2005 PAPER P3
SAMPLE SCRIPT A

This script has been supplied by the JEB as an example of an answer which achieved a
pass in the relevant paper. It is not to be taken as a "model answer™, nor is there any
indication of the mark awarded to the answer. The script is a transcript of the
handwritten answer provided by the candidate, with no alterations, other than in the
formatting, such as the emboldening of headings and italicism of case references, to
improve readability.

AN APPARATUSAND METHOD FOR VAPOUR DEPOSITION OF ALLOYS

The invention relates to an apparatus and methoddpour deposition of alloys. In
particular the invention relates to an apparatuy&pour deposition of alloys comprising
a peening device.

A know apparatus for vapour deposition of aluminialftoys comprises an evaporator
source and a collector drum. The evaporator sasgréed with a molten alloy mix; the
proportions of which are arranged to provide eyattte desired alloy when deposited.
The evaporator source heats the molten alloy migrtm an alloy vapour.

The collector drum is positioned above the evaporsdurce so that the alloy vapour is
collected and condensed on the collector drumnwo fo deposited alloy layer.

The collector drum is cooled to 250°C and rotatea aate, typically of the order of
10rpm, so that within a 3 metre diameter drumyaraf alloy about pm thick is formed
on the collector drum during each revolution, urdildesired thickness of alloy is
obtained.

The chamber in which all the components are locatetthe process takes place is kept
at a high vacuum with a residual pressure of apprately 4 x 10 torr; so that oxidation

of the newly-formed layer by exposure to residuggex and water in the vacuum
chamber will be minimised.

The deposited alloy is removed from the collectamd once a sufficient thickness has
been built up. The newly-formed aluminium alloy tleen mechanically worked to

improve the properties of the alloy. The removedps of deposited alloy are

mechanically worked by being passed between opppoessure rollers whilst the alloy
is still relatively warm and malleable. This casisenucleation of the growing metal
crystals and controls preferential crystal facewgh. All this results in fine grain size,

high density and a lack of residual tensile stresséhich might otherwise lead to a
cracking of the alloys in use.



In one embodiment of the invention an apparatusvigour deposition of alloys as
claimed in claim 1 is provided.

This apparatus is advantageous over the know ajpigaaa the deposited alloy does not
need to be removed from the collector drum priomechanical working. Therefore the
time taken to manufacture the alloy is reduced.

In another embodiment of the invention an appartdusapour deposition of alloys as
claimed in claim 2 is provided.

This apparatus is advantageous over the know dpigaaa each layer of deposited alloy
can be mechanically worked prior to applicatiorthef next layer.

In another embodiment of the invention a methodvigpour deposition as claimed in
claim 12 is provided.

A detailed description of the invention will now kgven with reference to the
accompanying drawing in which
figure 1 illustrates the apparatus of the invemtio
figure 2 illustrate one embodiment of a peeningicke of the apparatus of the
invention
figure 3 illustrates a cross section of the peemagice of figure 2 taken along
lines Il
figure 4 illustrates a cross section of the hogigimouth of the peening device
taken along line 1V of figure 3

An apparatus for vapour deposition of alloys of iimeention comprises an evaporator
source 101, a collector drum 103 and peening devd&eas illustrated in figure 1.

The evaporator source 101 is fed with a molteryadiod heats the alloy to form an alloy
vapour.

The collector drum 103 is positioned above the exatpr source 101 so that the alloy
vapour is collected and condensed on the collatriam 103 to form a deposited alloy
layer 107.

The peening device 105 is positioned adjacentacactilector drum 103 and directs shot
onto the surface of the newly deposited alloy lay@f.

As illustrated in figure 2, the peening device 188 a rotor 201 with blades 203
arranged to be rotated in a housing 205. The hgusas a well 207 beneath the rotor
201 to form a reservoir of small hard balls, knagnshot 300.

