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Abstract

To investigate the vibration reduction capability of the proposed Belleville spring mount, a physical model and a
mathematical model were developed in this study. Operating condition with harmonic force, speed of punching
machine is studied to evaluate effects of reducing vibration. The vibration isolation performance of the Belleville
spring mount was compared with that of an equivalent coil spring system having the same stiffness characteristics.
The results demonstrated that the dynamic responses of the Belleville spring mount, including displacement
amplitude, velocity, and acceleration, showed better vibration isolation performance than the equivalent coil
spring system.
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I. INTRODUCTION

Belleville spring mount as shown in Figure-1 has ability of reducing vibration than a coil spring in the same
space. This mount is suitable at work conditions with heavy loads and small deformations are required [4]. Some
properties of Belleville washers include: high fatigue life, better use of space, low creep tendency, high load capacity
with a small spring deflection and possibility for high hysteresis (damping) by stacking several belleville washers on
top of each other in the same direction [27]. Cone springs are usually installed and arranged in layers. This type of
mount has the ability to self-damp vibrations like leaf springs: Vibrations are quickly damped after compression. The
conical disc of this type of spring has the cross-sectional dimensions and load as shown in Figure 1. The advantages of
disc springs include small mounting space in the direction of the force, the ability to withstand lateral forces, and the
force-deflection characteristics can be changed by adding or removing discs.
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Figure 1. a single cone spring

The application range of individual cone springs can be extended to cover higher forces and/or greater deflection

by stacking.
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Figure 2. Belleville spring mount of parallel formation
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Figure 3. Belleville spring mount in parallel alternating formation.
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Disc spring vibration isolators have attracted increasing attention in industrial applications because of their
compact structure, high load capacity, and superior vibration damping characteristics. F. Jiaand F. Y. Xu [26] developed
a vibration damper composed of stacked disc springs sliding along a guide core. Compared with conventional torsion
spring systems, this structure offers higher load capacity while significantly reducing installation space. Experimental
results demonstrated that the proposed system could achieve vibration reduction efficiencies of up to 98%, making it
suitable for industrial machinery such as punching and pressure-forming equipment.

To better understand the behavior of belleville springs, several researchers have investigated their
mechanical and damping characteristics. L. J. Zheng [20] established a mathematical expression for accurately
predicting the load—displacement relationship of disc springs. Through theoretical analysis, Saini [21] examined
the influence of thickness variation on the load-carrying capacity and deformation behavior of disc springs. In
addition, experimental investigations reported in [22] revealed that disc springs possess superior damping
performance compared with conventional materials.

The influence of friction and nonlinear behavior on vibration dampers has also been widely studied. G.
Curti [23] investigated the effect of friction on belleville spring performance using both finite element analysis
and experimental methods. Similarly, X. S. Gong [24] proposed a dynamic modeling method for vibration
dampers with nonlinear hysteresis characteristics. Furthermore, the mechanical properties of disc spring vibration
dampers with viscous damping were analyzed in [25] through numerical simulation and experimental validation.
The results confirmed that friction damping has a significant influence on the static stiffness characteristics of the
vibration damper system. Unlike previous studies focusing mainly on general vibration isolation characteristics,
the present study specifically investigates the dynamic behavior of Belleville spring mounts under resonance
conditions.

II. DYNAMIC MODEL

To evaluate the vibration isolation performance of the Belleville spring mount, a simplified quarter-machine
dynamic model was developed and analyzed, as illustrated in Fig. 4.
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Figure 4. Quarter-machine dynamic model

According [3] the mathematical model of the system is a single-degree-of-freedom motion model (figure-1):
mzZ+cz+k.z=F(t) (1

Where c is the damping coefficient, £ is the stiffness of the layers disc spring. F} is the excitation force.

If viscous damping is ignored, the vertical motion of the system, z(t) can be represented as follows:

z(t)=F°/k sin(w.t) @)

-7

where: y = 2 with W = k , when =1 the resonance phenomenon occurs, causing the oscillation amplitude
w " \m

n
to increase sharply even though the excitation force is small.
Natural frequency f,.
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Force transmitted to the floor:
Fr=k.z 5)
Transmission coefficient when considering the effect of damping:

pe | rZa) ()
(1= ) +(2%r)’
In which 6 is the vibration reduction coefficient.

E= c £,'c,=2\/k.m ()
2mw, c

n

Assumptions:

The punching machine is simplified as a lumped-parameter system with an equivalent mass of 340 kg.

The supporting structure is assumed to be rigid, while the machine is connected to the foundation through a
Belleville spring mount characterized by stiffness K and damping coefficient c.

The initial deformation of the spring corresponds to the static load generated by the machine weight.

