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Abstract 

In a wide range of industrial fields, the advancement of hydraulic dampers for vibration control has become an important 

research and development topic. In this paper, we propose a novel internal-flow origami hydraulic damper with nonlinear 

damping characteristics to overcome the limitations of conventional cylindrical hydraulic dampers with restricted linear strokes. 

First, the basic structure and design method of the proposed origami hydraulic damper are examined. Subsequently, the flow 

characteristics of the internal fluid in the origami hydraulic damper are analyzed, and a formula is derived to calculate the 

damping force acting on the damper. We confirm that the damping force is proportional to the square of the velocity. 

Furthermore, a verification experimental system using a nonlinear origami hydraulic damper in a mass-spring vibration system 

was developed. Shaking experiments using actual Fukushima earthquake waves were conducted, and the response acceleration 

decreased by 63.49%. For further verification, shaking experiments were performed by changing the orifice diameter of the 

nonlinear origami hydraulic damper, and the average reduction rate of the response acceleration for different orifice diameters 

was 62.68%. In addition, to verify the vibration control effect under different earthquake waves, we conducted shaking 

experiments using the same experimental setup and conditions as those used for the El Centro NS and Taft NW earthquake 

waves. The average reduction rate of the response acceleration for different earthquake waves was 62.22%. Thus, the damping 

characteristics and effectiveness of the proposed internal-flow origami hydraulic damper were confirmed. 
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1. Introduction 

Cylindrical hydraulic dampers have been widely used as 

shock energy absorption components to mitigate vibration 

damage caused by events such as earthquakes and collisions, 

and many studies have been published on their damping 

performance against impact vibrations [1-6]. 

To effectively absorb impact forces such as those experi-
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enced by automobiles traveling on complex roads or during 

vehicle collisions, researchers have conducted studies on 

applying hydraulic dampers to suspensions and other systems 

to improve ride comfort and occupant safety as much as pos-

sible [7-10]. Efforts have also been made to improve the 

damping performance of railway vehicles traveling at high 

speeds on Shinkansen rails to reduce vibrations and enhance 

running stability [11, 12]. For earthquake-induced damage to 

high-rise buildings and residential structures to be mitigated, 

research has been conducted on installing cylindrical hydrau-

lic dampers along the diagonal directions of rectangular frame 

structures, utilizing their damping and vibration control ca-

pabilities [13-15]. Additionally, for active control functional-

ity in hydraulic dampers, studies have been conducted in 

which magnetic fields were externally applied to conventional 

hydraulic dampers to modify their damping characteristics, 

and numerous research results have been published in this 

area [16-20]. 

However, most existing hydraulic dampers are fabricated 

from metal cylinders, and the actual length available for axial 

extension and contraction is limited relative to the total length, 

making them difficult to use in applications with restricted 

installation space. Furthermore, for weight reduction, the 

demand for the development of new types of hydraulic 

dampers created from lightweight nonmetallic materials as 

alternatives to conventional metal cylindrical dampers in 

increasing. 

Therefore, the geometric configuration of tubular origami 

structures, which can be freely folded along the axial direction, 

has attracted interest, and the application of origami structures 

to hydraulic dampers as an alternative to conventional metal 

cylindrical dampers has been proposed [21-23]. Fundamental 

studies have been conducted on origami structures from ge-

ometric and other basic perspectives to achieve practical 

applications of origami hydraulic dampers [24-29]. Further-

more, the deformation characteristics of tubular origami 

structures subjected to external forces along the axial direc-

tion have been investigated [30-33]. 

However, existing origami hydraulic dampers require a 

connection to an external hydraulic oil tank via linking pipes 

[34], and no notable research has applied this concept directly 

to origami hydraulic dampers. Therefore, lightweight origami 

hydraulic dampers that can be installed in limited spaces must 

be developed. 

In this paper, a novel internal-flow origami hydraulic 

damper is proposed. First, the structure of this damper is 

examined, and a formula is derived to calculate the motion 

damping force generated by the internal fluid flow. To verify 

the damping characteristics of the proposed damper, we de-

veloped a validation experimental system using an origami 

hydraulic damper in a mass-spring vibration system, and 

shaking tests were conducted using actual earthquake waves. 

For further investigation, shaking experiments were per-

formed by varying the diameter of the damping holes located 

at the origami structure and by changing the internal fluid. 

