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Shock environment prediction and feature importance analysis
of shipborne cabinet-type equipment based on deep
neural network
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(1. China Ship Scientific Research Center, Wuxi 214082, China; 2. National Key Laboratory of Ship Structure Safety,
Wuxi 214082, China)

Abstract: To establish an intelligent prediction method for internal shock environments of shipboard cabinet-
type equipment, this study conducted shock tests on typical shipboard electrical cabinets to verify the
reliability of numerical calculation methods. Based on industry survey data, a parametric simplified model of
cabinet-type equipment was established. Using Abaqus secondary development, a batch finite element
analysis platform was constructed, successfully obtaining 1000 complete datasets containing structural
parameters, shock loads, and dynamic responses. To address the limitations of traditional regression models,
an innovative deep neural network (DNN) shock response prediction model was developed, creating
dedicated prediction networks for spectral acceleration, spectral velocity and spectral displacement. Through

grid search algorithm optimization of network topology, a coefficient of determination R’ > 0.9 was achieved,
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with the mean absolute error of spectral acceleration prediction being 0.14, while spectral velocity and
spectral displacement prediction errors were both below 0.1. The SHAP (SHapley Additive exPlanations)
interpretability analysis method was introduced, revealing that installation frequency, spectral velocity of
foundation shock environment and plate thickness are dominant factors in shock responses, clarifying the
coupling mechanism between structural parameters and shock loads. The research results provide efficient
analysis tools and theoretical support for shock-resistant design of shipboard equipment.

Key words: shipborne equipment; DNN; shock environment; SHAP analysis
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Fig.1 Distribution cabinet and test setup
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Tab.1 Errors between calculated and test values

R /em 30 60 30 100 120 140
I IEE /g 7.06 21.5 30.09 33.15 38.25 39.23
TR IE(E/ g 6.87 20.56 29.13 31.01 36.44 37.42
R 2.8% 43% 3.16% 7.0% 47% 4.6%
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Tab.2 Common cabinet-type equipments and size parameters

A 15 B /mm KB /mm VR E /mm )% /mm
5 HLAE 600~2000 600~800 600~800 1.5~3.0
ik 55 #RAILAE 600~2000 600 -1000 600~1000 1.5~3.0
e B HLAR 1800~2000 600~1000 400~500 1.5~3.0
R HAR 1800~2000 600~000 400~500 1.5~3.0
B EAR 2000~2200 800~1000 500~600 2.0~4.0
i HLAR 1500~2000 600~800 300~500 1.5~3.0
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Fig.3 Parametric model of cabinet-type equipment
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Tab.3 Basic shock environment inputs for parametric model

TH%= 1 2 3 4 5 6 7
a/g 800 45 50 74 86 98.4 125.6
v/ (ms™) 1.8 3 3.5 4.66 5.16 5.9 6.27
do/m 0.09 0.1 0.12 0.13 0.17 0.24 0.22
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Fig.4 Parametric finite element model
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Tab.4 Type and range of related parameters

SRR H/mm L/mm W/mm T /mm f/Hz I TS
/M 600 600 300 1.5 5 0.05 1
R MH 2000 1000 1000 4 30 0.3 7
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Fig.9 Training results of spectral displacement Fig.10 Training loss curve of the model
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