The housing 205 is arranged and shaped to prdjecstiot 300 onto the surface of the
newly deposited alloy 107 on the collector 103is lextremely undesirable for any shot
300 to drop down into the evaporator source 10herdfore, the housing mouth is



surrounded by a row of wire brushes 209 to seahagthe collector 103 and direct stray
shot 300 back onto the housing 205.

The blades 203 extend across the width of the hgu&d5 with a running clearance both
between the blades 203 and the housing sides dnddre the blade tips 204 and the
housing well 207. The running clearance is smafian the diameter of the shot 300; to
abviate shot 300 from jamming the rotor 201 inlbasing 205.

The blades 203 may have rubber tips 204 or maynteely of rubber.

The shot material has to be resistant to fractmdeuoperating conditions and may be
made, for example, of quartz, which has a relativelv density, approximately 2.64 x
10° kg/nT or tungsten which has a relatively high densityrag 1.96 x 16 kg/nt.

PrefeSrany, the shot material is steel, which hhigh density of approximately 7.90 X10
kg/m”.

Furthermore, it is preferably that the shot hasaadter in the range of between 0.9mm
and 1.6mm. More preferably, the shot has a dianoét@bout 1.2mm.

As illustrated in figure 4, the housing mouth 4@0narrower than the width of alloy

deposited on the collector, this means that onpoiion of the deposited alloy can be
shot peened by the peening devicel05. Peenirgeabhole width of the deposited alloy

is achieved either by providing multiple peeningvides 105 arranged to peen

overlapping portions of deposited alloy or by mavihe peening device 105 across the
collector drum 103 as the collector drum rotates.

In use, the shot is bombarded against the surfademewly deposited alloy 107 by the

rotating blades and blade tips 203, 204 at higboigl to increase the resistance of the
alloy to fatigue failure by adding dislocations amatdening the surface. The surface of
the alloy is impacted a plurality of times by th@s300.

For a 60mm wide rotor 201 rotating at 1750 rpm leetmv 6000 and 12000 shots are
sufficient to harden the surface of the alloy.

A rotor substantially wider than 60mm risks the ratgon of shot to one side or the other
of the well. However, this can be impeded by usmegrnal well dividers.

In an alternative embodiment the peening device coayprise a rotor having metal flails

which are used to harden the surface of the alilgympacting the surface of the alloy a
plurality of times. However, the flails must bgusled so that the surface is not worked
too regularly and consequently the working of théace is inadequate.

The apparatus of the invention is located withiraauum.



CLAIMS

1)

2)

3)

4)

5)

6)

7

8)

9)

10)

Apparatus for vapour deposition of alloys coisipg:-
an evaporator device for heating an alloy to fomaboy vapour;

a collector device having a surface upon whichdahey vapour from the
evaporator device is capable of being condenséatito a layer of deposited
alloy; and

a peening device for mechanically working the dépdsalloy by impacting
a surface of the deposited alloy a plurality ofagwith impacting means.

The apparatus according to claim 1, wherein ldyer of deposited alloy
comprises a plurality of sublayers, and the surfaiceach sublayer of deposited
alloy is impacted a plurality of times by the impag means.

The apparatus according to claim 1 or claimwkerein the peening device
comprises:-
a rotor provided with blades and capable of rotatvithin a housing, and
wherein the impacting means is a plurality of shot.

The apparatus according to claim 3, wherein ghet is steel shot having a
diameter between substantially 0.9mm and substignti&mm.

The apparatus according to claim 4, wherein shet has a diameter of
substantially 1.2mm.

The apparatus according to claims 3 to 5, whehe housing comprises internal
dividers capable of impeding migration of the stiobne side or another side of
the housing.

The apparatus according to claim 3 to 6, winetbe peening device further
comprising:-
Sealing means surrounding an opening in the hou#iiegsealing means
capable of preventing the shot from leaving thesirogi

The apparatus according to claim 1 or claimvBere in the peening device
comprises:-
a rotor provided with flails, and wherein the meing means is the flails.

The apparatus according to any preceeding chaimerein the peening device is
movable with respect to the collector device.

The apparatus according to any preceding chaimerein the collector device is a
drum.



