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(57) Abrégée/Abstract:
The Invention relates to a brush seal for sealing a rotor from a stator. The inventive brush seal comprises a bristle housing for
fastening bristles thereon which housing iIs mounted on the rotor or the stator and comprises a support plate. The free ends of the
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(57) Abrege(suite)/Abstract(continued):
bristles are oriented towards the stator or the rotor and are provided with a floating ring Iin order to improve the sealing effect and to
reduce the wear of the brush seal.
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Abstract

The invention relates to a brush seal for sealing a
rotor from a stator. The. inventive brush seal comprises
a bristle housing for fastening bristles thereon which

housing 1s mounted on the rotor or the stator and

comprises a support plate. The free ends of the bristles
are oriented towards the stator or the rotor and are
provided with a floating ring in order to 1improve the

sealing effect and to reduce the wear of the brush seal.
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BRUSH SEAL AND METHOD OF MAKING SAME

BACKGROUND AND SUMMARY OF THE INVENTION

[0001] The i1nvention relates to a brush seal for sealing

a rotor against a stator, comprising a brush housing for
fastening brushes whose free ends are directed towards the

stator or rotor, which brush housing is held on the rotor or

stator and has a support plate.

[0002] In known brush seals, the free ends of the brushes,

which are fastened 1n a brush housing having a front plate
and a support plate, run against a sealing surface of the
rotor or stator and, by this means, seal é gap between rotor
and stator. When used in stationary gas turbines or aircraft
engines, 1t 1s possible by means of such brush ’seals to
economize on axial installation space, with good sealing
effect in the usual arrangement, as compared with alternative

seals which can be used, such as labyrinth seals.

[0003] A brush seal 1s known from DE 196 18 475 Al whose

brushes are angled to reduce the radial installation length.
In order to i1improve the increased stiffness of the short,
angled brush sections, a stop located in the region of the

shaft sections of the brushes is provided which acts as a
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bending edge when the elastic brushes are deflected as a
consequence of eccentricity of the rotor. In this way, the
stiffness of the brushes can be adjusted without requiring

an unallowably large, radial installation space.

[0004] During operation, a local temperature increase,

which increases the wear, occurs at the sealing surface of
the rotor or stator because of the contact with the brushes,
which generally consist of steel. In addition, the small
leakage which always occurs between the brushes could be

reduced.

[0005] The problem on which the present invention is based

consists in providing a brush seal, of the generic type
described at the beginning, in which the sealing effect and

the wear behavior of the brushes is further i1mproved.

[0006] The solution of the problem 1s, according to the

invention, characterized in that the free ends of the brushes
are provided with a slide-ring for sealing the rotor against

the stator.

[0007] The advantages lie in the comblination of the high

level of elasticity of a brush seal, by means of which the
slide-ring fastened to the free ends of the brushes can
readily adapt to rotor or stator deflections which are
generally radial, for exémple between 0.2 and 0.8 mm (when

the gas turbine is being started), and the excellent sliding
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properties of the slide-ring, which runs against the sealing
surface on the rotor stator and, by this means, seals the gap
between rotor an stator ver an area. In consequence, a leak
generally present in the gap region through the brushes of
a brush seal is avoided. Because of the better sliding
properties of the slide-ring, in comparison for example with
steel brushes, 1less wear and a smaller increase 1in
temperature occurs at the sealing surface on the rotor or
stator. The slide-ring consists of a material which has
better sliding properties than the brushes, consisting of
steel, of the brush seal. 1In consequence, the support of the
slide-ring on the low-pressure end support plate in the
presence of a differential pressure 1s also advantageous

without brush hooking or the like occurring there.

