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ASSEMBLY/DISASSEMBLY APPARATUS FOR FLANGED MECHANICAL DEVICE
AND ASSEMBLY/DISASSEMBLY METHOD FOR FLANGED MECHANICAL
DEVICES

DESCRIPTION
TECHNICAL FIELD

Embodiments of the subject matter disclosed herein correspond to assembly/disassembly
apparatuses for flanged mechanical devices, preferably rotary mechanical devices such turbo-
machines or also piping, still more preferably for gas turbines or similar and method for
assembling a flanged mechanical device, particularly a turbo-machine, still more particularly

a gas turbines or similar.
BACKGROUND ART

Mechanical device parts coupling is often obtained by means of flanges provided on two parts

which need to be joined together.

This is the case, for example, of rotary mechanical devices, which are often provided by a
substantially cylindrical casing housing operative components of the device itself; the casing
is often made in two, three or more substantially cylindrical segments, each one provided at
its free ends with flanges which, in an operating condition, are coupled together so as to form

the complete casing, by means of bolts or similar mechanical coupling devices.

Another non limiting example are pipings: each pipe segment is provided by flanges useful
for connecting it to another pipe segment or to an operative device (valves, pumps,

compressors or similar) that is, on its turn, provided by a flange.

Substantially, the same applies in the field of turbo-machines, preferably gas turbines,
compressors or similar, that are usually provided by different modules, each provided by its

own shaft (either driving or driven depending on the machine kind).

For example in a gas turbine having an high and a low pressure modules, each module is
provided by its own shaft; such modules are pre-assembled each by each and then assembled

together so as to form the main part of the rotary mechanical device itself.
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The external casing of each module is substantially cylindrical; during the assembly of the
turbine, the two casing must be coupled together; usually those casings are provided, to this

extent, with coupling flanges.

It has to be reminded that there is a strong need for having the two shafts perfectly aligned
and that every module, during the assembly phase, must be moved and properly positioned
with respect to the other one; those operations are rendered even more difficult considering

the weight of each module.

The same problem arises also when separation of the modules is needed, for example for

maintenance purposes.

To this extent embedded lifting points are usually provided on each casing of the modules;

during the operations a sliding of the two modules occurs.

Another limit is related to the fact that additional features on the turbo-machine structure
(lugs, gibbs, etc) must be provided, and the casing must therefore be designed to this
extent; it may occurs that in some cases those additional features can compromise a

design related to pure performance aspects.

In order to fully understand difficulty that arises during an assembly/disassembly

phase, a brief explanation will be given herein below.

In the case of a gas turbine, provided by two modules, the latter are cylindrical; when they
need to be disassembled (for example for dismantling the turbine and reassembling the same
in another place, or for maintenance purposes), starting from the mounted turbine, it is
necessary first to install low jack support below one of the modules; then one module is
moved away from the other so as to free up the mating surface between the two modules,
usually a coupling flange; a front support is then installed the flange, thanks -for example- to

a lifting crane or similar.
It is then possible to remove the module on which the support has been mounted.

The same procedure is repeated (in the opposite way) when an assembly of the rotary
mechanical device is needed; the relevant limits of this procedure are now well apparent, and

are -briefly- related to the need of having two heavy equipment suspended, to the relative high
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cost and time needed for completion of assembly/disassembly operation and to the relative

complex and risky operation to be performed in site.
SUMMARY

Therefore there is a general need for an improved apparatus and method for
assembly/disassembly of a flanged mechanical device, such for example turbo-machines, still

more preferably turbines or gas turbines casings.

An important idea is to provide an apparatus and a method able to simultancously engaging a
first flange of a first casing and, while disengaging said first flange engaging simultancously a

second flange of a second casing.

First embodiments of the subject matter disclosed herein correspond to an
assembly/disassembly apparatus for flanged mechanical device wherein the apparatus

comprises:
- a main body provided with a rear abutment sector having at least a seat,

- a coupling pin removably housed in part in the seat and extending from the seat in a

first direction,
- grabbing device coupled to said main body,

- an engagement mechanism provided at least by a first and a second retaining arms,
said first and second retaining arm being movable together between a first and a
second positions, in which, in said first position the first retaining arm faces the rear
abutment sector while in said second position the second retaining arm faces the rear

abutment sector.