11)

12)

13)

14)

15)

16)

The apparatus according to any preceding chainerein the apparatus is located
within a vacuum.

A method for vapour deposition of alloys corsiog:-
heating an alloy to form an alloy vapour;
condensing the alloy vapour on a collector devicefdrm a layer of
deposited alloy; and impacting a surface of theodited alloy a plurality of
times with impacting means to mechanically workdegosited alloy.

The method according to claim 12, whereinldlyer of deposited alloy comprises
a plurality of sublayers, and the surface of ead#lager of the deposited alloy is
impacted a plurality of times with the impactingans.

The method according to claim 12 or claimfliBher comprising:-
removing the worked alloy from the collector dmuvi

Apparatus for vapour deposition of alloys &eimbefore described and with
reference to any one of figures 1 to 4.

A method for vapour deposition of alloys aseibefore described.

[4 pages of drawings follow]
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2005 PAPER P3
SAMPLE SCRIPT B

This script has been supplied by the JEB as an example of an answer which achieved a
pass in the relevant paper. It is not to be taken as a "model answer™, nor is there any
indication of the mark awarded to the answer. The script is a transcript of the
handwritten answer provided by the candidate, with no alterations, other than in the
formatting, such as the emboldening of headings and italicism of case references, to
improve readability.

IMPROVED ALLOY PRODUCTION
The invention relates to alloy production, in pautar to vapour deposition of alloys.
Vacuum deposition of vaporised aluminium alloya isell-known technique.

It is also well-known to mechanically work thesemheformed aluminium alloys once
they have been removed from the apparatus on whehare first formed.

For example, strips of deposited alloy are takemfthe collector where they are initially
formed by condensation and passed between opposssupe rollers whilst the alloy is
still relatively warm and malleable.

Such mechanical working improves the propertiegthefresultant alloy.

Thus, in the art, there is a requirement to fitgtdoup the alloy to its desired thickness
and then rapidly remove the alloy and mechanicaeliyk the completed alloy in a
separate process.

The present invention provides [claim 1]. This hoet is much more convenient since
the alloy is mechanically worked as it is beingnfed and thus ensures a convenient
process in which the alloy is guaranteed to be wanah malleable and therefore most
susceptible to working to produce a superior praduc

Preferably [claim 2]. Layer by layer working oftllloy is also considered to provide an
improved product since each layer is worked ungéin@l conditions as opposed to the
final alloy being worked in a separate process.

In specific embodiments, [claims 3 to 12] Thus, rpeg is the preferred method of
working each layer of the alloy. Steel shot of gbb@mm diameter has been shown to
be particularly effective.

Preferably, the peening device as described héwsna 60mm wide rotor which rotates
at 1750 rpm. Under these conditions, using 6,002t000 shot balls works well.



In a second aspect, the invention provides [cle@nardd 14].

Alloys in which each layer has been mechanicallyked is expected to produce an alloy
having superior properties.

In a third aspect there is provided [claims 15 &). 3Thus, this apparatus is useful for
producing alloys according to the method of thesition.

In a fourth aspect, the invention provides [claifj. 3

Thus, the preferred peening device may be supplseed separate component to use in
existing vapour deposition of alloy systems.

The invention will now be described in a non-limgi example with reference to the
accompanying drawings in which

fig 1 shows a side view of an apparatus of thentiee including a peening device.
fig 2. shows a detailed cross sectional side viethe peening device

fig 3 shows a cross sectional view along the likdllin fig 2. Note, the shot is not
shown here for clarity

fig 4 shows an end view of the peening device endhection of arrow 1V in fig 3.
Here the collector drum and rotor are not shown.

Referring to fig 1, a collector drum 1 is positiongbove an evaporator source 2 for an
alloy mix. The alloy condenses on the collectamd 1 to form a deposited alloy layer
3.

A peening device 4 is located in sealed engagemihtthe collector drum thanks to a
seal 5. The peening device is a rotor 6.

As shown in fig 2, the rotor 6 comprises bladesraraged to be rotated in a housing 8.
The housing has a well 9 beneath the rotor 6 tm fresevoir for shot 10.

