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AIM:
* Develop new TiAl alloys for EBM process for the production of the next generation
of low pressure turbine (LPT) blades

¢ Modifications of the chemical composition with respect to the reference Ti-
48Al1-2Cr-2-Nb were investigated;

¢ Optimization of the EBM process parameters were done coupling experimental
trials with the development of simulationtool;

¢ Full mechanical characterization of the new alloys and comparison with the

reference Ti-48Al1-2Cr-2-Nb alloy
ﬁf BUDGET 800.000 €
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Context

TiAl alloys are attractive materials
for structural aerospace applications
at high T in particular low pressure
turbine blades:

[2]
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ﬂE b
« Specific strength comparableto g 200
Ni-base superalloys S f
£ 10|
c .
« y-TiAl4 g/cm3vs 8 g/cm3 Ni- £ ..
base superalloys £ |
& sf
* Good oxidation and corrosion [
resistance up to 750-800 °C | L TP T W Hrras Veail PPTPR P
0 200 400 600 800 1000 1200 1400

Temperature (K)
Ti-(42-48)Al-(0-4)Cr/Mn/V-(0-10)Nb/Ta/W/Mo-(0-2)Si/C/B

[1] Loria. Intermetallics-2001. “Quo vadis gamma titanium aluminide”
[2] Bewlay. Material at hih temperature-2016. “TiAl alloys in commercial aircrafts engines”
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The EBM process:

Filament

Grid Cup
Anod

) Powder hoppers

2) Electron Beam path

3) Rake for powder distribution on
the building plate

4) Build tank where the component
is built layer by layer

Focus coil

Deflection coil

Electron Beam

Powder Container

Vacuum Chamber

Advantages:
* freedom of design
* dense material with good material properties
low material waste
good productivity
Vacuum melting process (ho contaminations)

Technical features:
6 kWV electron beam
Preheating of the powder
High preheating: up to 1000-1100 °C
Vacuum chamber: 10-3 -10-> mbar
Approximate build volume: 200x200 x380 mm?
E-Beam rate: up to 8000 m/s
Layer thickness:50-200 micron
® Approximate build rate: 60 cm3/h

Materials-High Temperature Materials— EUROPM 202 |

Q
L
)
)
)
L.
B0
L
=
Ie
)
()
2>
L
()
E
O
(a1
()
i
)
0.0
R=
(ol
O
()
>
Q
O




$76.%%, | DTORING ; A" AN EURO
AVIO AETO): ¢ "Sk . PM2€ 21
gﬁ%%‘. A BE Avisbion Buziness méggf;itsgnggggl#g eO n g 2 * 5 K

Window of process parameters investigated in the process

Scanning Speed | Beam Current | Line Energy 0.5
(mml/s) (mA) (J/Jmm) . "= =12mA
2800 0.17 0.4_3 e |=10mA
3 A N =
2 2200 8 0.22 : _ Aty
3 1600 8 0.30 03] e
£ ] - ]
4 2800 10 0.21 E ]
= y A
5 2800 10 0.27 L ] .
6 1600 10 0.38 5 |5
7 2800 12 0.26 E
8 2200 12 0.33 ool
9 1600 1 0.45 1500 1750 2000 2250 2500 2750 3000
Constant parameter: Scanning Speed (mm/s)

Layer thickness
Focus offset
Line Offset

Pre-heating temperature
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Vertical Roughness
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33  Normal 0.036 -
distribution
30 .
] Relative 0.032 -
frequency
25
> g 0.028 |
Q
5 s
S 04
g 0.024 -
= 15 -
.
0.020 -
10 -
54 Beam current [mA] 8 10 12 8 10 12 8 10 12
Beam speed [mm/s] 1600 2200 2800
0 Sample 3 2 1 6 5 4 9 8 7
0.010 0.015 0.025 0.040

Ra Imml

No influence of different process parameters on the Vertical roughness

Average roughness of sample = 0.026mm
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Skeletal density of the powder used as theoretical density

)
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"'; Archimede’s relative density

&0 1.5 Archimede’s method critical issues:

= - Highly dependence on the interaction fluid sample
8 . 1.0 surface

v S 0 5_3 . - Measurement of theoretical density (TiAl EBM case:
> 2 7 Al% dependence with process parameters)

wn - 3 3

B E 0.0 o s i i i 2 Relative density <100%__ " No information on the geometrical features of the
) Qq: Relative density >100% internal defects

% 3 0.5 o, e
ol © -10- . g

() & J ®
e d ; ;

L ~1.57 : Useful information:

g‘o 0.1 02 03 04 o5 -Trend of relative density respect to the process

a2y parameter

o) LE (J/mm)
o
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)
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o s | | OM porosity method critical issues:
o e : . - | : - Measuring the pore quantity and geometrical feature
\\ g i '\/ | T | in a 2D-plane
Nl aa _ b E .
Bl | - Tl ‘ - Depending on the material, the preparation of
. D be Prep
| 5 I b specimens could be time consuming
\‘ - High number of images and sections are necessary to
g 1.00 have a more precise quantification
o ]
'5 0.75—_
O 1 4 : :
L 050 Useful information:
3 - Trend of relative density respect to the process
] 7
0.25 14 H I 8 parameter
. l [ 9 f - Shape and dimension of pores (key factors for design
0.00 [ S SR WAL LI WL ELIIE WLAL LIS NURILE. of process optimization)

0. I5 020 025 030 035 040 045 0.50 Quantitative analysis (2D-plane)

LE (J/mm)
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W | Top surface defects analysis

0 N |

=: .25 TSD o . "1.12‘1/0

S —— Limit 0.1% ST T

m ».: «a‘ - |

Z 10 - / Top surface . w; ‘_ '

. ¢ : et

- 075 - g . .«

-g % © 1000 pm [ ARVEREY " umo pm

D? 0.50 E 0.03%

g 0.25 - 27 7

i)

b,o T T .

