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(57) Abrege(suite)/Abstract(continued):
primary seal, and the second dynamic seal functions as a backup seal in the initial operation of the shock absorber. A fluid passage

Is formed from the fluid chamber to the first dynamic seal. The changeover unit has a spool provided in the fluid passage. The spool
has a channel that forms pat of the fluid passage. A changeover activator iIs movable to open and close the fluid passage at the
spool to apply or remove the fluid pressure on or from the first dynamic seal so as to change over the functionality as the primary

seal between the first dynamic seal and the second dynamic seal.
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ABSTRACT

A redundant seal assembly for an aircraft shock absorber comprises a changeover
unit and dual dynamic seals for sealing a fluid chamber formed between an inner
member and an outer member of the shock absorber. The first dynamic seal functions
as a primary seal, and the second dynamic seal functions as a backup seal in the initial
operation of the shock absorber. A fluid passage is formed from the fluid chamber to
the first dynamic seal. The changeover unit has a spool provided in the fluid passage.
The spool has a channel that forms pat of the fluid passage. A changeover activator
IS movable to open and close the fluid passage at the spool to apply or remove the fluid
pressure on or from the first dynamic seal so as to change over the functionality as the
primary seal between the first dynamic seal and the second dynamic seal.
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Aircraft Shock Absorber Redundant Seal Assembly

FIELD OF THE INVENTION

[0001] The present invention relates to a redundant seal assembly for an aircraft shock
absorber.

BACKGROUND OF THE INVENTION

[0002] In a landing gear of an aircraft, a shock absorber is provided to absorb and
dissipate energy upon impact of the landing. Such a shock absorber typically
comprises an outer tube and an inner tube, or a cylinder and a piston. A fluid chamber
is formed between the two members to accommodate a fluid that acts as a shock
absorber fluid spring. A fluid may be a liquid and/or gas. In order to seal the fluid
chamber, the shock absorber is provided with a seal between the two members.

[0003] For example, UK patent application publication No. GB2482414 discloses an
aircraft shock absorber that comprises an outer tube and an inner tube. This
publication discloses use of a primary seal and a spare seal arranged in series
between two tubes along the common longitudinal axis, and at least one bypass line
that can be closed by means of a switching valve. The bypass line connects the
fluid-filled chamber and a space that is located between the seals. When the primary
seal leak, the pressure is removed from the primary seal by closing the switching valve

provided in the bypass line, and the spare seal takes over the sealing function. The
switching valve used in this shock absorber has a complicated structure including a

valve sleeve, a valve slide, an anti-turn device and an actuating pin.

[0004] It is therefore desirable to provide a reliable seal assembly for an aircraft shock
absorber with a simpler structure.
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SUMMARY OF THE INVENTION

[0005] It is an object of the invention to provide an improved seal assembly for an

aircraft shock absorber that obviates or mitigates at least one of the disadvantages of
existing mechanisms.

[0006] The invention uses a redundant seal assembly having dual seals, one
functioning as a primary seal and the other functioning as a backup seal, and a

changeover unit having a spool that can change over the functionalities of the dual
seals.

[0007] In accordance with an aspect of the present invention, there Is proVided a
redundant seal assembly for an aircraft shock absorber having an inner member and
an outer member that slidably receives the inner member to form a fluid chamber
therebetween. The redundant seal assembly comprises first and second dynamic
seals provided between the inner member and the outer member, and a changeover
unit. The first dynamic seal functions as a primary seal to seal the fluid chamber in an
initial operation of the shock absorber. The second dynamic seal functions as a
backup' seal while the first dynamic seal functions as the primary seal. The
changeover unit comprises a changeover housing that has a fluid passage which is
connected to the fluid chamber and extends a fluid pressure from the fluid chamber to
the first dynamic seal, a spool provided in the fluid passage, the spool having a
channel that forms part of the fluid passage, and a changeover activator that is
movable in the changeover housing to open or close the fluid passage at the spool to
apply or remove the fluid pressure on or from the first dynamic seal so as to change

over the functionality as the primary seal between the first dynamic seal and the
second dynamic seal.

