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Abstract: This paper addresses the need to minimize of vibration levels of unsprung weight of
elements of vehicles suspension are considered. In the study design, some methods of parametric
optimization with dynamic vibration absorbers (DVA) in elements of a nonlinear suspension with
dynamic mechanical properties have been applied. To determine the low frequency components of
vibration of laminated composite plates with the DVA system numerical estimates of the vibration of
the equivalent plate of Timoshenko used. One structural version for ensuring the preservation of the
residual space of the passenger cabin of the bus during the rollover according to norms 66 is
considered. The energy-absorbing structure of the roof of the bus is made in the form of tubular
space-frame made of composite materials.

Keywords: suspension, unsprung masses, damping, dynamic vibration absorber, bus rollover,
passenger residual space, European regulation ECE R66.

1. Introduction

One of the important problems of designing modern vehicles, in particular wheeled vehicles, is the
safety and comfort of the driver and passengers while maintaining the optimal technical and economic
performance, such as functionality, efficiency, energy and material consumption, maintenance costs,
repair costs, and so on. The primary task in this direction is the need to improve the analytical method
for calculating the effect of dynamic loads in order to approximate theoretical results to experimental
data and achieve rational and efficient design of safety and comfort elements.

An important issue for the development of modern vehicles is the reduction of vibration. DVA are
widely used to reduce vibration and noise levels in vehicle cabs, rotating parts machines, unsprung
weight of wheeled vehicles. So it is expedient to consider the suspension of a car with DVA. This devices
should also be used in shock absorber safety devices by accident’s. They distinguish from traditional
energy absorbing elements and can serve as vibration and noise protection elements also.

The traditional suspension system of vehicle consists springs and dampers and be classified as
passive suspension. It does not require external control, but only dissipates energy. This system has
weak adaptability due to the fixed characteristics of springs and shock absorbers. A good designed
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passive suspension can, to some extent, optimize the quality of ride comfort and stability, but cannot
completely eliminate the consistency between characteristics of suspension [1].

An important characteristic of the suspension is its smooth ride, which is usually characterized by
displacements of unsprung masses. This is due to ensuring the contact of the wheels with the road. This
criterion differs from the more general criterion of controllability of the system on some programmatic
moves [2]. Although the criterion for the movement of unsprung masses can be improved by the
suspension, however, the most effective way is to join of DVA to the unsprung masses. This is especially
true for the newest designs of cars with electric motors on the axle of the wheels. For such structures,
the traditional reduction in the weight of unsprung masses can not be achieved to improve handling.
DVA is widely used to reduce vibrations [3-8]. An example of the use of DVA in a suspension of
boom-sprayer is given in [9].

2. Materials and methods

For vehicles many DVA have been developed. They differ in weight and dimensions, design
features, ranges of regulation. One of the variants of non-linear suspension with DHA and container
with vibration absorbing parts is in Figure 1 shown.

@ (0)

Figure 1. Constructive variants of the suspension from the DVA: (a) - nonlinear suspension; (b) - suspension
container with particles.

On the basis of the discrete-continual approach, a three-mass calculation scheme, taking into
account the unsprung masses and the DVA attached to them, is obtained (Figure 2a) [10]. Optimization
of parameters is carried out.
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Figure 2. (a) - calculation scheme of the suspension; (b) - the results of optimization in different

frequency ranges: -amplitude of unpowered masses.
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To obtain optimal projects in a plurality of constructive parameters, algorithms of genetic
optimization were used in conjunction with condensed non-parametric circuits. The results of
optimization are shown in Figure 2b for different frequency ranges.

