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[Google Scholar] Girish, M.; Pranesh, M. Manuf. How you see that movement will depend on the system parameters (\ (m \), \ (c\) and \ (k \)). Din. Numerical simulations were performed using the fourth and fifth order Kutta methods, taking into account the non-linear nature of the equations of movement (9). Chart of contact stability for excitation
frequency and acceleration domains, when R = 0.6 m, 114 = 0.02, 19 = 0.3 and 1 = = 0.1 (: unstable contact zone, stable contact zone): (a) f and = 3 Hz. (b) fand = 5 Hz. (c) fand = 7 Hz. (d) f and = 10 Hz. Figure 7. Unstable contact region Change due to the buffer ratio when R = 0.6 m, i1 = 0.3 and i £ = 0.1. [C = 0\] This is the case covered in the
previous section. In recent years, the scale of damage and incidents resulting from earthquakes and vibrations has increased, not only for buildings, but also for industrial equipment. In recent years, numerous vibration isolation methods have been developed with a combination of technologies, including energy dissipation, vibration control and base
isolation [7,8,9]. by Lin and Hone in 1993 [10,11]. System response to two excitations of directional earthquakes in the case of fand = 3 Hz, 1+ = 0.1, il/4 = 0.02, r = 0.6 m and 1Y = 0.3: (a) horizontal response. Displacement transfer ratio of the horizontal direction when fand =5, r=0.6 m,1+ = 0.1, 114 = 0.01 and x O = 5 mm. 2018, 419, 571 "584.
Remember that this is the balance position, but the spring is not in its unstretched length, as the static mass produces a spring extension. The spring is in its balance position, but it stretches and produces a strength. Figure 9. In addition, we can see that the breadth of the subdued system is quite attenuated compared to the non-absorbed case. All
authors have read and approved the manuscriptThis research was funded by Korea Korea of evaluation and planning of Energy Technology (KETEP), the Ministry of Commerce, Industry and Energy (Motie), Korea Electric Power Corporation and Korea Western Power Co. Ltd. Figure 4. Response in the stationary state of the armed excitation under F y
=5Hz a® 4 £ =0.1, a®a% = 0.02, r = 0.6 m, and a®a¥ = 0.3: (a) excitation conditions: x 0 = 10 mm and f = 0.55 hz. (B ) Excitation conditions: x 0 = 10 mm and f = 0.82 Hz. (C) Excitation conditions: x 0 = 10 mm and f = 1 hz. (D) excitation conditions: x 0 = 10 mm and f = 2 hz. Figure 10. Insulator of varying curvature and viscous fluid shock
absorber for sysmical insulation of structures. Parameters Dimensions R 0.6 m (0.3 ~ 0.9 m) d® 48 = 0.1 ~ 0.3 Fand 2 ~ 10 Hz a®&% 0.005 ~ 0.05 a®aY 0.3 Table 2. [Google Scholar] [Crossref] Shin, Z. ; Cheng, Z.; Xiang, H. In this case, the natural frequency of direction x becomes fx =1 2 &~ 4,— g / r, independent of the vertical movement, which is
the same as that of the bearing -type insulation system (sliding ) [18]. This is because the friction force interferes with the relative movement to suppress resonance. Sustainability 2017, 9, 1255. As indicated in Figure 11c, the springs of the left and the right were alternately deformed around the static deviation in equation (11). These data are very
ostile for the initial design. In real situations, the model presented will undergo an applied load of approximately 20 kgf per assembly unit, and several combinations of these models will be used for large applied loads. The future work will investigate factors such as the various curvatures and forms of Cdcavas plates, and will build a prototype with a
detailed design. In structures resistant to earthquakes "design, evaluation and rehabilitation; in-tech: Guangdong, China, 2012; pp. In addition, insulators of variable and variable frequency ndulum Pranesh and Sinha have proposed friction pendulum systems, and Tsai et al. Chart of contact stability for excitation frequency and acceleration domains,
when R = 0.6 m, i1/4 = 0.02, i1 = 0.3 and 1 £ = 0.1 (: unstable contact zone, stable contact zone): (a) f and = 3 Hz. (b) fand = 5 Hz. (c¢) fand = 7 Hz. (d) f and = 10 Hz. Figure 8. It can be observed that, when i + is large, the change in f x with respect to f and is large, which results in the same effect as the small radius of curvature r. The subdued