[0008] In accordance with another aspect of the present invention, there is provided an
aircraft shock absorber comprising an inner member, an outer member receiving the
inner member to form a fluid chamber therebetween, a bearing provided between an

inner surface of the outer member and an outer surface of the inner member to allow
2
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slidable movement of the inner member along the inner surface of the outer member,
first and second dynamic seals provided between the inner member and the bearing,
and a changeover unit. The first dynamic seal functions as a primary seal to seal the
fluid chamber in an initial operation of the shock absorber. The second dynamic seal
functions as a backup seal while the first dynamic seal functions as the primary seal.
The changeover unit comprises a changeover housing that has a fluid passage which
is connected to the fluid chamber and extends a fluid pressure from the fluid chamber
to the first dynamic seal, a spool provided in the fluid passage, the spool having a
channel that forms part of the fluid passage, and a changeover activator that is
movable in the changeover housing to open or close the fluid passage at the spool to
apply or remove the fluid pressure on or from the first dynamic seal so as to change

over the functionality as the primary seal between the first dynamic seal and the
second dynamic seal.

[0009] This summary of the invention does not necessarily describe all features of the
Invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] These and other features of the invention will become more apparent from the
following description in which reference is made to the appended drawings wherein:
Figure 1 is a diagram showing a section of an aircraft shock absorber having a
redundant seal assembly in accordance with an embodiment of the present invention;
Figure 2 is a diagram showing details of the redundant seal assembly;

Figure 3 is a diagram showing an outer view of the redundant seal assembly;

Figure 4 is a diagram showing a redundant seal assembly in accordance with another
embodiment of the present invention;

Figures 5(A) and 5(B) are diagrams showing a redundant seal assembly in accordance

with another embodiment of the present invention; and

Figures 6(A) and 6(B) are diagrams showing an example of a retention method of a
changeover pin.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0011] A redundant seal assembly according to an embodiment of the present
invention is provided for an aircraft shock absorber. The aircraft shock absorber has
an inner member and an outer member slidably receiving the inner member therein.
A fluid chamber is provided between the inner member and the outer member for
accommodating a fluid. The fluid may be a liquid and/or gas, such as a hydraulic oil
and nitrogen. The inner and outer members may be both tubes to form a piston and
a cylinder.

[0012] The redundant seal assembly has a dual sealing arrangement for sealing the
fluid chamber between the first and second members and preventing leakage of the
fluid into the atmosphere. The dual sealing arrangement includes two dynamic seals:
a first dynamic seal functioning as a primary seal in the initial operation of the shock
absorber, and a second dynamic seal functioning as a backup seal. A dynamic seal is
a seal that seals a sliding surface. The primary seal and backup seal are capable of
providing a seal during the shock absorber extension and compression.

[0013] The redundant seal assembly also has a spool. The spool has a channel
therein. The channel forms part of a fluid passage formed from the fluid chamber to
the first dynamic seal. The fluid passage can be opened or closed at the spool by a

changeover activator so that the fluid pressure from the fluid chamber is applied on or
removed from the first dynamic seal.

[0014] In the initial operation of the shock absorber, the fluid passage is open and the
fluid pressure from the fluid chamber is applied on the primary seal, i.e., the first
dynamic seal. When the first dynamic seal leaks, the fluid passage iIs closed at the
spool to remove the fluid pressure from the first dynamic seal, and the second dynamic
seal, then becomes the primary seal. Thus, the functionality as the primary seal can
be changed over between the first dynamic seal and the second dynamic seal. This
changeover can be performed without having to disassemble the shock absorber

thereby reducing maintenance, repair and cost.
4
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[0015] The following embodiments are described using an example of a single stage
separated nitrogen aircraft shock absorber shown in Figure 1. In a different
embodiment, the redundant seal assembly may be provided in an aircraft shock
absorber of a different configuration, such as a single stage mixed nitrogen shock
absorber and a two stage shock absorber.

