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Additivg Manufacturmg as key enabling technology of the Twin Transition
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Smart AM for sustainable production

Design Materials Simulation
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«The limited stability and repeatability of the
process still represent a major barrier for the
industrial breakthrough of AM systems»

» New shape complexity levels

« New alloys, challenging and expensive materials
« High customization, production flexibility
 Several sources of defects and instability

«  Complex process dynamics

* Stringent requirements in most relevant sectors

Process

Measurements Post-process  Qualification

Opportunities

Highly digital process

Big data generated through the whole production chain
Layerwise paradigm allows closer look into the process
Digital product ID to feed optimization loops

p
SUSTAINABLE PRODUCTION

&

* Zero waste, first time right

* Reduced material utilization (less supports)

* Efficient development of AM for new materials
* Reduced time-to-market

«Al + AM = SMART AM »
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The potentlal and opportunltles provided by Al for smart AM

| -'I,Al for m-s:tu and m-lme process monitoring
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Number of publications

“More 3D printers will have eyes (vision/in-situ
monitoring) and brains (machine Iearnmg)"
Additive Manufacturing trends in 2022)
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The potential and opportunities provided by Al for smart AM

Al for in-situ and in<line process monitoring

Several types of defects and anomalies

a) porosity

b) cracks ¢) inclusions and impurities
ket

f) surface defects

Process dynamjcs

N
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Colosimo & Grasso, 2018 Grasso et al., 2021
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Grasso & Colosimo, 2019
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The potentlal and opportunities provided by Al for smart AM

From process monitoring to closed loop control

| Ex-situ Product Design
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A few examples

Within-layer adaptive control Layerwise adaptive control
Gibson et al., 2020 Vasileska et al., 2020
Step Changesin Print Speed " B NO Control
E
Laser Power Saturation E:) * . 4
5 1 L 1
§ 8000 12 ID\:l:fI':IH.Ir"nml - s U v position ]
g 6000 9 ; h)
f 4000 1 With control
e =
0 HEE - %
0 10 20 30 0 ¥ pasition jomj 5 o ¥ positon [mm]
Time, t {sec)
—Melt Pool Size —Commanded Laser Power —Print Speed
Deep reinforced learning for process control
Ogoke and Farimani, 2021
!
Environment Reward, State Policy Network
R = f(Dyup,Trarax) A
O —>

I S = f(T(CC! Y, z))
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Industrial gaps, open challenges and future perspectives

GAPS to be addressed

* Industrial systems are equipped with sensors
but there is still a lack of embedded
intelligence to make sense of big data
gathered at different levels

« Lack of integrated and efficient Al

frameworks for digial 1D daa ve through NN RSRSIERE nable produd;i

the whole production chain

Promising research and innovation directions

- Adaptive / online learning (to deal with highly dynamic and time-varying processes)

Transfer learning (to transfer models & knowledge from one material/shape/machine to another)
Physics-informed / hybrid AI (to take advantage of available technological information)
White-box AI (to make results and decisions interpretable for industrial adoption)

Adoption of Al tools at different levels (DfAM, material performance prediction, process

optimization, cost prediction, etc.)
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