systems oscillate around the equilibrium point; Unlike the non-damped systems, the range of oscillations decreases until the system finally stops moving in the balance position. [Google Scholar] Figure 1. Seismic insulation of bridges using variable frequency and variable friction pendulum insulation system. Numerical agitation and simulation table
test of an RC frame core tube structure for earthquake-induced collapse. Urban Sci. Therefore, in this study, F and = 3 Hz was selected to ensure sufficient stability. Figure 17 illustrates the horizontal and vertical responses of a device with the design parameters in Figure 7a, when the NS (components of the South) point out and above (The vertical
components) the signal of the earthquake of The Center ( were excited horizontally and vertically, respectively [40]. [Google Scholar] [CrossRef] Lu, Z.; Chen, X.Y.; Lu, X.L.; Yang, Z. To consider the theoretical vibration characteristics of this system, structural simplification is needed. [Google Scholar] [CrossRef] Tsai, M.H.; Wu, S.Y.; Chang, K.C.; Lee,
G.C. Waking table testing of a scale bridge model with spin-type seismic insulation bearings. For example, in Figure 7d, resonance occurs about 0.8 Hz of the larutan larutan otneimicejevne le y dadilibarud al noc samelborp nartneucne es ,ograbme niS .)31( n3Aicauce al y 5 arugiF al ne acidni es omoc ,zH 8.0 se X n3Aiccerid al ne larutan aicneucerf al
euqrop ,n3Aicaticxe ed led acisAf dadeiporp anu se atsE .icS .etnemacitArc odama ed ametsis nu ed atseupser :)\ }8{ xednlegaP \( \ arugiF .etnador alob anu ne aAgrene ed sadidr©AP .n3Aicaugitroma ed n3Aicaler al ne soibmac sol noc R T serolav sol artsuli 51 arugiF aL .acitjAtse n3Aixelfed al euq seroyam nos sedutilpma sal ednod ,X n3Aiccerid al ed
selarutan saicneucerf sal ed rodederla selbatseni otcatnoc ed saer,A norejudorp es ,ograbme niS .evaus etnemetneicifus aes euq arap etroser le ra+Aesid osojatnev se ,otnat ol roP .as yb-cc ,nosamgE ed negaml .)/0.4/yb/sesnecil/gro.snommocevietaerc//:ptth( )rop CC( noitubirttA snommoC evitaerC aicnecil al ed senoicidnoc y sonimr©At sol ojab
odiubirtsid otreiba osecca ed olucAtra nu se olucAtra etsE .n3Aiccirf ed etneicifeoc reiuqlauc y dutilpma al noc odreuca ed S F ne soibmac sol artsuli 6 arugiF aL .ovitaler otneimivom le 3Airruco lauc ol ed s©Aupsed ,zH 15.0 3Aznacla n3Aicaticxe ed aicneucerf al euq atsah 1 = r t euq ay ,3Airruco on ovitaler otneimivom le ,a21 arugiF al ne 500.0 =
YA®A ed n3Aiccirf ed etneicifeoc led osac le nE .53" 03 ,6 ,3102 ecmj-rsol .)\ 0_v( \ se ametsis led laicini n3Aicabrutrep ed dadicolev al y )\ 0 x( \ se ametsis led n3Aicabrutrep ed laicini otneimazalpsed le euq somerimusa ,osac adac ne neugis euq senoiculos sal araP .pp ;7102 ed erbutco ed 61 ,aisalaM ,iadukS ,acinjAceM aAreinegnl erbos
airanilpicsiditluM aicnerefnoC ad2 al ed satcA nE .bmoluoC ed ovacn3Ac n3Aiccirf ed otneimalsia ed ametsis le :asocsiv arevamirp ed lacitrev rodaugitroma nu erbos odanoicaler oidutse nu 3Acilbup 183,73,63[ .biv odinoS .anacrec arreit ed sotneimivom ne elbairav arutavruc noc setnazilsed serodalsia sol ed dadivitcefE .selacitrev y selatnoziroh
sotneimivom sol ne senoicarbiv ed n3Aiccuder ed otcefe le amrifnoc n3Aicalumis anu y ,1E ed ortnec led otomerret led lacitrev y latnoziroh n3Aicareleca al arap sadauceda nos euq o+Aesid ed selbairav necelbatse es ,etnemlaniF .]53[ satla sagrac arap ohcuac ed selairetaM based on fluid type, piston size, etc. The jump frequencies for i1/4 = 0.008, 0.01
and 0.012 were 0.69, 0.79 and 0.9 Hz respectively. Figure 5. 2019, 2019, Mater. Unstable contact region change due to friction coefficient when R = 0.6 m, A%A = 0.02 , and A+A = 0.1 . [Google Scholar] [CrossRef]Cross, R. Therefore, it can be concluded that the proposed device is effective for excitation in both the horizontal and vertical