[0016] Figure 1 shows a partial cross-sectional view of aircraft shock absorber 1
having a piston 10 and a cylinder 20. An oil/nitrogen chamber 30 is formed between
piston 10 and cylinder 20. Between the outer surface of piston 10 and the inner
surface of cylinder 20, an upper bearing 40 and a lower bearing 50 are provided for
facilitating smooth slidable movement of piston 10 in cylinder 20 along its axial
direction. A grand nut 60 (Figure 2) is provided at the lower end of cylinder 20.

[0017] Piston 10 has a piston head 12 located within cylinder 20. Piston 10 has a
nitrogen chamber 14 separated by a separator 16 from a metering pin 18 which
protrudes through piston head 12. Within cylinder 20, an orifice support tube 22 is
provided with an orifice plate 24 at the lower end of orifice support tube 22.

[0018] Oil/nitrogen chamber 30 is formed above piston head 12. The lower end of

oil/nitrogen chamber 30 extends between the outer surface of piston 10 and the inner
surface of cylinder 20, where it forms a rebound oil chamber 32 between upper bearing
40 and lower bearing 50. Hydraulic ports 34 are provided for oil chamber/nitrogen 30

and rebound chamber 32.

[0019] A redundant seal assembly 100 according to an embodiment of the present
invention is provided in lower bearing 50 of shock absorber 1 as a main piston seal
arrangement.

[0020] Figure 2 shows details of redundant seal assembly 100. Redundant seal
assembly 100 has dual dynamic seals to seal oil chamber 32 between piston 10 and
bearing 50 while allowing the slidable movement of piston 10 along bearing 50. The
dynamic seals prevent oil from leaking from the rebound chamber. The dual seals

5
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comprise a lower dynamic seal 110 and an upper dynamic seal 120. Lower dynamic
seal 110 functions as a primary seal in the initial operation of the shock absorber, and
upper dynamic seal 120 functions as a backup seal, as further described below. Each
of lower and upper dynamic seals 110, 120 may be formed with a single sealing

member or a combination of multiple sealing members.

[0021] In this embodiment, bearing 50 has grooves 52 formed on its inner surface.
Lower dynamic seal 110 is provided in the lower groove of the bearing, and upper

dynamic seal 120 is provided in the upper groove of the bearing.

[0022] Redundant seal assembly 100 also has a changeover unit 150 provided near
the lower end of cylinder 20. Changeover unit 150 is retained against cylinder 20.
Figure 3 shows an external view of changeover unit 150. Changeover unit 150 is

fastened to cylinder 20 by means of a pinned connection using fastening bolts 154.

[0023] Referring back to Figure 2, changeover unit 150 has a changeover housing 160,
a spool 170 and a changeover activator 180. Changeover housing 160 has a fluid
passage that is connected to oil chamber 32 and extends to lower dynamic seal 110.
Spool 170 is provided in the fluid passage. Spool 170 has a channel therein, which
forms part of the fluid passage. Changeover activator 180 is movable in changeover
housing 160 to close or open the fluid passage at spool 170. Changeover activator
180 may be a pin or a plunger bolt that can be advanced/retracted or or rotated in
changeover housing 160. By closing or opening the fluid passage, changeover unit

150 allows the fluid pressure from fluid chamber 32 to be removed from or applied on
lower dynamic seal 110, as further described below.

[0024] In this embodiment, spool 170 has a lower spool 172 and an upper spool 174.
Lower and upper spools 172 and 174 have channels which act as part of the fluid

passage, and provide sealing between the housing 160 and cylinder 20.

