-1- A METHOD OF JO NI NG COMPONENTS This invention relates to a nethod
of joining first and second conponents, and is 5 particularly,

al t hough not excl usively, concerned with-a nethod of repairing a
structure, such as a bladed disc of a gas turbine engine, by bonding
a patch conponent to the damaged structure. Conpressors and turbines
of gas turbine engines such as those used in aero engines 10
typically include a pluraki a t S e.assenbl i es.
The rotor assenblies a =!~'-f-3 a8 oK gs-gases passi ng
t hrough the conpressor and extract work fromthe gases passing

t hrough the turbine. The stator vane assenblies help to direct the
wor ki ng gases entering or exiting the rotor assenblies and thereby
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the bl ade can be readily replaced in the event that it is damaged.
Recent devel opnents have resulted in integrally bl aded rotor
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direct the working gases entering or exiting the rotor assemblies and thereby increase

efficiency of the engine.

15
Each rotor assembly includes a disc and a plurality of blades attached to the disc so as
to extend radially outwardly therefrom. Conventionally, the blades have been attached
to the disc by mechanical connections such as "fir tree" type connections where a fir
tree shaped blade root is received within a complementary shaped recess in the disc.

20  This means that the blade can be readily replaced in the event that it is damaged.

Recent developments have resulted in integrally bladed rotor assemblies or "blisks" in
which the blades are formed integrally with the disc. These have the advantage of
reduced weight as compared to a standard rotor assembly and in improved

25 aerodynamic efficiency. Such blisks are particularly applicable in the design of military

aero engines.

In view of the nature of their applications, blisks are susceptible to damage. Blisks of
gas turbine engines are high value structures. If a blisk is damaged during the
30 manufacturing process, or during service, it is economically desirable for the damaged

blisk to be repaired, rather than scrapped and replaced by an entirely new blisk.



30 manufacturing process, or during service, it is economcally
desirable for the damaged blisk to be repaired, rather than scrapped
and replaced by an entirely new blisk. --2- M nor damage can often be
rectified by conventional hand dressing and bl ending processes.
However, nore substantial damage, for exanple where nore than 20% of
an aerofoil volune is damaged or destroyed repair can be difficult.
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requires the separate creation of he I nter ilate part
requi r et be gHterscur ate al i gnment of both the parts to be joined
and the internediate part, which is difficult to achieve. 25
15 Repairs have also been effected by using material deposition technigues such as Direct
Laser Deposition or shaped metal deposition to regenerate the geometry of damaged

componenis. Such processes are expensive and also result in a heat affected zone,

It has also been proposed, for example in US 5788142, to join the metallic parts by

20 means of an intermediate part made from a compatible powdered metal. The
intermediate part is placed between the parts to be joined, and subjected to a reaction
sintering and consolidation process to form the joint. Such a process requires the
separate creation of the intermediate part, and the requirement for accurate alignment
of both the parts to be joined and the intermediate part, which is difficult to achieve.

25
According to the present invention there is provided a method of joining first and

second components comprising:

(a) placing a containment device in contact with the first component so that a faying
30 surface of the first component is exposed to the interior of the containment
device;



According to the present invention there is provided a nethod of
joining first and second conponents conprising: (a) placing a

contai nment device in contact with the f3rst conponent so that a
faying 30 surface of the first conponent is exposed to the interior
of the containnent device; -3- (b) introducing a sinterable powder
into the contai nnent device so that the sinterable powder accunul ates
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the powder in the bonding region to form a joint between the components.

15 The method may be conducted with at least the faying surfaces disposed in an

enclosure which is evacuated or which contains an inert gas during at least steps (b) to

(e).

The containment device may conform to the profile of at least one of the components.
20
After step (b) of the method, the accumulated powder in the containment device may be
levelled to provide a powder layer of uniform thickness on the faying surface of the first
component. The orientation of the first and second components may be changed after
step (b) and before step (d). The orientation of the faying surface of the first component
25 may be changed after step (b) and before step (d). For example, the faying surface of
the first component may be substantially horizontal during step (b), and then rotated to
a vertical orientation so that step (d) is conducted with the faying surfaces of the first

and second components disposed substantially vertical.



step (b) and before step (d). The orientation of the faying surface
of the first conponent 25 may be changed after step (b) and before
step (d). For exanple, the faying surfacke-of the first conmponent may
be substantially horizontal during step (b), and then rotated to a
vertical orientation so that step (d) is conducted with the faying
surfaces of the first and second conponents di sposed substantially
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15 parallel to the faying surface of the second component. After the consolidation process,

the joined components may be cooled at a slow cooling rate, for example a rate not
greater than 10°C/min, and possibly of the order of 5°C/min.

