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The AFIT of Today is the Air Force of Tomorrow.

Fatigue Life Predictions of
Additively Manufactured
Components for Satellite Structures
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\./ A Research Objective

The AFIT of Today is the Air Force of Tomorrow.

Objective
» Develop a method to predict critical defect sizes
« Develop a method to predict potential failure locations

Approach

 |dentify required input parameters

» Predict critical defect sizes and stresses

« Connect fatigue failure with geometry locations

Application
« Define Minimum Defect Size of Interest
» Define Inspection Locations for AM components
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N A Fatigue Failure Method ZSAFIT
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The AFIT of Today is the Air Force of Tomorrow.
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\./ A Use Case ==AFIT
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The AFIT of Today is the Air Force of Tomorrow.

 Demonstrating the application with a
12U CubeSat

Design Life: 3x105 Cycles
« Loading: NASA GEVS vibration profile
« Material: Aluminum

« Configurations:
« Empty Chassis
« 12 mass stacks for 24Kg total mass

Base Plate

Desired Expected
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\/ A Defect Populations ZAFIT

The AFIT of Today is the Air Force of Tomorrow. B
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\ Y Material Properties AAFIT

".”' AIR FORCE INSTITUTE OF TECHNOLOGY
The AFIT of Today is the Air Force of Tomorrow. I
 Basquin Law: « Paris Law:
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Design Variables:

 Applied Stress Range - Ao
« Defect of interest - a

« Design Life — N

Pick 2, solve for the third

NI
Ao, MPa

\ A Finite Fatigue Life Model =<AFIT

The AFIT of Today is the Air Force of Tomorrow. I
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Fatigue Failure Method =SAFIT
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The AFIT of Today is the Air Force of Tomorrow. I
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\ Y A Minimum Failure Defect of Interest E%QTFI«T
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The AFIT of Today is the Air Force of Tomorrow.

_El-Haddad 3x10° Cycle Finite Life
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Y7 A Minimum Failure Stress of Interest

The AFIT of Today is the Air Force of Tomorrow.

El-Haddad 3x10° Cycle Finite Life
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Empty 12U predicted potential failure locations at:
* Screws

» Curve changes

« Thickness transitions

Empty 12U Critical Regions
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CubeSat Critical Failure Areas

The AFIT of Today is the Air Force of Tomorrow.

ZFAFIT

AIR FORCE INSTITUTE OF TECHNOLOGY

Full 12U predicted potential failure locations at:
» Mass Stacks

Single Mass Stack Critical Regions
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Summary E%QTFINT

The AFIT of Today is the Air Force of Tomorrow.
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N A Questions? ==AFIT

The AFIT of Today is the Air Force of Tomorrow. I
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\/ A Stress Map ==AFIT
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The AFIT of Today is the Air Force of Tomorrow.

« Primary axial frequencies from 20-2000 Hz
« Creates the relationship between location and stress
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