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Abstract: The rotorcraft structures have typical characteristics such as small batches, multi-specifications,
complex shape and high-performance requirements. Additive manufacturing technologies have the ability to
integrally form complex shapes and structures and produce on demand, which can achieve lightweight and
rapid preparation of structures. It is an ideal process preparation solution for rotorcraft structures. However,
although additive manufacturing technologies originating from rapid prototype preparation have been used in
rotorcraft structures for more than 10 years, due to many challenges such as the stability of additive
manufacturing technology structural parts preparation, extremely high R&.D certification costs and rapid
technology iteration, for rotorcraft structures, additive manufacturing technology still belongs to the
category of new materials, new processes and new technologies. In order to meet the efficient application
demand of additive manufacturing technology in domestic rotorcraft structures, based on the application
status and development trend of additive manufacturing technology in foreign rotorcraft structures are
reviewed and examined, development suggestions for the engineering application of additive manufacturing
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technology in domestic rotorcraft structures are proposed: constructing quantitative evaluation criteria for

the application of additive technology in rotorcraft structures, establishing structural design optimization

technology for additive manufacturing,

developing high-performance

materials, new additive

manufacturing processes and high-quality post-processing methods for additively manufactured structural

parts, realizing real-time monitoring and process parameter control of additive manufacturing process and

universal and efficient airworthiness.

Key words: rotorcraft; structure; additive manufacturing; post-processing; real-time monitoring;

airworthiness
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Fig.1 AM technologies application in RACER rear fuselage!

(a)RACER rear fuselage ; (h) AM titanium vertical fin rudder fittings PBF/SLM; (¢)ULTEM™ 9085 AM pieces
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Fig.3 Software interface for determining weighing coefficients of AM process applicated in components
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(a)benchmark part design; (b)overview of demonstrators seen from the front and the back
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(a)fabrication principle ; (b)demonstration part
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Table 1 Detectability analysis of AM process defects by sensor and inspection tool in ISM technology "

AM defect caused by different process

abnormalities

Process monitoring

Equipment monitoring

Radiographic NDI

Thermal imaging

(infrared )

Optical imaging (vision)

System sensor

Flaw due to poor powder calibration

Flaw due to local melt anomaly (hot spot)

Flaw due to contact of part and recoater
Flaw due to increase in residual oxygen

Flaw due to powder contamination

Medium detectability
Medium detectability
Medium detectability
Medium detectability

Poor detectability

Good detectability
Good detectability
Detection not possible
Detection not possible

Poor detectability

Detection not possible
Detection not possible
Good detectability

Detection not possible

Detection not possible

Medium detectability
Detection not possible
Poor detectability
Good detectability

Detection not possible

Notes: 1) According to the detectability of defects, they can be divided into good detectability and medium detectability and poor detectability and de-

tection not possible.2)Multi-sensor data sources fusion in ISM technology provides complementary quality assurance means for defect detection informa-

tion, which will effectively ensure the safety of AM components.
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Table 2 Summary of the post-treatment processes for metal additive manufacturing

Post-treatment process Material Application effect Reference
Heat treatment Ti alloys Can effectively reduce or even eliminate tensile residual stress, but cannot [65]
Steel alloy eliminate porosity
Mg alloys
HIP (hot isostatic pressure ) High-tem alloys Can reduce porosity while releasing tensile residual stress, but dents [67]
Ti alloys caused by plastic deformation during HIP will increase surface roughness
Steel alloy
Laser polishing Ti alloys Can reduce porosity and improve surface integrity, but metal re- [69]
Steel alloy solidification will cause harmful tensile stresses
Al alloys
Finishing, machining, chemical/  Ti alloys Can reduce surface roughness and improve surface integrity but have no [70]
electrochemical polishing Steel alloy effect on residual stresses and porosity
Al alloys
Shot peening and laser peening Ti alloys Can transform residual stress from tension to compression, but the effect [68]
Steel alloy on surface roughness is reduced
Al alloys
Ultrasonic nanocrystal surface Ti alloys A surface strengthening technique based on laser shot peening that [66]
modification Steel alloy converts residual stresses from tension to compression and reduces
Al alloys porosity in the near-surface region, but is not suitable for curved complex
surfaces
CSp® Ti alloys Transforms residual stresses from tension to compression, while [71]
Al alloys achieving smooth surfaces with abrasive impact and is suitable for curved

complex surfaces
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Fig.7 “Building Block” verification of performance-based AM technology certification
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Table 3 Development route suggestions on AM technologies applicated in domestic rotorcraft structure

Dimension Short term

Medium and long term

Industrial organization and Establish a professional team for AM technology R&.D

development Centralized management of AM database

Apply for national projects

Track the development of AM technology industry

Build certification plan
Establish a network security plan
Purchase of AM machine and equipment

Construction of intellectual property/patent work plan for

Track the regulations and methods for airworthiness AM technology

certification of AM technology

Guarantee continuous R&D investment

Expand the application target to high-value parts
Planning the future supply chain

Specify that the application target is low-value parts

Establish an AM technology training system such as DFAM

Establish supply chain such as suppliers/vendors network

Establish close cooperation with airworthiness authorities

and AM technical superior units

Integrated  AM process flow compatible with existing

production system
Implementation of
engineering application Collect/create data
Plan sample level test matrix
Build AM

specifications

structural

design/topology

Development of material qualification documents/templates  Develop quality inspection schemes/tools

Formulate the application technical scheme for main load-

bearing structure components

optimization Establish design allowable value

R&.D of new materials, processes and equipment

Establish quantitative criteria for compliance analysis of

application parts

Create AM process flow

Test verification of secondary load-bearing structural parts

Screen material/equipment suppliers
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