Long-stroke hydraulic damping device and verification of its vibration characteristics
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Abstract. This study proposes a new origami-type axially free folding hydraulic damper to improve the structural
characteristics of the conventional cylindrical shape with a limited effective stroke relative to the overall length. Firstly, the
basic design equations for the proposed paper-folding hydraulic damper are derived by demonstrating that the folding line
cylinder on the sidewall always satisfies the foldable condition of the paper-folding hydraulic damper. Next, the fluid flow
characteristics inside the origami hydraulic damper and in the flow path were analyzed; it was determined that the actual
damping force exerted on the origami damper was proportional to the square of the velocity of motion. Equations of motion
were developed considering the derived damping force equation, and a vibration analysis method using the Range—Kutta
numerical analysis technique was established. A validation test system with an origami hydraulic damper in a mass-spring
vibration system was developed, and vibration tests were performed with actual seismic waves to verify the damping
characteristics and effectiveness of the origami hydraulic damper.

Introduction

Hydraulic dampers are primarily used as components for absorbing vibration and shock energy. Nevertheless,
the majority of existing hydraulic dampers are of the metal cylinder type, wherein the actual lengths of
extension and contraction are limited compared to the total axial length, which limits their applicability when
the installation space is limited. New techniques are required for weight reduction by replacing metal cylinders
with dampers made of lightweight nonmetallic materials.

Therefore, an experimental setup, shown in Figure 1a, was developed to study the performance of an inverted
spiral origami-type hydraulic damper. The experimental setup was composed of an origami damper, elastic
spring, mass block, frame, fixed plate, moving plate, and oil tube. As shown in the figure, a validation test
system was fabricated to perform practical vibration tests.

Results and discussion

Figure 1b shows the response displacement of the time series when shaking was measured using seismic waves.
The solid blue line indicates the measurement results without hydraulic oil, whereas the red dotted line
indicates the measurement results with hydraulic oil.

The results in Figurelb indicates that the response displacement of the scenario wherein hydraulic fluid is
included are apparently smaller than the response displacement of the scenario in which no hydraulic fluid is
included when vibrations are applied using seismic waves. It was evident that the proposed origami hydraulic
damper provided a dependable damping effect under complex excitation conditions and could be used as a
vibration-damping device.

L i .
aser V|Pr0meter Accglerometer Mass block  Laser vibrometer Oll‘tank Data logger 40 ]
’ - \ ‘ / No oil
‘ =) With oil
g 20
=
b=
20
D
3]
&
: ‘ 220
\ S
\ @
éﬁ ‘ \ -40 ' ' ' . .
J /B ok ‘ 0 10 20 30 40 50 60
Origami damper Fixed base Oil tube ~ FFT analyzer Shaker Amplifier Signal generator Time (S)
(a) (b)

Figure 1: (a) Origami damper device and vibration experiment system. (b) Spectral distribution of displacement.

References

[1]1 Wu, Z,; Xu, G.; Yang, H.; Li, M. Analysis of Damping Characteristics of a Hydraulic Shock Absorber. Shock. Vib.
2021, 2021, 8883024

[2] Sun, ]; Jiao, S.; Huang, X.; Hua, H. Investigation into the Impact and Buffering Characteristics of a Non-Newtonian
Fluid Damper: Experiment and Simulation. Shock. Vib. 2014, 2014, 170464.

[3] Ye,S.; Zhao, P.; Zhao, Y.; Kavousi, F.; Feng, H.; Hao, G. A Novel Radially Closable Tubular Origami Structure (RC-ori) for VValves.
Actuators 2022, 11, 243.