3. Results

Noise-absorbing partition shown of a thin-walled element - the base of the partition and the
attached DVA’s which serve for noise protection against interference acting on the partition. Such a
partition can be applied to the floor of the bus, in the elements of the body of the engine compartment
of vehicles, and at a wall of the cabin, which are in conditions of high acoustic loads, as well as cabins of
mining machinery, in schemes of sound insulation of premises, salon of airplanes, etc. However,
thin-walled laminar noise-absorbing partitions that are used today are effective only in the higher
frequency range and inefficient in the low-frequency range typical of many machines. Their
noise-absorbing properties can be greatly improved in the low-frequency range with the help of DVA.
At Figure 3 schematically shown the general view of the soundproof partition of the bus motor. The
cross-section view shown the bus septum where: 1 - engine compartment, 2 - passenger compartment,
3 - DVA, 4 - internal part of the partition, 5 - elastic fastening of the partition , 6 - external part of the
sound absorber of reinforcing elements, 7 - fixed mass DVA, 8 - moving mass DVA, 9 - adjusting screw,
10 - elastic plate member, 11 - DVA mounting node.

Between the engine 1 and the passenger compartment 2, a sound absorbing partition is installed
to the outer part of which the DVA-11 unit with a stationary mass DVA 7 and a moving mass DVA 8 are
mounted on the elastic plate member 10 with an adjusting screw 9 attached.

To study the soundproof properties of panels in the low-frequency range, the layered elements of
partitions are drawn to the equivalent of them Timoshenko beams [11]. The algorithms of the
reduction to the Timoshenko beam are considered in [12]. In works [13-24] the damping and sound
protection properties of layered plates with additional elements are considered. Consider the
three-layer beam. Its parameters: length L=0.6 m, thickness of the filler H =0.0254 m, thickness of

the facial layers h=0.003m; filler modules C,, =C,, =180 MPa, G =35MPa, C,, =40 MPa, density
p=240 kg/m?3); modules of rigid facial layers - Cxx=43 GPa; Cx.=6 GPa; G=0.6 GPa, p=2000 kg/m3).
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Figure 3. (a) - general appearance of the soundproofing of the bus; (b) - the cross-section of
partition-wall.

Figure 4 shows the sound loss coefficient for various materials as a function of the dimensionless
frequency f/fr. Figure 4a shows the coefficient of sound loss for different ratios of Young's modulus E to
the coefficient of displacement G of the equivalent beam of Timoshenko, in Figure 4b - partition with
DVA.
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Figure 4. (a) - coefficient of sound loss for different materials, (b) - sound losses for the partition with
DVA.

4., Discussion

Noise-insulating material can also serve other purposes, namely to reduce the traumaticity of
passengers in accidents. Layers of this material will improve the frames ability to absorb kinetic energy,
while maintaining the residual space of passenger compartment. In order to ensure the structural
integrity of the vehicle and its ability to absorb the impact of energy, it is important to examine the
nature of the fracture to reduce peak loads and improve the power absorption of impact.

These factors can be reduced by using special energy-absorbing devices also. A rollover of a bus is one of
the most dangerous accidents. The risk of fatal consequencei is greater than other cases. It is determined that at
least the amount of accidents involving buses is smaller, but fatal consequences (31%) and serious injuries
(21%) more than in other accidents. The UNECE Regulation 66 requires that the large vehicles superstructure
strength need be sufficient to provide residual space during and after a rollover.

Superstructure contribute to the strength and energy absorbing capability of the bodywork, and
preserve the residual space, which preserved in the passengers', crew and driver's compartment(s)
better survival possibility for passengers, driver and crew in case of a rollover accident. Side
superstructure is formed from cantrail and waistrail. Cantrail means the longitudinal structural part of
the bodywork above the side windows including the curved transition to the roof structures. Waistrail
means the longitudinal structural part of the bodywork below the side windows. In the rollover test the
waistrail may be the second area to contact the ground after initial deformation of the vehicle
cross-section. In the rollover test the cantrail hits the ground first. a structural part or element which
does not have significant deformation and energy absorption during the rollover test means a "Rigid
part”.

The superstructure of the vehicle shall have the sufficient strength to ensure that the residual
space during and after the rollover test on complete vehicle is unharmed. The residual space is
continuous in the passenger, crew and driver compartment(s) between its rearmost and foremost
plane and is defined by moving the defined vertical transverse plane through the length of the vehicle
along straight lines through some points on both sides of the vehicle.

