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(57) Abstract: A method for drilling or cutting a pin (31) surrounded by solid material (32) includes the use of a water jet tool
(10) having a nozzle (11) that is arranged at an angle with respect to a main body (12) of the water jet tool (10). The water jet is
directed over a portion of the surface of thepin (31), and removes that portion thereby fragmenting the pin (31). In order to minimise
damage to the surrounding material, the portions removed touches the interface between the pin and the surrounding solid material
at a minimal number of points and over a minimal extent of the interface. The method is applicable in particular to the removal of
pins (31) used in a press-fit for the securing of blades (3) on a turbine rotor (1). The method facilitates "in situ” removal of pins
within a confined space ina short time and at reduced cost.
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Method and device for pin removal in a confined space

Technical Field

The invention pertains to a method and device for the controlled mechanical
removal of pins In a confined access space. It pertains in particular, but not
exclusively, to the removal of press-fit pins in steam turbine blading.

Background Art

Mechanical removal of pins in a confined space for access is typically performed
by means of hand drills or other cutting machinery such as mills. Such removal is
IN many circumstances difficult, time consuming, and costly.

For the maintenance of machines, such as motors and turbines, the space for
access to particular machine parts such as pins with such tools is confined. The
maintenance frequently requires difficult manual labor and individual handling of
maintenance operations within the given confined space. Alternatively, in order to
provide larger space for access, the machine is transported to another facility and
disassembled. Either method of maintenance is costly not only due to its labor
intensity but also due to the long downtime of the machine being out of operation.

Steam turbine blades are attached to the rotor, among others, by means of a
straddle-type blade root and press-fit pins placed in boreholes extending through
the blade root and rotor. Prior to their placement in the boreholes, the pins are for
example cooled to low temperatures, €.g. by means of liquid nitrogen. Thus
slightly reduced in size, they are then pressed into the borehole with heavy-duty
tools, which results in a tight, high-tension press-fit between the pin and the
turbine rotor and blade rootf.

During turbine maintenance, the turbine blading must be removed and replaced
requiring the removal of the press-fit pins from their boreholes. However, this Is a
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difficult procedure because the space between the blade rows is confined, In
some cases as narrow as ten centimeters.

In a first known turbine maintenance method, the space for access is increased by
removing and transporting the entire rotor to a manufacturing or maintenance
facility and segmenting it into several parts. The pins are then removed using
heavy-duty drills or electro discharge machining (EDM) drills. The latter must be
used With great care as the heat developed in the EDM drilling can cause a
soldering of the pin to the rotor. '

In a second known method, the pins are removed “in situ” thus avoiding
transporting and segmenting the turbine rotor. Each pin is removed individually
using standard, handheld drills with hard metal or diamond drill bits. Particular
care must be taken in order to prevent any damage to the material surrounding
the borehole so that a high quality press-fit of the pin fastening the new blade to
be mounted can be assured.

Both methods, rotor segmentation and “in situ” removal, are time-consuming and
costly procedures.

GB 2 349 111 discloses a general use of water jets (as opposed to EDM), for
drilling of cooling air holes in turbine airfoils. The cooling air holes are drilled prior
to mounting the airfoil on the rotor. The application thus has no particular access
space requirement.

US 2005/0050706 discloses the use of a water jet for the cutting of a rivet in
steelwork. The jet is used to cut a circular ring in the rivet in order to extricate the
rivet. The water jet apparatus comprises an extensive assembly of large size and
thus unsuitable for drilling in a confined space. | '
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Summary of Invention

According to one embodiment, there is provided method of removing a pin
surrounded by solid material by drilling or cutting in a confined space, comprising:
using a water jet from a water jet tool directed onto the surface of the pin ana
directing it along a controlled path, the water jet tool having a water supply line, a
main body, and a nozzle that is arranged at an angle with respect to the longitudinal
axis of the main body, directing the water jet over one or more portions of the surface
of the pin, whereby one or more portions of the pin are removed and each one of the
one or more removed portions include the boundary of the pin to the surrounding
solid material in at least two places, and the pin to be removed is divided into two or

more fragments.

According to another embodiment, there is provided method of removing a pin
surrounded by solid material by drilling or cutting in a confined space, comprising:

using a water jet from a water jet tool directed onto the surface of the pin and

~directing it along a controlled path, the water jet tool having a water supply line, a

main body, and a nozzle, directing the water jet over one or more porttons of the
surface of the pin, whereby one or moré portions of the pin are removed and each
one of the one or more removed portions include the boundary of the pin to the
surrounding solid material in at least two places, and the pin to be removed is divided

into two or more fragments.