The blades 7 extend across the width of the hou8imgth a running clearance both
between the blades 7 and housing 8 sides and betiedlade tips 11 and the housing
well 9. The running clearance is smaller thanghet diameter to prevent jamming of
the rotor 6 by shot 10 in the housing 8.

The rotor 6 is driven by a rotor driveshaft 12.



The housing is arranged and shaped to form a rahiprthe shot 10. The housing 8 has
a mouth 14, also shown in fig 3 which is surrountgd row of wire brushes 15 which
form the seal 5.

As shown in fig 4, the housing mouth 14 is narrotiran the width of alloy deposited on
the collector.

In use, alloy vaporised in the evaporator source2denses on the collector drum 1
which rotates in the direction of the arrow, thastiing an alloy deposit 3 as a layer.

The alloy 3 is peened by peening device 4 as eg@h Is deposited on the drum 1.

The rotor drive shaft 12 drives the rotor 6 as sindwy the arrow in fig 2. The blades 7
and blade tips 11 thus pick up shot 10 from thd el

Continued rotation projects the shot 10 up the ra@n the housing 8 onto and against
the alloy 3 deposited on the collector drum 1.

The seal 5 comprising wire brushes 15 acts to #®ahousing mouth 14 against the
collector 1 to prevent spillage of short 10 ana atsdirect shot 10 into the housing 8.

Thus, as the collector 1 continues to rotate eagérlof alloy is peened as it is deposited
to mechanically work it whilst it is warm and mallde.

Due to the housing mouth 14 being narrower thanatoh of alloy 3 deposited on the
collector 1, only a portion of the alloy 3 can b®ispeened by the peening device 4.

Peening of the whole alloy 3 width may be achiebgdproviding multiple peening
devices 4 arranged to peen overlapping portionslegfosited alloy 3 or moving the
device 4 across the collector 1 as the collectatdtes (not shown).

The blades 7 and blade tips 11 are preferably nrate rubber but metal flails are an
alternative.

The shot 10 is preferably steel but may be tungsteuartz for example.

It may be possible for the evaporator source 2@®hing device 4 to move relative to
the collector 1 although rotation of the colleaspreferable.

CLAIMS

1. A method of making an alloy comprising;

(i) condensing an alloy vapour onto a collectorfae to form a layer of
condensed alloy on the surface; and



10.

11.

12.

13.

(i) mechanically working the layer of condensetbywlwhilst it remains on the
collector surface.

A method of claim 1 wherein steps (i) and ii¢ repeated such that an alloy of a
predetermined thickness is produced in which eagbrlof the alloy has been
mechanically worked

The method of claim 1 or 2 wherein the collectarfaste is moved relative to an
evaporator which provides the alloy vapour to alloantinuous condensation to
form the layer of condensed alloy on the surface.

A method of any preceding claim wherein at least ¢bllector surface is in a
vacuum.

A method of any preceding claim wherein the meatamworking of the layer of
condensed alloy is achieved by bombarding the lafeondensed alloy with a
plurality of projectiles.

A method of claim 5 wherein the bombarding of tagelr of condensed alloy with
a plurality of projectiles comprises peening.

A method of claim 6 wherein shot material is used.

A method of claim 7 wherein the shot materiak ha density of between
approximately 2.64 x fokilogram per cubic metre and approximately 1.960% 1
kilogram per cubic metre, preferably approximatel9 x 10 kilogram per cubic
metre.

A method of claim 7 or 8 wherein the shot matedamprises quartz and/or
tungsten and/or steel, preferably steel.

A method of any of claims 7 to 9 wherein the shaitemnial has a diameter of
between approximately 0.9mm and 1.6mm, prefergippyax. 1.2 mm.

A method according to any of claims 6 to 10 whep@ening is achieved by use
of multiple peening devices arranged to mechanjicalbrk the entire layer of
condensed alloy, or by use of a peening device lwhioves relative to the
collector surface to mechanically work the entager of condensed alloy.