[0008] The slide-ring can consist of carbon because a

carbon ring can be employed even at the high temperatures
occurring in stationary gas turbines or aircraft engines and
carbon has better sliding properties than steel, of which the
brushes cons'ist. As an alternative, the slide-ring can also,

for example, consist of a sintered metal with sliding

properties.
[0009] The slide-ring can have a single-piece
configuration or be segmented. In the case of a segmented

slide-ring in a rotor which is directed, in the usual manner,
in the axial direction of the gas turbine, the split lines

extend between the individual slide-ring sections 1in the
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radial direction and are arranged to be equidistant along the
periphery of the slide-ring. A segmented slide-ring makes 1it
possible to improve the elasticity, particularly in the case
of a slide-ring brush seal in which the brushes extend
rectilinearly towards the rotor or stator from their
fastening on the brush seal housing, it being possible to set
the rectilinear brushes at an angle of between 0° and 45° to
the radial, depending on the application. Particularly in the
case of Dbrushes set relative to the radial, a further
advantage, 1in the case where the slide-ring 1n employed,
consists 1n that a reversal of the direction of rotation of

the rotors is readily possible.

(0010] The slide-ring can be sintered onto the free ends

of the brushes. This can, for example, take place by means

of carbon powder or the like.

[0011] As an alternative, the slide-ring can have, on its

external peripheral surface, a recess in which the free ends

of the brushes are accommodated and fastened, for example by

brazing.

[0012] The slide-ring can be subsequently machined on 1ts

inner or outer peripheral surface which runs against the
sealing surface on the rotor or stator, by grinding or the
like, in order to improve the surface quality. The slide-ring
can similarly be machined by grinding or the like on its side

surface supported on the support plate, in particular in the

bk ey e p—— o ——— -
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case of applied differential pressure, in order to improve

the surface quality.

[0013] In order to economize on installation space, the

brushes can comprise shaft sections fastened in the brush
housing and brush sections angled relative to the shaft
sections, the free ends of which brush sections are directed
towards the rotor or stator, the support plate in such a case
having a longitudinal section essentially parallel to the
shaft sections of the brushes and a support section angled

relative to them and essentially parallel to the angled brash

sections.

[0014] In order to improve the elasticity of a brush seal

with angled brush sections having the free ends of the
brushes, a free bending space with a stop acting as a bending

edge can be proirided between the shaft sections of the
brushes and the support plate. In this way, the slide-ring
provided on the free ends of the brushes adapts' to any
deflections of the rotor or stator of between approximately
0.2 and 0.7 mm, for example when a stationary gas turbine or
an ailircraft engine 1s being started. The angled brush
sections having the free ends of the brushes and the angled
support section of the support plate can be angled

essentially at right angles to the shaft sections of the

brushes and the longitudinal section of the support plate.

.........
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[0015] In order to further improve the sealing effect, in

particular for the use of the brush seal 1n a moist
environment, such as steam, the brushes can be 1mpregnated
1n a silicon, silicard or Teflonmdispersion because silicon,
silicard and Teflon™ deposits itself on the brushes,
essentially closes intermediate free spaces but the brushes
remain movable and elastic within certain limits. The means
used have to be selected as a function of the temperatures

occurring.

{001¢6] Further embodiments of the invention are described

in the sub-claims.

[0017] The 1nvention is explained in more detail below

with reference to drawings and using embodiment examples.

In the drawing:

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Fig. 1 shows 'a cross-sectional view of an

embodiment example of the brush seal according to the

invention;

(0019] Fig. 2 shows a c¢ross-sectional view of an

alternative embodiment example of the brush seal according

to the invention;
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[0020] Fig. 3 shows a c¢ross-sectional view of an

embodiment example, of the brush seal according to the

invention, having angled brush sections;

[0021] Fig. 4 shows a cross-sectional wview of another

embodiment example, of the brush seal according to the

invention, having angled brush sections;

[0022] Fig. 5 shows a section view of an embodiment

example, of the brush seal according to the invention, having

brushes set relative to the radial; and

[0023] Fig. 6 shows a section view of an alternative

embodiment example, of the brush seal according to the

invention, having brushes set relative to the radial.