Second embodiments of the subject matter disclosed herein correspond to an assembly

method for flanged mechanical devices.

Third embodiment of the subject matter disclosed herein correspond to a disassembly method

for flanged mechanical devices.
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In this way, either by the apparatus or the method herein described, it is possible to separate

the two modules without the need of having the mating flange free.
At the same time, advantageously, the apparatus acts also as a support for transportation.

Therefore, there is no need of additional features on the machine structure (lugs, gibbs, etc) so

the casings can be designed only with regard to performance aspects.

At the same time, advantageously, the apparatus acts also as a support point for module

transportation/shipping or similar needs.

Moreover, the apparatus and method herein described, leaves free contact surface between
two modules, and is able to guide such modules during the coupling phase eliminating the risk

of damaging the inner components.
BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings, which are incorporated herein and constitute a part of the
specification, illustrate exemplary embodiments of the present invention and, together with

the detailed description, explain these embodiments. In the drawings:

Fig. 1 and 2 show a plan and a lateral view of an exemplary embodiment of an apparatus for

assembly/disassembly of flanged mechanical devices;

Fig. 3-5 show enlarged different sectional views of the apparatus of fig. 1, 2 corresponding to

particulars of the latter;

Fig. 6 and 7 show a frontal and a lateral view of the apparatus of the preceding figures, in an

operating condition;

Fig. 8-15 show, in a front and sectional view, different moment of an assembly phase of a

flanged mechanical device, in which the apparatus of the preceding figures is used;

Fig. 16-17 show, in a sectional and front view, a detail of the apparatus of the preceding

figures according to a first embodiment;

Fig. 18 show, in a sectional view, the detail the preceding figures in a second embodiment.
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DETAILED DESCRIPTION
The following description of exemplary embodiments refers to the accompanying drawings.

The following description does not limit the invention. Instead, the scope of the invention is

defined by the appended claims.

Reference throughout the specification to “one embodiment” or “an embodiment” means that
a particular feature, structure, or characteristic described in connection with an embodiment is
included in at least one embodiment of the subject matter disclosed. Thus, the appearance of
the phrases “in one embodiment” or “in an embodiment” in various places throughout the
specification is not necessarily referring to the same embodiment. Further, the particular
features, structures or characteristics may be combined in any suitable manner in one or more

embodiments.

One embodiment of an assembly/disassembly apparatus 1 will be described in the following

with reference to the attached figures.

The apparatus 1 is especially useful for assembly/disassembly operations of flanged
mechanical devices FMD, as will be better apparent when the method will be described, later

on in this description.

In the attached drawings the exemplary flanged mechanical device FMD is a turbine,
particularly a gas turbine, but, more in general, such a flanged mechanical device FMD can be
also a piping component (pipe, valve, tank or other) without limiting both the method and the

apparatus herein described and claimed.

In order to best understand such method, a brief description of the apparatus will be given

hereinabove.

In a non-limiting example the apparatus 1 comprises a main body 2 provided with a rear
abutment sector 21; preferably, when the flanges F1, F2 of the flanged mechanical devices are
circular flanges (as in fig.7, 8-15) , the main body 2 has substantially an arched shape; in case
that the flanges are rectilinear, then the main body 2 will show a straight shape; in case that
the flanges have different shape, then the main body 2 will be shaped in a corresponding

manner, so as to embrace at least a portion of the flange F1, F2.
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The main body is provided at least with a seat 22, in which is housed, in part, a coupling pin 4

which, on its turn, extends from the seat 22 in a first direction.

In the attached figures a plurality of coupling pin 4 and corresponding seat 22 are provided,

but it must be understand that, in certain cases, also one pin 4 will be sufficient.

The main body is provided also with a grabbing device 3 coupled to said main body 2; the
grabbing device can be provided in different form, as an example it can be in the form of an

eyebolt, an arm, a bollard, a boom or similar.

In the attached figures two grabbing devices 3 are provided: one in the form of a bollard and
the other in the form of an eyebolt; it must be stressed that different shapes and number of

grabbing devices can be provided in other embodiments.

The grabbing device 3 primary function is to serve as a grabbing point for engaging the

apparatus 1 with suitable lifting devices (ex. bridge crane, supports or similar).

