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Analysis of Loading Condition of Bonding Interface under Road
Transportation Vibration Environment
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ABSTRACT: To analyze the vibration load at the bonding interface of the engine during road transportation based on the
measured data, and provide a basis for the vibration test. Acceleration sensors were used to record acceleration data under
highway transportation, time-domain statistical analysis of the signals and the construction of load spectra were completed,
simplified engine models were constructed through finite element software, and engine modal analysis and vibration process
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simulation were performed. Statistical analysis of the signal after removing the trend item showed that the signal peak value was

greater than 3 times the root mean square value, indicating that the vibration data contained a sharply changing part. The signal

kurtosis was 9.34, which belonged to the super-Gaussian distribution. The collected signal contained shock signals. Taking the

simplified PSD as the input for modal analysis, the results showed that the bottom end of the back head had a large displacement

of the bonding interface. From the four selected reference points, the frequency of the sudden change of the displacement and

acceleration root mean square value was around 33 Hz. Simulation of the actual vibration process found that the stress on the
bonding interface between the front head and the barrel section was relatively uniform, about 25 kPa, and the stress value at the
junction of the head and the cylinder section was relatively large, especialy at the top of the rear head. Concentration, the

maximum stress value can reach 130 kPa. It can be seen from the stress history that the relaxation effect of grains made the

stress amplitude decrease rapidly after the impact load. Through the combination of measured data and finite element software,

the modal analysis of the engine bonding interface and the simulation of the actual vibration process are completed, which

provides the basis for subsequent vibration tests.
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Fig.1 Vibration acceleration history
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Tab.1 Signal typical statistical characteristic
Maxi-— Mini- Peak/y RMS/g Skew-  Urtosis
mum mum ness
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Fig.2 Value distribution: a) value histogram; b) absolute peak
value distribution
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Tab.2 Classification of vibration severity based on the PSD
level

Range PSD/(g®-Hz™)
A Good <0.005
B Bad =0.005
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Fig.3 PSD in two vibration severity classes
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Fig.6 Simplified model of missile engine
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Tab.3 Parameter setting of each part

Part Density/(kg-m™)  ModulusMPa  Conductivity/(J-kg™-K™)  Expansion/(K™) Poisson’s ratio
Shell 7800 2.1x10° 39.0 1.1x107 0.3
Insulation/Liner 1050 5.7 0.3 9.2x107° 0.499
Debonding layer 1050 3 0.35 9x107° 0.495
Propellant 1800 E(t) 0.6 1x107™ 0.495
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