide a more generic diagram of the casing structure? 21-25 should not be published as is.
[0026] In Fig. 2A to 2D different steps in an embodiment of a method to manufacture a casing 20 for the turbine engine
1 are shown.
[0027] Fig. 2A shows three blank parts 1A, 1B, 1C fixed in a tooling fixture 10 with three essentially horizontally
positioned beams. In another embodiment differently shaped tooling fixtures 10 can be used. The tooling fixtures 10
allow the defined exertion of forces F1, F2, F3, F4, F5, F6, F7 to a blank part 10 to obtain a defined deformation (not
shown here) resulting in a defined mechanical stress status S1 (see Fig. 2B). The blank parts 1 A, 1 B, 1C can be
fastened within the tooling fixture 10 while the forces F1, F2, F3, F4, F5, F6, F7 act upon the blank parts 1 A, 1 B, 1C.
The blank parts 1 A, 1 B, 1C can be moved with the tooling fixture 10 in place so that different machining steps are
possible with a pre-defined mechanical stress status S1.
[0028] In Fig. 2A for the sake of simplicity thee parts of the tooling fixtures 10 are shown, one at the bottom, one in
the middle and one at the top. From each part of the tooling fixture 10 forces F1, F2, F3, F4, F5, F6, F7 are exerted in
predefined directions and magnitudes on the blank parts 1 A, 1 B, 1C. In other embodiments, the number of forces F1,
F2, F3, F4, F5, F6, F7 acting on the blank parts 1 A, 1 B, 1C and their size and / or direction can be different.
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[0029] The blank parts 1 A, 1 B, 1C will become the casing 20 or casing element 21, 22, 23 after further processing
steps (see Fig. 2D).
[0030] In the embodiment shown in Fig. 2A the blank parts 1 A, 1 B, 1C comprise three relatively flat (i.e. low length
to diameter ratio) cylindrical elements with an essentially circular cross-section. In other embodiments the blank parts
1A, 1B, 1C can have different shapes and length to diameter ratios and different cross-sections, e.g. polygonal. In
principle it is possible that the blank parts 1 A, 1 B, 1C for the casing elements 21, 22, 23 each have different size and shape.
[0031] In Figure 2B the blank parts 1 A, 1 B, 1C are shown without the tooling fixture 10 for the sake of simplicity. In
the second step of the method for manufacturing a casing 20 individual point like forces F1, F2, F3, F4, F5, F6, F7 are
applied as indicated by the arrows.
[0032] The forces F1, F2, F3, F4, F5, F6, F7 are acting upon the blank parts 1 A, 1 B, 1C, i.e. comprising three casing
elements in different planes and angles.
[0033] Those forces F1, F2, F3, F4, F5, F6, F7 result in local deformations (not shown here) and hence in a specific
mechanical stress status S1 within the blank parts 1 A, 1B, 1C. The stress status S1 in the blank parts 1 A, 1 B, 1C is
the result of the application of the loads through the tooling fixtures 10 to the blank parts 1 A, 1 B, 1C. The stress status
S1 can be three-dimensional e.g. describable through a tensor.
[0034] In alternative embodiments the forces F1, F2, F3, F4, F5, F6, F7 can act in different directions and on different
planes on the blank parts 1 A, 1 B, 1C generating a different stress status within the blank parts 1 A, 1 B, 1C.
[0035] In the embodiments shown the forces F1, F2, F3, F4, F5, F6, F7 are acting point-like. In other alternatives the
forces could press on a line or an area, generating a different internal mechanical stress status S1.
[0036] The forces F1, F2, F3, F4, F5, F6, F7 are generated by hydraulic, pneumatic and / or mechanical devices not
shown in Figure 2B. The acting of the forces F1, F2, F3, F4, F5, F6, F7 and the stress status S1 are maintained by the
tooling fixture 10 so that moving the blank parts 1 A, 1 B, 1C within the tooling fixture 10 does not result in a changing
