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Research progress in manufacturing technology of aviation

composite propeller blade

WU Jiayu, YANG Jinshui*, CHEN Dingding, GUO Shujun, YIN Changping

(Department of Material Science and Engineering, College of Aerospace Science and Engineering, National University of Defense

Technology, Changsha 410073, China )

Abstract: Propeller propulsion technology plays an important role in aviation field. Composite materials have the characteristics of
high specific strength, high specific modulus, high damping, designability and so on. The use of composite material propeller blades
can further improve the performance of propeller in terms of mass reduction efficiency, propulsion efficiency, corrosion resistance,
noise reduction. Composite material propeller blades have become the general trend. Based on aircraft propeller blades and rotor
blades, this paper aims to perform a brief review of the research achievements of aviation composite propeller blades at home and
abroad, classifies and expounds the material systems, structural design and molding processes of aviation propellers. The key
technical problems and the simulation research on manufacturing process of propeller at home and abroad are summarized. Finally,
the future development direction of domestic composite propellers from the aspects of improving the material system, optimizing the
structure design, deepening the process research and strengthening the engineering application of numerical simulation technology
are concluded.

Key words: composite material; propeller blade; composite propeller; molding process
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Table 1 Maximum displacements of aluminum propeller and composite propellerm

Maximum displacement/mm

Propeller

X-direction Y-direction Z-direction
Aluminum propeller 0.1784 0.5025 0.3250
Composite propeller 0.0819 0.0723 0.0293
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Fig. 1 Airfoil and structure of Dowty propeller blades

(a)comparison of orthodox blade section with ARA-D;

(b)section of composite propeller blade
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Table 3 Comparison of basic performance data between honeycomb and PMI foam

[33]

) Density/ Compression Tensile strength /MPa  Shear strength /MPa Shear modulus/MPa
Material (kg+m”)  strength /MPa L W L W
Nomex honeycomb ~ 49.5 2.07 1.31 0.69 48 24

66 3.45 1.86 0.97 63 32
99 7.41 2.55 1.38 90 41
148.5 12.89 3.48 2.41 117 62
PMI foam 52 0.8 1.6 0.8 24
75 1.7 22 1.3 42
110 3.6 3.7 2.4 70
205 9.0 6.8 5.0 150
PU foam 50 0.3 — 0.23 2.4
200 2.9 — 0.7 10
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Table 4 Characteristics of several composite paddle forming processes

Molding method Advantage

Disadvantage

Mould pressing  High product accuracy, efficiency and yield

RTM Capable of forming large and complex components in
one go
Autoclave Uniform pressure and temperature distribution, low

molding porosity and consistent product quality

For large size paddles, the moulds are costly to make and
transport, and difficult to open and close

High design requirements for materials, moulds and
processes, high resin content of products

High costs and long period
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Table 5 Peel strength of sandwich structure of core materials with different ROHACELL models

[53]

ROHACELL Density / (kg+m~) Peeling strength/ (N +mm «mm ') Failure position Surface resin absorption/ (g+m )

71WF 70 35.7
71RIST 76 28.8
71 RIMA 72 3.5

Foam 550
Foam 280
Foam <50
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