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(57) ABSTRACT 

A containment system for a gas turbine engine comprises a 
force absorbing arrangement for absorbing the force exerted 
thereon by an ejected portion of a failed component of the 
engine. The force absorbing arrangement circumferentially 
surrounds a major proportion of the axial length of the engine. 
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CONTAINMENT SYSTEM FOR A GAS 
TURBINE ENGINE 

[0001] This invention relates to containment systems for 
gas turbine engines. 
[0002] The mounting of gas turbine engines above the fuse 
lage of an aircraft has advantages With respect to noise reduc 
tion. HoWever, there may be some issues concerning rotor 
failures that need to be addressed. 
[0003] According to one aspect of this invention, there is 
provided a containment system for a gas turbine engine, the 
containment system comprising a force absorbing arrange 
ment for absorbing the force exerted thereon by an ejected 
portion of a failed component of the engine, Wherein the force 
absorbing arrangement circumferentially surrounds at least a 
major proportion of the axial length of the engine. 
[0004] The aforesaid component may comprise a high 
energy component. The component may comprise a disk. The 
component may comprise a compressor or a turbine disk. 
[0005] Preferably, the force absorbing arrangement 
extends substantially the axial length of the engine. 
[0006] Preferably, the force absorbing arrangement com 
prises a force absorbing material. A suitable material is a 
polyamide, such as an aramid, typically a para-aramid. In one 
embodiment, the force absorbing material may comprise 
poly-paraphenylene terephthalamide. An example of such a 
material is sold under the registered trade mark KEVLAR. 
[0007] The engine may include rotary driving components. 
A casing may surround the rotary driving components. The 
rotary driving components may comprise a fan, a compressor 
arrangement, and a turbine arrangement. 
[0008] The casing may comprise radially inner and outer 
skins. The force absorbing arrangement may be provided on 
the casing, preferably betWeen the inner and outer skins of the 
casing. In one embodiment, the casing may comprise a 
nacelle for surrounding the engine. The force absorbing 
arrangement may be provided as a layer on one of the inner 
and/or outer skins. Desirably, the force absorbing arrange 
ment is provided on the inner skin. 
[0009] Alternatively or in addition, the force absorbing 
arrangement may comprise a corrugated outer skin of the 
casing. 
[0010] A plurality of support members may be provided 
Within the casing. Each support member may extend circum 
ferentially around the casing, and may extend from the inner 
skin to the outer skin. In a preferred embodiment, the support 
members provide strengthening betWeen the inner and outer 
skins. Each support member may constitute a bulkhead 
extending from the inner skin to the outer skin of the casing. 
[0011] The support members may be spaced from one 
another axially along the casing. The support members may 
divide the casing into a plurality of compartments. A pedestal 
may extend from the casing to mount the engine on an air 
craft. In one embodiment, support members extend to the 
pedestal. Thus, in this embodiment, each support member 
transmits loads thereon to the pedestal. 
[0012] The provision of the support members provides the 
advantage in an embodiment of the invention that a load 
exerted on the force absorbing arrangement is constrained by 
the support members to prevent excessive deformation of the 
casing and of force absorbing material. 
[0013] Where the engine includes a fan, the force absorbing 
arrangement may comprise a portion of the force absorbing 
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material surrounding the fan, and a further portion of the force 
absorbing material circumferentially surrounding the 
remainder of the rotary components. 
[0014] Where the gas turbine engine includes an interme 
diate case, arranged betWeen the high pressure and interme 
diate pressure compressor, the force absorbing material may 
comprise a ?rst portion of the force absorbing material 
extending from a region surrounding the fan to a region sur 
rounding the intermediate pressure compressor of the engine. 
The force absorbing arrangement may comprise a second 
portion of the force absorbing material extending from a 
region surrounding the high pressure compressor to a region 
surrounding or doWnstream of the loW pressure turbine. 
[0015] The force absorbing material may be Wrapped 
around the engine With appropriate tension to alloW the force 
absorbing material to deform radially outWardly Within the 
casing When absorbing the force of the ejected portion of the 
failed component. The outer skin of the casing may be formed 
of a corrugated material to alloW radially outWard deforma 
tion thereof if the force absorbing material impacts thereon on 
radially outWardly formation of the force absorbing material. 
The engine may be secured to the case by strengthening 
arrangements. Each strengthening arrangement may com 
prise anA frame extending from the engine to the casing. In 
one embodiment, the force absorbing portion may comprise a 
corrugated outer skin. 
[0016] According to another aspect of this invention, there 
is provided an engine arrangement comprising a gas turbine 
engine having a containment system as described above: and 
a pedestal to support the engine on an aircraft. 
[0017] Preferably, the containment system includes a cas 
ing extending circumferentially around rotary driving com 
ponents of the engine, as a plurality of support members 
extending circumferentially around the casing Wherein each 
support member extends to the casing. Thus, loads of support 
members can be transmitted to the pedestal. 
[0018] The engine arrangement may include a chamber 
externally of the engine to include ancillary components of 
the engine. The ancillary components may include a poWer 
off take arrangement to extract poWer from a main shaft of the 
engine. The poWer off take arrangement may include an off 
take shaft extending from the aforesaid main shaft of the 
engine to the chamber, and a gear arrangement to transmit 
rotary poWer from the shaft to further components. 
[0019] Embodiments of the invention Will noW be 
described by Way of example only, With reference to the 
accompanying draWings, in Which: 
[0020] FIG. 1A is a sectional side vieW ofa three shaft gas 
turbine engine, With a nacelle surrounding the engine; 
[0021] FIG. 1B is a sectional side vieW ofa tWo shaft gas 
turbine engine, With a nacelle surrounding the engine; 
[0022] FIG. 2 is a part sectional vieW of the nacelle shoWn 
in FIG. 1 supported by a pedestal; 
[0023] FIG. 3 is a vieW of the region marked III in FIG. 2; 
[0024] FIG. 4 is a perspective vieW of the nacelle shoWn in 
FIG. 2 indicating support members Within the nacelle; 
[0025] FIG. 5 is a front sectional vieW of an aircraft fuse 
lage incorporating tWo engines; and 
[0026] FIG. 6 is a sectional vieW of an alternative embodi 
ment of a containment system used in a gas turbine engine. 
[0027] Referring to FIG. 1A, there is shoWn a sectional side 
vieW of a three shaft gas turbine engine 10A housed in a 
nacelle 12. The engine 10A comprises a fan 14 and an engine 
core 16. A bypass duct 18 is de?ned betWeen the nacelle 12 
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and the engine core. The engine core 16 comprises an inter 
mediate compressor 20, a high pressure compressor 22, a 
combustor 24 and high, intermediate and loW pressure tur 
bines 26, 28, 30 respectively. 
[0028] FIG. 1B shoWs a sectional side vieW of a tWo shaft 
gas turbine engine 10B housed in a nacelle 12. The engine 
10A comprises an engine core 16. Abypass duct 18 is de?ned 
betWeen the engine core 16 and the nacelle 12. The engine 
core 16 comprises a high pressure compressor 22, a combus 
tor 24, and high and loW turbines 26, 30 respectively. 
[0029] Some of the air driven by the fan 14 passes along the 
bypass duct 18 to be exhausted through an exhaust noZZle 32 
to provide a propulsive force. The remainder of the air driven 
by the fan 14 passes through the engine core 16 to the exhaust 
via the exhaust noZZle 32. 
[0030] The fan 14, the compressors 23, 24 and the turbines 
26, 28, 30 are mounted on rotating discs. 
[0031] In each embodiment shoWn in FIGS. 1A and 1B, the 
nacelle 12 is provided With a force absorbing material 34 
provided around the fan 14 and the engine core 16. The force 
absorbing material 34 is provided to absorb the force from a 
fragment of a failed disc, and to contain the fragment Within 
the nacelle 10. 
[0032] The nacelle 12 is formed of inner and outer skins 36, 
38, and the force absorbing material is provided as a layer 
betWeen the inner and outer skins 36, 38 on the inner skin 36. 
[0033] The force absorbing material 34 is in the form of 
poly-paraphenylene terephthalamide. A suitable such mate 
rial is sold under the registered trade mark KEVLAR. 
[0034] The force absorbing material is Wrapped around the 
inner skin 36 of the nacelle 12 With appropriate loW tension to 
alloW it to deform radially outWardly in the event of impact 
thereon by a failed fragment of a rotating component such as 
a compressor or turbine disc. 