DETAILED DESCRIPTION OF THE DRAWINGS

[0024] Fig. 1 shows, diagrammatically, a cross-sectional

view of an embodiment example of a brush seal, which 1is
designated in its entirety by 1 and seals the spaces with
different pressures Pl and P2 by sealing a gap 19 between a
rotor 2 indicated by its peripheral surface U and a
stator 18, such as a housing. Such brush seals 1 have
numerous applications in stationary gas turbines or aircraft
engines. The center line extending in the axial direction of
the gas turbine is indicated 1in Fig. 1 and 2 by A. The

pressure Pl is greater than the pressure P2. The brush seal 1




comprises a brush housing 3 with a low-pressure end support
plate 4 and a high-pressure end cover plate 5, together with
brushes 6, which are fastened in a suitable manner in the
brush housing 3. The brushes 6 generally consist of steel.
In the present embodiment example, the brushes 6 are wound
around a core, are clamped 1n a retalining ring arranged
between the support plate 4 and the cover plate 5 and extend
rectilinearly towards the rotor 2. The support plate 4 and
the cover plate 5 extend around the rotor 2 and have an
internal bore so that the annular gap 19 around the rotor 2

has to be sealed by the brush seal 1.

[0025] With a view to optimizing the sealing effect of the

brush seal 1 and the wear behavior of the brushes 6, a slide-
ring 8, shown in cross section, 1s provided on their free
ends 7 which consists of a material which has better sliding
properties than steel, of which the brushes 6 consist. The
internal diameter of the slide-ring 8 correéponds in
operation to the external diameter of the rotor 2 at maximum
rotational speed and maximum temperature and seals, over an
area, the annular gap 19 as a closed component with the
excellent sealing effect of a slide-ring. In this way, the
small leak of air or steam, which always occurs between the
individual brushes 6 of a brush seal 1, is avoided. On its
peripheral surface sealed against the rotor 2 and on a side
surface, which is supported in the rest position and, 1n
particular, when differential pressure 1s present at the

support surface 4, the slide-ring 8 is generally machined by
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grinding or the 1like. As an alternative, the surfaces
mentioned of the slide-ring 8 can already have a surface
sufficiently smooth for a sealing surface when it 1is

manufactured, for example by sintering.

[0026] Fig. 2 shows, diagrammatically and 1n cross

section, an alternative embodiment example of a brush seal,
which is designated in its entirety by 1 and which has,
essentially, a brush housing 3, 1in which rectilinear
brushes 6 are held and which consists of a support plate 4
and a cover plate 5. The free ends 7 of the brushes 6 are
directed towards the peripheral surface U of the rotor 2 and
have a slide-ring 8 whose 1inner peripheral surface runs
against the sealing surface of the rotor 2 and seals, as a

closed component and over an area, the annular gap 19
relative to the rotor 2. The i1nternal diameter of the slide-
ring 8 corresponds essentially to the external diameter of
the rotor 2 during operation at maximum rotational speed and

maximum temperature 1in a stationary gas turbine or an

aircraft engine.

[0027]) The slide-ring 8 has a recess 9 on its outer

peripheral surface and has a U-shaped configuration in cross
gsection. The free ends 7 of the brushes 6 are accommodated

in the recess 9 of the slide-ring 8 and are fastened there
to the slide-ring 8 by a suitable bonding method, for example

by brazing. The brushes 6 remain elastic, give way on

CA 02363632 2001-08-23
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deflection of the rotor 2 and move the slide-ring 8 with

them.

[0028] Fig. 3 shows, diagrammatically, a cross sectional

view of an embodiment example, which has angled brush
sections 12, of a brush seal which 1s designated 1in 1its
entirety by 1 and which has a brush housing 3 with a support
plate 4' comprising a longitudinal section 13 and a support
section 14 at an angle thereto. The angled brush sections 12
are angled essentially at right angles in order to economize
on the usual arrangement of radial installation space for the
shaft sections 15 of the brushes 6'. A free bending space 16
with a bending edge 17 is provided between the shaft
sections 15 of the brushes 6' and the support plate 4'; the
shaft sections 15 can be deflected into the free bending
space 16 in the case of a deflection of the rotor 2, for
example when starting the gas turbine. This measure combines
the advantages of a small installation space and high

elasticity of the brushes 6'.

