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Design and Performance Study of an Underwater Low-Noise Pyrotechnic Separation Device
Based on Shape Memory Composites
FAN Long-long!, WANG Qi?>, LI Lin?>, CUI Si-lin?
( 1.Navy Equipment Department, Xi’an, 710043; 2. Shaanxi Applied Physics and Chemistry Research Institute, Xi’an, 710061 )

Abstract: To meet the urgent demand for low-noise separation technology in underwater weapon systems, a pyrotechnic
separation device based on epoxy-based shape memory composites (SMC) was designed. The SMC serves as the initial locking
element, and heat generated by pyrotechnic combustion triggers its shape recovery for unlocking. Key material parameters were
obtained through dynamic mechanical analysis (DMA), including a glass transition temperature of 208.5 °C, recovery accuracy
=98% after 13 cycles, and longitudinal elastic modulus of 36.21 GPa. An experimental setup incorporating an igniter, propellant
charge, and split nut was constructed. Performance was validated via underwater noise testing (measurement at 1.5 m) and
high-speed photography for impact assessment. The device achieved a separation shock of 296g, representing an 85% reduction
compared to conventional pyrotechnic devices, and an underwater noise level of 90.11 dB (below the 100 dB target), approaching
the natural oceanic noise range (80~90 dB). Real navigation tests at a horizontal distance of 1 km demonstrated that the
operational noise was masked by vessel background noise, indicating significant acoustic stealth performance. The integration of
SMC with pyrotechnic technology enables low-shock, low-noise separation, offering a novel approach for stealthy underwater systems.
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Fig.1 Dynamic mechanical thermal analysis (DMA) curves of
the epoxy-based SMC
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Fig.2  Relationship between shape recovery rate and cycle
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Tab.1 Test results of longitudinal mechanical propertiesof the

SMC material
M—)H’ E\/GPa V12 9§E/MP3
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Tab.2 Test results of transverse mechanical properties of the

SMC material

p s E»/GPa V23 G23/GPa
R 1 2.97 0.60 0.93
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W3 2.46 0.47 0.84
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W5 2.97 0.34 1.11
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Tab.3 Test results of in-plane shear modulus of the SMC material
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1 1.33
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Fig4 Schematic diagram of the low-noise pyrotechnic

separation device based on SMC
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Fig.7 Photograph of the fabricated pyrotechnic device
samples for testing
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Tab.5 Separation impact test results
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Fig.9 Field measurement results of acoustic signals from the
pyrotechnic device operation in real sea conditions
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