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Design and experimental validation of a corrugated honeycomb
buffer against multi-directional impact and vibration for shipborne
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Abstract: To™megt the protection requirements of shipborne cabinets subjected to multidirectional shock and
multidirectional vibration in complex service environments, a corrugated honeycomb buffer integrating multidirectional shock
resistance and vibration isolation was designed by combining the energy absorption capacity of corrugated honeycomb with the
vibration isolation capability of porous rubber. Shipborne cabinets may be affected by continuous vibration induced by ship
navigation, propeller rotation, generator operation, and wave excitation, and may also experience transient strong shock loads

under extreme conditions such as underwater explosions. These dynamic loads are usually multidirectional and may threaten
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cabinet structural integrity and internal equipment reliability. Existing studies on cabinet isolators or buffers have mainly focused
on vertical vibration or vertical shock responses, while horizontal shock, inclined shock, and multidirectional vibration protection
have received limited attention. The proposed buffer consisted of corrugated honeycomb, porous rubber, a metal casing,
connectors, and spacers. The corrugated honeycomb was adopted as the main shock energy absorption unit, and the porous rubber
was used as the main vibration isolation unit. The metal casing, connectors, and spacers were arranged to provide structural
support, assembly positioning, interface connection, and stable load transfer between the cabinet and the test platform, so that the
shock absorption unit and vibration isolation unit could cooperate under complex dynamic loading. A prototype of the corrugated
honeycomb buffer was fabricated and installed between the shipborne cabinet and the test platform. To evaluate the shock
mitigation performance of the corrugated honeycomb buffer, shock tests were performed according to the test requirements for
shipborne mechanical environments. A cabinet equipped with the proposed buffer was mounted on he test platform, and two

installation conditions, namely horizontal installation and inclined installation, were selected to rotective effect of

shock transmissibility was calculated from the measured acceleration time
condition, the input excitation and the lateral and vertical accelerati

corresponding lateral and vertical shock transmissibility values were obW. T-h}acceleration response curves collected under
different working conditions were processed to determine the peakinput dcceleration, the peak output acceleration, the peak
acceleration reduction ratio, and the shock transmissibility, so ation effect of the buffer on transient shock loads

could be quantitatively evaluated. To assess the vibration isolati ormance, sweep-frequency vibration tests were also

conducted according to the vibration test requirements for environments. During the vibration tests, harmonic excitation

was applied successively along the longitudinal, transvers rtical directions of the cabinet. For each excitation direction,
the acceleration signal of the test platform was taken as the input, and the acceleration response of the cabinet was taken as the

output. The input and output vibration signals were measured simultaneously over the specified frequency range, and the vibration

transmissibility in each direction was obtaingd b com'pliring the response amplitude of the cabinet with the excitation amplitude
of the platform. The transmissibility ¢ eriStics in the three orthogonal directions were then compared to evaluate the
multidirectional vibration isolati(y/ ility of\the corrugated honeycomb buffer. Through the combined shock and sweep-
frequency vibration test proced) attenuation behavior and vibration isolation behavior of the buffer were examined

0.083, respectively;*both remaining at relatively low levels. The vibration test results indicate that the average vibration

transmissibility values in the longitudinal, transverse, and vertical directions are 0.129, 0.085, and 0.180, respectively,
demonstrating favorable vibration isolation performance in all three directions. These results demonstrate that the corrugated
honeycomb buffer can effectively reduce the dynamic response of shipborne cabinets under multidirectional shock and vibration
excitations. The proposed structure integrates the multidirectional shock energy absorption advantage of corrugated honeycomb
and the vibration isolation advantage of porous rubber, provides coordinated protection against complex mechanical excitations,
and offers a feasible structural solution and experimental basis for the protective design of shipborne cabinets operating in
complex dynamic environments.

Keywords: shipborne cabinet; buffer; multiaxial impact; multiaxial vibration; transmissibility
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Fig.10 Z-direction acceleration curves of the cabin€t/in'the inclined installation impact test
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