of the direction and the amount of the forces F1, F2, F3, F4, F5, F6, F7 and thereby changing of the stress status S1
[0037] In the third step shown in Fig. 2C the pre-stressed blank parts 1 A, 1 B, 1C are put into a tool machine 11 while
still being in the tooling fixture 10. The forces F1, F2, F3, F4, F5, F6, F7 are still acting through their actuators (not shown
here) on the blank parts 1A, 1 B, 1C maintaining the stress status S1. In the pre-stressed blank parts 1 A, 1 B, 1C e.g.
a round opening is shaped by milling with a milling tool 12 (not shown here).
[0038] Under these conditions the blank parts 1 A, 1 B, 1C are subjected to a machining process with a machine tool
12, like e.g. milling, grinding, drilling, honing, or turning. This means that the metal of the casing 10 is machined with a
tool 12 while it is in stress state S1 and hence pre-deformed while a machined opening 3 is essentially perfectly round.
[0039] In the fourth step shown in Fig. 2D the stress status S1 is released by removing the tooling fixture 10 together
with the force application devices. After the removal of the forces F1, F2, F3, F4, F5, F6, F7 the machine part comprises
the casing elements 21, 22, 23 under the stress status S2, i.e. essentially the unstressed or free-stress situation.
[0040] Under this stress status S2 (i.e. the free-stress situation) the initially round opening 3 (see Fig. 2C) becomes
un-rounded in a pre-defined way. The pre-determined deviation from the essentially perfect roundness of the opening
is designed in a way so that in operation, the opening 3 takes on a shape which is optimized for the operation, e.g.
minimizing the tip clearances. In operation, in particular at certain design points, the round opening 3 matches the
movement of the rotor blades which is round as well.
[0041] This implies that the optimal shape of the opening 3 under operation is non-round. This is further explained in
Fig. 3A to 3C.
[0042] In Fig. 3A to 3C the shapes of the blank part 1 and the machined part are shown in different stages of the
processing.
[0043] In Fig. 3A a schematic cross sectional view of a blank part 1 is depicted. The blank part 1 is deliberately deformed
by four forces F1, F2, F3, F4. The application of the forces F1, F2, F3, F4 in the tooling process replicates or anticipates
the distortion of the casing 20 under operating conditions of the turbo engine.
[0044] Forces F1, F2 are pulling away from the center elongating the blank part 1 in the vertical direction. Forces F3,
F4 are pressing the blank part 1 inwards towards the center deforming the blank part 1 into an elongated or elliptical
shape. In this shape the blank part 1 is under an internal mechanical stress S1. The forces F1, F2, F3, F4 are applied
through the tooling fixture 10 which is not shown here.
[0045] When the blank part 1 under stress S1 is machined the opening 3 is essentially round.
[0046] Once the blank part 1 has been machined into the casing 20 or a casing element 21, 22, 23, 23, 24, 25, the
tool fixture 10 is removed and the casing is assembled in the turbo engine. This static view, i.e. a not operating turbo
engine, is shown schematically in Fig. 3B.
[0047] Under the mechanical stress status S2, the opening 3 becomes non-round, here elliptical. The tips of the blades
of the compressor of the turbo engine are essentially on a circular path (dashed line in Fig. 3B) which at rest fitted into
the non-round opening 3.
[0048] In Fig. 3C the casing 20 is shown in an operational turbo engine showing that the casing 20 becomes distorted
under operation, distorting the opening 3 into a circular cross-section. The tips of the blades are also rotating on a round