[0029] A slide-ring 8, which seals against the sealing

surface on the rotor 2 by means of a peripheral surface U,
is provided on the free ends 7' of the angled brush
sections 12. The slide ring 8 consists of a material with

better sliding properties than steel, of which the brushes 6
consist. The slide-ring 8 consists of carbon and is provided
by sintering as a closed component on the free ends 7' of the

angled brush sections 12. 1In order to optimize the sealing

10
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effect, the inner peripheral surface of the slide-ring 8 is
generally machines by grinding or the like, 1in order to
achieve a surface with the smallest possible roughness. The
side surface of the slide-ring 8, which is supported on the
support section 14 of the support plate 4', is subsequently
machined by grinding or the like in order to achieve a
contact surface which 1s as flat as possible on the low-
pressure end and to avolid an undesirable adhesion of the

brushes 6' to the support plate 4'.

[0030] Fig. 4 shows a similar brush seal to Fig. 3 with

a support plate 4' comprising a longitudinal section 13 and
a support section 14, together with brushes 6', which
comprise shaft sections 15 fastened in the brush housing 3
and angled brush sections 12 essentially at right angels to
the shaft sections 15. The free ends 7} of the angled brush
sections 12 are directed towards the peripheral surface U of
the rotor 2. The slide ring 8 provided on the free ends 7
of the angled brush sections 12 has a one-piece configuration
and 1s manufactured as a separate component. On its outer
peripheral surface, the‘slide—ring 8 has a recess 9, in which
the free ends 7' of the angled brush sections 12 are
accommodated and are fastened by an appropriate method, such

as brazing.

[0031] Fig. 5 shows, diagrammatically, a section view of

the embodiment example of a brush seal 1 shown in Fig. 4.

This seal differs from the embodiment example shown in Fig. 3

11
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by, in particular, the lack of the free bending space 16
between the support plate 4' and the shaft section 15 of the
brushes 6. The elastic behavior of the embodiment example
of the brush seal shown in Figures 4 and 5 1s generated by
setting the angled brush sections by up to 45° to the radial
in such a way that when there is a deflection of the rotor 2,
the shaft sections 15 of the brushes 6' twist and are
subsequently moved back again into the original position as
a consequence of their return force. The rotational

direction of the rotor 2 1is represented by an arrow 1n

Figures 5 and 6.

[0032] In the case of the embodiment example of a brush

seal 1 with a free bending space 16 between the support
plate 4' and the shaft sections 15 of the brushes 6' shown
in Fig. 3, the angled brush sections 12 can also be set at
an angle of up to approximately 45° to the radial. 1In the
case of deflections of the rotor 2, such a brush seal 1is
found to be particularly elastic Dbecause the shaft
sections 15 of the brushes 6' can give way by bending into
the free bending space 16, on the one hand and by torsion,
on the other, and can subsequently be moved back into their
original position by the superimposed return forces.
Utilizing the elastic behavior of the brush seal 1, the
slide-ring 8 provided at the free ends 7' of the angled brush
sections 12 can ensure optimum sealing, as a closed
component, of the annular gap 19 even in the case of a

deflection of the rotor 2.

12
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[0033] Fig. 6 shows, diagrammatically, a view along the

section line from Fig. 4 of a brush seal 1 which has, in_an
alternative configuration, a segmented, i.e. multipart design
of slide-ring 8. The slide-ring 8 1s divided 1nto a
plurality of slide-ring sections 11 of equal size by the
split lines 10. The segmented slid;e-ring 8 adapts to any
def‘léctions of the stator (not shown) or rotor 2, for example
when the gas turbine 1is being started, by utilizing the
elastic properties of the brushes 6 or 6' of a brush seal 1.
The segmented slide-ring 8 1is also;particularly suitable for
the brush seals 1, shown in Figures 1 and 2, with rectilinear
brushes 6, whose brushes 6 are generally set at an angle of

up to approximately 45° to the radial.