C A #kl 7%

= S S A W< i .

= S &&sgs& s & &S

g F F F F F F F F F

Q

Materials-High Temperature Materials— EUROPM 202 |



POLITECNICO
DI TORINO

Avio Aero» ;A " o

4 BE avistion Businmss Integrated Additive C'GO n Skg 2

Manufacturing@PoliTo

Correlation Top surface defects and OM

, 100 Top surface defect critical issues:
____| OM Av. Porosity (%) .
1.6 ] B Top surface defects (%) - Measuring the top surface defects on generally flat
—— OM Poristy Limit 0.2 % -90
Ldd Top surface defect limit 0.1% Surfaces
. I OM Lack of Fusion (%) -80

- Indirect measurement of internal defects
L70

60
50

40

Useful information:

- Trend of relative density respect to the process
parameter

- Direct correlation with Lack of fusion content

0 - Quantitative analysis (2D- dimension)

30

Av.Porosity (%)
Top Surface defects (%)
Lack of fusion fraction (%)

20

Q
L
)
)
)
L.
B0
L
=
Ie
)
()
2>
L
()
E
O
(a1
()
i
)
0.0
R=
(ol
O
()
>
Q
O

Materials-High Temperature Materials— EUROPM 202 |



© S CF N
| AN 2 L
= o AVio Aero o
& BE Aviakion Business Integrated Additive  Clean Skg 2
g Manufacturing@PoliTo R
L . .
X-CT scan analysis porosity
>N
S le 1 EWS = o e 0 °
&O ample , g o X-CT critical issues:
30§ / . .
-] g 2 @z - High capital cost
= ?:20— E60 5
8 Sehethity £15 - High number of sample require high time of
O 1 =1 analysis
§0.90 i
Z - : [())_.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0_0
O .8 O : » - Sphericity
GL) Sample 4 \ 35 - -100
0.70 d : | Sample 4 e E o
-U ?30- t80 o
; 0.60 o g
£ 204 3 El
& 50
0) 0.50 £ 151 40
ﬂ_ é 10 , 130 £
. 2 5 '/ | 20 g ° .
o 1 Building _ © gl v ¢ Useful information:
S : ’ 0.0 01 0.2 03 04 05 0.6 0.7 0.8 09 1.0 o o o
5 - Direction e - Information rich analysis
0.20 35 ) e 5 - -g100 . . : . .
!b:o 0.10 " » - Quantitative analysis (3D-quantification)
* m— . %25- £70 %
= 2 % = - 3D visualization of internal pores
g 157 -
) 2 s , i o
> 00.0 011 012 013 Oj4 0';-.(;6 0.7 0.8 09 1.-00
8 Sphericity
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= : ©  Samplel
O
OOO = Sample4 - 504 ‘- OM Analysis |
— 0.8 80@@ o Sample9 é - u—CT Analysis
g 8‘%000@@ S 40
— o = 1 366
§ 0.6 g% 0o 'E ]
Q [o ] ©) ] J
z : o E 30 ]
m -
2 0.4 e i - _ 24.4
©) ]
3 O‘ o E ]
0.2 k o) (T ]
> o 10 ]
=5 ] 45
S 0 _ 0.2 0
Sample 1 Sample 4 Sample 9

Sphericity

Good correlation between the trend of Lack of fusion % from the 2 different methods
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Aeeurasy = Archimede's method | AeeUrEy | Top surface Defect
8 . - Top surface defects useful for preliminary
/= RS O\ optimization process. economic and time
Automat\iiz/ . \ﬂ_l_nformation rich Automat\i?n \_ﬂ_[nformation rich Savin g method
\ 4 \,. / / / \ s / /
\ . / 3 /
\\ | ! \ |/
\ o \| -/
Time saving Cost saving Time saving Cost saving
Accuracy — Accuracy

- OM and X-CT analysis useful for more
precise analysis.

Automati Automation

Information rich

Time saving Cost saving Time saving Cost saving
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Conclusion

* Average roughness for all the combination of process parameters is 0.026mm

* Archimede’s method can be useful to identify the highest relative density, but high error can occur for the
quantification of porosity from the theoretical density.

* Optical microscope image analysis after cut-up of the specimens give useful information of kind of internal
porosity. A residual porosity below 0.2% is an appropriate threshold to select the most promising
conditions for a further fine tuning of the process parameters.

* Top Surface Defect analysis by stereomicroscopy is a powerful tool that can help in a preliminary selection
of the most promising conditions for the subsequent process parameters optimisation in a more rapid and
less labour consuming way than OM and X-CT image analysis after cut-up.

 CT scan is extremely accurate technique. but due to the high cost cannot be considered for the
optimisation of process parameters also considering the number of samples and the time necessary for an
accurate measurement.
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Thanks for the attention!

C. Ghibaudo

cristian.shibaudo@polito.it

This project has received funding from the Clean Sky 2 Joint Undertaking under the European Union’s Horizon 2020
research and innovation programme under grant agreement No 821274
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