[0025] Cylinder wall 21 has a lower hole 21a and an upper hole 21b therethrough in a

section near the lower end where changeover unit 150 is provided. Lower hole 21ais

6
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located at a level between lower dynamic seal 110 and upper dynamic seal 120.
Upper hole 21b is located at a level higher than upper dynamic seal 120. Also, bearing
50 has a hole 50a therethrough at a level between lower dynamic seal 110 and upper
dynamic seal 120, corresponding to lower hole 21a of cylinder wall 21.

[0026] The fluid passage extends from oil chamber 32, along the outer surface of
bearing 50, through upper hole 21b of cylinder wall 21, upper spool 174, changeover
housing 160, lower spool 172, lower hole 21a of cylinder wall 21, hole 50a of bearing
50, along the inner surface of bearing 50, and then to the upper side of lower dynamic
seal 110 forming a pressurized chamber. This configuration provides the pressure
applied to the upper side of lower dynamic seal 110 and creates the pressure
differential between the upper and lower sides of lower dynamic seal 110.

[0027] The upper end of the pressurized chamber formed at the upper side of lower

dynamic seal 110 also reaches the lower side of upper dynamic seal 120. In addition,
another fluid passage extends from oil chamber 32 to the upper side of upper dynamic
seal 120 along the inner surface of bearing 50. Thus, when the fluid passage to lower
dynamic seal 110 is open, upper dynamic seal 120 is at pressure balance by receiving

the fluid pressure on both the upper side and the lower side, and acts as a backup

seal.

[0028] In this configuration, the inner surface of bearing 50 above upper dynamic seal
120 is lubricated by the hydraulic oil both when the fluid passage to lower dynamic seal
110 Is open and when it is closed, i.e., both during lower dynamic seal 110 acts as the

primary seal and after the primary seal functionality is switched over to upper dynamic
seal 120.

[0029] In order to provide better segregation of a fluid passage along the outer surface
of bearing 50, it is desirable that changeover unit 150 also has a lower static seal 130
and an upper static seal 140, both provided between the outer surface of bearing 50

and the inner surface of cylinder 20. Lower static seal 130 is provided near the lower

end of bearing 50 to prevent leakage of the oil to the external of the shock absorber
I
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and to the atmosphere. Upper static seal 140 is provided at a level between lower hole

21a and upper hole 21b of cylinder wall 21. Lower static seal 130 and upper static seal
140 may be provided in grooves formed on the outer surface of bearing 50. In other

embodiment, the location of the static and dynamic seal grooves may vary in position.

[0030] When a bearing liner 54 is provided on the inner surface of bearing 50, it is
preferable that dynamic seals 110 and 120 are located on the external side of bearing
liner 54, i.e., below the lower end of bearing liner 54. By this arrangement, it is possible

to ensure that bearing liner 54 remains lubricated by the hydraulic oil both before and

after backup upper dynamic seal 120 is activated.

[0031] As shown in Figure 2, lower spool 172 and upper spool 174 may be partially

Inserted in lower hole 21a and upper hole 21b of cylinder wall 21, respectively. Spools
172, 174 may be inserted into holes 21a, 21b by means of a socket or threads. In a

different embodiment, lower and upper spools 172 and 174 may be located entirely

within changeover housing 160 as a one piece of design.

[0032] Spools 172, 174 form radial seals against the cylinder 20. The fluid pressure is
activated or deactivated on lower dynamic seal 110 by a changeover pin 182 which is
a plunger bolt threaded into changeover housing 160 with a jam nut 184 via washer

186. Changeover pin 182 has a seal against the housing 160 to ensure no leakage of

the fluid both when it is inserted into the housing 160 and when it is retracted from the
housing 160.

[0033] The operation of the redundant seal assembly 100 is now described.

[0034] In the initial operation of the shock absorber, the fluid passage to lower dynamic
seal 110 is open. Thus, the oil can flow through the fluid passage, and the fluid

pressure from oil chamber 32 is applied on the upper side of lower dynamic seal 100.
Thus, lower dynamic seal 110 is functioning as the primary seal. Upper dynamic seal

120 acts as a backup seal and is at pressure balance by receiving the fluid pressure
on both the upper side and the lower side.