After step (e), it may be necessary to perform further operations on the joined
20 components and on the consolidated powder, For example, the second component

and/or the consolidated powder may require machining to match the profile of the
original aerofoil.

In an embodiment in accordance with the present invention, the components are

25 metallic components and may be made from alloys typically used in the aerospace
industry, such as alloys based on titanium, nickel, aluminium or steel. It is envisaged
that the method of the present invention could be successfully employed with
components made from alpha, alpha+beta (Ti6-4, Ti6242, Ti62486, Tib50), beta alloy
(Burn Resistant Titanium — BurTi) and titanium based intermetallic alloys (gamma

30 titanium aluminides/TisAl) and may be applicable to all refractory superalioys.



In an enbodi ment in accordance with the present invention, the
conponents are 25 netallic conponents and may be made from al |l oys
typically used in the aerospace industrfy; such as alloys based on
titanium nickel, alum niumor steel. It is envisaged that the

met hod of the present invention could be successfully enployed with
conponent s nmade fron1a|pha al phatbeta (Ti6-4, Ti6242, Ti 6246,
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powder, are made fromceram c or conposite materials. For a better

undeiitst dhidi aigo pbssibke for @saBthddiiM eitbb@ancandth BesirevemhferfiRAiol b{a 8@Wloyed
it 15 ma be carried into effect, reference will now be made,

by way
of exanmgnéh Wﬁ%ﬁtU@C%W@éﬂHﬁfﬁ@mﬂaﬁilifg%tfuqthre\ﬁhlrbwhfcmt@@n‘léstlarictsseé;ond
di agr amg@)tr,l1 i r tor
assenbl y orfgobrﬁ?gi’; ﬂh\éepatﬁl!r’cgé!yZQ %ﬁ%b R %% %@%ﬁt@%goéggearqg%”a%
For a better understanding of the present invention, and to show more clearly how it
15 may be carried into effect, reference will now be made, by way of example, to the

accompanying drawings, in which:

Figure 1 is a diagrammatic perspective view of part of an integrally bladed rotor
assembly or blisk;

20
Figure 2 shows two components to be joined;
Figure 3 shows the components in a different orientation; and
25 Figure 4 shows the components of Figure 2 supported in a fixture;

Figures 5 to 7 show three stages in a process of joining the components.



Figure 3 shows the conponents in a different orientation; and 25
Figure 4 shows the conponents of Figure 2 supported in a fixture;
Figures 5 to 7 show three stages in a pBocess of joining the
conponents. -6- The blisk 10 represented in Figure 1 may be used in
the conpressor or turbine of a gas turbine aero engine. The blisk 10
has a plurality of blades 12 integrally attached to a disc 14 so as
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2. The ni¥chptheaeplacemeasdiblade onpatchmeutis ongper surface (with respect
to the orientation shown in Figure 2). 20 Thus, as a first step of

the repair nethod, the damaged segnent of the aerofoil 12Ais
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15 the first component 2 may be the hub of the blisk 10 of Figure 1, and the blisk 10 may

The
re flat plates” In a practical embodiment

include a stub 18. The second component 4 thus represents a patch part in the form of
a replacement blade to be joined to the hub 2 as a replacement for the blade 12A, or
part of that blade, which has been broken off the hub 2. The hub 2 has, in reality, an
arcuate upper surface (with respect {o the orientation shown in Figure 2).

20
Thus, as a first step of the repair method, the damaged segment of the aerofoil 12A is
removed, for example by CNC machining, to provide a faying surface 6 (Figure 5)
having a surface finish of approximately 1 micron Ra. The faying surface 6 is cleaned
by a suitable process, such as localised etching using a HF+HNQO; based reagent (for

25  titanium alloys), followed by acetone.

The blisk 10 and the patch part 4 are placed in an outer chamber which is evacuated or
filled with an inert gas. The patch part 4 is supported accurately with respect to the hub

2 by means of a fixture 8, as shown in Figure 4. 1t will be appreciated that the



by a suitable process, such as |ocalised etching using a HF+HNG3
based reagent (for 25 titaniumalloys), followed by acetone. The
blisk 10 and the patch part 4 are place@d.in an outer chanber which is
evacuated or filled with an inert gas. The patch part 4 is supported
accurately with respect to the hub 2 by neans of a fixture 8, as
shown in Figure 4. It wll be appreciated that the -7- arrangenent is
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internal contour which is conplenmentary to the profile of the bl ades
12. The receptacle 16 will thus conformto the profile of the stub 18
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introduced into the receptacle 16 and
above the stub, conforming to the prof;le of the patch part 4, which conforms to the
15 periphery of the component joint area without flexing into the space between the patch

part 4 and the faying surface 6.