The stiffness of the helical spring is equivalent to the stiffness of the belleville spring mount when it reaches

deformation § =0,25h, =0,4 mm, then the stiffness of the disc spring at deformation S, is equal to

K =1607,78 N/mm A quarter-vehicle dynamic model of punching machine is established to see the effect of the
values of the damping coefficient of belleville spring mount, as shown in Fig-5.
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Figure 5. Quarter-machine dynamic model
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In Fig-5, m is quarter-machine mass; k and c are the stiffness and damping coefficients of belleville spring mount;
z(?) is the vertical displacements of machine; and F(z)=Fysin(wt) is the force excitation of the vibrating machine;
Fy is the amplitude of force excitation; ® is the angular frequency of the machine.

The stiffness equation of a single disc spring is obtained [6]

k=d—F=1163,52x2— 3397.8x + 2677  (8)

dx
According [4] The effect of vibration reduction is an important requirement in the design process isolator.
Usually, the vibration reduction efficiency needs to reach from 70% to 90%.
Transmission coefficient p determines the maximum transmission coefficient of the system based on the required

vibration reduction efficiency

Minimum value of the excitation force frequency that ensures the vibration reduction efficiency of the bearing,
according to [4] 1/ 7 >2

In order to compare the vibration reduction characteristics of the belleville spring mount and the coil spring with

equivalent stiffness and the same damping coefficient, calculate the damping coefficient based on the model as
shown in Figure 6:
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F(t)
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Figure 6. Vibration model using coil spring with stiffness Ko

According [6]:

k=L

, =1163,52.(x" )" - 3397.8.x + 2677
ref dS

x'=0,4
1163,52.(0,4)2 - 3397.8.04+ 2677 = 1504.04N/mm 9
=1504,04 N/mm

From (6) with the target of vibration damping efficiency being 90%, p=0,1 so we have:

p=Lom _3 9 (10)
w

And have ¢ =1357,94kg/s (1)
The natural frequency of the spring system with stiffness Kref:

/ {15040410 3 13302 (rad s (12)

p=Puin 305 o = r=425.667(rad/s) (13)
(0]

n

Determine the amplitude Fo according [27] the design working point of the disc spring is usually taken as (0,754, .
where hy is the height of the cone of the disc spring, the initial deformation is chosen as 5,=0,25.h,=0.4(mm)
therefore the oscillation amplitude of the mass m in Figure — 4 z,,,=0,4mm so we have:

= F <KX, =1504,04.10°.0,0004 (14)

ref
=601,16 N
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Figure 7. Harmonic Force
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IIL.SIMULATION AND DISCUSSION

The governing dynamic equation described in Section 2 was numerically solved using MATLAB/Simulink

software to investigate the vibration behavior of the proposed isolation system.

The simulation was carried out under resonance conditions, where the excitation frequency was selected close to
the natural frequency of the vibration system. For the equivalent coil spring configuration, the natural angular

frequency was determined to be 133.02 rad/s.
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Figure 8. Vibration amplitude graph of mass m

Velocity (m/s)

0 01 02 03 04 05 06 07 08 09 1
Time (s)

Figure 9. Vibration velocity of mass m
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Figure 10. Vibration Acceleration of mass m
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Figure 11. Force transmitted to the ground

IV. CONCLUSION

This study focused on evaluating the influence of the damping coefficient on the vibration reduction
performance of the Belleville spring mount. A quarter-vehicle dynamic model of vibratory is established for
analysis and evaluation. Parameters of small type punching machine are selected to apply on belleville spring
mount. The results of matlab/Simulink software are shown.

The major conclusions can be drawn from the analysis and evaluation results as follows:

The obtained results demonstrated that, under resonance conditions, the Belleville spring mount provided
more effective vibration isolation performance than the conventional coil spring system with equivalent stiffness.

Furthermore, the transmitted force from the excitation source to the foundation was significantly reduced
when the Belleville spring mount was employed. The proposed isolation system is therefore suitable for industrial
punching machines operating under severe vibration conditions. Future studies may focus on experimental
validation and optimization of the nonlinear stiffness characteristics of the Belleville spring arrangement.

ACKNOWLEDGMENT
The author wishes to thank the Thai Nguyen University of Technology-TNUT for supporting this work.

REFERENCES

[1]. S. Grahamkelly (2012), Mechanical Vibrations: Theory and applications.

[2]. R. Simmons (2007), Vibration isolation ASHRAE 49 pp 30-40.

3] J. S. Lamancusa Penn State (2002), Noise Control-Vibration Isolation.

[4]. Cyril M. Harris (2002), Harris’ shock and vibration handbook, McGraw-Hill.

[5]- Istvan L. Vér and Leo L. Beranek (2002), Noise and vibration control engineering, published by John Wiley & Sons, Inc, Hoboken,
New Jecsey.

[6]. Singiresu S. Rao (2010), University of Miami, Mechanical Vibration Fifth Editor.