A method of any preceding claim additionally corspry;

(i) removing the mechanically worked alloy frotmet collector surface.

An alloy comprising a plurality of layers, each éayhaving been individually
mechanically worked.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

An alloy of claim 13 wherein the alloy is produdagthe method claim 12.
Apparatus for making an alloy comprising;
(i) an evaporator for vaporising an alloy,

(i) a collector surface arranged to collect tlaporised alloy and allow a layer
of condensed alloy to form thereon; and

(i) means for mechanically working the layer obndensed alloy on the
collector surface.

An apparatus of claim 15 wherein the evaporatorcatieéctor surface are capable
of movement relative to one another to facilitager upon layer condensation of
alloy on the collector surface.

An apparatus of claim 16 wherein the means for mecklly working the layer
of condensed alloy works each layer of condendeg alilt up on the collector
surface.

An apparatus of claim 16 or 17 wherein the collestarface comprises a drum
capable of rotation relative to the evaporator.

An apparatus of any of claims 15 to 18 which furtitemprises means for
forming a vacuum around the collector surface.

An apparatus of any of claims 15 to 19 further cosipg means to remove the
mechanically worked alloy.

An apparatus of any of claims 15 to 20 wherein tneans for mechanically
working the layer of condensed alloy on the cotlecsurface comprises a
bombarding device for bombarding the layer of corsgel alloy on the collector
surface with a plurality of projectiles.

An apparatus of claim 21 wherein the bombardingiadeczomprises a peening
device.

An apparatus of claim 22 wherein the peening destzaprises a rotor carrying a
plurality of projecting members arranged so asdcekerate the projectiles onto
the layer of condensed alloy on the collector sigrfa

An apparatus of claim 23 wherein the projecting hera comprise blades and/or
flails.

An apparatus of claim 24 wherein the blades corapubber, preferably at least

10



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

rubber tips and/or the flails comprise metal.

An apparatus of any of claims 21 to 25 wherein phgjectiles comprise shot
material.

An apparatus of claim 26 wherein the shot matdrad a density of between
approximately 2.64 x fokilogram per cubic metre and approximately 1.980%
kilogram per cubic metre, preferably approximatel9 x 1 kilogram per cubic
metre.

An apparatus of claim 26 or 27 wherein the shoenmtcomprises quartz and/or
tungsten and/or steel, preferably steel.

An apparatus of any of claims 26 to 28 whereinghet material has a diameter
of between approximately 0.9mm and 1.6mm, prefgrapproximately 1.2mm.

An apparatus of any of claims 21 to 29 which furtitemprises a housing
defining a resevoir for the projectiles.

An apparatus of claim 30 when depending from claztisto 29 wherein the
projecting members have a running clearance imdlusing which is less than the
diameter of the shot material.

An apparatus of claim 30 or 31 wherein the resesminprises at least one divider
to separate projectiles in the resevoir.

An apparatus of claim 30 to 32 wherein the houss@rranged to guide the
projectiles onto the layer of condensed alloy.

An apparatus of claim 33 wherein the end of theshmuwhere the projectiles
exit includes sealing means to prevent spillagehef projectiles and to direct
stray projectiles back into the housing.

An apparatus of claim 34 wherein the sealing meaomprises a row of wire
brushes sealing against the collector surface.

An apparatus of any of claims 15 to 35 which cosgsia plurality of devices as
defined in any of claims 21 to 35 arranged to cedystantially all of the width

of the collector surface

or

which comprises a device as defined in any of dazh to 35 which is provided
with movement means to allow movement across theator surface.

A bombarding device for use in mechanical workifigap alloy on a collector
surface as defined in any of claims 21 to 36.

A method substantially as herein described witlerexice to the accompanying

11



39.

40.

41.

drawings.

An alloy substantially as herein described witherehce to the accompanying
drawings.

An apparatus substantially as herein described witierence to the
accompanying drawings.

A bombarding device substantially as herein desdrilwith reference to the
accompanying drawings.