[0034] In all the embodiment examples, the brushes 6, 6!

can be 1impregnated 1in a silicon, silicard or Teflon
dispersion or the like for further improvement to the sealing
effect, particularly for the use of the brush seals 1 in a
moist environment, such as steam, because silicon, silicard
and Teflon™deposits itself on the brushes 6, 6', essentially
closes intermediate free spaces but the brushes 6, 6' remain
movable and elastic within certain limits and can adapt to
deflections of the stator 18 or rotor 2. The means used have

to be selected as a function of the temperatures arising.

13
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Claims

1. Brush seal for sealling a rotor against a stator,
comprising a brush housing for fastening brushes whose
free ends are directed towards the stator or rotor, which
brush housing is held on the rotor or stator and has a

support plate, wherein the free ends of the brushes are

fastened to a slide-ring.

2. Brush seal according to «claim 1, wherein the

slide-ring consists of carbon or a sintered metal.

3. Brush seal according to claim 2, wherein the

slide~-ring 1s segmented.

4. Brush seal according to claim 2, wherein the

slide-ring 1s sintered onto the free ends of the brushes.

5. Brush seal according to c¢laim 2, whereilin the
slide-ring has a recess along a peripheral surface, 1in
which free ends of the brushes are accommodated and

fastened.

0. Brush seal according to claim 2, wherein a
peripheral surface which 1in use 1is sealed against the

rotor or stator, and a side surface of the slide-ring,
which side surface 1s supported on the support-plate, are

machined.

7. Brush seal according to claim 2, wherein the brushes

are rectilinear over their whole length.

8. Brush seal according to claim 2, wherein the brushes

comprise shaft sections and, angled relative to them,

14
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brush sections whose free ends are directed towards the

rotor or stator.

9. Brush seal according to claim 8, wherein .the support
plate has a longitudinal section and a support section

angled relative to 1it.

10. Brush seal according to claim 9, wherein a free
bending space, with a stop acting as a bending edge, 1s
configured between the shaft sections of the brushes and

the support plate.

11. Brush seal according to claim 8, wherein the angled
brush sections are angled essentially at right angles to
the shaft section of the brushes and the shaft section 1is
angled essentially at right angles to the longitudinal

section of the support plate.

12. Brush seal according to c¢laim 1, wherein the

slide-ring is segmented.

13. Brush seal according to claim 12, wherein the

slide-ring is sintered onto the free ends of the brushes.

14. Brush seal according to <c¢laim 12, wherein the

slide-ring has a recess along a peripheral surface, 1in
which free ends of the brushes are accommodated and

fastened.

15. Brush seal according to <c¢laim 12, wherein a
peripheral surface which 1in use 1is sealed against the

rotor or stator, and a side surface of the slide-ring,

15
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which side surface 1s supported on the support-plate, are

machined.

16. Brush seal according to <c¢laim 12, wherein the

brushes are rectilinear over their whole length.

5 17. Brush seal according to <claim 12, wherein the
brushes comprise shaft sections and, angled relative to
them, brush sections whose free ends are directed towards

the rotor or stator.

18. Brush seal according to «c¢laim 17, wherein the
10 support plate has a longitudinal section and a support

section angled relative to it.

19. Brush seal according to claim 18, wherein a free
bending space, with a stop acting as a bending edge, 1s
configured between the shaft sections of the brushes and

15 the support plate.

20. Brush seal according to claim 17, wherein the angled

brush sections are angled essentially at right angles to

the shaft section of the brushes and the support section

1s angled essentially at right angles to the longitudinal
20 section of the support plate.

21. Brush seal according to «claim 1, wherein the

slide-ring 1s sintered onto the free ends of the brushes.

22. Brush seal according to <claim 21, wherein the
slide-ring has a recess along a peripheral surface, in

25 which free ends of the brushes are accommodated and

fastened.

16
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23. Brush seal according to claim 21, wherein a
peripheral surface which in use 1s sealed against the
rotor or stator, and a side surface of the slide-ring,

which side surface is supported on the support-plate, are

machined.