8
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[0035] Upon detection of leakage from lower dynamic seal 110, changeover pin 182 is
threaded further into changeover housing 160, which creates discontinuity in the fluid
passage at spool valve 70 so as to shut off and close the fluid passage. When the fluid
passage to lower dynamic seal 110 is closed, the fluid pressure from oil chamber 32 is
removed from lower dynamic seal 110. When the pressure is removed from lower
dynamic seal 110, upper dynamic seal 120 becomes the primary seal. Thus, the
changeover can be performed without requiring to disassemble the shock absorber.
The lower dynamic seal becomes un-lubricated.

[0036] The seal provided on changeover pin 182 prevents leakage of the fluid between

changeover pin 182 and the housing 160 in both modes of operation of the redundant
seal assembly.

[0037] When bearing liner 54 is provided and positioned on the internal side of
dynamic seals 110 and 120, bearing liner 54 remains lubricated by the hydraulic ol
even after the backup seal, i.e., upper dynamic seal 120, is activated.

[0038] As described above, it is possible to accomplish the changeover between the
primary seal and the backup seal with a simple and reliable mechanism. It does not
require a complicated charge valve. Since two holes through the cylinder and a hole
through the bearing allow the formation of the fluid passage to the lower dynamic seal,

the redundant seal assembly can be implemented without dramatically changing
typical shock absorber designs.

[0039] In the embodiment shown in Figure 2, changeover housing 160 and
changeover pin 182 are provided in a manner that the plunger bolt faces downward so
that it advances upward to close the fluid passage at spool 170 to deactivate the fluid
pressure on lower dynamic seal 110.

[0040] Figure 4 shows another embodiment of a redundant seal assembly 200.
Similar elements described above are denoted with same reference numbers. In this
embodiment, changeover housing 260 and changeover pin or plunger bolt 282 are

9
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provided in a manner that plunger bolt 282 faces upward so that it advances downward
to close the fluid passage at spools 172, 174 to deactivate the fluid pressure on lower
dynamic seal 110. Changeover pin 282 has a seal against changeover housing 260 to
prevent leakage of the fluid both when it is inserted into the housing 260 and when it is
retracted from the housing 260. This arrangement may make the changeover to be

performed easier due to accessibility.

[0041] Figures 5(A) and (B) show another embodiment of a redundant seal assembly
300. Similar elements described above are denoted by same reference numbers. In
- this embodiment, redundant seal assembly 300 has a single spool 174. Changeover
housing 360 and changeover pin or plunger bolt 382 are provided in a manner that
plunger bolt 382 faces a sideway so that changeover pin 382 acts as a rotary valve.
Changeover pin 382 is rotated about an axis 384 to close the fluid passage at spool
174 to deactivate the fluid pressure on the lower dynamic seal 110, as shown in Figure
o(B). Rotary valve 382 has a seal against changeover housing 360 to prevent leakage
of the fluid both when it is at a position to open the fluid passage and when it is rotated ‘

to close the fluid passage.

[0042] It is preferable that the rotary valve or changeover pin is secured to prevent
Inadvertent rotation or movement. This may be accomplished by common retention
methods, such as lock wire. For example, as shown in Figures 6(A) and 6(B),
changeover pin 182 shown in Figure 2 may be secured by way of lock wire 404 for

securing jam nut 184 on tab washer 402, and lock wire 406 for securing the head of

changeover pin 182 on secured jam nut 184.

[0043] While particular embodiments of the present invention have been shown and
described, changes and modifications may be made to such embodiments without
departing from the scope of the invention. For example, in the above embodiments,
the lower dynamic seal functions as a primary seal and the upper dynamic seal
functions as a backup seal. In a different embodiment, the functionalities of the dual

seals may be reversed. Also, in the above embodiments, the spool and the

10
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changeover activator are arranged so that the advancement of the changeover pin into
the housing closes the fluid passage. In a different embodiment, these elements may
be arranged so that the advancement of the changeover pin into the housing opens

the fluid passage to the primary seal.