The damping effectiveness and practical applicability of the 

proposed internal-flow origami hydraulic damper were eval-

uated by comparing the measured response acceleration val-

ues of the vibrating body. 

2. Materials and Methods 

2.1. Internal-flow Origami Hydraulic Damper 

As shown in Figure 1, a conventional cylindrical hydraulic 

damper consists of a sealed cylindrical body divided into two 

hydraulic chambers by a piston that moves in the axial direc-

tion. The piston is equipped with orifice holes; as it moves 

axially, the internal fluid flows through these orifices, gener-

ating a damping force acting on the piston. Moreover, the 

magnitude of the damping force can be adjusted by changing 

the orifice hole size. 

However, cylindrical hydraulic dampers have two major 

limitations. First, the effective damping length available for 

use as a damper is limited to less than half the maximum 

stroke length of the piston. Second, when the piston is sub-

jected to not only axial motion but also lateral external loads 

or disturbances, cylindrical hydraulic dampers become diffi-

cult to apply, and problems such as wear of the piston seals 

occur. A method of connecting the damper at both ends using 

rotary joints, as shown in Figure 1, can be employed to ad-

dress this; however, this introduces a stress concentration 

localized at the rotary joints. Moreover, even with rotary 

joints, the problem of coping with external loads in an inde-

terminate direction remains unresolved. 

 
Figure 1. Conventional cylindrical hydraulic damper. 

Therefore, the authors proposed an externally connected 

origami hydraulic damper, as shown in Figure 2, and the 

experimental results from the actual vibration tests con-

firmed that the two major limitations of the cylindrical hy-

draulic damper can be improved [34]. However, as shown in 

Figure 2, the externally connected origami hydraulic damper 

requires linking pipes to connect the origami damper to an 

external fluid tank. This presents a challenge for practical 

implementation that is yet to be resolved. 

In this paper, an internal-flow origami hydraulic damper is 

proposed. As shown in Figure 3, the external hydraulic oil 

tank is omitted. The origami hydraulic damper is fixed at 
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both end faces using plate components and a mass block 

connected to an external vibrating body is attached at the 

center. An orifice hole is drilled at the center of the mass 

block. 

 
Figure 2. Externally accessible origami hydraulic damper [34]. 

 
Figure 3. Internal-flow origami hydraulic damper. 

In actual use, the mass block moves axially with the ex-

ternal vibrating body, and the internal fluid flows through the 

orifice hole in the mass block, generating a damping force 

acting on the mass block. 

2.2. Damping Force of Origami Hydraulic 

Damper 

For analysis, a portion of the internal-flow origami hy-

draulic damper shown in Figure 3 is extracted to create the 

analytical model depicted in Figure 4. Here, D denotes the 

average diameter of the origami hydraulic damper, and d 

represents the diameter of the orifice hole. P₁ and P₂ are the 

fluid pressures on both sides of the mass block, respectively. 

 
Figure 4. Analytical model of an internal-flow origami hydraulic 

damper. 

The flow volume of the fluid inside the origami hydraulic 

damper passing through the orifice hole can be calculated 

using the following equation [35]: 

 1 2

2
f orificeQ c A P P


              (1) 

Here, cf is the flow coefficient, which is affected by the 

viscosity of the liquid. In this study, we set cf = 0.61 based on 

the measurement experimental formula in Referent [35]. 

Aorifice is the cross-sectional area of the orifice hole, and  is 

water density. Moreover, the flow volume of the fluid passing 

through the origami structure section can be calculated using 

the following equation. 

origamiQ A x                  (2) 

Here, Aorigami is the cross-sectional area of the origami 

structure, and x is the velocity of the mass block. The fol-

lowing equation can be derived from the condition that the 

internal flow volume of the origami hydraulic damper remains 

constant throughout. 