EP 3 078 448 A1

6

5

10

15

20

25

30

35

40

45

50

55

path (again shown in dashed line) within the opening 3 with the now circular cross-section (dashed line in Fig. 3C). The
tip clearance, i.e. the distance between the path of the blade tips and the circumference of the opening 3 is constant all
around the opening.
[0049] In Fig. 4 an embodiment of the tooling fixture 10 is shown to shape the casing 20 into a predetermined shape.
[0050] In the shown embodiment the tool fixture 10 comprises two parts, an outer fixture 10A and an inner fixture 10B.
The blank part 1 to be machined into a casing 20 (or a casing element) is positioned within the inner fixture 10B.
[0051] Four force application locations are positioned at the circumference of the outer fixture 10A. In this embodiment
the force application locations are each spread apart by 90°. In alternative embodiments the force application locations
can be positioned in other arrangements.
[0052] At the force application locations deformation devices 14, e.g. screw devices 14 or hydraulic devices 14, are
used to apply the forces F1, F2, F3, F4 towards the center or away from the center of the blank part 1. In other embodiments
the forces can act in different directions onto the blank part.
[0053] The force application is indicated by the double arrow at the force loading locations. Unlike in the other em-
bodiments shown above, the forces F1, F2, F3, F4 are not operating as point forces on the blank part 1 but are spread
through load spreaders 13 onto the inner fixture 10B. The inner fixture 10B then applies the load onto the blank part 1
to generate the desired, predetermined deformation (not shown here).
[0054] In Fig. 3A to 3C the change of the shape was symmetrically and assumed the idealized form of a circle or an
ellipse. In other embodiments the shapes of the opening 3 and / or the casing might deviate from that. So it is possible,
to apply forces F1, F2, F3, F4 in an asymmetrical way, resulting in somewhat distorted shapes. By applying local
deformations e.g. between 0,05 and 1,5 mm it is possible to create complex shapes.
[0055] In Fig. 4 a data processing unit 30 is schematically shown. The data processing unit provides input to the
deformation devices 14 so that the information is performed so that the opening 13 has the optimal shape under operation
(see Figure 3C).
[0056] The data processing unit 30 is used to control the movement of the deformation devices 14. This could be
either by measuring and /or monitoring actual displacements or by controlling the level of force imparted onto the inner
fixture 10B. The displacement or force limits would be predetermined to result in the desired shape of 3 prior to machining.
[0057] In Fig. 5 an embodiment of a casing 20 with a number of features is shown, wherein the features can be present
each alone or in any combination with each other. In other aspects reference can be made to Fig. 1 and the respective
description.
[0058] In Fig. 5 two tip clearances TC are indicated as examples for the tip clearances which need to be minimized.
One tip clearance TC is shown between a rotor blade 40 and the casing 20. The other tip clearance TC shown is between
a stator vane 42 with a shroud 43 and a liner 44 and a sealing 41 which is here shown as a fin sealing or knife sealing.
[0059] The casing 20 can comprise a liner 26 which is here shown opposite a rotor blade 40, i.e. the rotor blade 40 is
in the rotor path of the casing 20. Further downstream the rotor blade 40 is in the rotor path of the casing 20 without a liner.
[0060] This shows that the embodiments of the casing 20 with or without liners 26 can in the rotor paths can be used.
The stator vanes 42 can have no shrouds (so called single ended vanes or cantilevers). The stator vanes 42 can have
shrouds 43 and liners 44 above a sealing 41 or shrouds 43 without liners.
[0061] It is also possible to use difference designs for the casing 20, e.g. a full ring, a split case or a segmented casing.
The rotor paths in the casing 20 may be 360° or segmented in two or more (up 16) part. The segments of more than
two parts would typically sit within full ring or a split case arrangement.
[0062] It should be understood that the above description is intended for illustrative purposes only, and is not intended
to limit the scope of the present disclosure in any way. Thus, those skilled in the art will appreciate that other aspects
of the disclosure can be obtained from a study of the drawings, the disclosure and the appended claims. All language
of distinction and disparagement with respect to certain features is intended to indicate a lack of preference for those
features, but not to exclude such from the scope of the disclosure entirely unless otherwise indicated. All methods
described herein can be performed in any suitable order unless otherwise indicated herein or otherwise clearly contra-
dicted by context. Various features of the various embodiments disclosed herein can be combined in different combi-
nations to create new embodiments within the scope of the present disclosure. Any ranges given herein include any
and all specific values within the range and any and all ranges within the given range.