24. Brush seal according to <claim 1, wherein the
slide-ring has a recess along a peripheral surface, in

which free ends of the brushes are accommodated and

fastened.

25. Brush seal according to «claim 24, wherein a
peripheral surface which 1in use 1is sealed against the
rotor or stator, and a side surface of the slide-ring,
which side surface is supported on the support-plate, are

machined.

26. Brush seal according to claim 1, wherein a
peripheral surface which: in use 1is sealed against the
rotor or stator, and a side surface of the slide-ring,
which side surface 1s supported on the support-plate, are

machined.

27. Brush seal according to claim 1, wherein the brushes

are rectlilinear over their whole length.

28. Brush seal according to claim 1, wherein the brushes
comprise shaft sections and, angled relative to them,
brush sections whose free ends are directed towards the

rotor or stator.

17
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29. Brush seal according to claim 28, wherein the
support plate has a longltudinal section and a support

section angled relative to 1it.

30. Brush seal according to claim 29, wherein the angled
brush sections are angled essentially at right angles to
the shaft section of the brushes and the support section
1s angled essentially at right angles to the longitudinal

section of the support plate.

31. Brush seal according to claim 29, wherein a free
bending space, with a stop acting as a bending edge, 1is
configured between the shaft sections of the brushes and

the support plate.

32. Brush seal according to claim 28, wherein the angled
brush sections are angled essentially at right angles to
the shaft section of the brushes and the support section

1s angled essentially at right angles to the longitudinal

section of the support plate.

33. Brush seal according to claim 32, wherein a free
bending space, with a stop acting as a bending edge, is
configured between the shaft sections of the brushes and

the support plate.

34. Brush seal according to claim 28, wherein a free

bending space, with a stop acting as a bending edge, is

configured between the shaft sections of the brushes and

the support plate.

18
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35. Brush seal according to claim 1, wherein the brushes

are set at an angle of up to 45° to a radial end of the

rotor or stator.

36. Brush seal according to claim 1, wherein the brushes

are impregnated in a silicone or Teflon dispersion.

37. A method of making a brush seal for sealing a rotor
against a stator, comprising:

attaching a seal housing to one of a rotor and a
stator of a machine having the rotor facing the stator;

fastening a plurality of brush bristles to said seal
housing such that, 1n wuse, free ends of the Dbrush
bristles will face the other of the rotor and stator; and

fastening a slide-ring to the free ends of the brush
bristles, which slide-ring, 1n use, slidably engages the

other of the rotor and stator.

38. A method according to <c¢laim 37, wherein said

slide-ring consists of one of carbon and sintered metals.

39. A method according to «c¢laim 37, wherein the

slide-ring i1s segmented.

40. A method according to claim 37, wherein the

slide-ring 1is sintered onto the free ends of the brushes.

41. A method according to claim 37, comprising machining
surfaces of the slide-ring which in use engage the seal

housing and the other of the rotor and stator.

42. A method according to c¢laim 37, wherein the

slide-ring has a recess along a peripheral surface, 1in

19
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which free ends of the brushes are accommodated and

fastened.

43. A method according to claim 37, wherein a peripheral
surface which 1n use 1s sealed against the rotor or
stator, and a side surface of the slide-ring, which side

surface 1s supported on a support-plate, are machined.

44, A method according to claim 37, wherein the brushes

are rectilinear over thelr whole length.

45. A method according to claim 37, wherein the brushes
comprise shaft sections and, angled relative to them,

brush sections whose free ends are directed towards the

rotor or stator.

46. A method according to claim 45, wherein the housing
includes a support plate, and whereln the support plate

has a Jlongitudinal section and a support section angled

relative to 1it.

47. A method according to claim 45, wherein the angled
brush sections are angled essentially at right angles to
the shaft section of the brushes and the support section

1s angled essentially at right angles to the longitudinal

section of the support plate.

48. A method according to claim 37, wherein the brushes

M

are impregnated in a silicone or Teflon dispersion.

20
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