Passive safety European Regulation ECE R66 preferred real high cost roll-over test. The
application for approval of a vehicle type with regard to the strength of its superstructure shall be
submitted by the vehicle manufacturer and identify main data and parameters of the vehicle type, an
overview of the main verification methods of bus rollover test precised analysis of virtual procedure of
rollover test, detailed initial condition-system for rollover simulation and possible virtual method of
reference energy. There "reference energy” is the potential energy of the vehicle type to be approved,
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measured in relation to the horizontal lower level of the ditch, at the starting, unstable position of the
rollover process. In this paper a new type of energy absorbing devices is investigated.
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Figure 5. Rollover test (a) and geometrical parameters of plastic hinges on a bay (b) defined by UNECE

Regulation 66.

Various designs of anti strike devices are known. They are widely used for wheeled cars. Their
principle of work is plastic deformation of materials. During impact, energy absorption occurs due to
crumple of construction.

During an accident at the moment of a collision of a car with an obstacle, the impact energy is
absorbed by plastic deformation of the body parts. Such items are specifically provided in the design.
To a certain level of loading they act as elements of body frame. When the load exceeds the threshold
value, the energy-absorbing elements begin work as shock-resistant devices. Deskry "Plastic zone"(PZ)
and "Plastic hinge"(PH). PZ means a special geometrically limited part of the superstructure in which,
as the result of dynamic, impact forces:

- large scale plastic deformations are concentrated;

- essential distortion of the original shape (cross section, length, or other geometry) occurs;

- loss of stability occurs, as a result of local buckling;

- kinetic energy is absorbed due to deformation.

PH means a simple plastic zone formed on a rod-like element (single tube, window column, etc).
However, most of devices work due to flattening various beams. This does not allow uniformly absorb
the shock energy. They do not give them the opportunity to absorb the impact energy in the lateral
reversal of the bus, which is often accompanied by injury of passengers.

In Figure 6 crash resistance bus roof is presented [19]. It contains of energy absorbing composite
rod connected with horizontal beams of the roof, breaking rod and side racks of the bus. Energy
absorption coupling installed in the places of attachment of bearing rods, hinged fixing of one half of the
horizontal beam roof to the side rack. At Figure 6 the structure is depicted in a post-impacted state. The
crash resistance roof of the bus contains energy-absorbing elements that are made in the form of a
carrier spatial rod symmetric system, consisting of bearing rods 2, interconnected by a breaking rod 3
and connected to one absorbing composite rod 4 and energy absorbing couplings 5. The shock
absorbing roof of the bus joins at plastic hinges on a bay.

The shock absorber roof of the bus works in such a way that the principle of its operation involves
the presence of a mechanism for multi-point absorption of impact energy. During the rollover of the bus
1 during the impact load, for example, the left wall 1 (Figure 6), the membrane of the left side or right
side rack 4 and the subsequent movement of the left or right bearing rod 2, causing the displacement of
the composite rod 3, occurs in turn causes strain of the tensile strength of the composite rod 4
(detachment of one layer from the other) and the scroll of the absorbing clutch 5, crushing their
internal construction, and emitting the entire structure of the roof when rotating against the hinge 6
upwards, which is substantially enhances the energy absorption efficiency, provides the minimum
spatial deformation of the body of the vehicle (in the direction of the passenger compartment) and
increases the level of safety in emergencies.
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Figure 6. The shock absorber roof of the bus (after reaching the critical force value): 1 - energy
absorbing composite rod; 2 - horizontal beams of the roof; 3 - breaking rod; 4 - side racks of the bus;
5 - shock absorbing coupling

The minimum energy required to be absorbed by the body section (Emin) is the sum of the energy
of the bays comprising the body section.The body section passes the loading test in case, when all the
bays which form that body section are considered to have passed the quasi-static loading test and these
results can be quoted in future requests for approval provided that the component bays are not
expected to carry a greater mass in the subsequent superstructure. The body section fails the loading
test if one of the bays go into the residual space.

