FINITE ELEMENT ANALYSIS OF A 3D PRINTED
DRONE/QUADCOPTER BODY

Abraham Martinez Karl Johnson Troy Schmidt



OBJECTIVE

* Model the additive manufacturing
processes of a 3D printed drone body using
ANSYS

* Analyze the effects of varying AM
parameters on the outcome of the part.

e Deformation

* Residual Stresses

* AM Solution Time

» Temperature Study

* Optimize convergence & simulation time
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INTRODUCTION- REASONS FOR AM SIMULATION

Rapid heating and cooling leads to internal
stresses

Internal stress vastly reduces fatigue life

Internal stress causes dimensional

instability
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INTRODUCTION- FUNDAMENTAL EQUATIONS
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INTRODUCTION- AM PARAMETERS
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Laser-related

Laser power

Wave length

Scan-related

Spot size

Pulse duration

Pulse frequency

Scanning speed

Process parameters
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Powder-related

Scanning spacing

Scanning pattern

Particle size and
distribution

Particle shape

Temperature-related

Powder bed density|

Layer thickness

Material properties

Powder bed
temperature

[2]

Powder feeder
temperature

Temperature

uniformity

AM parameters shown have varying effects on
the melt pool and residual stresses

Scan speed: Increased speed decrees the linear
energy density and lower temp gradient

Laser power: Increased laser power increases
temperature gradient

Layer Thickness: increased thickness increases
porosity and laser power

Hatch spacing increased hatch spacing
decreases build times but also increases
porosity

Not shown: Build Orientation



METHODOLOGY — MESH

* In additive manufacturing on ANSYS, the mesh must be layered

* Geometries that vary with respect to their height typically require
cartesian meshing to accommodate

* Layered tetrahedron is also regularly used for ANSYS AM processes

e Tetrahedron mesh will not solve
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METHODOLOGY — AM PARAMETERS

7.5mm mesh size for the first iteration
70C temperature at base plate

Base plate, fixed support

Baseplate and frame material, 316SS
Part reference temperature 1370C
Base reference temperature 50C

Simplified geometry for first iteration,
adding complexity to the model as issues
were worked out.

Details of "Build Settings"

=/ Machine Settings

'Additive Process
Inherent Strain

Thermal Strain Scaling Factor '
Deposition Thickness

Hatch Spacing
Scan Speed
'Dwell Time
'Dwell Time Multiple

' Number of Heat Sources
[=/| Build Conditions

Preheat Temperature

' Gas/Powder Temperature

'Gas Convection Coeff

Powder Convection Coeff

' Powder Property Factor

= Cooldown Conditions

Room Temperature

Gas/Powder Temperature

.Gas Convection Coeff

'Powder Convection Coeff

-/ Discretization Settings
; Layer Height

' Powder Bed Fusion

No
1.

5.e-002 mm

13. mm

[1200. mm/s
[10. s

.

K

50 °C

' Use Preheat Temperature
[1.e-005 W/mm?-+C
|1.6-005 W/mm?.sC
[1.e-002

22, °C

‘ Use Room Temperature
1.e-005 W/mm?.*C
1.e-005 W/mm?*.*C

‘ Program Controlled
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METHODOLOGY — SYMMETRY

* Apply double symmetry and add symmetry boundary conditions

Solution Time vs. # of Nodes
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METHODOLOGY — CONVERGENCE NK

10mm elements 5mm elements 3mm elements

MO S

2mm elements 1.5mm elements
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METHODOLOGY — CONVERGENCE

10mm elements 5mm elements 3mm elements 2mm elements 1.5mm elements

# of Elements 167 465 2041 4844 11052
# of Nodes 1409 3515 12596 27507 58579
Max Deformation 1.082mm 0.91402 mm 0.75691 mm 0.70786 mm 0.60484 mm
Max Von Mises Stress 417.39 MPa 487.18 MPa 471.71 MPa 492.67 MPa 586.41 MPa
Max Principle Stress 978.07 MPa 1165.9 MPa 1148.9 MPa 1200.6 MPa 2152.9 MPa
Thermal Solution Time 1.4 Seconds 1.9 Seconds 9.5 Seconds 23.0Seconds 65.5 Seconds
Structural Solution Time 9.2 Seconds 34.3 Seconds 207.5 Seconds 425.1Seconds 1328.0Seconds
Max Deformation Max Von Mises Stress Solution Time vs. # of Nodes Max Principle Stress

12 __ 700 __ 2500

E 1 \g § 600 g 2000

éos . 1 gig glmo

E 0.6 - — g o g 100 |

2o f

Z 9 é 0 % o

0 10000 20000 30000 40000 50000 60000 70000 < 0 10000 20000 30000 40000 50000 60000 70000 2000 01000020000 30000 40000 50000 6000070000 = 0 10000 20000 30000 40000 50000 60000 70000
# of Nodes # of Nodes # of Nodes # of Nodes

20XX 10



METHODOLOGY — MODIFY GEOMETRY

Do Max Principle Stress @ Sharp Corner: 2152.9 MPa Max Principle Stress @ Fillet: 927.61 MPa "



RESULTS — CONVERGENCE OF MODIFIED MODEL

10mm elements 5mm elements 3mm elements 2mm elements Modified Geometry

1.5mm elements

# of Elements 167 465 2041 4844 11052
# of Nodes 1409 3515 12596 27507 58579
Max Deformation 1.082 mm 0.91402 mm 0.75691 mm 0.70786 mm 0.60484 mm
Max Von Mises Stress 417.39 MPa 487.18 MPa 471.71 MPa 492.67 MPa 487.3 MPa
Max Principle Stress 978.07 MPa 1165.9 MPa 1148.9 MPa 1200.6 MPa 1195.2 MPa
Thermal Solution Time 1.4 Seconds 1.9 Seconds 9.5 Seconds 23.0Seconds 65.2 Seconds
Structural Solution Time 9.2 Seconds 34.3 Seconds 207.5Seconds 425.1Seconds 1326.9 Seconds
Max Deformation Max Von Mises Stress Solution Time vs. # of Nodes Max Principle Stress
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RESULTS — TEMPERATURE STUDY

1.5mm elements

Build Time: 2632.2 S [44 minutes]
Cooldown Time: 3168.7 S [53 minutes]
TOTAL TIME: 1hr 37min

Transient Temperature during Build Step
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Poissons ratio

Coeff Thermal Expansion

vity

Conduct

Elastic Modulus

DISCUSSION/ FUTURE CONSIDERATIONS

Material
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CONCLUSION




THANK YOU

Abraham Martinez
Karl Johnson

Troy Schmidt
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