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(54) A process for improving the fatigue crack growth resistance

(57) The present invention relates to a process for improving the fatigue crack growth resistance of « - 8 titanium alloys and
the like alloys/metals which comprises in making, after sandblasting, a single laser trail on the sheet or component of alloy/
metal with above a selected power and scan speed and with the focal spot being up to 200 um above or below the glazing
surface. The width of the trail is measured so as to adjust a job manupulator to cause successive scans with an overlap of
5to 50%. The component is covered by successive scanning under an inert gas at a pressure of 20-48 PSI.
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FIELD OF INVENTION

This invention relates to a process for improving
the fatigue crack growth of Titanium alloys and the
like alloys/metals. Specifically, but without implying
any limitation thereto, the process of the present
invention has a beneficiai application in improving
the fatigue crack growth resistance of Ti-6.5 Al-3.5
Mo-1.9 Zr-0.23 Si alloy, alpha (ecz) beta (g ) titanium
alloys and other alloys/metals capable of retaining a

metastable phase on rapid cooling.

PRIOR ART_

Titanium alloys have useful applicatioés as
aerospace materials, and are émployed in aerospace
frames as structural material and also in turbine blades
of jet engines. Due to the nature of loading in aerospace
frames, fatigue properties are of utmost importance.
With the emerging use of non-metallic compositeé for
aircraft wings and other structures, titanium alloys have
assumed a greater importance as the joining structure
for metallic and non metallic components such as wings

to the main body of- the aircraft.

OBJECTS OF THE INVENTION

The present invention envisages a process for

increasing the fatigue crack growth resistance of the

N
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oL -p titanium alloys and other metallic materials

hence increasing its utility and compatibility with
new generation non-metallic aerospace coﬁponents.
Accordingly, a primary object of the present
invention is to propose a novel process for improving
the fatigues crack growth res{§tancés of titanium

alloys and the like alloys/metals.

SCOPE OF THE_INVENTION

According to this invention there is provided a
process, for improving the fatigue crack growthlresistance
of titanium alloys and the like alloys/metals, comprising
in the steps of sand blasting the alloy component,
detemining the exact position and depth' of focal spot
of laser.beam, selecting the scanning speed for the
available power of the laser beam, making a single
laser trail on a sheet of the same material as component
or the component itself with the selected power and
scan speed such that focal spot is upto 200 ym above
or below the glazing surface, measuring the width of
the trail so as to adjust job manupulator in such a way
that in successive scans there is an overlap of 5 to 50%,
covering the sand blasted surface of the component by

successive scanning under a shield of any inert gas such

.o
w
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as argon at a pressure of 20-48 PSI.
In accordance with the present invention a
sheet or component of alloy/metal is sand blasted

with alumina (A120 The focal spot of the laser

3)'
beam is determined and also the scanning speed for

the available power of the laser beam is §e1ected for
making the laser trail on séid sheet/workpiece. Tﬁe
width of the trail is measured so as to provide a
predetermined overlap in the successive scans depending
upon the thickness of sheet/workpiece. During trail

making the distance between the nozzle ana the

workpiece is kept in the range of 10-25mm.

DESCRIPTION OF INVENTION WITH REFERENCE TO ACCOMPAKRYIN

DRAWINGS :

-

Fig.l(a) shows schematic set up for determining the
focal spot:;

Fig.l(b) shows the shape of laser trail;
Fig.2 shows characteristics of fatigue crack growth:

Fig.3 shows characteristics of fatigue crack growth
resistance;

Fig.4 shows the schematic position laser beam,
workpiece and the work stations.

The alloy/metal component or sheet is first sand

blasted with alumina sand (Alzo for example of -100 mesh

3)
siee, at a flow rate of 500 gm/min from a 6mm nozzle at

60-90 PSI pressure, and then the focal spot using a CO2
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lasér beam is determined. The determination of the
focal spot is in order to ascertain the precise
location of the focal point of the invisible infrared

CO., laser beam (10.6 um wave length). Such a step

2

is be repeated every time after the laser has been

returned after maintanance. This is necessary as after

every tuning, the mode configuration chénges and the
change affects the pcsition of focal spot.
As shown schematically in Fig.l (a) of the
accompanying drawings a long plate 3, such as of
10" (inches) long of the same alloy or metal is
moved under the focusséd laser beam 1 of 3 Kw at 200
inches per minutes (IPM) velocity at any angle
preferably at an angle of 10-15° from horizontal plane.
The laser trail is shown in Fig.l(b). As shown in
Fig.lb, one third portion of the centre of trail,
which have uniform melt width, is the region where the
beam is most tightly focussed. Exact angle from the
horizon and the location of plate with respect to
laser beam helps in calculating depth of focus and the
location of the spot with respect to tip of the nozzel.
A high purity argon gas shield is maintained over
the component by means of a blowing nozzle having a