[0035] The force absorbing material 34 extends substan 
tially the axial length of the engine, to the region upstream of 
the fan 14 to a region doWnstream of the loW pressure turbine 
30. Thus, the rotating components of the engines 10A and 
10B are circumferentially surrounded by the force absorbing 
material 34. 
[0036] In the embodiment shoWn in FIG. 1A, a central 
region 35A of the nacelle 12 is not covered by the force 
absorbing material 34, because this region is strengthened by 
struts 40. The central region 35A of the nacelle 12 generally 
circumferentially surrounds an intermediate case 41A from 
Which the struts 40 extend. In the three shaft engine 10A 
shoWn in FIG. 1A, the intermediate case 41A is provided 
betWeen the intermediate pressure compressor 20 and the 
high pressure compressor or 22. 
[0037] In the embodiment shoWn in FIG. 1B, a central 
region 35B of the nacelle 12 is not covered by the force 
absorbing material 34, because this region is strengthened by 
struts 40. The central region 35B of the nacelle 12 generally 
circumferentially surrounds an intermediate case 41B from 
Which the struts 40 extend. In FIG. 13 the intermediate case 
41B is provided generally upstream of the high pressure 
compressor 22 and doWnstream of the fan 14. 
[0038] In the above described embodiment, the ancillary 
components of the engine, such as the poWer take off gearbox 
are held Within a chamber in the aircraft fuselage, and this is 
described in more detail beloW With reference to FIG. 5. FIG. 
1 shoWs an off take shaft 42 extending from a main shaft of the 
engine 10 to the off take gearbox. The off-take shaft 42 
extends through one of the struts 40. 
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[0039] Referring to FIGS. 2 and 3, FIG. 2 shoWs a part 
sectional perspective vieW of the nacelle 12 of the gas turbine 
engine. The intermediate case 41A or 41B is shoWn, together 
With the struts 40 in the form of A frames 44 extending from 
the intermediate case 41A or 41B to the nacelle 12. It is in the 
regions Where theA frames 44 engage the inner skin 36 of the 
nacelle 12 that if desired, the nacelle can be devoid of the 
force absorbing material. HoWever, as shoWn in FIG. 2, the 
force absorbing material can extend Without a gap along the 
inner skin 36 of the nacelle 12. 