directions.Also, it was compared with a rolling bearing isolation system (RIS) without a vertical spring damper. [Google Scholar] [CrossRef]Martini, A.; Troncossi, M.; Vincenzi, N. [Google Scholar]Najar, B.A.; Najar, [.A. Comparative Seismic Analysis of EL Centro and Japan Earthquakes using Response Spectra Method. Moreover, F r (1) and g are the
forces exerted by the spring-viscous damper and gravitational acceleration, respectively. Figure 6. The following aspects are presented in this paper to characterize the new isolator for improved performance:(1)Proposal of a new RIS system with vertical spring-damper for horizontal and vertical vibration improvement;(2)Derivation of theoretical
equations for horizontal and vertical vibrations;(3)The relationship between the design parameters of the behavior characteristics of the spring-dampers;(4)The control of resonance and design parameters.In this study, the theoretical governing equations for isolation systems are derived and nonlinear problems are analyzed using the fourth- and fifth-
order Rungeq:AAAKutta methods. Figure 14. 2013, 332, 3535¢AAA3551. [Google Scholar] [CrossRef]Kohjiya, S. This jump phenomenon is similar to that mentioned in the study of an RIS with a position restoring device [18].In Figure 12a, when fs is 0.51 Hz (Av4A = 0.005), the maximum T r is 14 at 0.82 Hz. However, for f s of 0.64, 0.71, and 0.8 Hz,
the maximum T r decreases rapidly to 6.68, 2.64, and 1.3, respectively, as the magnitude approaches f x . Therefore, from Equation (9), the motion equation for vertical excitation can be expressed as follows: where Equation (16) is the typical motion equation of the base excitation model Figure 11c illustrates the deformation of the spring shock
sprouting in the conditions of Figure 11b. As the excitation frequency increased, t r decreased to slightly less than 1, after which the relative movement was very active and the jump of t r occurred at a specific frequency. RESPONSE IN STATIONARY STATE AND SPRING DEVIATION UNDERFY =5 Hz, a® a + = 0.1, a®a% = 0.02, R = 0.6 m, and
a®af = 0.3: (a) excitation conditions: x 0 = = 20 mm and f = 0.55 Hz. (B) excitation conditions: x 0 = 20 mm and f = 0.82 Hz. (C) Spring deflexion: x 0 = 20 mm and f = 0.82 Hz. Figure 12. Vfpi: a device of Isolation for the Asasmic design. It is always less than \ (\ omega n\): \ [\ omega d =\ omega n \ sqrt {1 -\ zeta~2}. This unstable contact is
determined by environmental factors (fx, & ¢ x a ¢ ") and design factors (f and, a®a%, a®4aT, 4® a +). Fluids such as air or water generate viscous drag forces. Figure 3. 2018, 22, 1203 "1213. In the case of fy = 3 Hz Ximo t r was 1.1, which is slightly greater than 1. Research on laugh S, the dynamic behavior is examined with respect to the
structural movement, the appearance of relative movement and resonance, and the contact condition to slide, according to several parameters, such as the spring constant and the magnitude of excitation entry The practical system is a complex structure in which multiple insulation devices admit the superstructure, as shown in Figure 1. Sliding
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etneicifeoc o osocsiv n3Aicaugitroma ed etneicifeoc 1E .2 .726-306 ,92 ,0002 .sollidor ed salob ed otneimalsia ed ametsis nu ed ocir© Amun odaledom y sacimsis sabeurP .C ,assagarF ;.G ,inalleB ;.A ,initraM]feRssorC| Ajrea [26,27,28]. (b) Curvature radius R when f y = 5 Hz. Figure 5. \[ \text{Undamped:} \quad \tau n = \frac{2 \pi} {\omega n} \J\[ \[ \
quad \ tau d =\ fraud {2 \ pi} {\ omega d} \] If the vibration insulator is designed to be able to apply an additional preload in addition to the static deflexion, it is considered that the problem of contact stability can be solved to some extent. This section analyzes the characteristics of the vibration insulation system when calculating the displacement
transfer relationship during the steady state response, while maintaining the contact status. The maximum response of insulator acceleration (i) was reduced by 45% (& ¢ - aquito Comparison with the maximum acceleration entry. In addition, as f s approaches the natural frequency, the transfer relation decreases significantly, and when the frequency