 1 2

2
f orifice origamic A P P A x


           (3) 

By rearranging Equation (3), the following expression is 

obtained: 

2

2
1 2 2 22

orifice

f origami

A
P P x

c A


             (4) 

The pressure loss and cross-sectional area are expressed as 
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follows: 

1 2P P P                  (5) 

2

4
origami

D
A


               (6) 

2

4
orifice

d
A


               (7) 

By substituting Equations (5)-(7) into Equation (4), the 

following equation is obtained: 

4
2

2 42 f

D
P x

c d


                 (8) 

The damping force generated when the origami hydraulic 

damper is used can be calculated as the product of the pres-

sure difference between the internal fluid and the ring-shaped 

cross-sectional area of the mass block, as shown in the fol-

lowing equation: 

 damper origami orificeF P A A             (9) 

By substituting Equations (6) - (8), the following formula 

for calculating the damping force of the origami hydraulic 

damper is obtained: 

 2 2 4

2

2 48
damper

f

D d D
F x

c d

 
          (10) 

The damping coefficient of the origami hydraulic damper 

is expressed as follows: 

 2 2 4

2 48
damper

f

D d D
c

c d

 
           (11) 

According to Equation (11), the damping coefficient of the 

origami hydraulic damper is determined by the geometric 

parameters that constitute the damper, orifice hole, and in-

ternal fluid type. Using Equation (11), the damping force of 

the origami hydraulic damper can be calculated as follows: 

2
damper damperF c x              (12) 

Equation (12) shows that the damping force of the origami 

hydraulic damper is proportional to the square of the mass 

block velocity. 

As an example of the origami hydraulic damper configu-

ration, the average diameter of the origami structural part is 

D=45mm, the diameter of the orifice hole is d=30mm, the 

flow coefficient is cf =0.61, and water is used as the internal 

fluid with a density of  =1000 kg/m3. Substituting these 

values into Equation (11), the damping coefficient can be 

obtained as follows: 

 2 2 4

2 2

2 4

1000 0.045 0.030 0.045
6.01 /

8 0.61 0.030
damperc Ns m

    
 

 
 (13) 

With the calculation results from Equation (13), the rela-

tionship between the damping force of the origami hydraulic 

damper and velocity of the mass block is shown in Figure 5. 

 
Figure 5. Relationship between damping force and motion speed of the origami hydraulic damper. 

Figure 5 shows that when the velocity of the mass block is 

low, the damping force is relatively low. However, as the 

velocity of the mass block increases, the damping force tends 

to increase rapidly in proportion to the square of the velocity. 

This nonlinear damping characteristic was confirmed to dif-

fer from typical viscous damping caused by friction. 

2.3. Fabricate an Origami Hydraulic Damper 

To verify the damping characteristics of the internal-flow 
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origami hydraulic damper proposed and examined in the 

previous section, we developed an experimental setup, as 

shown in Figure 6. The experimental setup primarily con-

sisted of a frame structure and an origami hydraulic damper 

set. 

Because the origami hydraulic damper does not return to 

its original position after external vibration excitation, an 

elastic spring must be attached to the mass block of the ori-

gami hydraulic damper and used together. 

As shown in Figure 6, the origami hydraulic damper set 

was installed at the center of a frame structure composed of 

two flat plates (one on the top and one at the bottom) and 

four angle steel columns. The end faces of the origami hy-

draulic dampers were fixed to the top and bottom plates of 

the frame. The mass block at the center of the origami hy-

draulic damper was suspended using two elastic springs and 

attached to the underside of the upper part of the frame. The 

right side of Figure 6 shows the liquid injection port installed 

on the top surface of the frame. 

For verification, the setup shown in Figure 6 was mounted 

on a vibration table. When the vibration table applied excita-

tion along the vertical direction, the mass block moved rela-

tive to the frame structure. 

 
Figure 6. Verification test device for the origami hydraulic damper. 

Origami structural components can be fabricated using the 

procedure shown in Figure 7. As shown in Figure 7(a), a 

development drawing of the origami structure designed using 

a CAD (Computer Aided Design) system was printed and 

folded along the crease lines. Next, as shown in Figure 7(b), 

a cylindrical vinyl sheet tube was prepared and paper with 

printed crease lines was inserted inside it. As shown in Fig-

ure 7(c), the vinyl sheet tube was folded carefully along the 

crease lines of the paper, and the outside was wrapped with 

two to three layers of adhesive tape. Consequently, the ori-

gami structural component shown in Figure 7(d) was ob-

tained. 
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Figure 7. Fabrication of the origami structural parts in this study. 
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Figure 8. Fabrication process for the mass block and the origami hydraulic damper set. 

Figure 8 shows the fabrication process for the mass block 

and the origami hydraulic damper set. 

First, as shown in Figure 8(a), an aluminum end part with 

a flange was machined, and a groove was cut into the shaft 

portion to attach a sealing ring. 