As can be easily seen in the figures, the apparatus 1 further comprises an engagement

mechanism 5 provided at least by a first 51 and a second 52 retaining arm.

Such retaining arms 51, 52 are movable together between a first and a second positions, in

which;

in the first position (as in fig. 10,11), the first retaining arm 51 faces the rear abutment sector
21, so as to define an U-shaped seat in which a first flange F1 can be engaged and retained

between the rear abutment sector 21 and the first retaining arm 51

in the second position (as in fig. 14,15) the second 52 retaining arm 52 faces rear abutment
sector 21, so as to define an U-shaped seat in which the first and a second flange F1, F2 -
parallel each other- can be engaged and retained together between the rear abutment sector 21

and the second retaining arm 52.

The two retaining arm 51, 52 are spaced each other in the first direction so that one (51) is
near to the rear abutment sector 21, while the other (52) is remote from the latter; in this way
the two U-shaped seat defined in the first and second position are different: the first seat has

substantially the thickness of the flange F1, while the second has the thickness of at least both
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the first and second flange F1, F2 plus an additional working thickness which will be

understood better in the following.

Therefore, by moving the arms 51,52 together between the first and second position and vice
versa, is possible to engage one or two flanges F1, F2 in the space or seat between the facing
arm (depending on the first or second position) and the rear abutment sector 21: when the
engagement mechanism 5 is in the first position, then only one flange F1 can be engaged in
the space between the arm 51 and the rear abutment sector 21, while when the engagement
mechanism 5 is in the second position, then both flanges F1 and F2 can be engaged in the

space between the arm 52 and the rear abutment sector 21.

For what concern the pin 4, it can be either fixed in the seat 22 or removably housed in the
same; in the latter case different solutions are available, for example both the pin 4 and the
seat 22 can be provided with threads; preferably the coupling pin 4 is removably housed in
part in the seat 22.

The pin 4 is adapted to be inserted in the holes or seats usually provided on the flanges F1,
F2; those holes or seats are normally used for housing couplings (such as bolts or similar) that
retains the two flanges F1, F2 in the coupled condition; therefore, diameter and length of the

pin 4 can vary according to the circumstances.

The pin 4 extend from the body 2 at least from a face of the latter which is on the opposite
side that the one provided by the rear abutment sector: in this way, when engaged by the pins

4 the flange F1 rest on said rear abutment sector 22.

In the preferred embodiment shown, the engagement mechanism 5 comprises a coupling shaft
53 rotatable coupled with said main body and extending from the latter in the first direction

(parallel to the pin 4).

The first 51 and second 52 retaining arms are fixedly coupled with the coupling shaft 53 and

extends from the latter in a radial direction at a predetermined distance each other.

Such permanent (or fixed) coupling between the shaft 53 and the arms 51,52 can be obtained

in different ways: in one example the two arms 51, 52 are provided by a mechanical shape
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coupling, while in other embodiments, they are monolithic with the shaft 53, tough other

permanent coupling means may be provided according to the circumstances.

Preferably, as depicted in the non-limiting example of the attached figures, the engagement
mechanism 5 is a camshaft mechanism, said first 51 and second 52 retaining arms being
cams, preferably plate-like cams, as shown in the details of fig. 16-18 which shows different

embodiment of the arm 51, the second arm 52 being analogous.

Preferably each arm 51, 517 is made by a plate having one hole 511 for coupling with the
shaft 53 and one shaped edge 510, 510°, which is preferably provided at least by an inclined
coupling surface which will help in engaging the flange F1, F2.

As shown in the two different embodiment 51, 51° of fig. 16 and 18, the inclination angle of

the inclined coupling surface and its extension can vary according to the circumstances.