[0040] The inner and outer skins 36, 38 de?ne betWeen 
them a circumferentially extending space 46, and Within the 
space 46 are provided a plurality of support members in the 
form of annular bulkheads 48, 50, 52, 53 each of Which 
extends around the nacelle 12. The bulkheads 48, 50, 52, 53 
provide support and strengthening to the nacelle 12, in that in 
the event of the force absorbing material 34 being radially 
outWardly deformed by an impact thereon, the bulkheads 48, 
50, 52, 53 resist the deformation of the inner skin to maintain 
the integrity of the nacelle 12. 
[0041] Referring to FIG. 3, Which is a close up of the region 
marked III in FIG. 2 it can be seen that the inner skin 36 
comprises sound absorbing material 54 and the bulkhead 48 
extends there from radially outWardly, and against Which the 
force absorbing material 34 abuts. 
[0042] The nacelle 12 is supported by a pedestal 56 Which 
provides a means of attachment of the engine to the fuselage 
of an aircraft. 

[0043] Referring to FIG. 4, Which shoWs a perspective vieW 
of the nacelle 12 shoWn in FIG. 2, but With the inner and outer 
skins removed. In FIG. 4, the bulkheads 48, 50, 52, 53 are 
shoWn, and it can be seen that the bulkheads 48, 50, 52, 53 
extend outWardly by means of extensions 48A, 50A, 52A, 
53A of each respective bulkhead 48, 50, 52, 53 to the pedestal 
56, Whereby loads on the bulkheads 48, 50, 52 are transmitted 
to the pedestal 56, thereby supporting and strengthening the 
nacelle 12. 

[0044] Referring to FIG. 5, there is shoWn a diagrammatic 
cross sectional front vieW of a fuselage 58 of an aircraft in 
Which a pair of engines, 10X, 10Y are mounted thereon 
extending upWardly from the fuselage. As can be seen, the off 
take shaft 42 extends radially outWardly from each engine 
through the pedestal 56 to a chamber 60 Within the fuselage 
58 of the aircraft. Each of the off take shafts 42 extends to a 
respective gearbox 61, upon Which are mounted ancillary 
components 61A, such as generators, pumps and the like, 
Which alloWs poWer to be transferred from the engine 10X, 
10Y to the necessary regions of the aircraft, for example, to 
provide electrical poWer. The arrangement of such ancillary 
components in the chamber 60 provides the advantage that it 
is no longer necessary for a maintenance Worker to carry out 
Work on the ancilliary components 61A Within the engine. 
[0045] A trap door 62 provides an opening 63 to alloW 
access from the chamber 60 to the engines 10X, 10Y. The 
trapdoor 62 can be connected by a hinge 64 to the fuselage 58. 
[0046] The trap door 62 is connected by releasable hinges 
64 to each opposite side of the opening 63, thus alloWing it to 
be opened in either direction, as shoWn in solid lines and in 
broken lines in FIG. 55. 