Next, to control the magnitude of the damping force of the 

origami hydraulic damper, we fabricated ring parts from thin 

acrylic plates, as shown in Figure 8(b), with central hole di-

ameters of the three rings being 30, 40, and 50mm, respec-

tively. During the vibration verification experiments, the 

damping force of the origami hydraulic damper was adjusted 

by replacing these rings with those of different diameters. 

Furthermore, the rings were sandwiched between the two 

flange end parts, and, as shown in Figure 8(c), bolts were 

inserted through the holes along the circumference and 

tightened securely, completing the fabrication of the mass 

block. 

Finally, the sealing rings and origami structural parts were 
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attached to both sides of the mass block, resulting in the ori- gami hydraulic damper set shown in Figure 8(d). 
 

 
Figure 9. Verification test system and measurement flow chart. 

 
Figure 10. Verification test device for the internal-flow origami hydraulic damper. 

The experimental verification system shown in Figure 9 

consists of a vibration table, an amplifier, a signal generator, 

acceleration sensors, a fast FFT (Fast Fourier transform) an-

alyzer, and a computer for data processing. 

The measurement procedure was performed according to 

the flowchart shown in Figure 9. First, the signal generator 

produced a vibration input signal and sent it to the amplifier. 

The amplified vibration signal was then sent to the vibration 

table, which excited the vibration model of the origami hy-

draulic damper fixed on it. Acceleration sensors detect the 

response acceleration signals from both the frame and mass 

block, which were recorded by the FFT analyzer. Finally, the 

measured vibration response data were processed and output 

using the computer. 

Figure 10 shows the experimental setup to verify the fab-

ricated internal-flow origami hydraulic damper. 
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2.4. Experimental Earthquake Excitation Signal 

The excitation vibration waveforms used in the verifica-

tion experiments in this study were actual measured seismic 

acceleration waves. Figures 11, 12, 13 show the Fukushima, 

El Centro NS, and Taft NW earthquake waves, respectively, 

along with the frequency components obtained by perform-

ing a Fourier transform. 

 
Figure 11. Fukushima earthquake excitation signal. 

 
Figure 12. EI Centro NS earthquake excitation signal. 

 
Figure 13. Taft NW earthquake excitation signal. 

The earthquake waves shown in Figures 11-13 were con-

centrated in the main frequency range of 2.0 - 5.0 Hz and 

exhibited overall characteristics of random excitation per-

formance. 
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2.5. Evaluation Value of Response Acceleration 

Due to Earthquakes 

The response acceleration results obtained from the earth-

quake excitation were randomly distributed, making a direct 

comparison of different response acceleration results diffi-

cult. 

To quantitatively evaluate the random response vibration 

characteristics, we used the standard deviation S of the re-

sponse acceleration, defined by the following equation, as 

the evaluation criterion: 

 
2

1

1
N

i aver

i

S a a
N



              (14) 

where ai is the measured value of the vibration-response ac-

celeration, aaver is the average of the measured ai values, and 

N is the number of measurement samples in the experiment. 

Furthermore, the vibration control effect of the Origami 

hydraulic damper is evaluated using the reduction ratio RS 

defined by the following equation. 

100%n w
S

n

S S
R

S


              (15) 

Here, Rn is the standard deviation of the response acceler-

ation when there is no water in the origami damper, and Rw is 

the standard deviation of the response acceleration when 

there is water in the origami damper. 

3. Results and Discussion 

To verify the damping effect of the origami hydraulic 

damper, we conducted vibration experiments using actual 

earthquake waves with and without the origami damper filled 

with water. The measured response accelerations of the mass 

blocks were compared and analyzed for each case. 

Here, we assumed that the origami structure was com-

pletely folded along the crease lines and offered a sufficient-

ly small resistance to compressive deformation along the 

axial direction of the origami structure. For convenience in 

the measurement experiments, the response acceleration 

values measured without water in the origami structure were 

used as the baseline for comparison and evaluation. 

3.1. Verification of Vibration Control Effect 

Figure 14 shows the measured response acceleration results 

for the origami hydraulic damper with an orifice hole diame-

ter of 40mm subjected to vibration caused by the Fukushima 

earthquake wave. 

In Figure 14, the black solid line represents the response 

acceleration measurements when the origami structure was 

not filled with water, whereas the red dotted line represents 

the response acceleration measurements when the origami 

structure was filled with water. 