f s is greater than the natural frequency, it becomes 1 or less. Move all the terms of the equation to the side and verify that all the terms are positive. RESPONSE IN STATION OF THE ARMINIC EXCITATION UNDERFY =5 Hz, a® a + = 0.1, a®a% = 0.02, r = 0.6 m and a®a¥ = 0.3: (a) excitation conditions: x 0 = 10 mm and f = 0.55 Hz. (b)
excitation conditions: x 0 = 10 mm and f = 0.82 Hz. (c) Excitation conditions: x 0 = 10 mm and f = 1 hz. (d) excitation conditions: x 0 = 10 mm and f = 2 Hz. Figure 11. To characterize the system, the non -linear government equations are derived considering the cinemal forces and interaction of the structures, and the dynamic characteristics of the
design parameters They are investigated through numerical animals. Establishing and predicting the design factors was possible in the virtual space. Mech. Structural and elastodyal analysis of rotary transfer masks by of finite elements. Phys The rotation movement is ignored because several horizontal plane mounts are used simically in the vertical
and vertical plane is small in seismic excitation. Therefore, a preliminary review should be made to predict when unstable contact will occur during the design phase, and the vibration isolation device should be operated while maintaining a stable contact state at all times. In this result, the natural frequency of the horizontal movement f x is
expressed as:The relationship between f x and f and is determined by the radius of the concave R surface and the a distance ratio of the spring regulator, as indicated in the Equation (13). To numerically investigate the variation of natural frequency in the x direction due to the influence of the design parameters, it was analyzed for R=0.6 mand fy
= 5 Hz and shown in Figure 5. Unstable contact occurrence can also be seen in Figure 7. [Google Scholar] [CrossRef]Shaikhzadeh, A.A.; Karamodin, A. When a = 0, that is, a single-member damper, f x was 0.64 Hz, which is less than f's, so T r is less or equal to 1. Apl. Figure 9 presents changes in the unstable region with respect to the buffer ratio:
as the buffer ratio increased, the stable region increased. Figure 1. Optimization of the parameter of a repressor-coulomb Vertical Spring-Viscous friction system. Figure 13 As indicated in the figure, it was recommended to select a design parameter below f and = 5 Hz, because the excitation force at f and = 10 Hz exceeded the unstable region, while
at f and = 7 Hz, it was in the stable region but near the limit. Chart \(\PageIndex{6}\): A system without moisture. The purpose of this research was to study the characteristics of the insulator to design the physical form and properties of the new insulation system at the design stage. Oversized systems move slowly to unbalancedFigure 11b illustrates
the response of the resonance status as indicated in Figure 10b, and an answer that is 12.8 times greater than the expansion of excitation excitation exhibited. These results can be further improved by changing the buffer ratio or the friction coefficient. [Google Scholar] Patil, S.].; Reddy, G.R. Review of the state of art: basic insulation systems for
structures. Vibration transfer features are analyzed for the displacement transfer ratio obtained for the design parameters that satisfy the sustainable contact condition, when the base is aroused harmoniously. As can be seen in Figure 2, the structure of the device was symmetrical, so there was no horizontal movement when only vertical excitation
was applied. The following conclusions can be drawn: (1) In the case of RIS, vertical vibration is produced caused by horizontal vibration, and the control method for large vertical vibration is limited. [Google Scholar] [CrossRef] Guerreiro, L.; Azevedo, J.; Muhr, A. Eng. MDPI Licensor, Basel, Switzerland. The results confirm that the occurrence of the
relative movement satisfies the conditional expression, and a leap in which the transfer relationship is suddenly identified to a specific frequency. Therefore, if the stiffness of the spring and the number of insulators are established correctly, the application of the insulation system presented in this study can be applied from light to heavy equipment.