The receptacle 16 may be made from a polymeric material such as that available under
the designation MICROSET® 101.

20
As shown in Figure 6, a sinterable powder 20 is intfroduced into the receptacle 16 and
builds up on the faying surface 8 within the receptacie 16. The powder may be carried
into the receptacle as a suspension in a flow of inert gas, or in a volatile liguid which
can subsequently readily be evaporated. Alternatively, the powder may he

25 mechanically dispensed into the receptacle 16. Thus, any suitable means could be
employed for delivering the powder to the receptacle 16. For example, delivery could
be achieved by a low velocity cold gas dynamic spray, or the powder 20 could be
delivered through a feed pipe from a crucible containing sonic or sonic oscillating
powder.

30



builds up on the faying surface 6 within the receptacle 16. The
powder may be carried into the receptacle as a suspension in a flow
of inert gas, or in a volatile liquid wich can subsequently readily
be evaporated. Alternatively, the powder may be 25 nechanically

di spensed into the receptacle 16. Thus, any suitable nmeans could be
enpl oyed for delivering the powder to the receptacle 16. For exanpl e,
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ori ent atl{. r%gy b'feoéesei\é%li’g)*oer’thg %oﬁ:@%‘?‘"ﬁoibré introduced into the receptacle 16 with the

15 faying surface 6 in one orientation, and then for subsequent steps of the process to be
conducted with the faying surface 6 in a different orientation. For example, as shown in
Figures 2 and 3, the first component 2 may be arranged such that the faying surface 6
is horizontal, as shown in Figure 2, during introduction of the powder 20, and
subsequently the first component 2 may be rotated such that the faying surface 6 is in a

20  vertical orientation, as shown in Figure 3, for the subsequent steps of the process. This
measure can assist in ensuring adequate powder flow to all the regions of the faying
surface 6, without agglomeration. Thus, by changing the orientation of the
components, gravity can be used to assist powder flow. This can be particularly
desirable if the components 2 and 4 have large cross-sectional areas at the faying

25  surfaces. In some circumstances, orientations other than horizontal as shown in Figure
2 and vertical as shown in Figure 3 may be employed. For example, it may be
desirable for the subsequent steps of the process to be carried out with the faying
surfaces 6,22 inclined at angles other than the horizontal and vertical orientations
shown in Figures 2 and 3.

30



Figures 2 and 3, the first conponent 2 may be arranged such that the
faying surface 6 1is horizontal, as shown in Figure 2, during

i ntroduction of the powder 20, and subseéguently the first conponent 2
may be rotated such that the faying surface 6 is in a 20 vertica
orientation, as shown in Figure 3, for the subsequent steps of the
process. This measure can assist in ensuring adequate powder flow to
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16 The patch part 4 is then offered to the hub 2. As mentioned above, the patch part 4 is

supported in the fixture 8, which serves as an alignment frame to ensure accurate
guidance of the patch part 4 towards the faying surface 6. The corresponding faying
surface 22 (Figure 4) of the patch part 4 is maintained by the fixture 8 precisely parallel
to the faying surface 6 of the hub 2. The patch part 4 is advanced towards the hub 2

20  with minimal pressure. The powder 20 is agitated by means of a suitable agitation
device, such as piezo-electrical ultrasonic transducers 24 (Figure 4). The transducers
24 are applied to the hub 2, at positions close fo the faying surface 6. The frequency
and amplitude of the displacements created by the transducers 24 are tuned to the flow
characteristics of the powder morphology and to the joint geometry size and orientation.

25  Tuning of the transducers 24 can be achieved by, for example, an optical based closed-
loop feedback process control system, including an appropriate algorithm to apply

appropriate vibration parameters for the particular powder being used.



faying surface 6. Ina particular enbodi mrent, a powder thickness of

about 1150 mcrons to 1500 mcrons is desirable. 15 The patch part 4
is then offered to the hub 2. As nentiongd above, the patch part 4 is
supported in the fixture 8, which serves as an alignnent frame to
ensure accurate guidance of the patch part 4 towards the faying
surface 6. The corresponding faying surface 22 (Figure 4) of the
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Once compaction is complete, the receptacle 16 and the ultrasonic probes 24 are
removed, and heat is applied to the patch part 4, for example at a flat surface 26 away
from the faying surface 22, while maintaining pressure on the powder 20 between the

20 faying surfaces 6, 22. The heat may be applied by any suitable means, and heat
transfer is monitored, for example by means of thermocouples or pyrometry placed at
suitable locations on the patch part 4 and the hub 2.