It Is an objeét of some embodiments to provide a method and means to remove pins
that are accessible only from a constricted space. Additionally, the material
surrounding the pin to be removed is to remain undamaged. Compared to methods
of the state of the art, the method shall be performed either on a machine “on-site” or
in a classical workshop operation in less time and at iess cost. It shall be applicabie

to the removal of pins in any machine, in particular turbines.
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The method according to some embodiments includes drilling or cutting of a pin

surrounded by material using a water jet. The water jet is directed onto the surface
of the pin to be removed and directed along a controlied path. The method
includes the use of a water jet tool having a supply line for water, a main body,
and a nozzle that is arranged at an angle with respect to the longitudinal axis of
the main body of the water jet tool and water supply line. The water jet produced
by the nozzle is directed over one or more portions of the surface of the pin to be
removed removing one or more portions of the pin. Each portion removed
includes at least two sections of the boundary between the pin and the
surrounding material. The portions removed from the pin divide the pin into two or
more fragments thereby releasing the tension in the pin surrounded by the
material and effecting a separation of the fragments from the surrounding
material. In order to minimise damage to the surrounding material, the one or
more portions of material removed from the pin touch the interface or boundary
between the pin and the surrounding material at a minimal number of points and
over a minimal extent of the boundary. The amount of boundary touched by the
removed portions is only large enough to effect a division of the pin into portions.

In an exemplary method, the one or more portions removed from the pin have a
cross-section at the surface of the pin extending essentially along the diameter of
the pin's surface, dividing it into two parts.

In a further exemplary method, the one or more portions removed from the pin
have a cross-section at its surface having a star-like shape, where the points of
the star touch the surrounding material. In this case, the pin to be removed is

divided into three or more parts, depending on the number of points on the "star-
like” shape. '

In"a further variant of the method, the portion removed from the pin has a polygon
shape.

In order to increase the efficiency of the cutting or drilling, an abrasive material is

added to the flow of water within the water jet tool, such as for example garnet or
“sand-like” substances.

In the case that the material surrounding the pin is ferromagnetic, a further
exemplary method includes attaching the water jet tool to the surrounding materiat
using permanent magnets. This allows a time efficient placement of the tool to the
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surrounding ferromagnetic material and requires no further power or tool.
Following the removal of a pin, it is qUickly and easily removed and placed at a
new location for the removal of a further pin. In order to facilitate the precise
placement of the tool with respect to the pin to be removed, the tool is arranged
on a displacement table with at least two degrees of freedom of movement. The
displacement table is attached to the surrounding metallic material by means of
perménent magnets.

Further suitable attachments of the water jet tool, with or without displacement
table, are by means of clamps such as mechanical, spring-loaded, pneumatic or
hydraulic clamps, belts or any other means of positioning the nozzle. These may
be used in the case of non-magnetic surrounding material or permanent magnets
cannot be used for another reason, e.g. space reasons. |

A water jet used to perform the method according to some embodiments comprises a
nozzle having a longitudinal axis that is angled with respect to the longitudinal
axis of the tool main body. The overall iength of the water jet tool in line with the
water jet directed onto the pin to be removed is thereby reduced in comparison to
water jet tools of the state of the art. This facilitates access within a constricted
space.

In a further preferred aspect of some embodiments, a water jet tool assembly for
removing the pin includes two or more water jet tool nozzles, each having a water

supply line connected to a common single water supply and pump. Each water jet
tool is attached, for example, by permanent magnets to the surrounding material
such that two or more pins can be removed at the same time.

A further embodiment of the water jet tool according to some embodiments comprises a
supply line for abrasive material connected to the water line within the tool that is
connected to the water flow within the tool following the angle between the main
and the nozzle. This facilitates a design of the angled portion independent of the
abrasive, 1.e. that withstands the'pre_ssure of the water alone.

The method according to some embodiments allows an “in-situ” removal of a pin in
constricted space facilitated by the angled water jet tool nozzle. Compared to
water et tools of the state of the art, it has a reduced overall length in line with the
water jet impinging onto the pin to be removed. This allows its application in much
smaller access spaces. Transport and segmentation of the surrounding material
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or machine is no longer necessary in order to enlarge the access space. The
method furthermore allows removal of pins with minimal damage to the
surrounding material. Problems associated with EDM are entirely avoided. The
material removal method is also performed within a significantly shorter time span
compared to the mentioned methods of the state of the art.