List of Reference Numbers

[0063]

1, 1A, 1B, 1C Blank part
3 Opening

10 Tooling fixture
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11 Tool machine
12 Tool
13 Load spreaders
14 Deformation device

20 Casing
21, 22, 23, 24, 25 Casing element
26 Casing liner

30 Data processing unit

40 Rotor blade
41 Sealing / Fin
42 Stator vane
43 Shroud
44 Liner for Shroud

A Casing Segment
B Casing Segment
F1, F2, F3, F4, F5, F6, F7 Local forces
S1 Predetermined stress state
S2 Stress state after machining

TC Tip clearance

Claims

1. Method for machining a casing (20) for a turbo engine, wherein

a) at least one blank part (1) for the casing (20) is positioned in a tooling fixture (10),
b) the at least one blank part (1) and / or a tool (12) of a tool machine (11) is mechanically stressed by at least
one locally applied force (F1, F2, F3, F4, F5, F6, F7) into a predetermined stress status (S1), the tooling fixture
(10) maintaining the stress status (S1) in the at least one blank part (1)
c) the at least one blank part (1) in the stress state (S1) is subjected to a machining process;
d) the stress status (S1) is released after the completion of the machining process so that the machined part
takes on the shape determined by the internal stress (S2) without the at least one locally applied force (F1, F2,
F3, F4, F5, F6, F7).

2. Method according to claim 1, wherein the casing (20) is a part of a turbo engine, in particular an aircraft engine or
a gas turbine.

3. Method according to claim 1 or 2, wherein the casing (20) comprises a ’split’ case design or segmented casings.

4. Method according to at least one of the preceding claims, wherein the machining process is a turning process, a
milling process, a lapping process, a honing process and / or a grinding process.

5. Method according to at least one of the preceding claims, wherein the mechanical stressing of the at least one blank
part (1) is determined by a data processing unit (30) using input data from finite element models, isothermal models
or thermal models.

6. Method according to at least one of the preceding claims, wherein the mechanically stressing of the at least one
blank part (1) is determined by the data processing unit (30) using input data obtained from predetermined data, in
particular experimental data, theoretical analysis and / or simulation data conducted with and / or obtained from with
the casing (20) of the turbo engine.

7. Method according to at least one of the preceding claims, wherein the mechanical stressing of the at least one blank
part (1) is performed by at least one force (F1, F2, F3, F4, F5, F6, F7) with a point load and / or by at least one force
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(F1, F2, F3, F4, F5, F6, F7) with an area load through at least one deformation device (14).

8. Method according to at least one of the preceding claims, wherein the mechanical stressing of the at least one blank
part (1) is performed by the at least one deformation device (14), in particular a hydraulic device, a pneumatic device
and / or a mechanical device, in particular a screw device.

9. Method according to at least one of the preceding claims, wherein the predetermined stress status (S1) in the blank
part (1) comprises at least one local deformation between 0.05 and 1.5 mm.

10. Method according to at least one of the preceding claims, wherein the at least one blank part (1) is subjected to a
mechanical stress in at least two points, up to 10 points.

11. Method according to at least one of the preceding claims, wherein the at least one blank part (1) is subjected to
mechanical stress essentially perpendicular to the surface of the at least one blank part (1).

12. Method according to at least one of the preceding claims, wherein the blank part (1) is subjected to mechanical
stress from the outside of the at least one blank part (1) pointing towards the inside and / or from the inside of the
at least one blank part (1) pointing towards the outside

13. Method according to at least one of the preceding claims, wherein the casing has essentially a cylindrical shape, in
particular with a circular cross-section or the shape of a part of the cylindrical shape.

14. Casing for a turbo engine manufactured by a method according to at least one of the claims 1 to 132.

15. Turbo engine, in particular an aircraft turbo engine, with at least one casing (20) according to claim 14.
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