Reverting back to the shaft 53, the latter is preferably rotatably coupled with the body 2, so
that the first and second position above described can be reached through a rotation of the
shaft 53 itself, which moves the first and second arm 51, 52 to face the rear abutment sector

21, as can be best seen in fig. 8-15 which shows an engagement phase in different moments:

in fig. 8,9 the first flange F1 is engaged by the pins 4 of the apparatus 1 and both the first and
second arm 51, 52 are in a non-engaged starting position, in which they do not face the rear

abutment sector 22 and do not define any seat with the latter;

in fig. 10,11 the first flange F1, engaged by the pins 4 of the apparatus 1, is blocked between
the first arm 51 and the rear abutment sector 22, in the U-shaped seat created by moving the
first arm 51 in the first position, in which it face the rear abutment sector 22; as can be seen
the pin 4 extends substantially until the second arm 52: in this condition the portion of the pin
4 free from the engagement with the flange F1 is free for an engagement with the flange F2
and the second arm 52 does not interfere with such flange F2 during the insertion phase on the

pin 4;

in fig. 12,13 the pin 4 is engaged with the flange F2 and it is interesting to notice the safety
position reached by arms 51, 52: in this safety position both flanges F1 and F2 are engaged

respectively by arms 51 and 52, so that any disengagement is prevented; this is possible (in
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this non limiting embodiment) by providing the two arms 51, 52 oriented by 90° each other,
to that in the safety position they are both in contact with the two flanges and only partially

facing the rear abutment sector 22;

in fig. 14, 15 the shaft 53 is rotated to the second position, in which the second arm 52 faces
the rear abutment sector 22, the first arm 51 being far removed; in this position the second
arm 52 and the rear abutment sector 22 defines the U-shaped seat in which both the first and
second flange F1, F2 are housed; coupling of the two can then be effected through bolts or

similar.

It has to be noted that rotation, or more in general, movement, between the two positions (and
optionally the safety position) can be achieved in many ways; preferably, in order to reduce
weight and costs of the apparatus, the engagement mechanism 5 is manually operable, for
example by means of a manually operable lever attached to the shaft, as shown; such a lever
can be provided on the side of the shaft 53 not provided by the arms 51,52, as shown; in
another -not shown- embodiment- the manually operable lever (or any equivalent) is provided

on the opposite side of the shaft 53 (near to the arm 52 for example).

A first method herein described is an assembly method for flanged mechanical devices, while

another method is a disassembly method.

Both the methods are used for assembly (or disassembly) mechanical devices comprising a
first part C1 provided at least by a first flange F1 and a second part C2 provided at least by a
second flange F2; when assembled, the two flanges F1, F2 are intended to be coupled by

coupling, such for example bolts housed in dedicated holes (or seats) of the flanges F1, F2.

Starting with a brief description of the assembly method, as shown in fig. 8-15 in different

moments, in general it comprises the step of:

Al. engaging a first flange F1 of the first part C1 of said flanged mechanical devices by
means of an assembly/disassembly apparatus 1 provided at least by a first 51 and a second 52
retaining arms, by blocking the apparatus 1 on said first flange F1 at least by means of said

first retaining arm 51 (fig. 10-11),
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B1. moving a second flange F2 of a second casing C1 of said flanged mechanical devices

toward said first flange F1,

Cl1. simultancously disengaging said first 51 retaining arm from said first flange F1 and
engaging said second flange F2 with said second 52 retaining arm, while keeping said first
arm 51 in contact in contact with said first flange F1 until at least said second arm 52 come

into contact with said second flange F2 (fig. 12,13 and 14,15).

The step C1, particularly, assure that no unexpected movement or disengagement between the

parts occurs, thus improving also safety and operability of the assembly operation.

In a preferred embodiment, the step Al provides for blocking the apparatus 1 on said first
flange F1 by engaging said first flange F1 between the first retaining arm 51 and a rear
abutment sector 21 of the apparatus 1 and by inserting at least one coupling pin 4 of the

apparatus in a corresponding seat provided on said first flange F1.

While the retaining arm 51 and the rear abutment sector 21 prevent axial movement of the
flange F1, the coupling pin 4 prevents radial movement and, when engaged in the second
flange F2, it serves also as a guide during the assembly operation, avoiding misplacement and

assuring for a correct coupling.

In a preferred embodiment, the step B1 provides for moving a second flange F2 substantially
in an abutment condition against said first retaining arm 51; then the step Cl1 can be
performed and comprises an axial movement of the second flange F2 against the first flange
F1, until an abutment between the two has been reached and the coupling can be perfected

(ex. by bolts or similar).

Assembly of the flanges F1, F2, can be finalized by removing the pin 4 (and/or the entire
apparatus 1) and preferably using additional bolts or similar for finalizing the coupling of the

flanges.

