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Design and application of polyimide composites in aircraft exhaust nozzle

ZHAO Jianhua*, ZHU Shengli, GAO Yuwei, YANG Ming

(The first Aircraft Institute of AVIC, Xi’an 710089, China )

Abstract: Polyimide composites are extensively utilized in aircraft and engine structural design due to their superior high-

temperature resistance properties. An aircraft polyimide composite exhaust nozzle structure is designed and fabricated based on the

material characteristics and performance properties of polyimide composite. Furthermore, the factors impacting the application of

polyimide composite in exhaust nozzles are examined through topological optimization and thermomechanical coupling strength

analysis as well as integrated manufacturing optimization technologies. Consequently, typical design and application methodologies

for polyimide composites have been established, which is verified and validated by the high precision manufacturing of typical

2-meter typical barrel structure and its static strength test. The results demonstrate that the exhaust nozzle designed and manufactured

using HST300/CCF800 polyimide composite material can withstand 100% of the design load, and the stress and strain distributions

are consistent with the design expectations.

Key words: polyimide; composite; aircraft; exhaust nozzle
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Table 1 Mechanical properties of HST300/CCF800 composite

Property Mechanical property at Mechanical property at Property retention
room temperature 300 C rate/%
Longitudinal tensile strength 2622 MPa 1930 MPa 83.1
Longitudinal tensile modulus 155 GPa 143 GPa 87.7
Transverse tensile strength 55 MPa 25.9 MPa 36.9
Transverse tensile modulus 9.2 GPa
Longitudinal compressive strength 1581 MPa 811 MPa 51.3
Longitudinal compressive modulus 151 GPa
Longitudinal flexural strength 2150 MPa 1708 MPa 84.1
Longitudinal flexural modulus 151 GPa 161 GPa 106.6
Interlaminar shear strength 109 MPa 59.3 MPa 54.4
In-plane shear strength 95 MPa 59.9 MPa 54.5
Open-hole tensile strength 460 MPa 497 MPa 95.6
Open-hole compressive strength 325 MPa 208.7 MPa 62.1
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Fig. 1 Topological optimization results of exhaust nozzle
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Table 2 Maximum stress and deformation of titanium-CFRP
hybrid joint structures of exhaust nozzle

. Maxium
Maxium

Model case stross/MPa deformation/
mm

Metal structure 210 11.6

Composite structure 224 9.4

Titanium-CFRP hybrid joint 237 10.5
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Table 3 3 Layout of laminated skin of exhaust nozzle

Layer Material Angle/(°)
Ply.1 HST300/CCF800 45
Ply.2 HST300/CCF800 90
Ply.3 HST300/CCF800 —45
Ply.4 HST300/CCF800 0
Ply.5 HST300/CCF800 45
Ply.6 HST300/CCF800 90
Ply.7 HST300/CCF800 —45
Ply.8 HST300/CCF800 0
Ply.9 HST300/CCF800 90

Ply.10 HST300/CCF800 —45

Ply.11 HST300/CCF800 0

Ply.12 HST300/CCF800 45

Ply.13 HST300/CCF800 0

Ply.14 HST300/CCF800 —45

Ply.15 HST300/CCF800 90

Ply.16 HST300/CCF800 0

Ply.17 HST300/CCF800 —45

Ply.18 HST300/CCF800 90

Ply.19 HST300/CCF800 45

Ply.20 HST300/CCF800 0

Ply.21 HST300/CCF800 —45

Ply.22 HST300/CCF800 90

Ply.23 HST300/CCF800 45
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Fig. 6 Forming mold of exhaust nozzle
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Table 4 Statistical results of maximum displacement and
maximum strain

Pressure load/% gﬁ?ﬁg:ﬁnim/mm ls\:[rz)frllr/npim

+40 1.67 613

+67 32 1116
+100 5.42 1868

—40 -0.78 -328

—67 -1.57 -579
—100 —2.87 -899
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