[7]. Alan R. Klembczyk, Chief Engineer, Taylor Devices, Inc. Introduction to Shock and Vibration Isolation and Damping Systems.

[8]. N. Makris and M. C. Constantinou (1992), “Spring-viscous damper systems for combined seismic and vibration isolation”, Earthquake
Engineering and Structural Dynamic, Vol.21. No 8, pp 649-684.

[9]. Dev Dutt Dwivedi, V. K. Jain (2016), “Design and Analysis Of Automobile Leaf Spring Using ANSYS”, International Journal Of
Current Engineering And Scientific Research, Vol3, Issue-1.

[10].  Syambabu Nutalapati (Dec 2015), “Design and Analysis Of Leaf Spring By Using Composite Material For Light Vehicles”, IIMET
Vol 6, Issue 12, pp. 36-59.

[11].  Shivaji M. Mane, S B. Bhosale (June 2016), “Design and Analysis of Elliptical leaf Spring for light Agricultural Machines with SS304
& CFRP Materials”, IISRE Volume 4, Issue 6.

[12].  Sandip S. Nehe, Dr. Sanjay B. Zope (May 2015), “A Review on Design Development & Analysis of Elliptical Leaf Spring Mount
Vibration Isolation”, IISETR, Volume 4, Issue 5.

[13].  Mohammed MathenullaShariff, N.SreenivasaBabu, Dr.Jaithirtha Rao (2014), “Analysis of Glass Epoxy Reinforced Monolithic Leaf
Spring”, International OPEN ACCESS Journal of Modern Engineering Research (IIMER), ISSN: 2249 — 6645, Vol. 4, Issue 8, pp -
Aug.

[14].  T. Bhanuprasad (2013), “A Purushotham Performance Comparative Analysis of S-Glass Epoxy Composite leaf spring with M. S.
LEAF SPRING” IOSR Journal of Mechanical and Civil Engineering (IOSR-JMCE), Volume 10, Issue 4, pp-38-41.

[15].  Ghodake A.P, Patil K.N (2013), “Analysis of Steel and Composite Leaf Spring for Vehicle”, IOSR Journal of Mechanical and Civil
Engineering (IOSR-JMCE), Volume 5, Issue 4, pp 68-76.

[16].  Robert Simmons (2007), A VMC Group Company, A Practical Guide to Seismic Restraint and ASHRAE Handbook - HVAC
Applications.

[17].  T.M. Loyd (1989), “Damping phenomena in a wire rope vibration isolation system”, Doctor of Philosophy, Aerospace Engineering,
Auburn University.

[18]. M. L. Tinker and M. A. Cutchins (1992), “Damping phenomena in a wire rope vibration isolation system”, Journal of Sound and
Vibration, pp7-18.

DOI: 10.35629/8185-12027278 www.questjournals.org 77 | Page



Vibration Reduction Performance of a Belleville Spring Mount under Resonance Conditions

G. F. Demetriades, M. C. Constantinou and A. M. Reinhorn (1993), “Study of wire rope systems for seismic protection of equipment
in buildings”, Engineering Structures, pp 321-334.

Saini.P.K, Kumar.P, Tandon. P (2007). “Design and analysis of radially tapered disc springs with parabolically varying thickness
[J]”. Proceedings of the institution of mechanical engineering part, c-journal of mechanical engineering science, 221(2): 151-158.
J.H Luo, H.Q Wang, Y.B He (1995). “Experiment and computational studies of damping characteristics of disc springs [J]”, Chinese
Journal of Mechanical Engineering. (2): 61-63.

L.J Zheng, Z.J An, Y.M Fu, et al. Study on theoretical analysis and numerical simulation of the load in conical disk springs [J].
Mechanical Design and Manufacturing Engineering. 2002(6): 12-13.

Curti G, Montanini R. On the influence of friction in the calculation of conical disk springs [J].

Journal of Mechanical Design. 1999, 121(4): 622-627.

X.S Gong, Z.J Xie, Z.H Luo, et al (2001). The characteristics of a nonliner damper for vibration isolation [J]. Journal of Vibration
Engineering. Vol (3): 90-94.

Fang Jial, Fancheng Zhan (2014), “A study on the mechanical properties of disc spring vibration isolator with viscous dampers”,
Advanced Materials Research, Vol. 904, pp 454-459.

F. Jia and F.Y.Xu (2014), “Combined Vibration Isolator Of Disk spring For Closed High Speed Precision Press: Design And
Experiments”, Transactions of the Canadian Society for Mechanical Engineering, Vol.38, No.4

Schnorr Corporation (2003), Handbook for Disc Springs

Design and Finite Element Analysis of H13 Tool Steel Belleville Spring Washer

DOI: 10.35629/8185-12027278 www.questjournals.org 78 | Page