For the insulation proposed in this study, the vibration control characteristics displayed by the design parameters, such as vertical design, were presented natural frequency, buffer coefficient, friction coefficient, after space and curvature of concave plates. That is, if an unstable contact state occurs in a real situation, a momentary collision occurs
and an effective performance of the vibration isolation device cannot be achieved. 2016, 6, 1 "6. Superpositions of graphicsContact stability of Figure 9 and the spectral power density of two waveforms of the earthquake of the center of El (sea *+ al ns and sea + to the ascending): (a) fy = 3 hz. (b) fy = = 5 HZ al ne odnautca )l ( r N selamron
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2+ k) e~ {rt} = 0\] Because the exponential rmino is never zero, we can divide both sides by that time and obtain: \ [m r~2 + cr + k = 0. as illustrates in Figure 7, unstable contact does not occur when the acceleration of excitation or amplitude is small, so the analysis of T r was made with an amplitude of excitation x 0 = 5 mm. Figure 12 illustrates
the T R values of the horizontal and vertical movements for various friction coefficients. Draw the free body diagram of the disturbed system. Due to the non -linear effect, the horizontal response displayed, which were agitated the frequency of excitation, while the vertical response exhibits dominant armed, which were twice the frequency of
excitation. This value increases as the friction coefficient increases and the extent of excitation decreases. [Google Scholar] [Crossref] pranesh, m.; Sinha, R. In addition, as the coefficient of friction decreased, the unstable region increased, as illustrated in Figure 8, and as the coefficient of friction increased, the unstable region decreased.
Comparison of RIS responses and the system proposed to horizontal samic excitation. GRAFICO 3 2020, 10 (4), 1411; Received: January 21, 2020/Revised: February 8, 2020/Accepted: February 14, 2020/Published: February 19, 2020 (This article belongs to the Mechanical Engineering section) This article proposes a new vibration insulation assembly
system, with spherical spherical balls and spring shock absorbers, which provides sysmic protection against the horizontal and vertical excitation of the soil. 2017, 143, 477-497. All authors discussed and agreed to the idea, made equal scientific contributions, and participated in writing. Nat. As the amplitude of excitation x o y coefficient of friction 1%
were 5 mm and 0.01, The values f s were all equal to 0.71 Hz of equation (15) or Figure 6, regardless of F and. As indicated in equation (14) and in Figure 7, whenr = 0.6 0.6 I + = 0.1, and F y = 5 Hz, the answer in Figure 10b is resonance, because F x is 0.82 Hz. The state-of-the-art response was approximately 1.8 times greater than the excitation
amplitude. Use of natural rubber (NR) for vibration isolation and protection of the earthquake of structures. In addition, in the case of Figure 10, it is always observed that the sign of the deformation of the spring in the equation (8) is positive, so that the spring remained compressed and the dome was always in contact with the superstructure. Figure
11 presents a case in which only the amplitude of excitation was changed to 20 mm under the conditions of Figure 10. To derive the equation of movement, suppose that the superstructure with the mass m is a rigid body, the dome is always in contact and its mass is ignored or included in the mass of the superstructure. Figure 10 illustrates the
stationary state responses of the insulation device to horizontal excitation to certain specific frequencies with a width x or = 5 mm, where the design parameters were f and = 5 Hz, 1 + = 0.1, 114 = 0.01, r = 0.6 m, and i1 = 0.3. The process to find the motion equation of the system is again: to draw the system with a small positive disturbance (\ (x \)
or \ (\ theta \)). Seismic behavior of RC construction structures designed according to current codes. Displacement transfer ratio of the peak value of the response in stationary state to that of the excitation displacement for the coefficient of friction 1144, when fy =5 Hz, r= 0.6 m, 1+ = 0.1, i1 = 0.3 and x O = 5 mm: (a) horizontal direction (pic "
maximum value of u versus x). Figure 17. KSCE J. (B) R curvature radio when fy = 5 Hz. Figure 6. As the horizontal excitation force was less than the horizontal friction force, it can be observed that there was no slip, and the lacitrev lacitrev otneimazalpsed n?Agnin ,ovitaler otneimivom obuh on euq a odibed y ,latnoziroh n3Aicaticxe ed
otneimazalpsed le euq otneimazalpsed omsim le noc 3Aivom es That is, how much the dough moves, the more damping force resists that movement. In addition, this moment shows the disadvantage that it is difficult to control the frictional force realistically changing the geomé& © spring force due to theoretical behavior. Seismolic response of spring
nomineic systems with frictional friction distribution. Hong and Hur [18] published a study on systems with the addition of Céncavas and springs to solve convergence problems. Figure 13. 2015, 95, 804 € “93. This is the primary design parameter to control the relative movement because the displacement transfer relationship can be controlled by the