[0047] When it is desired to carry out maintenance on the 
right hand engine 10Y (as shoWn in FIG. 5), the left hand 
hinge 64 is released to alloW the trap door 64 to be sWung 
outWardly toWards the engine 10Y to the position shoWn in R 
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solid lines in FIG. 5. In this position, the trapdoor 62 can be 
used as a Work surface by the maintenance Worker. 
[0048] If the maintenance Worker desires to Work on the left 
hand engine 10X, the trapdoor 62 can be closed and the left 
hand hinge re-engaged With the trap door 62. The right hand 
hinge can then be released to alloW the trapdoor 62 to be 
sWung outwardly toWards the engine 10X to the position 
shoWn in broken lines in FIG. 5. In this position, the trap door 
62 can be used as a Work surface, as before. 

[0049] Each of the engines 10a, 10b can be located in its 
correct position on the fuselage 58 by doWels 64 provided at 
opposite end regions of the pedestal 56 at the interface 
betWeen the pedestal 56 and the fuselage 58. The doWels 64 
extend into suitable recesses in the respective pedestal 56 of 
each of the engines 10a, 10b. 
[0050] Referring to FIG. 6, there is shoWn a diagrammatic 
cross sectional front vieW of a further embodiment of the 
invention, in Which the force absorbing arrangement com 
prises a corrugated outer skin 138 of the nacelle 12. The 
provision of the corrugations in the outer skin 138 of the 
nacelle alloWs the outer skin to stretch radially outWardly in 
the event of impact thereon by a fragment of a failed compo 
nent. It Will be appreciated that the corrugated outer skin 138 
can be used in conjunction With a force absorbing material 34 
provided as a layer on the inner skin 36 betWeen the inner and 
outer skins 36, 138. For ease of reference, the force absorbing 
material 34 is shoWn in broken lines in FIG. 6. 
[0051] There is thus described a simple and effective Way to 
contain fragments of failed components of a gas turbine 
engine to prevent the failed components bursting from the 
engine and causing damage elseWhere, for example to the 
fuselage, Wings or tail ?ns of the aeroplane, or to the adjacent 
other engine. A further modi?cation is that other force 
absorbing materials could be used, for example metallic or 
non-metallic structures, knitted structures, feather type 
armour, or bulk head containment. In the further modi?ca 
tion, a tie member could extend betWeen the engines to share 
the load. 
[0052] Whilst endeavouring in the foregoing speci?cation 
to draW attention to those features of the invention believed to 
be of particular importance it should be understood that the 
Applicant claims protection in respect of any patentable fea 
ture or combination of features hereinbefore referred to and/ 
or shoWn in the draWings Whether or not particular emphasis 
has been placed thereon. 

1. An aircraft comprising: 
a fuselage Wherein the fuselage de?nes a chamber; 
a pedestal; and 
a gas turbine engine mounted to the fuselage via the ped 

estal, the gas turbine engine having ancillary compo 
nents situated Within the chamber, and having a contain 
ment system that includes: 
a force absorbing arrangement for absorbing the force 

exerted thereon by an ejected portion of a failed com 
ponent of the engine, the force absorbing arrangement 
including a casing circumferentially surrounding at 
least a major proportion of the axial length of the 
engine; 

the ancillary components including a poWer off take 
arrangement to extract poWer from a main shaft of the 
engine, the poWer off take arrangement including: 

an off take shaft extending from the aforesaid main shaft 
to the chamber; and 
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a gear box arrangement to transmit rotary poWer from 
the shaft to the components, 

Wherein the force absorbing arrangement comprises a 
force absorbing material Wrapped around the casing cir 
cumferentially surrounding the engine, 

the casing having an outer skin formed of a corrugated 
material to alloW radially outWard deformation of the 
outer skin upon impact of the force absorbing material, 
the impact on the outer skin alloWing radial outWard 
deformation of the force absorbing material. 

2. (canceled) 
3. The aircraft according to claim 1 Wherein the force 

absorbing arrangement is arranged to absorb the force exerted 
thereon by an ejected portion of a failed disc. 

4. (canceled) 
5. The aircraft according to claim 1 Wherein the force 

absorbing material comprises a para-aramid material. 
6. The aircraft according to claim 1 Wherein the force 

absorbing material comprises poly-paraphenylene tereph 
thalamide. 