It has to be noted that the grabbing device 3 serves for moving the device and/or lifting it
(from the above or by a support) without the need of occupying the mating surface of the

flanges, thereby obviating the above discussed limits of the known art solutions.

10



WO 2016/198216 PCT/EP2016/060184

For particularly heavy mechanical devices, two or more apparatus 1 as already described can
be used, as shown in the example of fig. 6 and 7, so to lift or suspend the Flanged mechanical

device FMD on two opposite side of the latter.

When a disassembly of a mechanical flanged device FMD occurs, then it has to be considered
that the first part C1 -provided at least by a first flange F1- and the second part C2 -provided
at least by a second flange F2- are already in a coupled condition, for example by means of

couplings (bots or similar) housed in respective holes (or seats) of the two flanges F1, F2.
Therefore, the disassembly method comprises the step of:

A2. engaging both the first flange F1 of the first part C1 and the second flange F2 of the
second part C2 by means of an assembly/disassembly apparatus 1 provided at least by a first
51 and a second 52 retaining arms, by blocking the apparatus 1 on said first and second flange

F1, F2 at least by means of said second retaining arm 52,

B2. removing the couplings (ex. bolts) between the first and second flange F1,F2, freeing at
least one seat for cach coupling in the first and in the second flange F1,F2 and inserting in

said seat a pin 4 of the assembly/disassembly apparatus 1,

C2. substantially simultancously disengaging said second 52 retaining arm from said second
flange F2 and engaging said first flange F1 with said first 51 retaining arms, while keeping
said second arm 52 in contact in contact with said second flange F2 until at least said first arm

51 come into contact with said first flange F1.

Preferably, the step A2 provides for blocking the apparatus 1 on said first and second coupled
flanges F1, F2 by engaging said first and second flange F1,F2 between said second retaining

arm 52 and a rear abutment sector 21 of said apparatus (1).

Optionally, those assembly and disassembly methods are intended to be operated by means of

an apparatus 1, as above described.

11
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CLAIMS:

1. An assembly/disassembly apparatus (1) for flanged mechanical device wherein the

apparatus comprises:
- a main body (2) provided with a rear abutment sector (21) having at least a seat (22),

- a coupling pin (4) housed in part in the seat (22) and extending from the seat (22) in

a first direction,
- a grabbing device (3) coupled to said main body (2),

- an engagement mechanism (5) provided at least by a first (51) and a second (52)
retaining arm, said first (51) and second (52) retaining arms being movable together at
least between a first and a second positions, in which, in said first position the first
retaining arm (51) faces the rear abutment sector (21) while in said second position the

second retaining arm (52) faces the rear abutment sector (21).

2. The assembly/disassembly apparatus (1) of the preceding claim, wherein said first (51)
and a second (52) retaining arm, are movable together in a third safety position in which, the
first retaining arm (51) partially faces the rear abutment sector (21) and the second retaining

arm (52) partially faces the rear abutment sector (21).

3. The assembly/disassembly apparatus (1) of the claims 1 or 2, wherein the engagement
mechanism (5) comprises a coupling shaft (53) rotatable coupled with said main body and
extending from the latter in said first direction, substantially parallel to the coupling pin (4),
said first (51) and second (52) retaining arms being fixedly coupled with said coupling shaft

(53) and extending in a radial direction from the latter at a predetermined distance each other.

4. The assembly/disassembly apparatus (1) of the preceding claim, wherein the
engagement mechanism (5) is a camshaft mechanism, said first (51) and second (52) retaining

arms being cams.

5. The assembly/disassembly apparatus (1) of any one of the preceding claims, wherein

said coupling pin (4) is removably housed in part in the seat (22).

12
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6. The assembly/disassembly apparatus (1) of any one of the preceding claims,
comprising a fixing device (25) provided on said main body (2) extending substantially

perpendicular with respect to said coupling pin (4).

7. The assembly/disassembly apparatus (1) of any one of the preceding claims, in which
said main body (2) is an arched body.

