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Additive manufacturing technology in metals allows for the design and
fabrication of integrated satellite structures that reduce part counts and improve
performance. This paper, proposes the application of the design for additive
manufacturing (DfAM) process in the space environment. The small lightweight
deployment mechanism structure was investigated for the strength and stiffness
performance. The weight reduction was maximized through shape optimization
by applying a topology optimization technique. In addition, a validation of the
deployment mechanism structure design was confirmed under strength and
vibration conditions through structural analysis. The mechanical properties of
Ti64 Grade23 were compared and evaluated by the test of specimens and
products manufactured using the power bed fusion (PBF) method.
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Feeder

Central ring

(a) Deployed Antenna Configuration
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(b) Preliminary 3D modeling for deployment structure
Fig. 1 3D modeling for antenna and deployment structure
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Fig. 2 Additive Manufacturing process simulation flow chart
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(

Topology Optimized

* Design Load Limit(D.L.L)
* Modal Frequency Limit

* Thermal Load condition

+ Assembly condition

[Checking for Safety]

+ Static Load Analysis
* Natural Frequency Analysis
* Mass & Assembly

a4 0

)

Post Processing )

(

Additive Manufacturing

= Margin of Safety Analysis
= Post Processing

[Checking for Validation]

- Heat Treatment
- Machining Condition

=~

[Checking for Manufacture]

= Orientation Analysis

= Support Structure Analysis
* Thermal Analysis

+ Tolerance Analysis

Fig. 3 Design for Additive Manufacturing process
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Fig. 4 Spacecraft design limit loads for Vega launcher

Table 1 Design limit load factors for Vega launcher

Quasi-static load (g)

Load event —
Longitudinal Lateral
Lift-off phase -4.5 +3.0 +0.9
Flight with maximum dynamic 30 NAD | 109
pressure
st : : :
1% stage ﬂl.ght with r.nax1ma1 50 N/A 107
acceleration and tail off
2" stage igniti flight
stage ignition and flight, 5.0 130 | 07
3" stage ignition
3" stage maximal acceleration 70+ N/A +0.2
ge max N M®r1000 '
AVUM® flight -1.0 +0.5 | +0.7
%% Load status: + = tension, - = Compression

N/AD: Not Applicable
M®: Mass [kg] of the spacecraft
AVUM®: Attitude & Vernier Upper Module
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Table 2 Load case conditions for LEO Satellite structure system

Load case Condition of application
. . Longitudinal Lateral
Design Limit Load
117 g 17 ¢
Frequency (Hz) > 85 Hz

Temperature (°C) -66.4°C ~ +86.9°C

Table 3 Load cases for Deployment structure

Force & Outer hole (N) Inner hole (N)
Moment | Case 1 | Case 2 | Case 3 | Case 1 | Case 2 | Case 3
Tx 80.2 139.8 | 147.0 | 1423 | 201.1 | 1443
Ty 83.8 90.5 36.5 59.0 58.3 31.7
Tz 329.8 | 3264 | 121.5 | 263.6 | 2872 84.1
Rx - - - - - -
Ry 5445.8 | 5604.7 | 2893.0 | 1522.2 | 1538.4 | 1047.6
Rz 37249 | 4472.1 | 2496.3 | 2321.9 | 2842.1 | 2003.7
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ke e, ke 2 0.9 g9 FAAsIS0] WSS
% 4 et GRS S 1100 kg2 AAstaL ofefel 2
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D.L.L,,, = Accel.(g) X KQX FOSY* KLD (1)
D.L.L,,,.. = Accel.(g) X KQx FOSYx KLD Q)

1714 D.L.Liong® D.L Liserars S8 2 4ol tigh AA
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(a) Concept design

(c) Facet generation

(f) 1 Solid part after validation

Fig. 6 Procedure for Optimization result from Concept design

(e) Design validation
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Table 4 Topology optimization results for deployment structure

Case Concept design | Result after 1% |Result after final
Result optimization optimization
Strength 294.9 MPa 443.1 MPa 815.4 MPa
Stiffness 195 Hz 80 Hz 929 Hz
Mass 1970 g 9.2 g 56.1 g
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(a) Finite element model

(b) First mode shape (92.9 Hz)

(c) Static analysis result

Fig. 7 Stiffness and Stress validation result of final model

Fig. 8 Metal 3D printed deployment structure

Table 5 Building platform and exposure conditions

Item

building platform Temperature: 35°C

Building Present Beam offset: 0.056 mm
Platform "
. Move to Dosage Position: 400 mm/s
conditions
Recoating: 80 mm/s
Laser Power: 280 W
E .
Xposure Scanning speed: 1200 mm/s
Parameter

Layer Thickness: 0.03 mm

65

Table 6 Mechanical properties of EOS Titanium Ti64 Grade 23

Item Vertical direction | Horizontal direction
Yield Strength 980 MPa 940 MPa
Tensile Strength 1050 MPa 1050 MPa
Number of Samples 84 72
Average Density 44 g/cm3

Table 7 Mechanical properties of 3D printed specimens

Case Yield strength | Tensile strength |Elongation at break
1 1004 MPa 1088 MPa 13%
2 999 MPa 1088 MPa 13%
3 992 MPa 1086 MPa 13%
4 1000 MPa 1086 MPa 13%
5 991 MPa 1076 MPa 14%
6 990 MPa 1078 MPa 14%
7 994 MPa 1079 MPa 13%
Table 8 Density of 3D printed specimens
Item 1 2 3 4 5
Density (g/cm’) 4.37 4.37 4.35 4.36 436
3.3 ARIE M 2 NEYE ot
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