DRAWINGS (4 sheets) follow

NOTE TO EXAMINER

Used “bombarding deviceand “projectile$ to ensure not limited to only shot
material in light of peening definitions provide# skilled person likely to infer
“shot’ from “peening.

Specified particular shot types in apparatus clafims possible contibutory
infringement purposes (may be sold separately).

Put basis in description for claim to rotor widdpeed and balls in case required
(v narrow).

Tried to claim alloy since client wants broadestgble protection.

* kK k k k k k k%
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2005 PAPER P3
SAMPLE SCRIPT C

This script has been supplied by the JEB as an example of an answer which achieved a
pass in the relevant paper. It is not to be taken as a "model answer™, nor is there any
indication of the mark awarded to the answer. The script is a transcript of the
handwritten answer provided by the candidate, with no alterations, other than in the
formatting, such as the emboldening of headings and italicism of case references, to
improve readability.

The present invention relates to a method of maturfimg an alloy, an apparatus for
manufacturing an alloy, a peening device and sbraige in peening.

Techniques for vacuum deposition of vaporised ahism alloys are well-known. In one
example, a rotating drum, cooled to 260acts as the collector upon which an
aluminium alloy is deposited. The chamber, in whadlithe components are located and
the process takes place, is kept at a high vacuemwith a residual pressure in the
region of 4 x 10 torr. Once a sufficiently-thick layer has built op the collector, the
deposited aluminium alloy is removed from the adbhe for further processing.

One such common process is to mechanically worlngvely-formed aluminium alloy;
for example, by passing the strips of depositednalium alloy removed from the
collector between pressure rollers whilst stilatelely warm and malleable.

Another known method of mechanically working a miatds “peening. Shot peening is
when a material is bombarded with small, roundlstket at high velocities. Peening, in
general, is the process of impacting the surfagerlaf a material a multitude of times;
for example by bombarding it with a selected medigoch as round steel shot) under
controlled conditions.

Mechanically working an alloy by passing it throughessure rollers is known to
improve its properties, since it causes renuclaatibthe growing metal crystals and
controls preferential crystal facet growth. Thisuks in fine grain size, high density and
a lack of residual tensile stresses; which mighetise lead to cracking of the alloy in
use.

Peening is known to have a similar effect, incregs material’'s resistance to fatigue
failure by adding dislocations and hardening thdase, which is where a crack may
begin due to surface flaws.

In view of this known art, a method for manufaatgralloys - not only of aluminium, but
any suitable alloy, particularly those for useagro-space applications - is proposed,
along with an associated apparatus, that aims ppowe on the known methods and
techniques. Associated components of the appaaatusiso disclosed.

13



A first aspect of the present invention is defime€laim 1.

Such a method ensures that working of a newly-deggzballoy takes place as part of a
single, efficient operation, without the need tmowe the alloy from the collector surface
before it is worked.

A second aspect of the present invention is definéiaim 11.

An apparatus configured in this manner can effityecontinue producing worked alloy,
without the need to continually halt the alloy deition process before the alloy may be
worked.

Both the method of Claim 1 and apparatus of Claifin de associated with a
manufacturing process in which the material properof the resultant alloy can be
specifically determined by ensuring that the alisypeened whilst still warm and
malleable - i.e. before it has cooled to much afeosition onto the collector surface.
This leads to associated improvement in the qualitythe alloy manufactured by
reducing the occurrence of defective batches.

A third aspect of the present invention is defimre@laim 23.

Such a peening device can produce a thorough ansistent peening effect over a
predetermined target surface area of material topeened, to ensure a uniform
mechanical working across the full extent of thatenial.

A fourth aspect of the present invention is definedClaim 30, which defines a
previously unknown use for the two materials; imtigalar in relation to, or for use in
conjunction with, the method, apparatus and devi¢he present invention.

A fifth aspect of the present invention is definedClaim 31 , which is directed to the
appropriate form of peening balls for use in thethod of apparatus of the present
invention, or in conjunction with the device of @a23 . Balls of this construction have
sufficient density to produce a mechanical workafiggct without damaging the material
being worked, and are appropriately sized to giywad and even coverage across the
surface of the material being worked.