relationship between the natural frequency and the system; (3) the graph of contact stability was obtained in the frequency and acceleration domains. ADV. Main design parameters. 2015, 20, 24-60. The resonance can be avoided or controlled by establishing the design factors of friction and mooding earthquake, and the effective reduction of vertical
and horizontal vibration was achieved by numa © rich. These investigations have been constantly carried out to increase the damping force of materials, and their probabilistic reliability has been studied [29,30,31,32,33,34]. 2018, 15, 5308-5325. [Google Scholar] [Crossref] Lu, Z.; Chen, X.y.; Zhou, Y. As illustrated in Figure 5, the change in f x is
insignificant in the sine where f and is small, but when f and is large, f x increases rosely, and changes more abruptly customary which increases 1 +. VIB. Transfer of horizontal address displacement transfer when fy = 5, r = 0.6 m, reason = 0.3, i% = 0.01, and x 0 = 5 mm. Unbelled systems larutan larutan nu ,m 6,0 = R noreuf SIR ed o+Aesid ed
sortemjArap soL .]52,42[ .azreuf arto euqilpa es euq sonem a ,oirbiliuge led n3Aicisop al erbos etnemaunitnoc 0.66 Hz, and the 0.004 rolling resistance coefficient, and the insulator design parameters (i) were fy = 3 Hz, 4® 4 = = 0.1, 4®4% = 0.02, r = 0.6 m and 4®49Y = 0.3. The maximum acceleration of RIS decreased 0.101 g (30%) to 0.233 g,
while the insulator (i) decreased 0.15 g (45%) to 0.184 g. Figure \ (\ Pageindex {2} \): Diagram of a hanging mass spring system, with a linear viscous shock absorber, in equilibrium position. Under the subsidy number 20172020108700. The authors declare that there are no conflicts of interest. A, Point Bcontact of the dome and superstructure of the
curvature of the surface surface m Mass of the Superstructure R radius of the cécava surface of the superstructure a®a fleet viscous viscous cushion coefficient A medium space between two spring shock absorbers x Horizontal relative displacement and vertical vertical displacement x displacement of horizontal excitation and vertical displacement of
vertical or horizontal excitation the line that passes through the contact point and the center of curvature in static equilibrium. Its model consists of a flat plate and cylovenic bearings and is widely used due to its protective effect against earthquakes [12,13]. The spring stretches from its natural length. Figure 9. (b) Vertical direction (peak ", a
maximum value of y versus that of x). Figure 4 illustrates that if the spring is not preloaded, the dome and superstructure may not make contact. Figure 15. In the horizontal response of Figure 10c, D, the Armedians who are three times the frequency of excitation dominate, and in the horizontal response, the armed ones that are twice the frequency
of excitation dominate. Figure 18 compares the horizontal response of the RIS and the insulator (i) to the horizontal excitation of a signal of the horizontal earthquake of El Centro. Earthq. Make sure the spring strength and the shock absorber strength directions opposing the perturbation. Eur. The relationship between these forces is expressed as
follows:The forces F r and F | acting on the spring-viscous damper are expressed as the sum of the spring and damping forces of each damper, as follows: where y is the dynamic vertical displacement and y s t is the static deflection, which refers to the preload amount of the spring, and is expressed as:The contact between the dome and
superstructure can be confirmed by observing the sign of the following spring deflection equation, as expressed in Equation (6):A positive sign in Equation (8) indicates that the spring is compressed, while a negative signifies tension. Figure 10a indicates that when the excitation frequency was 0.55 Hz, the horizontal excitation and absolute
displacement of the superstructure were the same. [Google Scholar] [CrossRef]Kelly, J.M.; Konstantinidis, D.A. Mechanics of Rubber Bearings for Seismic and Vibration Isolation; John Wiley & Sons, Ltd.: Hoboken, NJ, USA, 2011. Therefore, it is necessary to study the structural design of multiple degrees of freedom and the characteristics of the
motion in which spring-damper geometry is fully coupled with motion.To solve this problem, in this study, a new isolation unit structure was designed, with a spherical ball and vertical spring damper, as illustrated in Figure 1. Moreover, Table 2 compares the maximum response values for the device of Figure 7b. 2019, 2019. Natural frequency of x
direction, f x : (a) f y when R = 0.6 m. Therefore, various seismic isolation systems have been introduced and actively studied to deal with threats from earthquakes and vibrations [2,3].The isolation system incorporates basic mechanical devices to reduce the structural response owing to the shaking and vibration of earthquakes and similar events.
However, as indicated in Figure 13, in the other cases, the maximum T r also increased because the difference between f s and And increased. the figure 14 ilotra the values t r for various a values. when the system is at rest in the position of balance, the damper did not produce strength in the system (without speed,) while the spring can produce
strength in the system, as in the hanging mass shown above. \] the period of the infradamped response also differs from the uncomplicated response. 2003, 25, 1719-1730. in the above figure, we can see that the response unfocused on the system of return to balance the fastest. [google scholar] [CrossRef]Wei, b.; zhuo, y.; 1i, c.; yang, m. 65-76.