The method according to some embodiments using the angled water jet tool is
applicable to the drilling or cutting of pins of any solid material. Such solids
include steels, metals, metal alloys, wood, ceramics, fiber reinforced composites,
and others.

It is particularly applicable in turbine maintenance such as the removal of press-fit
pins on steam turbine blading. It is equally applicable to the maintenance of any
other machine with confined space for access. Such applications include, for
example, turbine maintenance, generator maintenance, drilling operations in
boilers or double-hulls of ships. '

Brief Description of the Drawings

Figure 1 shows a section of steam turbine blading attached to a turbine rotor by
means of straddle-type blade roots and press-fit pins. The method and water jet
tool according to the invention is applicable to the maintenance of such turbine
blading as well as other machine parts that are difficult to access,
Figure 2 shows the application of the method according to the invention to the
removal of blade pins of a steam turbine. It shows the use of a water jet tool
assembly consisting of a set of two water jet tools according to the invention.

- Figure 3 shows a water jet tool according to the invention arranged on a

displacement table and fastened to a turbine rotor by means of permanent
magnets.

Figure 4 shows a water jet tool according to the invention with a nozzle angled
with respect to the main body of the water jet tool. '

Figure 5a, b, and ¢ show examples of one or more portions removed from a pin by
the method according to the invention.

Figure 6 shows a press-fit pin fragmented as a result of the removal of a star-like
portion of the pin. The fragments have detached from the surrounding material as
a result of the release of the tension of the press-fit.
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Best Modes for Carrying out the Invention

Blades are secured Iin blade rows to a steam turbine rotor by various means.
Figure 1 shows a portion of a steam turbine rotor 1, on which blade rows are
secured by means of a turbine rotor wheel 2. Each blade 3 is equipped with a
blade platform 4 and a two-part blade root 5. Each of the radially extending parts
of the root 5 is placed in a circumferential groove 6 in the turbine wheel 2. In order
to secure each blade root to the turbine wheel 2, one or more pins 7 are placed In
bores 8 extending through the turbine wheel 2 and the blade root 5. The pins are
placed in the bores by a high-tension press-fit.

When the turbine is due for service maintenance and blading replacement, the
blades must be removed. Figure 2 shows two turbine wheels 2, with blade rows 3
secured to them by their roots 5 in grooves 6. The space between the blade rows
IS confined so that a conventional tool cannot be directed straight at a pin or does
not fit at all. According to the invention, the press-fit pins are removed by means
of water jet tools as illustrated in principle in figure 2. The water jet tools 10 each
Include a nozzle 11 arranged at an angle with respect to the longitudinal axis of
the main tool body 12 and the water supply lines 13. The arrangement of the
nozzle enables the placement of the entire tool within the confined space and
allows the removal of pins and blades without segmenting the turbine rotor. Both
water supply lines 13 are preferably connected to one single water pump.

Figure 3 shows the arrangement of a water jet tool 10 according to the invention
on a displacement table 20 and the fastening of the displacement table to the
turbine wheel 2 by means of permanent magnets 21. The use of permanent
magnets 21 allows an efficient fastening and removal of the water jet tool from
one pin to the next without the need of any further tools or power. The
displacement table facilitates the precise placement of the water jet in two
directions x and y with respect to the pin to be removed.

As mentioned above, instead of using permanent magnets for the fastening of the
water jet tool onto the surrounding material, clamps or belts may be used. All
these fastening method are applicable to a water jet tool with or without
displacement table. This facilitates fastening in situations when permanent
magnets are not applicable because the surrounding material is not suitable or
there is not sufficient space for the placement of magnets.
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Figure 4 shows, In more detail, a water jet tool 10 used in the method according to
the invention and as shown for example in figure 2 and 3. It includes a water
supply line 13, a main body 12, and the nozzle 11 arranged at an angle to the
main body 12. Preferably it is at a right angle to the body 12 thus minimizing the
length of the tool in line with the water jet to be directed onto the pin. However,
any other angle Is also conceivable, depending on the application and available
space.

The nozzle 11 is made of standard high-strength stainless steel. Its internal
elements include a standard sapphire nozzle, focalizing tube, and abrasive mixing
chamber. A supply line 14 for the addition of abrasives to the water is connected
to the water flow within the water jet tool at a point following the angle between
the main body and the nozzle 11.

Figure 5a to ¢ show examples of pin portions 30 removed from a pin 31
surrounded by metallic material 32. The removal of portions 30 releases the
tension of the press-fit between the pin 31 and the surrounding solid material 32,
here a metallic material, and allows fragments of the pin to detach from the
surrounding material.

