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Share of laser material processing technigues at MT
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Aero engine materials
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Laser Metal Deposition of engine parts made of Ni-ba  se alloys

Hard-facing of Z-notches of Low Pressure Turbine bl ades

Benefits

Low heat input

Reduced deterioration of
material properties
Reduced post-processing
High process speed

As laser built-up As finished

welded 2mm

Longitudinal section



Laser Metal Deposition of engine parts made of Ni-ba  se alloys

Repair of High Pressure Turbine Blades

Main application in the repair business

PX-, DS- und SX-materials (major
share)

Cast Ni-base alloys are basically
unweldable

Inductive preheating up to 1100 in
order to prevent cracking

Various filler materials (Ni and Co-base

alloys) HPT blade laser built-

up welded with Co-base
alloy



Laser Metal Deposition of engine parts made of Ni-ba  se alloys

Repair of labyrinth seals

Benefits

No water cooled fixtures required
Significant reduced cycle time

Reduced post-processing
smm

As finished

As laser built-up
welded




Laser Metal Deposition of engine parts made of Ni-ba  se alloys

Repair of retaining rails

Process detail

Section of a laser
Fixed casing made of Inconel718 built-up retaining rail
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Laser Metal Deposition (LMD) of titanium alloys

Manufacture of specimens

Base material Ti6242

Sealed inert gas chamber

Ti6242 powder produced by EIGA process
Average powder grain size about 50 m

Manufacture of specimens
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Laser Metal Deposition (LMD) of titanium alloys

Microstructure 500

Elongated grains
perpendicular to the
bright fusion lines

Base material | | Weld metal deposit |
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Laser Metal Deposition (LMD) of titanium alloys

Strength properties
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Laser Base MTU
Built-up Material Spec

Strength of laser built-up Ti6242 (500C)
HCF properties of laser built-up Ti6242 (450C)

—

Crack always in the base material
Tensile and fatigue properties of laser
built-up specimens superior to those
of the base material !

Laser —  Base MTU Elongation of laser build-up specimens

Built-up Material Spec . . . . .
. . . slightly below specification limit for the
Elongation of laser built-up Ti6242 (500C) .
base material.

Strain/ a.u.
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Repair of Ti-blisk blades by Laser Metal Deposition (

Conventional rotor stage

Blisk = Bladed Disk

LMD)

Repair concept for Blisks

Medium

Damage

Blinding /
Tip Repair

Edge Repair

Replacement




Repair of Ti-blisk blades by Laser Metal Deposition ( LMD)

Edge repair

Procedure
Remove of damaged area

of the leading edge Laser built-up
Laser build-up welding of leading edge
the leading edge

Heat treatment and
finishing

L.E.

blisk blade




Repair of Ti-blisk blades by Laser Metal Deposition ( LMD)

Edge repair

Test

Clamped blisk blade

Accomplishment of the Fatigue test
Removed blisk blade



Repair of Ti-blisk blades by Laser Metal Deposition ( LMD)

Replacement

Procedure

Test pieces show original airfoil
80% of the blade length built-up

After finishing and heat treatment HCF
tests of the finished blades

Transfer of the process to repair real blisk Replaced blisk blade as
blades laser built-up welded
20% of
blade length — - ‘

Test piece As laser built-up welded As finished



Repair of Ti-blisk blades by Laser Metal Deposition ( LMD)

Replacement

Results

Various flexural modes tested (1C and 1F mode)
Fatigue properties of laser built-up airfoils superior to those of milled airfoils
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Laser beam melting

Laser beam melting is a powder bed-based micro build-up welding process.

Advantages
High flexibility
Reduced time to market
Cost saving
Hollow spaces, undercuts, etc.
Lightweight design
Present disadvantages
No verified data
No QA concept

Not approved for manufacture
of aero engine parts

Finishing required Principle of SLM
Low process velocity




Laser beam melting

Titanium alloy TiAI6V4

Microstructure comparable to laser built-up titanium alloys
Tensile strength, yield strength and ultimate strain exceed the minimum

requirements of the appropriate specification for compressor blades

|

Acceptance limits >

200 m
—
Strain >

Stress-strain diagram

A

Stress

Cross section
perpendicular to build-up
direction



Laser beam melting

Nickel-base alloy IN718

Microstructure comparable to
laser built-up nickel-base alloys

Strength properties exceed the
minimum requirements of the T
appropriate specification
Anisotropic behavior

Acceptance limits

D

Cross section perpendicular to
built-up direction

Tensile / yield strength as a
function of direction of loading



Laser beam melting

Applications

| 50 mm >

As laser beam melted As finished

Manufacture of vane segments Laser beam melted vane
(material: IN718) segment with integrated
L. honey comb sealin
Characteristics Y J

5 vane segments were produced simultaneously.
Total construction time about 1 day
Post-processing indispensable

Use in rigs and ground use only engines.

Laser beam melted
shroud
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Conclusion and remarks

Laser Metal Deposition is a well-established proces s to repair
engine parts made of Ni-base alloys.

Laser built-up welded titanium blades show excellen t fatigue
properties.

Laser beam melted parts are used in rigs and ground use only
engines.

Laser melting to manufacture aero engines is concei vable.

No NDT method is available as regards both parts ma  nufactured by
laser beam melting and blisk blades repaired by LMD

Laser beam melted parts require finishing.

Laser beam melting process is still too slow.