The total energy (Et) shall be distributed among the bays of the superstructure in the proportions
of their masses. The total energy to be absorbed by the superstructure is:

Er=0.75 M g Ah

where: M = My - unladen kerb mass of the vehicle if there are no occupant restraints; or, M, total
effective vehicle mass when occupant restraints are fitted; g - gravitational constant; Ah - vertical
movement of the vehicle centre of gravity during a rollover test.

A number of methods have been developed to investigate the mechanics of hinges demolition.
Some models are simple, mostly single mass. To study the dynamics of the system: the basic design - the
passengers will use a relatively simple two-axle model (Figure 7,a) with variable parameters. In Figure
7b shows optimization results with constant damping and controlled friction. Friction, and especially,
controlled friction, reduces the acceleration of passengers, and grade of injuries.
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Figure 7. (a) - two mass model; (b) - optimization results with stable damping and controlling traction.
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5. Conclusions

An important issue for the development of modern vehicles is the reduction of vibration. DVA are
widely used to reduce vibration and noise levels in vehicle cabs, rotating parts machines, unsprung
weight of wheeled vehicles. So it is expedient to consider the suspension of a car with DVA. This devices
should also be used in safety devices by accident’s. They distinguish from traditional energy absorbing
elements and can serve as vibration and noise protection elements also.

The traditional suspension system of vehicle consists springs and dampers and be classified as
passive suspension. It does not require external control, but only dissipates energy. This system has
weak adaptability due to the fixed characteristics of springs and shock absorbers. A good designed
passive suspension can, to some extent, optimize the quality of ride comfort and stability, but cannot
completely eliminate the consistency between characteristics of suspension.

A series of vibration, noise and absorbing elements for vehicles are considered. In order to
improve the smooth ride of the suspension, the use of DVA in unsprung masses is considered.
Laminated partitions with DVA system are considered for noise reduction in car salons. Impact
absorbing elements of the new type are considered in order to prevent injuries to passengers during
rollover of buses. The resulting calculation schemes and optimal projects confirm the effectiveness of
this kind of elements.

To obtain optimal projects in a plurality of constructive parameters, algorithms of genetic
optimization were used in conjunction with condensed non-parametric circuits.

Noise-absorbing partition shown of a thin-walled element - the base of the partition and the
attached DVA’s which serve for noise protection against interference acting on the partition. Such a
partition can be applied to the floor of the bus, in the elements of the body of the engine compartment
of vehicles, and at a wall of the cabin, which are in conditions of high acoustic loads, as well as cabins of
mining machinery, in schemes of sound insulation of premises, salon of airplanes.

Noise-insulating material can also serve other purposes, namely to reduce the traumaticity of
passengers in accidents. Layers of this material will improve the frames ability to absorb kinetic energy,
while maintaining the residual space of passenger compartment. In order to ensure the structural
integrity of the vehicle and its ability to absorb the impact of energy, it is important to examine the
nature of the fracture to reduce peak loads and improve the power absorption of impact.

References

1. Ahmadian Mehdi; David E; Simon. An analytical and experimental evaluation of magneto rheological
suspensions for heavy trucks [J]. Vehicle System Dynamics, 2003, 37(S), 38-49.

2.  Diveev, B.M,; Dorosh, .A. Problems of vibration protection and dynamic stabilization in rod sprayers. Allukr.
Sci.-Tech. Journal "Vibration in technology and technology” 2006, 1(4.3), Vinnytsya: VDAO, 27-29.

3. Bohdan Diveyev; Thor Vikovych; Ihor Doros; Ivan Kernytskyy. Different type vibration absorbers design for
beam-like structures. Proceeding of ICSV, Vilnius: Lithuania, 2012, 19(2), 1499-1507 (Electronic edition).

4, Diveyev, B.; Horbay, O.; Pelekh, R.; Smolskyy, A. Acoustical and vibration perfofmence of layered beams with
dynamic vibration adsorbers. Proceeding of 19th International Congress on Sound and Vibration (ICSV-12),
(July, 8-12), Vilnius: Lithuania, 2012, 1, 1494-1498.