 
Figure 14. Measurement experiment results (Fukushima earthquake, orifice diameter 40mm). 

As shown in the comparison results of the response accel-

eration in Figure 14(a), the amplitude of the response accel-

eration was clearly smaller for the origami hydraulic damper 

filled with water than that without water. The standard devi-

ation of the response acceleration for the origami hydraulic 

damper without water was 1.67m/s², whereas that for the 

damper filled with water was 0.61m/s², confirming a signifi-

cant reduction of approximately 63.49%. 

As shown in the comparison of frequency components of 

the response acceleration in Figure 14(b), across the main 

frequency range of 1.0-5.0 Hz, the frequency response values 

of the damper filled with water were consistently lower than 

those without water. This indicated that the proposed origami 

hydraulic damper has excellent damping and vibration sup-

pression characteristics. 

http://www.sciencepg.com/journal/ijmea


International Journal of Mechanical Engineering and Applications http://www.sciencepg.com/journal/ijmea 

 

118 

3.2. Effects of Orifice Hole Diameter 

The size of the orifice hole through which water passes in 

the origami hydraulic damper is considered to have a signif-

icant impact on its damping performance. 

For the investigation, maintaining the excitation condi-

tions described in the previous section with the Fukushima 

earthquake wave; only the diameter of the orifice hole was 

varied. Three types of orifice plates with diameters of 30, 40, 

and 50mm were sequentially replaced for the vibration ex-

periments, as shown in Figure 8(b). 

Note that the vibration experiment with the 40mm orifice 

diameter was conducted in the previous section, and its re-

sponse acceleration measurement results are shown in Figure 

14. 

 

 
Figure 15. Measurement experiment results (Fukushima earthquake, orifice diameter 30mm). 

Figure 15 shows the measurement results of the response 

acceleration obtained from the vibration experiment using a 

relatively small orifice hole with a diameter of 30mm. 

As shown by the comparison of the response accelerations 

in Figure 15(a), the response acceleration amplitude of the 

origami hydraulic damper filled with water was clearly 

smaller than that of the damper without water. The standard 

deviation of the response acceleration for the damper without 

water was 1.46m/s², whereas it was 0.63m/s² for the damper 

filled with water, confirming a significant reduction of ap-

proximately 56.63%. 

Furthermore, as shown in the comparison of the frequency 

components of the response acceleration in Figure 15(b), 

across the main frequency range from 1.0 - 5.0 Hz, the fre-

quency response values of the damper filled with water were 

entirely smaller than those of the damper without water. 

 
Figure 16. Measurement experiment results (Fukushima earthquake, orifice diameter 50mm). 

Figure 16 shows the measured response acceleration results 

obtained from the vibration experiment using a relatively 

large orifice hole with a diameter of 50mm. 

As shown by the comparison of the response accelerations 

in Figure 16(a), the response acceleration amplitude of the 

origami hydraulic damper filled with water was clearly 

smaller than that of the damper without water. The standard 

deviation of the response acceleration for the damper without 

water was 1.44m/s², whereas it was 0.66m/s² for the damper 

filled with water, confirming a significant reduction of ap-

proximately 67.92%. 

Furthermore, as shown in the comparison of the frequency 

components of the response acceleration in Figure 16(b), 

across the main frequency range from 1.0 - 5.0 Hz, the fre-
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quency response values of the damper filled with water were 

entirely smaller than those of the damper without water. 

To quantitatively compare the effects of the orifice hole 

diameter, we compared the reduction rates of the response 

acceleration values obtained from each experimental case, 

and the results are summarized in Figure 17. 

The comparison results in Figure 17 show that when the 

orifice hole diameters were 30, 40mm, and 50mm, the average 

reduction rate of the response acceleration for different orifice 

diameters was 62.68%, indicating a relatively stable and sig-

nificant vibration control effect. 

 
Figure 17. Results comparing the effect of different orifice hole diameters. 

We also confirmed that the damping effect of the origami 

hydraulic damper increased gradually as the orifice hole di-

ameter increased. In other words, as the orifice hole diameter 

increased, the fluid on both sides of the mass block flowed 

more easily, which was considered to be the cause of the 

increased damping effect of the origami hydraulic damper. 

