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Powder Bed Fusion Overall View
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Powder Bed Fusion Build Layer Detail
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Powder Bed Fusion Build Flow Chart
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Powder Bed Fusion Triage
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Typical 

AM Build 

Flaws
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DED: POWDER FEED
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DED: POWDER FEED IN-

SITU INSPECTIONS



Ti-6Al-4V Microstructure: Conventional (left) vs Additive  Manufacturing (Right)  



Technology Overview

Description of Proposed Cost Match 

Strategy:

RDDT and EATTS programs and Boeing internal 

IRAD could be used to cost match a 

development program to mature the additive 

manufacturing technology for in-field application. 

Potential Maintenance Burdon Introduced by 

Technology:

Army aviation platforms such as AH-64, and CH-47 have 

numerous parts that can be dropped in replaced by 

additive manufactured parts  for enhanced maintenance 

and in support of continued operation in the field.



Technology Development

Development Tasks (Include Current TRL)

TRL 1 for powder materials for in the field applications

TRL 0 for in-field 3D printing machines

TRL 0 for in-field 3D printing processes including 

software/modeling

Step 1: Identify parts for AH-64 and CH-47

Step 2: Match Powder Alloys that match parts and 

requirements

Step:3: Implement Demonstration for modular kits of in-field 

3D printing machine, etc. including the operators in the field 

(see Demonstration approach & platforms below)

Risks and Mitigating Actions:
Describe major risks and mitigation 
approaches related to the development of the 
technology: The size 3D printing machine kit 
may limit the AM capability for dropped-in 
replacement parts availability

Timeline and Milestones:

Provide an expected timeline with major 
milestones and TRL for the development of the 
technology..

Develop in-field AVIM AVUM level Additive Manufacturing capabilities with powder sources and machine 

processes that cover a wide range of structural materials (steel, titanium, aluminum and nickel based alloys) that 

will meet dropped-in replacement/repair for AH-64 and CH-47 parts



Technology Development

Milestone Milestone Description(TRL)

#1 TRL 5 Lab  Demo (1.6 years)

#2 TRL 6  Integration Demo (0.8 year)

#3 TRL 7 Field Demo (0.8 year)

Demonstration Approach:
Describe the proposed approach to demonstrate the 
technology: partnership with 3D printing companies 
to develop suitable size 3D printing machines 
including processes and software and powder supply 
for lab, Integration and field demo testing. 
Comprehensive training of 3D printing machine kit 
operators in the field.

Target Demonstration Platform(s): 
Describe target demonstration platform(s): Airframe, 
Rotor, Flight Control and Drive system parts for AH-
64 and CH-47.

Platform Integration Requirements:
Describe requirements for the integration of 
technology into aircraft or ground based sustainment elements: 

comprehensive plan for field integration require demo and transition.

Develop in-field AVIM AVUM level Additive Manufacturing capabilities with powder sources and machine processes that cover a 

wide range of structural materials (steel, titanium, aluminum and nickel based alloys) that will meet dropped-in replacement/repair 

for AH-64 and CH-47 parts



Indicate Areas of Impact

Does this technology directly 

support
 If yes, provide short rationale

Mobile and capable field maintenance
 Minimized logistics footprint

 Maintainability in austere and distributed 

operational environments

 Responsive supply chain

 Other



Additive Manufactured parts provide tremendous saving in cost 

and schedule in the field maintenance compared with 

conventionally manufactured parts & greatly minimize logistics 

footprint and highly enhance responsive supply chain. 

Minimum cost
 Lifecycle

 Deployment to austere and distributed 

environments



While meeting performance requirements and reducing O&S 

cost, additive manufactured parts in the field ultimately prolong 

life cycles.

Common sustainment architecture that 

is interoperable across DoD
 Common design elements and maintenance 

practice/procedures such as 

MOSA/FACE/OSACBM/SAE6268

 Other



Additive manufactured parts in the field for Army rotorcraft can 

be readily adopted for and applied across DoD for common 

design elements and maintenance practice/procedures due to 

common aerospace process and material requirements. 



Boeing AM Printers/Capabilities, Design Guides and 
Specifications



AM Printers / Capacities (An Example)



Internal AM Specifications
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Internal AM Specifications (Examples)
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• Design

• Selected Laser Sintering (SLS) Design Guide for 

Commercial Applications D6-85910

• Fused Filament Fabrication (FFF) Design Guide 

D950-11693-1

• SLS Design Guidelines STL 2003A013

• AM Powder Bed Fusion

• Titanium Material BMS 7-419 (Ti-6-4)

• Titanium Material BAC 5674 (Ti-6-4)

• Aluminum Material BAC 5673 (AlSi10Mg)

• AM Powder Feed

• Titanium Material BMS 7-361 (Ti-6-4)

• Titanium Material MMS 1237 (Ti-6-4)



 Traditional Manufacturing

– Foundry Melt

– Ingot / Bar

– Forging

– Machining

– Heat Treat / Carburize

– Heat Treat / Harden

– Final Grind

– Shot Peen

– Inspection

 Additive Manufacturing

– Foundry Melt

– Powder

– AM (Near Net Form)

– Hot Isostatic Press (HIP) (maybe)

– Heat Treat / Harden

 (Case Treatment for Ti only)

– Final Grind

– Shot Peen

– Inspection

Examples: Gear Manufacturing Process
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Examples: Gear AM MATERIALS
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 Nanoparticles / composition changes

– identified to alter solidification and 
microstructure

 Nanoparticles assembled on 
conventional additive feedstock material

 AM Materials Processing

– using commercial off the shelf equipment

 Final parts 

– produced with targeted microstructure for 
enhanced mechanical properties

Gears | Steel | AM   ―   Approach
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 Nano-functionalized Approach

– GOAL ― mimic effect seen in original 
research work with Maraging steels where 
borides effect grain refinement without 
degradation of fracture toughness.

– NPs are lattice matched to the FCC iron 
predicted to be the initial solidification 
phase. It is to provide an epitaxial 
condition allowing equi-axed grain 
formation, and coherence in the matrix to 
act as pinning points (borides) to control 
microstructure during subsequent heat 
treatments.

Gears | Steel | AM   ―   Approach
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 AVSAT/NGRT 

Leveraging of Technology 
Developments
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− Other Programs, Etc.

 RDDT Program (ADD)

 EATTS Task Order-9 Composite 
Sump System  Program (ManTech)

Output Gear

Output Side

Stator Side

Printed VED Output Spur

(Planet Ring Gear Mesh)

Housing Cover

Materials:
similar to maraging 

steel alloy

Materials:
Equivalent to 

conventional D357 & 

A356  castings

Virtual Elliptic Drive Development



 Boeing Internal IRAD

– AH-64 / CH-47 Engine Nose 
Gearboxes

• Aluminum Powder Materials

• Titanium Powder Materials

• Steel Powder Materials
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Engineering Model AM Build – In Machine Completed

Equivalent to 

conventional  to 

D357 & A356 

castings



Introducing ASTM F42 Committee on Additive 

Manufacturing

AM Technology Overview and Development

Boeing AM Printers/Capabilities

Boeing AM Design Guides/Specifications

Leveraged Technology Development including Nano

-functionalized Approach of AM Powder Bed 

Process

Summary