To enable a better understanding of the inventmd to show how the same may be
carried into effect, reference will now be made, gy of example only, to the
accompanying drawings, in which :-

Figure 1 shows an embodiment of the apparatus ef pitesent invention in
schematic side view;

Figure 2 shows an embodiment of the peening dedidbe present invention in
schematic cross-sectional view from the side;

14



Figure 3 shows the device of Figure 2 in the plafiene IlI; and
Figure 4 shows the device of Figure 2 in the diogcof arrow V.

In the apparatus of Figure 1, there is shown aectl drum 1, which has an outer
circumferential collector surface 2 on which a thayer of alloy 3 is deposited by an
evaporator source 4. Such an arrangement is weWknand is typically surrounded by a
vacuum maintained by a chamber in which these coewts are held (not shown).

The collector drum 1 rotates slowly so that théembbr surface moves past the evaporator
in direction of arrow X.

Adjacent a proximal part of the drum is locatedeamng device 100, which comprises a
housing 101 in which is located a rotor 102, rat62 being arranged to rotate inside
housing 101 . A portion of housing 101 forms a S with the collector surface 2 of

collector drum 1, or with the surface of alloy layein preference thereto.

Turning now to Figures 2-4, the peening device i$Gflsclosed in more detalil.

The housing 101 is shaped and arranged to dirgktrality of peening balls 110 through
a mouth 112.

A seal, here in the form a of number of rows ofeadrush, is provided around the mouth,
to ensure that no peening shots/balls 110 escdpehwould interfere with evaporator 4.
Because the brush is compliant, stray balls ardecdefl back into the housing 101 . Rotor
102 has a plurality of blades 107 which may thewesebe formed of rubber, or may (as
shown) have rubber tips 108.

Rotor 102 rotates to impart kinetic energy to ball® in order to fire the balls through
mouth 112 onto the alloy surface. This mechaniocatiyks the alloy.

For a rotor with a blade-tip diameter (otherwise@y called the diamenter) of 60mm,
an appropriate speed of rotation is approximatefpOl rpm. Suitable materials for
forming the peening balls 110 are quartz, stedungsten. Any material may be used,
however, providing that it is resistant to fractamed has sufficient density. Density of
from 7.90 x 16 to 2.64 x18kg/m® is preferred, even more preferably 1.96 % R@/nr.
The balls should have diameters of between 0.9nuvil&mm, preferably about 1.2mm.

An alternative to such a peening device in the egipa of Figure 1 would be a rotor
having metal flails, but accuracy of the workinfeet cannot be so accurately controlled.

15



CLAIMS

1.

10.

11.

A method of manufacturing an alloy comprisihg steps of:
depositing a layer of molten alloy on a moving eotbr surface; and

peening the layer of alloy as it is deposited oe tollector surface to
mechanically work the deposited alloy while it iann and malleable.

The method of Claim 1, wherein the step of dépw a layer of molten alloy
includes condensing an alloy vapour onto the ctilesurface.

The method of Claim 1 or 2, wherein the layemolten alloy is deposited at a
high vacuum.

The method of Claim 1, 2 or 3, wherein the stepeening the layer of alloy

involves impacting the surface of the layer of yll multitude of times with a

selected medium.

The method of Claim 4, wherein the selected nmadias a density in the range of
from32.64 x 16 kg/m*to 1 .96 x 16 to kg/n?, and preferably about 7.90 x310

kg/m

The method of Claim 4 or 5, wherein the sekbctedium is one of quartz, steel
or tungsten.

The method of any one of Claims 4, 5 or 6, whethe process of impacting the
surface a multitude of times includes bombarding sarface with round shot
made of said medium at high velocities.

The method of any one of Claims 4 to 7, wheréhe process of impacting the
surface a multitude of times includes impacting sheface with metal flails on a
rotor.

An apparatus configured and arranged to perfthren method of any one of
Claims 1 to 8.