8. An assembly method for flanged mechanical devices comprising a first part (C1)
provided at least by a first flange (F1) and a second part (C2) provided at least by a second
flange (F2), the method comprising the step of

Al. engaging a first flange (F1) of the first part (C1) of said flanged mechanical
devices by means of an assembly/disassembly apparatus (1) provided at least by a first
(51) and a second (52) retaining arms, by blocking the apparatus (1) on said first

flange (F1) at least by means of said first retaining arm (51),

B1. moving a second flange (F2) of a second casing (C1) of said flanged mechanical

devices toward said first flange (F1)

C1. simultancously disengaging said first (51) retaining arm from said first flange (F1)
and engaging said second flange (F2) with said second (52) retaining arms, while
keeping said first arm (51) in contact in contact with said first flange (F1) until at least

said second arm (52) come into contact with said second flange (F2).

9. The assembly method of claim 8§, wherein the step Al provides for blocking the
apparatus (1) on said first flange (F1) by engaging said first flange (F1) between said first
retaining arm (51) and a rear abutment sector (21) of said apparatus (1) and by inserting at
least one coupling pin (4) of the apparatus in a corresponding seat provided on said first

flange (F1).

10.  The assembly method of claim 8 or 9, wherein the step B1 provides for moving a

second flange (F2) substantially in an abutment condition against said first retaining arm (51).

11. A disassembly method for flanged mechanical devices comprising a first part (C1)

provided at least by a first flange (F1) and a second part (C2) provided at least by a second

13
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flange (F2), in the assembled condition said first and second flange (F1,F2) being in a coupled

condition by means of couplings, the method comprising the step of

A2. engaging both the first flange (F1) of the first part (C1) and the second flange (F2) of the
second part (C2) of said flanged mechanical devices by means of an assembly/disassembly
apparatus (1) provided at least by a first (51) and a second (52) retaining arms, by blocking
the apparatus (1) on said first and second flange (F1, F2) at least by means of said second

retaining arm (52),

B2. removing said coupling between said first and second flange (F1, F2), freeing at least one
seat for each coupling in the first and second flange (F1, F2) and inserting in said seat a pin

(4) of the assembly/disassembly apparatus (1),

C2. substantially simultanecously disengaging said second (52) retaining arm from said second
flange (F2) and engaging said first flange (F1) with said first (51) retaining arms, while
keeping said second arm (52) in contact in contact with said second flange (F2) until at least

said first arm (51) come into contact with said first flange (F1).

12.  The disassembly method of claim 11, wherein the step A2 provides for blocking the
apparatus (1) on said first and second coupled flanges F1, F2 by engaging said first and
second flange (F1,F2) between said second retaining arm (52) and a rear abutment sector (21)

of said apparatus (1).

13.  The method of any of claims 8-12, wherein the method is operated at least in part
through an assembly/disassembly apparatus (1) of any of claims 1-7.

14



PCT/EP2016/060184

WO 2016/198216

1/11

0
-
N \ < % <t
. DN oy A <
I N &)
/ N n ©
~ //I \ ! 0 _TI|‘_ / -
M N I ~ ! Y B >~ -~
/IV\ - I/fl A © \.1\\ -
\ S - | \-
10 / —— T v e v AR
II/ 8 3 v,I,\J Jln H- )
\ l// - ! f& f&
K / .
N A == =
| ///I N e - :
| f -G L -
L ST e / ——1- T~ - -
W lllll .m- lllllllll Y e — \\\\\\\\\
| e T _
|||||||||| 5 Ay E % \ O
I / .. '
I = O nrv (o)) Tl.l
“ 25 5E o
“ L~ o s
§o®8GO
SP58 5
o8 g 29 <
20 E@© <
QX% ot
O ~
< E
o
N
4
4
©
[

FIG. 1

SUBSTITUTE SHEET (RULE 26)



WO 2016/198216 PCT/EP2016/060184

2/11

25 |

4
21—
- T TH
<

51
| - —
[F: ]
£ TE— 52
oET =0 s

(SRRPUEE - | S S R ——- T

25

|

JK4
===

~
4

I____
|

-

+—
|
1

FIG. 2

SUBSTITUTE SHEET (RULE 26)



WO 2016/198216

3/11

©
oo

I

w

1260

s e o

o
(&)
($)]

' 69

-

| VY

g\

S WE— A
S~

@)

—p—————

\ .