Serbian. to understand the characteristics of this nonlinear movement, assuming that the displacements are small, you can get the linearized equations without movement stain: where a = a / r . sismic isolation bases with effective attenuation zones. comparison of maximum values of response to vibrations. [google scholar] [CrossRef]lInman, D.J.
engineering vibration, 4th ed.; pearson india: bengaluru, india, 2013. when f s is greater than f x , the maximum t r becomes less or equal to 1, but when f s is greater than v2 times the natural frequency, tran figure 13, 2016, 25, 278-296. hosseini, m.; kangarloo, k. i.e., relative horizontal displacement of the superstructure does not occur with regard
to horizontal vibration, which means that the superstructure does not slide against the dome. 2010, 20, 178-184. if « = 0.1 (f x = 0.82 hz), the relative movement was suppressed to f s of 0.71 hz, after which a jump occurred to 0.79 hz. in the case of a = 0.2 (f x = 1.27 hz) and a = 0.3 (f x = 1.72 hz,) f and was sotantially superior to f's, which has little
effect on the deletion of t r after 0.71 hz. further, = = I ed osac le ne ronem are r T omixjAm that in the case of &® & + = 0.2. This is due to the fact that an &® A + més large results horizontal. The response for an overlaced system is:\[x(t)=a le~{\left \fraudarianR 2x 0} {r 2-r 1} \,\, \text {y} \,\,a 2 =\fraud{vO+r 1x 0} {r2-r 1}.
On the other hand, this value must be correctly selected to guarantee the displacement in a maximum allowed motion of the superstructure. Automvile. In the insulator (II), it decreased by 40% (& ¢ & € “Aquito.131 g) and 17% (& ¢ & €“ aquito.039 g), respectively. Therefore, these factors were analyzed by the numerical simulation, which can serve as
very early data in the design. Figure 16. Figure 12. Figure 14. The base structure also receives excitation from the soil, while the superstructure contains the equipment that will be protected. When the relative movement between the base structure and the superstructure occurs, the energy pédida is carried out, due to the changes in the vertical
potential energy, friction force and viscous damping force. High specification. The resonance control of this vibration insulator allows two energy dissipation factors (friction and viscous attenuation) to be used simultaneously. The vibration insulator in this study had the structural characteristic of the superstructure that moved in the horizontal and
vertical directions; Therefore, it could exhibit an insulation performance of vibration in both directions. Civ. 2007, 11, 49 "66. [Google Scholar] [Crossref] Mosleh, A.; Varum, H.; Jara, J.; Razzaghi, M.S. Development of fragility curves for bridges for bridges subject to reverse seismic sources and slide. [Google Scholar] [CrossRef] Hong, S.C.; Hur, D.-].
The vertical T R value also reached its maximum to F x 0.82 Hz with the horizontal maximum T R R RFigure 12, where the friction coefficients were 0.008 to 0.05, it can be observed that as the friction coefficient increased, the excitation rate to which the relative movement began also increased. 2016, 11, 25-43. Res. The response to a 0.82 Hz
excitation frequency is illustrated in Figure 10b. The contact stability condition is discussed to maintain the continuous friction of the insulation device, along with the design parameters. Figure 10. 2014, 57, 143-151. The spring extends further and the damper extends, compared to its equilibrium positions. A growing value f and means that spring
becomes more rigid. b) Relationship of movement displacement. Structures 2016, 7, 1-13. If the sign of Equation (8) is negative, as in the example of Figure 4, the dome and superstructure exist in the unstable state of contact, because spring cannot be tensed. In addition, there is no vibration isolation in the vertical direction, and when the vibration
occurs in the horizontal direction, the vertical vibration amplification phenomenon occurs as a result of the geometric structure of the insulator. 79-130. 2017, 11, 1-16. However, the structure proposed in this study demonstrates the effective control of horizontal and vertical vibrations; 2)The initial frequency in which relative movement occurs was
obtained as a function of the friction coefficient and the amplitude of excitation. 1929, 194-196, 1929-1932. For the previous example system, with mass \(m\), spring constant \(k\) and damping constant \(c\), we get the following: \[ \sum F_x = m \ddot{x} \[ -F k} - F ¢ = m \ddot{x} \] \[ -kx - \dot{c(x} {x \d}{x \d This gives us a differential equation
that describes the movement of the system. Replace these values in Equation (9) produces the followingfor equilibrium with excitation: given the excitation of the wave sine sineof frequency f and amplitude X or , the frequency of minimal excitation that causes the relative movement of Equation (14) can be obtained in the following way:In Equation
(15), £ s denotes the frequency in which the relative movement begins to occur, so we refer to it as the frequency of initiation. Insulation assembly system free body diagram. The numerical results of the insulator will be performed experimentally and verified using the prototype. [Google Scholar] [CrossRef]Wei, B.; Wang, P.; He, X.; Jiang, L. Comput.