7. (canceled) 
8. The aircraft according to claim 1 Wherein the engine 

includes rotary driving components and the casing surrounds 
the rotary driving components, the casing having an inner 
skin and the outer skin, and the force absorbing arrangement 
is provided on the casing betWeen the inner and outer skins of 
the casing. 

9. The aircraft according to claim 8 Wherein the casing 
comprises a nacelle surrounding the engine. 

10. The aircraft according to claim 8 Wherein a plurality of 
support members are provided Within the casing, each 
extending circumferentially around the casing, the support 
members being spaced from one another along an axial length 
of the casing. 

11. The aircraft according to claim 10 Wherein the support 
members extend from the inner skin to the outer skin. 

12. The aircraft according to claim 10, Wherein the support 
members extend from the casing to the pedestal, Whereby to 
transmit forces from the casing to the pedestal. 

13. The aircraft according to claim 1 Wherein the force 
absorbing material is provided as a layer adjacent the inner 
skin of the casing. 

14. The aircraft according to claim 1 Wherein Where the 
engine includes a fan and an intermediate pressure compres 
sor, and the force absorbing arrangement comprises a ?rst 
section of the force absorbing material extending from a 
region surrounding or upstream of the fan of the engine to a 
region surrounding the intermediate pressure compressor of 
the engine. 

15. The aircraft according to claim 14 Wherein the engine 
includes a high pressure compressor and a high, intermediate 
and loW pressure turbines and the force absorbing arrange 
ment comprises a second section of the force absorbing mate 
rial extending from a region surrounding the high pressure 
compressor to a region surrounding or doWnstream of the loW 
pressure turbine. 

16. The aircraft according to claim 1 Wherein the force 
absorbing material is Wrapped around the engine With appro 
priate tension to alloW the force absorbing material to deform 
radially outWardly Within the casing to absorb the force of an 
ejected fragment of a failed component. 

17. (canceled) 
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18. The aircraft according to claim 1 wherein the engine is 
secured to the casing by strengthening arrangements, each 
strengthening arrangement comprising anA frame extending 
from the engine to the casing. 

19. An aircraft comprising: 
a fuselage Wherein the fuselage de?nes a chamber; 
a pedestal; and 
a gas turbine engine mounted to the fuselage via the ped 

estal, the gas turbine engine having ancillary compo 
nents situated Within the chamber, and having a contain 
ment system that includes: 
a force absorbing arrangement for absorbing the force 

exerted thereon by an ejected portion of a failed com 
ponent of the engine, the force absorbing arrangement 
circumferentially surrounding at least a major propor 
tion of the axial length of the engine; 

the ancillary components including a poWer off take 
arrangement to extract poWer from a main shaft of the 
engine, the poWer off take arrangement including: 

an off take shaft extending from the aforesaid main shaft 
to the chamber; and 

a gear box arrangement to transmit rotary poWer from 
the shaft to the components, 

Wherein the force absorbing arrangement comprises a 
corrugated outer skin of a casing surrounding the 
engine. 

20. (canceled) 
21. The aircraft according to claim 19, Wherein the engine 

includes rotary driving components and the containment sys 
tem includes a casing extending circumferentially around the 
rotary driving components, 

Oct. 7, 2010 

a plurality of support members extending circumferen 
tially around the casing, Wherein each support member 
extends to the pedestal, Whereby loads on the support 
members can be transmitted to the pedestal. 

22. The aircraft according to claim 1, Wherein the chamber 
is de?ned externally of the engine to include the ancillary 
components of the engine. 

23. (canceled) 
24. The aircraft according to claim 19 Wherein the force 

absorbing material comprises a para-aramid material. 
25. The aircraft according to claim 19 Wherein Where the 

engine includes a fan and an intermediate pressure compres 
sor, and the force absorbing arrangement comprises a ?rst 
section of the force absorbing material extending from a 
region surrounding or upstream of the fan of the engine to a 
region surrounding the intermediate pressure compressor of 
the engine; and 

Wherein the engine includes a high pressure compressor 
and a high, intermediate and loW pressure turbines and 
the force absorbing arrangement comprises a second 
section of the force absorbing material extending from a 
region surrounding the high pressure compressor to a 
region surrounding or doWnstream of the loW pressure 
turbine. 

26. The aircraft according to claim 19 Wherein the force 
absorbing material is Wrapped around the engine With appro 
priate tension to alloW the force absorbing material to deform 
radially outWardly Within the casing to absorb the force of an 
ejected fragment of a failed component. 

* * * * * 