11
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What is claimed is:

1. A redundant seal assembly for an aircraft shock absorber having an inner
member and an outer member that slidably receives the inner member to form a fluid
chamber therebetween, the redundant seal assembly comprising:

a first dynamic seal provided between the inner member and the outer member,

the first dynamic seal functioning as a primary seal to seal the fluid chamber in an initial
operation of the shock absorber;

a second dynamic seal provided between the inner member and the outer
member, the second dynamic seal functioning as a backup seal while the first dynamic
seal functions as the primary seal; and

a changeover unit comprising:

a changeover housing that has a fluid passage which is connected to the
fluid chamber and extends a fluid pressure from the fluid chamber to the first dynamic
seal;

a spool provided in the fluid passage, the spool having a channel that
forms part of the fluid passage; and

a changeover activator that is movable in the changeover housing to
open or close the fluid passage at the spool to apply or remove the fluid pressure on
or from the first dynamic seal so as to change over the functionality as the primary seal

between the first dynamic seal and the second dynamic seal.

2. The redundant seal assembly as claimed in claim 1, wherein the first dynamic

seal is located farther from the fluid chamber than the second dynamic seal.

3. The redundant seal assembly as claimed in claim 2, wherein the spool
comprises:

a first spool located in the fluid passage near the first dynamic seal; and

a second spool located in the fluid passage near the fluid chamber.

12
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4. The redundant seal assembly as claimed in claim 3, wherein the fluid passage
is formed to extend from the fluid chamber, through the second spool, through the

changeover housing, through the first spool, and to the first dynamic seal.

d. The redundant seal assembly as claimed in claim 1, wherein

the shock absorber further has a bearing provided on an inner surface of the
outer member to allow slidable movement of the inner member along the inner surface
of the outer member, and

the first dynamic seal and the second dynamic seal are provided on an inner

surface of the bearing facing an outer surface of the inner member.

6. The redundant seal assembly as claimed in claim 5, wherein the first dynamic
seal is provided in a first groove formed on the inner surface of the bearing, and the
second dynamic seal is provided in a second groove formed on the inner surface of the

bearing, wherein the first groove is located farther from the fluid chamber than the
second groove.

7. The redundant seal assembly as claimed in claim 5 or 6, wherein the spool
comprises:
a first spool located in the fluid passage near the first dynamic seal; and

a second spool located in the fluid passage near the fluid chamber.

8. The redundant seal assembly as claimed in claim 7, wherein

the changeover unit is provided on a wall of the outer member where two holes

are formed through the wall, and

the fluid passage is formed to extend from the fluid chamber, along an outer
surface of the bearing, through one of the holes of the wall of the outer member,
through the second spool, through the changeover housing, through the first spool,

through the other one of the holes of the wall of the outer member, through a hole

13



CA 02849148 2014-04-16

formed in the bearing, along the inner surface of the bearing, and to the first dynamic

seal.

9. The redundant seal assembly as claimed in claim 8, wherein at least a portion

of the first spool or the second spool is inserted in at least one of the holes formed in

the outer member.

10. The redundant seal assembly as claimed in claim 8 or 9 wherein the

changeover unit further comprises:
a first static seal provided between the outer surface of the bearing and the

inner surface of the outer member to prevent leakage of the fluid to the external of the

shock absorber; and
a second static seal provided between the outer surface of the bearing and the

inner surface of the outer member at a location between the two holes of the outer
member where the fluid passage passes through so as to provide segregation of the

fluid passage along the outer surface of the bearing.