It is a term without dimensions that indicates the level of humidity, and therefore the type of movement of the wet system. [Google Scholar]Castaldo, P.; Palazzo, B.; Vecchia, P.D. Seismic reliability of insulated base structures with friction pendulum bearings. The solution for a sub-diffusion system is: \[ x(t) = [ C_1 \sin (\omega d t) + C 2 \cos
(\omega d t) ] e~{-\omega n \zeta t} , \]\[ \text{where} \\, C_1 = \frac{v_0 + \omega_ free body \zeta x Pegad} Dyn on the floor. In Figure 11b, the excitation amplitude is 20 mm and the excitation frequency is 0.82 Hz; therefore, the maximum acceleration is 0.53 m/s2. First, for the configuration of the design parameter, the two seismic signals and
spectral densities of superimposed power of the stable region were verified, as illustrated in Figure 16. In other words, a greater connection of installation distance ( o ) results in greater rigidity in the x direction. If a = 0 in Equation (13), this is equivalent to using a single spring regulator. To determine the equation of the movement of the system,
we draw a system-free body diagram with disturbance and apply the Second Law of Newton. Appl. Rubber 2014, 1, 385-394. [Google Scholar] [CrossRef]Lin, T.W.; Chern, C.C.; Hone, C.C. Study m m [\ :lamron amrof ne olribircseer somedoP .erbil arudador ed sarrab rop esab ed otneimalsia led + 0 v = B ,\,\\ }dna{txet\ ,\\ 0 x = A \,\ }erehw{txet\ [\ ]\
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that the \ (c\) drives change depending on whether it is linear damping movement (N-S/M) or rotation movement (N-M S/RAD). Relationship between the initial F S frequency and the excitation amplitude for several friction coefficients. [Google Scholar] Fukahoriqueen, Y. However, this method was structurally simplified and optimized by the
relationship of force for the movement of a degree of freedom of superstructure. [Google Scholar] [CrossRef] Kanyilmaz, A.; Castiglioni, C.A. Reduction of the seismic vulnerability of the existing high silos through base isolation devices. Continuous bridge seismic control using variable radio friction pendulum systems and viscous fluid dampers. The
results obtained were for a seismic insulator with F and = 5 Hz, R = 0.6 m and 1 = = 0.1, where F x was 0.82 Hz for this device, according to the equation (13). The initial frequencies obtained from the equation (14) are shown in Figure 12A. [Google Scholar] [CrossRef] Muhamad, F.I.; Kang, H.S.; Lee, K.Q.; SIOW, C.L. Experimental analysis on
variable stiffness and variable damping device. The only device is a symmetrical structure in which multiple spring dampers, each of which joins a ball type dome, are vertically fixed to the lower plate to support a top plate made of a concave surface. In this case, F S also remained unchanged, while T R was the same as that of the general viscous
damping system. To overcome the limitations of traditional friction pendulum insulators, Krishnamoorthy developed a variable curvature pendulum insulator and a variable friction pendulum insulator and studied the effects of this insulation system [15,16,17]. [Google Scholar] [CrossRef] Lin, T.W.; Hone, C.C. erbil erbil rop esab rods under the
sintane. 2007, 29, 694-704. As the unstable stability region appears near the resonance frequency where the vibration response is large, the region decreases as the coefficient of friction and viscosity increases. In addition, as f s is a function of the amplitude of excitation and coefficient of friction (friction force), the desired value can be adjusted by
determining the coefficient of friction according to the condition of excitation amplitude. Asd, t r did not change until the excitation frequency reaches 0.71 Hz, as indicated in Figure 13, Figure 14 and Figure 15. GRANFIC 13 illustrates t r when f and was 3, 5, 6, and 7 Hz and f x x It was 0.72, 0.82, 0.89 and 0.96 Hz of equation (13) or Figure 5,
respectively. \] \ [c™2 obtained 4 mk \] The roots are complex number. number.
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