Use of the alloy manufactured by the methodrof one of Claims 1 to 8 in an
aero-space application.

An apparatus for manufacturing an alloy casipg:
collecting means having a collector surface;

means for depositing a layer of molten alloy ol aillector surface; and

16



12.

13.

14.

15

16

17

18

19

20

21

22

23

means for peening said layer of alloy on said ctdlesurface, the apparatus
being configured and arranged so that, in useeatiparatus, the means for
peening mechanically works the alloy layer as itdeposited on the
collector surface while the alloy is warm and meitle.

The apparatus of Claim 11, wherein said ctiganeans is a collector drum, and
said collector surface is the outer circumferergiaface of said collector drum.

The apparatus of Claim 11 or 12, wherein sagns for depositing a layer of
molten alloy includes an evaporator source arrarigedirect alloy vapour onto
said collector surface.

The apparatus of Claim 11, 12 or 13, wheraid means for peening includes a
rotor arranged to rotate in a housing for providkngetic energy to a medium to
be impacted on the surface of a layer of alloy dé&pd on said collector surface.

The apparatus of Claim 14, wherein the housmetudes a mouth for directing
said medium onto the surface of the alloy layer.

The apparatus of Claim J1&herein the mouth is narrower than the layer of the
alloy to be peened.

The apparatus of Clairrblwherein the means for peening is mobile so as to
enable translation of the mouth across the widttheflayer of alloy to be peened.

The apparatus of Clainb,lwherein said means for peening includes two or more
rotors arranged in housings of a similar type ayeahacross the width of the
collector surface to enable the entire width ofldyer of alloy to be peened.

The apparatus of any one of Claims 11 to 18,revhesaid means for peening
includes a plurality of balls of shot to be firedsaid alloy layer.

The apparatus of any one of Claims 11 to 19,revhesaid means for peening
includes metal flails on a rotor.

The apparatus according to any one of Claim®1¥8 or 19 as dependent upon
Claims 14 to 18, wherein said housing or housings disposed adjacent said
collector surface, and a seal is provided betwesh édousing and said collector
surface in order to retain any loose material withie housing or housings.

The apparatus of Claim 21 , wherein each seat@mpliant brush seal.
A peening device comprising a rotor, said rofeerable to provide kinetic energy
to impacting means, and said device being confadyarel arranged to direct said

impacting means with kinetic energy onto a surfaceause the impacting means
to impact on said surface a multitude of times.
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25

26

27

28

29

30.

31.

32.

33.

34.

35.

The peening device of Claim 23, further compgsa housing within which said
rotor is arranged to rotate, said housing beingreyed and shaped to direct the
impacting means onto the respective surface.

The peening device of Claim 23 or 24, whereiid sator further comprises a
plurality of blades for imparting kinetic energyfeening shot.

The peening device of Claim 25, wherein the ddadomprise at least a portion
that is of rubber.

The peening device of Claims 23 to 26, wheraid peening device is sized and
shaped to contain between 6000 and 12000 ballsesfipg shot.

The peening device of any one of Claims 23 tovdt¥erein the rotor is rated to
rotate at about 1750 rpm and has a diameter oft &foom.

The peening device of any one of Claims 23 ton®&rein the impacting means
with kinetic energy are directed onto said surfdweugh a mouth, and wherein
the device further includes a seal around said mémt sealing between said
peening device and the surface.

Use of tungsten or quartz as a medium for géening.

Balls for shot peening having a density of betwabnut 7.90 x & kg/m® and
about 2.64 x I kg/n?, preferably about 1.96 x ikg/m®, and each having a
diameter in the range of between 0.9mm and 1 .Gonefierably about 1.2mm.

A method substantially as described hereinbeforeh wieference to the
accompanying drawings.

An apparatus substantially as described hereinbefoith reference to the
accompanying drawings.

A peening device substantially as described heedomb with reference to the
accompanying drawings.

Peening shot substantially as hereinbeforeritbestin the description of specific
embodiments.

4 pages of drawings follow
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