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ABSTRACT: The work aims to evaluate the risk of damage caused by shear deformation at the adhesive interface of long-term
vertical storage solid engines. High temperature accelerated aging was performed on the shear specimens at the adhesive inter-
face of solid engines, followed by constant speed tensile shear tests on the aged shear specimens. Based on the shear test results,
the aging law of mechanical properties of the adhesive interface of solid engines was summarized. Based on the Arrhenius equa-
tion extrapolation, a shear deformation failure criterion considering aging at the adhesive interface of solid engines was ob-

tained. This failure criterion was used to evaluate the risk of damage to the adhesive interface of a certain type of solid engine
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stored vertically for 15 years due to shear deformation. After 15 years of aging, the maximum shear deformation of the adhesive

interface was 0.792 6 rad, which was 5.31% lower than the initial performance. A certain type of solid engine was selected for

long-term vertical storage condition calculation, and the simulation results showed that the tangential strain value at the hazard-

ous point of the adhesive interface of the solid engine after 15 years of vertical storage was 0.463 3 rad. This value was less than

the starting point of shear deformation and failure of the adhesive interface after 15 years of aging, indicating that the degree of

interface shear deformation of the engine did not reach the failure threshold. This failure criterion can intuitively evaluate the

risk of damage to the adhesive interface of long-term vertical storage solid engines due to shear deformation, providing refer-

ence for the structural integrity assessment of the adhesive interface of long-term storage solid engines.

KEY WORDS: solid engines; long-term storage; high temperature acceleration; interface aging; shear failure; structural integ-

rity assessment
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Fig.1 Shear specimen of solid engine adhesive interface: a) specimen size; b) physical specimen

P2 S vt s o A i il
Fig.2 Placement of interface specimens for high
temperature accelerated aging test
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Fig.3 Overall shear deformation of adhesive interface
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Fig.4 High temperature accelerated aging test results of
adhesive interface shear specimens
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Fig.5 Test curves and fitting curves of the adhesive interface at various aging temperature
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Tab.1 Regression equation for shear strain of adhesive inter-
face at various aging temperature
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60 -0.169 618 5 -0.00535317 0.979 1877
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40 —0.186 2924 —-0.000 58634 0.866 986 6
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Tab.3 Trends in shear failure criteria for adhesive interfaces
stored at room temperature of 25 C for 15 years

A7 B 8] /a ym/rad T A RE/ %
1 0.834 0 99.64
3 0.8279 98.91
5 0.8219 98.20
9 0.8100 96.78
15 0.792 6 94.69
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Tab.4 Shell material parameters

HPER L/ VIR BRI R/ %Trg“/i2 ‘ﬁ.@,ﬁﬁjﬁ&,l
MPa MPa (kgmm ™)  FRE/C
2.93x10*  1.66x107"  2.6x10*
6.66x10* 1.64x107" 7.75x10° 1.6 7.84x107°
2.80x10* 7.30x102 7.75x10°
®5 @RE. HE. AEMESH

Tab.5 Material parameters of insulation layer, lining
layer and propellant column
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Tab.6 Prony series coefficients of propellants

P 7/MPa E/MPa
1 5.556 0.631 68
2 55.56 0.446 46
3 555.6 0.444 23
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