Figures 5a and b show the removal of portions 30 in the shape of a star touching
the boundary 34 between the pin 31 and the surrounding material 32 in four and
three points, respectively. By this means, the pin is dissected into several
fragments 33, whereby the surrounding material is only minimally affected.
Figure 5¢ shows a strip of material 30 removed from the pin 31 extending across
the diameter of the pin. It is the simplest shape of material portion removed
effecting fragmentation of the pin 31 into two parts.

Figure 6 shows the fragmentation and detachment of the fragments 33 from the
surrounding material 32.
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Terms used in Figures
1 turbine rotor
2 turbine wheel
3 blade
4 baled platform
5 blade root
o groove in turbine wheel
14 blade pin
3 bore for pin
10  water jet tool
11 tool nozzle head
12 main tool body
13 water supply line
14 line for abrasives
20 displacement table
2 permanent magnets
30 material portions removed
31 pin to be removed
32 surrounding solid, metallic material
33  fragment of pin to be removed
34 boundary between pin 31 and surrounding material 32
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CLAIMS!
1. Method of removing a pin surrounded by solid material by drilling or

cutting in a confined space, comprising:

using a water jet from a water jet tool directed onto the surface of the
pin and directing 1t along a controlled path, the water Jet tool having a water supply

line, a main body, and a nozzle that Is arranged at an angle with respect to the

longitudinal axis of the main body,

directing the water jet ovér one or more portions of the surface of the
pin, whereby one or more portions of the pin are removed and each one of the one or
more removed portions include the boundary of the pin to the surrounding solid
material in ét least two places, and the pin to be removed is divided into two or more

fragments.

2. Method according to claim 1, wherein the portion or portions of the pin
removed by the water jet tool include a minimal part of the boundary between the pin

and the surrounding solid material that is large enough to effect a division of the pin.

3. Method according to claim 1 wherein the one or more portions removed
from the pin have a cross-section at the surface of the pin extending essentially along

the diameter of the surface of the pin.

4. Method according to claim 1 wherein the one or more portions removed
from the pin have a cross-section at the surface of the pin have a star-like shape or a
polygon shape, where the points of the star or polygon touch the boundary between

the pin and the surrounding solid material.
5. Method according to claim 1, comprising:

supplying an abrasive material to the water flow within the water jet tool

at a point following the angle between the main body and the nozzle.



10

15

20

CA 02674569 2014-05-29

79291-82

10

0. Method according to claim 1, comprising:

fastening the water jet tool to the surrounding solid material by means

of permanent magnets.
/. - Method according to claim 1, comprising:

fastening the water jet tool to the surrounding solid material by means

of clamps or beits.
8. Method according to claim 1, comprising:

arranging the water jet tool on a displacement table with at least two

degrees of freedom of movement.
9. Method according to claim 8, comprising:

fastening the displacement table to the surrounding solid material by

means of permanent magnets, clamps, or belts.

10. - Method according to claim 1, wherein the pin is a press-fit pin used to

secure a blade to the turbine wheel of a turbine rotor.

11. Method according to claim 2, wherein the pin is a press-fit pin used to

secure a blade to the turbine wheel of a turbine rotor.

12. Method according to claim 3, wherein the pin is a press-fit pin used to

secure a blade to the turbine wheel of a turbine rotor.

13. Method according to claim 4, wherein the pin Is a press-fit pin used to

secure a blade to the turbine wheel of a turbine rotor.

14 - Method of removing a pin surrounded by solid material by drilling or

cutting in a confined space, comprising:
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using a water jet from a water jet tool directed onto the surface of the
pin and directing it along a controlled path, the water jet tool having a water supply

line, @ main body, and a nozzle,

directing the water jet over one or more portions of the surface of the
pin, whereby one or more portions of the pin are removed and each one of the one or
more removed portions include the boundary of the pin to the surrounding solid

material in at least two places, and the pin to be removed is divided into two or more

fragments.

15. ~ Method according to claim 14, wherein the portion or portions of the pin
removed by the water jet tool include a minimal part of the boundary between the pin

and the surrounding solid material that is large enough to effect a division of the pin.

16. Method according to claim 14, wherein the one or more portions
removed from the pin have a cross-section at the surface of the pin extending

essentially along the diameter of the surface of the pin.

17. - Method according to claim 15, wherein the pin is a press-fit pin used to

secure a blade to the turbine wheel of a turbine rotor.
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