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Damage and Failure Behaviors of PMMA used in Deep-sea Submersible Observation Windows
Zheng Mengyao', Wu Guoqing’, Jiang Xuyin®, Zhang Xiaowen', Ding Yao', Yan Yue'
(1. Beijing Engineering Reach Center of Advanced Structural Transparencies for the Modern Traffic System , AECC Beijing Institute of Aeronautical
Materials, Beijing 100095, China; 2. China Ship Scientific Research Center, Wuxi 214082, China)

Abstract : The observation window is the only non-metallic structural component of the deep-sea manned submersible. Study-
ing the damage/failure behaviors and crack propagation resistance of polymethyl methacrylate (PMMA) is significant for evaluating
the service life, safety and reliability of deep-sea submersible observation window. Key mechanical properties related to service
damage such tensile strength, compression yielding strength, shear strength, fracture toughness, stress craze were characterized in
terms of the stress condition of observation windows in service. Also, the influence of possible damage defects on the key mechani-
cal properties of PMMA was researched. At last, combined with the damage and defects of the submersible observation window
glass after service, the defect (crack) propagation performance of the PMMA was studied. The results show that the compressive
yielding strength of the PMMA for the observation window of the submersible is 115 MPa, and the shear strength is 62.6 MPa.
Compared with inorganic glass, oriented PMMA and polycarbonate, the PMMA for the observation window has the advantages of
high strength, small deformation, and no sudden damage. Besides, the PMMA has good resistance to crazing initiation and crack
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propagation, with stress crazing strength of 20.6 MPa and fracture toughness of 1.66 MPa-m"“. The craze damage basically has no
effect on the tensile, compressive and shear properties of the PMMA. Compared with the craze damage, the micro-crack defects
slightly reduce the compressive yielding strength, while the crack does not grow, the shear strength is decreased by about 15% and
the failure mode is severe, the tensile strength is most affected by the micro-crack defects and it is reduced by approximately 70%.
Keywords : submersible observation windows ; polymethyl methacrylate ; stress craze ; crack propagation ; fracture tough-

ness
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