3.3. Influence of Different Earthquake Waves 

As described in the previous section, the vibration control 

effect of the origami hydraulic damper was verified using the 

Fukushima earthquake waves. However, because earthquake 

waves are extremely complex, we expect that the vibration 

control effect may vary significantly depending on different 

earthquake waves. 

Vibration experiments were conducted using different 

earthquake waves, and the measured response acceleration 

results were compared with those obtained in the previous 

sections to investigate the influence of different earthquake 

waves. 

 
Figure 18. Measurement experiment results (EI Centro NS earthquake, orifice diameter 40mm). 

Figure 18 shows the acceleration response results obtained 

from the vibration experiment using the EI Centro NS earth-

quake wave. 

As shown by the comparison of the response accelerations 

in Figure 18(a), the response acceleration amplitude of the 

origami hydraulic damper filled with water was clearly 

smaller than that of the damper without water. The standard 

deviation of the response acceleration for the damper without 
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water was 1.45m/s², whereas that for the damper filled with 

water was 0.61m/s², indicating a significant reduction of ap-

proximately 58.00%. 

As shown in the comparison of frequency components of 

the response acceleration in Figure 18(b), across the main 

frequency range of 1.0 - 5.0 Hz, the frequency response values 

of the damper filled with water were consistently lower than 

those of the damper without water. 

 
Figure 19. Measurement experiment results (Taft NW earthquake, orifice diameter 40mm). 

Figure 19 shows the results of the response acceleration 

obtained from the vibration test using the Taft NW earth-

quake wave. 

As indicated by the comparison of the response accelera-

tions in Figure 19(a), the response acceleration amplitude of 

the origami hydraulic damper filled with water was clearly 

smaller than that of the damper without water. The standard 

deviation of the response acceleration for the damper without 

water was 2.37m/s², whereas that for the damper filled with 

water was 0.90m/s², demonstrating a significant reduction of 

approximately 62.16%. 

As shown in the comparison of frequency components of 

the response acceleration in Figure 19(b), across the main 

frequency range of 1.0 - 5.0 Hz, the frequency response val-

ues of the damper filled with water were consistently lower 

than those of the damper without water. 

 
Figure 20. Influence of three types of earthquake waves on the vi-

bration control effect. 

Furthermore, Figure 20 presents a comparison of the vi-

bration control effects of the origami hydraulic damper ob-

tained from the vibration experiments using three different 

earthquake waves. 

As shown in Figure 20, for the same origami hydraulic 

damper and experimental setup, the results measured under 

three different earthquake excitation conditions indicated that 

even when the external seismic excitation varies, an average 

reduction rate for different earthquake waves of 61.22% in 

the response acceleration could be maintained. These ex-

perimental measurements confirmed that the damper exhib-

ited a stable vibration control effect. 

4. Conclusion 

In this study, a novel internal-flow origami hydraulic 

damper was developed. After the geometric configuration and 

mechanical characteristics were examined, vibration tests 

were conducted using the developed experimental setup. The 

following conclusions were drawn: 

1.  It was clarified that the damping force generated by the 

proposed internal flow type origami hydraulic damper 

is proportional to the square of the motion speed, and a 

formula for calculating the damping force of the ori-

gami hydraulic damper was derived. 

2.  By sealing liquid in the internal flow type origami hy-

draulic damper, an effective damping mechanism uti-

lizing internal flow was realized. In addition, it was 

experimentally confirmed that the damping character-

istics can be adjusted by combining ring-shaped parts 

with different orifice diameters. 

3.  Vibration experiments were conducted using three types 

of orifices with diameters of 30mm, 40mm, and 50mm, 

and the response acceleration was significantly reduced in 

all cases, with the average reduction rate for the different 

orifice holes reaching approximately 62.68%. 

http://www.sciencepg.com/journal/ijmea


International Journal of Mechanical Engineering and Applications http://www.sciencepg.com/journal/ijmea 

 

121 

4.  Vibration experiments were conducted using the Fu-

kushima earthquake waves, El Centro NS waves, and 

Taft NW waves. The results showed that the internal 

flow-type origami hydraulic damper demonstrated a 

high vibration control effect in all cases, achieving an 

average reduction in response acceleration of approx-

imately 61.22%. 

Therefore, the internal flow-type origami hydraulic damp-

er proposed in this study has been shown to have a simple 

structure and good earthquake damping performance, and is 

expected to be applied to vibration control systems in various 

industrial fields in the future. 
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