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METAL 3D PRINTING

FROM MATERIAL — FULL SCALE
TRAYANA TANKOVA
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Intelligent Additive Manufacturing for
improved Fatigue strength of welded
connections
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From material to full-scale
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GEOMETRICAL FREEDOM

MATERIAL FREEDOM

ENGINEER THE MATERIAL

ENGINEER WHERE THE MATERIAL GOES
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MATERIAL FREEDOM

ENGINEER THE MATERIAL




PROCESS SETTINGS DEPOSITION PATH
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Process Map
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Material deposit

Bead



Thermal history

Thermal history

Thermal history

Thermal history ©

¢ &

© @ £

(] Q. Q

Q A £ =
£ I\ )
B , . =

Time U

Solid (infill)



Material properties
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What can we do with these properties?

] HighHlI I LowHI

K. Monteiro, C. Zhu, D. Andrade, R. Branco, T. Tankova, L. Simdes da Silva, (2027). Functionally graded carbon steel produced by WAAM
from a single wire. Journal of Constructional Steel Research, 248,110687.



What can we do with these properties?
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What can we do with these properties?
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Prediction models
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GEOMETRICAL FREEDOM

ENGINEER WHERE THE MATERIAL GOES
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Optimizing geometry

Butt weld Fillet weld WAAM

ECapsize 5mm




Optimizing geometry

Butt weld

S, S33
(Avg: 75%)

+3.188e+02
+2.657e+02
+2.126e+02
+1,595e+02
+1.064e+02
+5.325e+01
+1.427e-01
-5.297e+01
-1.061e+02
-1.592e+02
-2.123e+02
-2.654e+02
-3.185e+02

SCF=1.5

Fillet Weld

S, 833
(Avg: 75%)

+7.815e+02
+6,508e+02
+5.201e+02
+3.893e+02
+2.586e+02
+1.279e+02
-2.808e+00
-1.335e+02
-2.642e+02
-3.950e+02
-5.257e+02
-6.564e+02
-7.871e+02

SCF=3.8

SCF=2.6

SCF=1.0

S, S33
(Avg: 75%)
+2.456e+02
+2.047e+02
+1.637e+02
+1.227e+02
+8.175e+01
+4,078e+01
-1.917e-01
-4.116e+01
-8.214e+01
-1.231e+02
-1.641e+02
-2.051e+02
-2.460e+02




How can we produce it?

Vertical misalignhment Tube diameter tolerance Root penetration



Optimizing geometry




Optimizing geometry
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TO THE FULL SCALE




To full scale
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The roller coaster



The roller coaster

1. Optimised component

lighter

Design load validated
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The Tubular Joint




The Tubular Joint

1. Optimised design 3. Full-scale validation
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Structural validation
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The bridge

1. Optimised design 2. Fabrication

_3 Oo/ Q Fabrication BN | Full-scale
0 Q Manufacturing 1 ¢ 1 testing
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The way forward...
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The future is not 3D-printed structures.

It is structures designed
without yesterday’s fabrication constraints.
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