By applying the main heat to the powder 20 indirectly through the patch part 4, it is
25  possible to avoid over-heating the powder 20 which could result in alpha-case

generation on the powder particles. Also, thermal intrusion to the surrounding blades

12 can be minimised. During this heating stage, the powder is heated to a process

temperature of approximately 300°C (for titanium) to enable plastic deformation of the



surface 6 of the hub 2 and the faying surface 22 of the patch part 4
to achieve a high density packed powder 20 in a bondi ng region
between the hub 2 and the patch part 4. ,.The powder conforns closely
to the faying surfaces 6, 22 w thout sf&ﬁfficant change in the axial
al i gnnment of the conponents. The conpressed powder thus naintains a
15 consi stent thickness over the bonding region Once conpaction is
conplete, the receptacle 16 and the ultrasonic probes 24 are
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it is%a %g@ﬁ%@%}e to avoid over-heating the powder 20 which could

result in al pha-case generation on the powder particles. Al so,
t her mal d'wntrusj on to the surrounding blades 12 can be m ni m sed.
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secqnd mponent s.2, 4 and the powder 20, to a tenperature below the
prog SSQESWW%{%P& Such preheating, particularly preheating of the

powder 20, aids conformance of the powder to the faying surface 6, 22
by creep. 5 deformation. By aggl_yi ng the heat to the flat surface 26,
wher e t Han@atirtgripaiof the pawdar 2@isacveysd insk fpthergppliedtion ofsurdhxiakpressure,

di'stri bueranc e hieraehHBhg iR el Ry et R ovAd s Biseet Pend o2 refBain
j oi nt f qrameltel bgo that a uniform thickness of the powder 20 is achieved in the bonding region.
15 The temperature at the bonding region is raised so as to achieve full sintering of the
powder both between the particles of the powder and between the powder and the
faying surfaces 6, 22. Typical sintering conditions are a temperature in the range 850
to 1200°C, and an applied pressure of 10 to 100 MPa (for titanium).

20 The sintering process causes further deformation of the particles of the powder, and
diffusion bonding between adjacent particles and between the particles and the hub 2
and the patch part 4. A small quantity of the powder 20 may be extruded from the
bonding region leaving a residue along the edges of the joint which can be removed in
a subsequent process.

25
After the sintering process, the components are allowed to cool relatively slowly, for
example at a rate of approximately 5°C/minute, to minimise residual stresses in the

region of the joint, and to avoid any requirement for subsequent heat treatment.



10 the powder 20. Final sintering of the powder 20 is achieved in a
further application of uniaxial pressure conduct ed under conditions
whi ch ensure that the faying surfaces 613nd 22 remain parallel, so
that a uniformthickness of the powder 20 is achieved in the bonding
region. 15 The tenperature at the bonding region is raised so as to
achieve full sintering of the powder both between the particles of
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rate of palbxi mately 5C/ minute, to mnimse residual stresses in the
region of the joint, and to avoid any requirenent for subsequent heat
treatnent. -12- In many applications of the nethod, the patch part 4
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The axis of oscillation created by the ultrasonic transducers 24 may be oriented in any

15 direction to achieve optimum agitation of the powder 20. In one embodiment, the
oscillation may take place along an axis X (Figure 4) which is parallel to the faying
surfaces 6, 22, and aligned with the chordal direction of the patch part 4.

The process described above provides a relatively simple and low-cost solution for

20 repairing aerofoils with minimal distortion while maintaining excellent material
properties. The resulting joints between the components 2, 4 may be as strong as the
material of the components 2, 4 themselves. Although the invention has been
described with reference to the repair of a blisk, the process can be applied to individual
aerofoils which are connected to rotor discs or hubs by conventional mechanical

25 means.

Use of a pure powder 20 without the use of a binder such as an organic binder results
in joints of superior mechanical properties, since there is a reduced risk of
contamination at the interfaces between the particles.

30



For illustrative purposes, Figure 7 shows the patch part 4 surrounded
by the powder 20. 10 It is envisaged that, in a practical process,

the patch part 4 would be a relatively_ gqse fit in the receptacle

16, so that the powder 20 will be constrained within the bonding
region between the faying surface 6 and 22. The axis of oscillation
created by the ultrasonic transducers 24 may be oriented in any 15
direction to achieve optinumagitation of the powder 20. In one
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superior mechani cal propert since there is a reduced risk of
contam nation at the interfaces between the particles. 30 -13- In the
process cribed, the copponents 2 _an nd the powder 20 _have the
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mai ntai ning control of the nechanical properties ] ol nt
circumstances, the process can be employed with the blisk or other damaged

companent in situ, without requiring its removal from its operating environment.