5. Diveyev, B.; Horbay, O.; Nykolyshyn, M.; Smolskyy, A.; Vikovych, I. Optimisation of anisotropic sandwich
beams for higher sound transmissin loss. MEMSTECH, (May, 11-14), Polyana, Proceeding, 2011, 33-37.

6. Diveyev, B.; Horbay, O.; Kernytskyy, 1.; Pelekh, R.; Velhan, I. Dynamic Properties and Damping Predictions for
Laminated Micro-Beams by Different Boundary Conditions, MEMSTECH, (April, 20-23), Polyana, Proceeding,
2017, 30-34.

7. Kernytskyy, 1; Diveyev, B, Horbaj, O.; Hlobchak, M.; Kopytko, M.; Zachek, O. Optimization of the impact
multi-mass vibration absorbers. Scientific Review. Engineering and Environmental Sciences 2017, 26(3), Nr.77,
394-400.

8. Bohdan Diveyev. Semi-active vibration absorbers for the high-rise objects. Ukrainian Journal of Mechanical
Engineering and Material Science 2018, 4(1), 71-104.

9. Kernytskyy, L; Diveyev, B.; Stukalets, I.; Horbaj, O.; Berezovetskyi, S. Vibration absorber optimization for
boom-sprayer. Scientific Review Engineering and Environmental. Sciences 2018, 27(4), 504-515.

<109>


https://iccpt.tntu.edu.ua/
https://www.multitran.ru/c/m.exe?t=3425802_1_2&s1=%E2%E5%F1%20%ED%E5%EF%EE%E4%F0%E5%F1%F1%EE%F0%E5%ED%ED%FB%F5%20%F7%E0%F1%F2%E5%E9
https://www.multitran.ru/c/m.exe?t=3425802_1_2&s1=%E2%E5%F1%20%ED%E5%EF%EE%E4%F0%E5%F1%F1%EE%F0%E5%ED%ED%FB%F5%20%F7%E0%F1%F2%E5%E9
https://www.multitran.ru/c/m.exe?a=118&t=19797_1_2
https://www.multitran.ru/c/m.exe?t=4628756_1_2&s1=%EE%F2%ED%EE%F1%E8%F2%FC%F1%FF%20%EA
https://www.multitran.ru/c/m.exe?t=6628170_1_2&s1=%EF%EB%E0%E2%ED%EE%F1%F2%FC%20%F5%EE%E4%E0%20%E0%E2%F2%EE%EC%EE%E1%E8%EB%FF
https://www.multitran.ru/c/m.exe?t=3425802_1_2&s1=%E2%E5%F1%20%ED%E5%EF%EE%E4%F0%E5%F1%F1%EE%F0%E5%ED%ED%FB%F5%20%F7%E0%F1%F2%E5%E9

Orest Horbay, Bohdan Diveyev, Ivan Kernytskyy, Ruslan Humenyuk https://iccpt.tntu.edu.ua

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Shida Nie; Ye Zhuang; Fan Chen; Yong Wang and Shu Liu. A method to eliminate unsprung adverse effect of
in-wheel motor-driven vehicles. Journal of Low Frequency Noise, Vibration and Active Control 2018, 37(4),
955-976.D01: 10.1177/1461348418767096 journals.sagepub.com/home/lfn.

Renji, K. Sound transmission loss of unbounded panels in bending vibration considering transverse shear
deformation. Journal of Sound and Vibration 2005, 283, 478-486.

Bohdan Diveyev; Solomija Konyk; Malcolm, ]J. Crocker. Dynamic properties and damping predictions for
laminated plates: High order theories Timoshenko beam. Journal of Sound and Vibration 2018, 413, 173-190.
Horbay, 0. Diveyev, B.; Kernytskyy, I, Buryan, M; Opalko, V. Suitable Damping Control Methods for
Semi-Active Dynamic Vibration Absorbers. 15th International Conference on the Experience of Designing and
Application of CAD Systems, 4, 46-49.