2

A
|4>
(&)
—>

PCT/EP2016/060184

% - __@_(19.05)

(Ll

21—

_____ Y

220.6 @3/4'

i

115

Partial section A-A

FIG. 3

1

g

46

e Z—

-
o

130

M20

o

/
21

23

[

Partial section C-C

FIG.4

SUBSTITUTE SHEET (RULE 26)

:



WO 2016/198216 PCT/EP2016/060184

4/11
15
<>
1Lockoff
T e @
© : 93
12001 | ever view 90° N\ Ve 5
IR T F_ b —
40 i
----- fl\“ @4/ - 52

! >

21 T 46 115 50

Partial section B-B

FIG. 5

SUBSTITUTE SHEET (RULE 26)



WO 2016/198216 PCT/EP2016/060184

5/11

T Optional lifting T
points

w
]
O
w

FIG. 6

SUBSTITUTE SHEET (RULE 26)



WO 2016/198216

6/11

PCT/EP2016/060184

=

| ' N7
+
R??M????H?ﬁig. S:-|

O O O O

= L= L= L™

g

g
g
O

(o T N o N s |

[ |awd

S oo

SUBSTITUTE SHEET (RULE 26)

FIG. 7



WO 2016/198216 PCT/EP2016/060184

7111
!
Position 1: lever 1 , 3
arranged \ - 25
allbackto  \og ——— -y /
insert the first /{1~ AN -
flange ‘ { E - TS HE
O '/f’_L TN 3
F1 599190 4= / N
\ i ANy o
i RN \
\ﬁi\ \@\

High pressure
flange turbine

FIG. 9

SUBSTITUTE SHEET (RULE 26)



WO 2016/198216 PCT/EP2016/060184

8/11
!
1

” \ I T 3

Position 2: lever ‘ 25
arranged all " T ——--—d=o—- ~FT /

front to lock the /" \Wz5——1 NG TS

first flange — + TS

F o 99T O 7N

2.
J | 52
= = =H
~
21— =
F1
FIG. 11

SUBSTITUTE SHEET (RULE 26)



WO 2016/198216

Position 2b: lever 1
arranged in an
intermediate !

position o AN
between 2°
and 3° )
F1 ejrﬁ—‘——’

PCT/EP2016/060184
9/11
!
T 3
25
A _;’_ ~~~~~~~~ /
I VAN
R4 h
| AN
3O
N LS
W&
FIG. 12
5

21

F1

Low pressure
flange turbine

FIG. 13

SUBSTITUTE SHEET (RULE 26)



WO 2016/198216 PCT/EP2016/060184
1 !
Position 3: lever ®
. NI ’ 3
arranged in an
intermediate ; 25
position to lock the /AAY\—""" AN | T
second flange [( ~~~~~
OFD 0 A T 3
F1 o ‘_YLQ:-—€>§E = :@\‘\Q\ ™
1 | i \:@; Ny ~
' S ~ -]
K
W&

216H8

o4 Pass

511

510

5]

R2 '300

FIG.16

SUBSTITUTE SHEET (RULE 26)




WO 2016/198216

PCT/EP2016/060184

65

511\N
|

51

o4 Pass

511

510

FIG. 18

R15

216H8

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/060184

A. CLASSIFICATION OF SUBJECT MATTER

INV. FO1D25/24
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

FO1D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

paragraphs [0050],

A EP 1 752 409 A2 (UNITED TECHNOLOGIES CORP
[US]) 14 February 2007 (2007-02-14)
paragraph [0016]; figures 5,6

A US 2013/147188 Al (CHRISTIAN JR EARL [US]
ET AL) 13 June 2013 (2013-06-13)
[0051]; figures 4A,4B

1,8,11

1,8,11

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

7 July 2016

Date of mailing of the international search report

19/07/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Pileri, Pierluigi

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2016/060184
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 1752409 A2 14-02-2007 AU 2006201872 Al 01-03-2007
BR PI0601610 A 14-08-2007
CN 1915784 A 21-02-2007
EP 1752409 A2 14-02-2007
JP 2007051008 A 01-03-2007
NZ 547207 A 26-10-2007
SG 130123 Al 20-03-2007
US 2007033795 Al 15-02-2007
US 2013147188 Al 13-06-2013  CA 2798194 Al 09-06-2013
US 2013147188 Al 13-06-2013
US 2014001751 Al 02-01-2014
US 2015338004 Al 26-11-2015

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report