11. Thé redundant seal assembly as claimed in claim 10, wherein the first static
seal is provided in a third groove formed on the outer surface of the bearing, and the
second static seal is provided in a fourth groove formed on the outer surface of the
bearing, wherein the third groove is located farther from the fluid chamber than the

fourth groove.

12. The redundant seal assembly as claimed in any one of claims 5 to 11, wherein
the fluid from the fluid chamber is allowed to flow along the inner surface of the bearing

to the second dynamic seal so as to facilitate lubrication of the inner surface of the

bearing.

13.  The redundant seal assembly as claimed in any one of claims 5 to 11, wherein

the bearing has a liner on its inner surface, and

14
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the first dynamic seal and the second dynamic seal are located father from the
fluid chamber than the bearing liner so as to facilitate lubrication of the bearing liner.

14.  The redundant seal assembly as claimed in any one of claims 1 to 13, wherein
the changeover activator is a changeover pin that is movable in the changeover
housing to activate/deactivate the fluid pressure to the first and second dynamic seals.

15.  The redundant seal assembly as claimed in claim 14, wherein the changeover
pin Is provided to advance upward in order to close the fluid passage at the spool so

that the fluid pressure from the fluid chamber is removed from the first dynamic seal.

16.  The redundant seal assembly as claimed in claim 14, wherein the changeover
pin is provided to advance downward to in order to close the fluid passage at the spool
so that the fluid pressure from the fluid chamber is removed from the first dynamic

seal.

17.  The redundant seal assembly as claimed in claim 14, wherein the changeover

pin is provided as a rotary valve to rotate in order to close the fluid passage at the spool
so that the fluid pressure from the fluid chamber is removed from the first dynamic

seal.

18.  The redundant seal assembly as claimed in any one of claims 1 to 17, wherein

the changeover activator has a seal thereon against the changeover housing.

19.  The redundant seal assembly as claimed in any one of claims 1 to 18, wherein
the changeover unit further comprises lock wire for securing the changeover activator

to prevent inadvertent movement of the changeover activator.

15
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20.  An aircraft shock absorber comprising:

an iInner member:

an outer member receiving the inner member to form a fluid chamber
therebetween;

a bearing provided between an inner surface of the outer member and an outer
surface of the inner member to allow slidable movement of the inner member along the
iInner surface of the outer member:

a first dynamic seal provided between the inner member and the bearing, the
first dynamic seal functioning as a primary seal to seal the fluid chamber in an initial
operation of the shock absorber;

a second dynamic seal provided between the inner member and the bearing,
the second dynamic seal functioning as a backup seal while the first dynamic seal
functions as the primary seal; and

a changeover unit comprising:

a changeover housing that has a fluid passage which is connected to the

fluid chamber and extends a fluid pressure from the fluid chamber to the first dynamic
seal: '

a spool provided in the fluid passage, the spool having a channel that
forms part of the fluid passage; and

a changeover activator that is movable in the changeover housing to

open or close the fluid passage at the spool to apply or remove the fluid pressure on

or from the first dynamic seal so as to change over the functionality as the primary seal

between the first dynamic seal and the second dynamic seal.

21.  The aircraft shock absorber as claimed in claim 20, wherein the first dynamic

seal Is located farther from the fluid chamber than the second dynamic seal.

16
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22. The aircraft shock absorber as claimed in claim 21, wherein
the bearing has a first groove and a second groove formed on an inner surface

of the bearing, the first groove being located farther from the fluid chamber than the
second groove,

the first dynamic seal is provided in the first groove of the bearing, and

the second dynamic seal is provided in the second groove of the bearing.

23.  The aircraft shock absorber as claimed in any one of claims 20 to 22, wherein
the spool comprises:
a first spool located in the fluid passage near the first dynamic seal; and

a second spool located in the fluid passage near the fluid chamber.