Diveyev, B.; Gorbay, O.; Kernytskyy, I.; Konik, I.; Pelek, Y. Vibration and noise protection devices with DVA for
wheeled machines. Scientific notes. Interuniversity collection (according to the branches of knowledge
"Technical sciences", Lutsk, 2016, 55, 122-126.

Diveyev, B.; Gorbay, O.; Kogut, I. Energy dissipation in three-layer composite beams at bending. Collection of
scientific works. Series of machine-building 2012, 2(32)/2; 17-24.

Bohdan Diveyev. Sound transmission properties of composite layered structures in the lower frequency
range. Ukrainian Journal of Mechanical Engineering and Material Science 2017, 2(2); 11-33.

Zhe Yang; He Yan; Chenguang Huang; Xingzhong Diao ; Xianqian Wu; Shaohua Wang; Lingling Lu; Lijuan Liao;
Yanpeng Wei. Experimental and numerical study of circular; stainless thin tube energy absorber under axial
impact by a control rod. Thin-Walled Structures 2014, 82, 24-32.

UNECE Regulation 66. Uniform technical prescriptions concerning the approval of large passenger vehicles
with regard to the strength of their superstructure, 61 p.

Declarative patent for utility model N2 114977. Ukraine. B65D25/06. Crash resistance roof of vehicles /
Diveyev B.; Hlobchak M.; Gorbay O.; Kernytskyy I.; Pelech J. Publ. 27.03.2017. Bul. Ne 6.

Yulie Shen; Long Chen; Xiaofeng Yang; Dehui Shi Jun Wang. Improved design of dynamic vibration absorber
by using the inerter and its application in vehicle suspension (January). Journal of Sound and Vibration 2016,
361/20 148-158.

Giulio Reina; Gilberto Delle Rose. Active vibration absorber for automotive suspensions: A theoretical study;
International Journal of Heavy Vehicle Systems (January) 2016, 23(1):21.

Diveyev, B.; Butyter, I.; Shcherbyna, N. High order theories for elastic modules identification of composite
plates. Part 1. Theoretical approach. Mechanics of Composite Materials 2008, 44(1), 25-36.

Diveyev, B.; Butyter, I.; Shcherbyna, N. High order theories for elastic modules identification of composite
plates. Part 2. Theoretical-experimental approach, Mechanics of Composite Materials 2008, 44(2), 139-144.
Butyter, I; Diveyev, B.; Kogut, 1., Marchuk, M.; Shcherbyna, N. Identification of elastic moduli of composite
beams by using combined criteri. Mechanics of Composite Materials 2013, 48(6), 639-648.

«110>»


https://iccpt.tntu.edu.ua/
https://www.multitran.ru/c/m.exe?t=1190206_1_2&ifp=1&s1=crash%20resistance
https://www.sciencedirect.com/science/journal/0022460X
https://www.sciencedirect.com/science/journal/0022460X/361/supp/C
https://www.researchgate.net/profile/Giulio_Reina?_sg=kNFBPehGzGFPNJfP4bulh_fJhLXtCNL0nV3hsNSrg2Xk9JYCPzKj4tGLa03bEkkXBySarEk.AA3eJibhLeKAnktVhEks9qvI2GhC5ROgMyVoAell32UXYw9udPpDegbOur25K6w0Qsnj9-mjA_O7yTJuwO6dAQ
https://www.researchgate.net/scientific-contributions/2098807985_Gilberto_Delle_Rose?_sg=kNFBPehGzGFPNJfP4bulh_fJhLXtCNL0nV3hsNSrg2Xk9JYCPzKj4tGLa03bEkkXBySarEk.AA3eJibhLeKAnktVhEks9qvI2GhC5ROgMyVoAell32UXYw9udPpDegbOur25K6w0Qsnj9-mjA_O7yTJuwO6dAQ

	1. Introduction
	2. Materials and methods
	3. Results
	4. Discussion
	5. Conclusions
	References