¥

shield gas pressure of for example 36 PSI for getting
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optimum result. The improvement in fatigue crack
growth resistance are achieved at a pressure of 20-48
PSI. Focal spot is kept between 200 Aim above the
alloy/metal sheet and 200 um below the said sheet,
and keeping a distance of 10-25mm between nozzle tip
and said sheet. Preferably, the focal spot is kept
50 jam above the plate keeping clear distance of

18mm between the nozzle tip and plate, a single trail
is again created at the selected scan velocity and
laser power combination. Width of this trail is
measured. During the processing of actual component,
the component and/or the beam movement is controlled

in such a way that 10% of the trails are overlapped

" in the successive passes, and linear velocity of the

surface thus glazed should be kept constant throughout

the process. The overlapping is varied from 5 to 50%

depending upon the thickness of the sheet or workpiece.
With the said conditions of the laser power,

scan speed,; shield gas pressure, distance from the

tip of the blowing nozzle and sand blasted surface the

component surface can be covered by successive scanning

with laser beam. The process of the present invention

.
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provides an increase in the fatigue crack growth
resistance of bulk component by a factor ranging

from 3 to 100 times.

EXAMPLE 1

6mm thick sheet of an (°('f3 titanium alloy)
was treated in above described conditions using
3 Kw power and 40 IPM scan velocity on the surface
of a CT (compact tension) sample (specification:
width 50mm, half-height to width ratio of 0.6 with
L-T orientation). The CT sample thus prepared was
precracked under cyclic loading and fatigue crack
propagation behaviour was studied.

The result showed minimum of 400% (four times)
improvement in fatigue crack growth resistance of

-

the alloy.

EXAMPLE 2

The same alloy was subjected to the process of
the present invention described in example No.l with

a different scan velocity of 60 IPM at 3 Kw power.

The comparative results are shown in Fig.2a and wherein

graph Al is with respect to the laser treatment and graph

A2 is that by the conventional treatment.
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EXAMPLE 3_

A pure iron CT specimen wWas treated with the
process of the present invention described in example
no.l with scan speed of 40 IPM and power 3 Kw. The
comparative results are shown in Fig.3 (c) which
shows upto 75 timesaimprovement in fatigue crack
growth resistance and wherein graph By is the treated
glazed surface and B2 is of the urglazed surface.

The considerable improvement reported in the
examples 1 to 3 is due to the following reasons.
Firstly, heating the cooling conditions which result
due to localized heating by focused laser Lz2am and
self quenching, results in rétained metastable-phases,
certain amount of epitaxy aﬁd residual stresses on
the component surface. Secondly, there is a possibility
of some atmospheric nitrogen getting first dissolved
in the super hot liguid pool then diffusing to-
interstitial lattice sites. Such nitrogen may
be present there only in traces.

The interstitial nitrogen may also be a contributing
factor to the improvement in the fatigue crack growth

resistance.

[00]
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The nitrogen pick up is indirectly controlled
by shield gas pressure, shape of the nozzle and
the clear distance between the nozzle and work piece.

Configurafion, that is the position of the work
piece and the position of the focused laser beam should
be same as shown @n Fig.4 and that movement of the
glazing surface, 2, should be parallel to the ground
and laser beam 1, should reach it from top perpendicular
to the ground.

Any variation in this configuration will affect
Fhe location of laser induced plasma and its interaction
with incoming laser beam, which may result in variation
in the reported properties.

In Fig.4 orientation of the component, 4 to be
glazed is showed with respect of laser on a work

station, 5.
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CLAIMS

1) A process for improving the fatigue crack growth
resistance of A - ﬁ titanium alloys and the iike
alloys/metals (capable of retaining a metastable

phase on rapid cooling) comprising in the steps of
sand blasting the alloy c-mponent, determining the
exact position and depth of focal spot of laser beam
selecting the scanning speed for the available power
of the laser béam, making a single laser trail on the
sheet or component of alloy/metal with above selected
power and scan speed such that focal spot is

upto 200 um above or below the glazing surface, measuring
the width of the trail so as to adjust job manupulator
in such a way that in successive scans there is an
overlap of 5 to 50%, covering the sand blasted surface
of the component by successive scanning urder a shield

of any inert gas such as argon at a pressure of 20-48 PSI.

2) A process as claimed in claim 1 wherein the position

of the focal spot is 50 um above the glazing aurface.

3) A process as claimed in claim 1 wherein the pressure

of said shield of argon is 36 psi.




4) A process as claimed in Claim 1 wherein the nozzle
and the workpiece or component is maintained at a distance

between 10 to 25 mm.

5) A process as claimed in any of the Claims 1 to 3
wherein said sheet/component is kept at any other angle

with respect to thelaser beam.

6) A process for improving the fatigue crack growth
resistance of O¢ - /2  titanium alloys and the like
alloys/metals (capable of retaining a metastable phase on
rapid cooling), substantially as hereinbefore described

with reference to the accompanying drawings.

7) A process for improving the fatigue crack growth resistance
of ™ - /6 titanium alloys and the like alloys/metals
(Ccapable of retaining a metastable phase on rapid cooling).
substantially as hereinbefore described in EXAMPLE 1 or EXAMPLE
2 or EXAMPLE 3.
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