15 It will be appreciated that various modifications to the process may be made while not
departing from the scope of the present invention. The regions of the components 2, 4
around the joint may be encapsulated, with either vitreous or braze based
encapsulation, so that the repair method may include a hot isostatic pressing process
on the powder 20 to assist in the removal of porosity from the resulting joint. It may be

20 desirable in some circumstances to retain the receptacle 16 in position during the
application of heat and pressure to the joint, and consequently it may be desirable for
the receptacle 16 to be made from a material which can withstand the process
conditions. For example, a ceramic sheath, instead of the polymer receptacle 16
described, may be employed. The sheath, if compatible with the substrate materials at

25  temperature, may be retained throughout bonding to provide additional constraint if

required.

In the process described above, the faying surfaces 6, 22 have generally flat profiles. It

is possible to adapt the profiles of the faying surfaces 6, 22 to suit the requirements of



The process is particularly suitable for repairing conponents nade
fromgamua titanium alum nides and other internmetallic conpositions,
which are currently difficult to repaif4by conventional welding
processes. 10 The process thus provides a neans of achieving high
integrity repairs of expensive conponents, so mninmsing the overal
|ifecycle cost of the conponent. In sone circunstances, the process
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required. In the process described above, the faying surfaces 6, 22
have generally flat profiles. It is possible to adapt the profiles
of the faying surfaces 6, 22 to suit the requirenents of -14- the
joint, and to facilitate powder conpaction and filling. In the
process as described, the patch part 4 is displaced uniaxially
towards the hub 2 and applies uniaxial pressure to the powder 20. In
sonme circunstances, it nay be desirable for there to be
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CLAIMS

1. A method of joining first and second components
(2,4) comprising:

(2) placing a containment device (16} in contact
with the first component (20) so'that a faying
surface (6) of the first component (2) isexposed
to the interior of the containment device (16
+(b) Introducing a sinferable powder (20) into the
containment device (16} 5o that the sinterable
powder (20) accumulates on the faying surface

(6) of the first component {2);

(¢} fluidising the sinterable powder (20);

(d) displacing the first and second components
(2.4) refatively to each other to move a faying
surface {22) of the second component {4) and
the faying surface (6) of the first component (2)
towards each other within the containment de-
vice (18), thereby 1o compress the fluldised pow-
der (20) in a bonding reglon between the faying
surfaces (8,22) of the first and second compo-
nents (2,4); and

(e) peiforming a consolidation process on the
compressed powder (20) to consolidate the
powder (20} in the bonding ragion 1o form a joint
between the components (2,4).

2. Amethod as claimed in ¢laim 1, inwhich at least the
faying surfaces (6,22) of the components (2,4) are
disposed during at Jeast steps (b} fo (e) in an enclo-
sure which is evacuated or contains an inert gas.

3. A method as claimed in claim 1 or 2, in which the
containment device (16) conforms fo the profile of at
least one of the compenenis (20).



4.

9.

10.

11.
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A method as claimed in any one of the preceding
claims, in which the orientation of the faying surface
(6} of the first component (2) is changed after step
{0} and before step (d).

A method as claimed in claim 4, in which the faying
surface (6) of the first component (2} is moved from
a horizontal orientation to a vertical orisntation.

A method as claimed in any one of the preceding
clairs, in which the sinterable powder (20) is fluid-
ised in step (c) by sonic agitation or ultrasonic agi-
tation.

A method as claimed In any one of the preceding
claims, in which step (e) comprises the application
ofheatand pressure to the compressed powder (20).

A method as claimed in claim 7, in which the heat is
applied to the second component (4) and transferred
through the second component (4) to the com-
pressed powder (20).

A method as claimed In ¢laim 8, in which the heat is
applied lo a flat surface (26) of the second compo-
nent (4} which is parallel to the faying surface (22)
of the second component (4),

A method as claimed in any one of the preceding

claims, in which, following step (e), the second com-

ponent {4} is machined to a desired final profile.

A method as claimed in any one of the preceding

claims, in which the first and second ¢components
(2.4) are made from a metaliic material.
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12. A method as claimed In any one of the preceding
claims, in which the sinterable powder {20) is made
from a meftallic material,

13. A method as claimed in any one of the preceding
claims used for the repair of a component (10} of a
gas turbine engine.

14. A method as claimed in claim 13 used for the repair
of a damaged blade (12A) of & blisk (10), the blisk
(10) comprising a plurality of blades (12) integrally
attached to a dise (14).

15. A method as claimed in claim 2, in which the snclo-
sure is disposed in an outer chamber which is evac-
uated or contains an inert gas.