24. The aircraft shock absorber as claimed in claim 23, wherein

the changeover unit is provided on a wall of the outer member where two holes
are formed through the wall,

the bearing has a hole formed therethrough near one of the holes of the wall of
the outer member, and

the fluid passage is formed to extend from the fluid chamber, along an outer
surface of the bearing, through one of the holes of the wall of the outer member,
through the second spool, through the changeover housing, through the first spool,

through the other one of the holes of the wall of the outer member, through the hole of

the bearing, along the inner surface of the bearing, and to the first dynamic seal.

25.  The aircraft shock absorber as claimed in claim 23 or 24, wherein at least a

portion of the first spool or the second spool is inserted in at least one of the holes
formed in the outer member.

26.  The aircraft shock absorber as claimed in claim 24 or 25 further comprising:
a first static seal provided between the bearing and an inner surface of the outer
member to prevent leakage of the fluid to the external of the shock absorber: and

17
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a second static seal provided between the bearing and the inner surface of the
outer member at a location between the two holes of the outer member where the fluid

passage passes through so as to provide segregation of the fluid passage along an
outer surface of the bearing.

27. The aircraft shock absorber as claimed in claim 26, wherein
the bearing has a third groove and a fourth groove formed on an outer surface
of the bearing, the third groove being located farther from the fluid chamber than the

fourth groove,

the first static seal is provided in the third groove on the outer surface of the
bearing, and

the second static seal is provided in the fourth groove on the outer surface of
the bearing.

28.  The aircraft shock absorber as claimed in any one of claims 20 to 27, wherein

the fluid from the fluid chamber is allowed to flow along the inner surface of the bearing

to the second dynamic seal so as to facilitate lubrication of the inner surface of the
bearing.

29.  The aircraft shock absorber as claimed in any one of claims 20 to 27, wherein
the bearing has a liner on its inner surface, and
the first dynamic seal and the second dynamic seal are located father from the

fluid chamber than the bearing liner so as to facilitate the lubrication of the bearing
liner.

30.  The aircraft shock absorber as claimed in any one of claims 20 to 29, wherein
the changeover activator is a changeover pin that is movable in the changeover

housing to close or open the fluid passage at the spool.

18
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31.  The aircraft shock absorber as claimed in claim 30, wherein the changeover pin
IS provided to advance upward in order to close the fluid passage at the spool so that

the fluid pressure from the fluid chamber is removed from the first dynamic seal.

32. The aircraft shock absorber as claimed in claim 30, wherein the chahgeover pin
Is provided to advance downward to in order to close the fluid passage at the spool so

that the fluid pressure from the fluid chamber is removed from the first dynamic seal.

33. The aircraft shock absorber as claimed in claim 30, wherein the changeover pin
IS provided as a rotary valve to rotate in order to close the fluid passage at the spool

so that the fluid pressure from the fluid chamber is removed from the first dynamic
seal.

34. The aircraft shock absorber as claimed in any one of claims 20 to 33, wherein

the changeover activator has a seal thereon against the changeover housing.

35.  The aircraft shock absorber as claimed in any one of claims 20 to 34, wherein
the changeover unit further comprises lock wire for securing the changeover activator

to prevent inadvertent movement of the changeover activator.

36. The aircraft shock absorber as claimed in any one of claims 20 to 35, wherein

the bearing comprises an upper bearing and a lower bearing which is located

farther from the fluid chamber than the upper bearing, and

the first dynamic seal and the second dynamic seal are provided on the lower
bearing.

37.  The aircraft shock absorber as claimed in any one of claims 20 to 36, wherein

the inner member is a piston, and the outer member is a cylinder slidably receiving the
piston therein. '

19
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38. The aircraft shock absorber as claimed in any one of claims 20 to 36, wherein
the inner member is an inner tube, and the outer member is an outer tube slidably
receiving the inner tube therein.

39. The aircraft shock absorber as claimed in any one of claims 20 to 38, wherein
the shock absorber is one of a separate gas shock absorber, a single stage mixed
nitrogen shock absorber, and a two stage shock absorber.

20
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