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Abstract. To study the vibrations of the elevator, use various models for the 

lifting mechanism. Calculate the first pulsation using the Veresceaghin method. 
Evaluating the behavior of a lifting mechanism at an elevator during an 

earthquake. The anti-vibration insulation of the elevator. 
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1. The calculation of the own pulsations of the elevator 

 
1.1 The primary wave  

 

When a crack occurs or a sudden 

movent in the earth crust, the energy 

radiates outward in the form seismic 

waves just as the energy formed by 

moving a surface water which radiates as 

a wave.[1] An earthquake consists of 

variaty of seismic waves that can not be 

distinguished and the source of seimic 

energy is scattered overo large area. In 

every earthquake there are several 

typesof seismic waves. The primary wave 

(longitudinal one) which causes the the 

deaf roar of earth-quakes, or simply the P 

wave, secondary one (transervse) or S 

wave, the surface wave. [2] 

 

 

 

 

 

 

 

 (Educational Seismic Network in Romania 

(ROEDUSEIS-NET) informative page no. 7) 

Fig.1 

 
 

 (Educational Seismic Network in Romania 

(ROEDUSEIS-NET) informative page no. 7) 

Fig. 2 

 

1. The longitudinal waves are propagated 

through all environments.  
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S type waves 
 

2. The transversal waves are propagated 

only through the solid environments and 

are displaced following the longitudinal 

ones.[3] 

 

 

 

1.2 The model of a mechanical system found under the influence of the 

seismic waves 

 

In case of evaluating the reaction of 

a mechanical system found under the 

action of the seismic waves two elements 

related to the complexity of the studied 

phenomenon must be considered:  

a) The permanent existence of the 

random seismic waves - see the 

figure 2 

b) The complexity of the mechanical 

systems which must be assessed - 

for example a metal structure 

found on a concrete support - 

figure 3 and a metal supporting 

frame - figure 3 

 

 
Fig.3 

 

 
Fig.4 

 

In order to evaluate the conduct 

during an earthquake of a lifting 

mechanism at an elevator within a 

parking lot, Multiparker type, a model is 

used and thus, the own pulsations of the 

system are determined. Thus, different 

values of these own pulsations of the 

system result, consisting in the elevator 

and lifted vehicle, values which must be 

avoided in order to prevent the resonance 

phenomenon 

  

 

2. The models used for the determination of the own pulsations 

in case of free vibrations of the Multiparker type elevator 

 
The vibrations produced by an 

elevator during operation are sent as 

elastic waves. 

We intend to evaluate the own 

pulsations in case of free vibrations of a 

lifting mechanism at an elevator within a 

multiparker parking lot.  

It is absolutely necessary that the 

wave pulsation is different from the own 

pulsation of the studied system so as to 

avoid the resonance phenomenon leading 

to the system’s destruction.[4] 

The simplest method is that the 

elevator is a system with a degree of 

freedom consisting of a total mass body 

(M+m). 

The Dunkerley method  and 

Veresceaghin method are used in order to 

determine the first own pulsation for a 

real mechanical system. 

 
 

2.1 The determination of the own pulsations of the system using the Veresceaghin 

method 
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The method of the inertial forces 

may be used for the determination of the 

own pulsation with the support of the 

flexibility matrix. [5] 

It is considered that the elevator as a 

bar embedded at the inferior part, 

modelled as in the following figure 

(fig.5). The unitary diagram is presented 

on the right side of the figure.  

The same values as in the previous 

cases are used: 

E=2* 1011 N/ m2, L=8 m, m= 2000 

kg, M= 20000 kg 

 
Fig.5 

 

For the square section with the side l 

= 1,73 m (S=3 m2) results the inertial 

moment 
 

Ix= l4/ 12 = 1,734/ 12 = 0,75 m4    (1) 

 

EI= 2*1011* 0,75= 1,5*1011 Nm2 (2)  

 
 

δ11= the displacement of the point A 

under the action of the unitary force  

 

δ11=                (3) 

 

The flexibility matrix F is in this 

case 

 

F= δ11=    (4) 

 

The rigidity matrix K is the reverse 

of the flexibility matrix F 
 

K= F-1=   = 

879* 10 6                                                      

(5) 

 
The own pulsation of the system is 

according to this calculation  

 

ɷ1=  = 200 rad/s              (6) 

 
ν1 32 Hz 
 

For the determination of a high 

number of own pulsations, specific to a 

continuous environment and the closest 

to reality, the use of the continuous 

system method is necessary. 

 

 

3. THE ANTI-VIBRATION INSULATION OF THE 

ELEVATOR 
 

For the limitation of the vibrations’ 

transmission in case of an elevator 

design, the following factors must be 

considered 

 The mass of the loaded 

elevator that produces the 

vibrations; 

 Foundation type; 

 The land on which the 

foundation is placed; 

 The vibration insulating 

elastic layer; 

 The building where the 

elevator is found and other 

surrounding elements.  

The important elements regarding 

the loaded elevator are:   
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 The intensity, direction and 

frequency of the disturbing 

forces;  

 The overall dimensions of 

the system and the 

placement of its different 

accessories 

 The mass of the system 

and the position of the 

centre of gravity. 

The vibrations of the elevator are 

transmitted by the supporting systems 

also to the other equipment found in the 

same location. The active insulation 

(from the vibration source to the 

foundation) or the passive insulation 

(from the foundation vibrating due to cars 

or the devices which must be protected 

against vibrations) (fig.6 ) is necessary in 

order to ensure an efficient protection 

against vibration.  

The active insulation is used for the 

reduction of the dynamic forces 

transmitted by the equipment producing 

vibrations to their foundations. [5] 

The passive insulation is used for 

the protection of the accurate machines or 

measuring devices, by reducing the 

amplitude of the vibrations transmitted to 

them by the environment (support, 

supporting structure, etc.) 
 
 

 
Fig. 6 The principle scheme of the anti-

vibration insulation system. 

a – active insulation; b – passive 

insulation. 1 – elevator + machine; 2 – 

group of elastic elements for the anti-

vibration insulation; 3 – the support 

(foundation) system to be studied. 

 

The efficiency of the anti-vibration 

insulation is evaluated by the 

transmission factor or vibration 

transmissibility. [6] In case of active 

insulation, the transmissibility is 

evaluated by the force transmitted by the 

system to be studied of the foundation by 

the anti-vibration insulation elements and 

in case of passive insulation, by the 

amplitude transmitted from the 

supporting system (foundation) to the 

system to be studied (elevator + 

machine).  

For an elevator to produce 

vibrations in operation to transmit 

vibrations of an amplitude as low as 

possible to the foundation, the studied 

system must be elastically supported by 

the foundation. [6]  

It is considered that the elevator 

moves along the hall so as to execute the 

loading, respectively the vehicles 

unloading. The cart on which it is fitted is 

similar to the railway bogies, being 

symmetrically supported on several 

helical springs. For the dimensioning of 

these springs, it is considered an own 

pulsation of this cart which must be 

reduced and different from those of the 

elevator previously calculated. [7]  

A value of the own pulsation is 

considered for this calculation p= 25 

rad/s. [8] 

The mass of the elevator is M= 

20000 kg, vehicle mass m= 2000 kg. It is 

determined 

 

 The elastic constancy of the 

suspension   
 

ktot=(M+m)p2= 22000*252= 

13750000 N/m                                      (7) 
 

N= 12 springs are used for 

suspension, symmetrically provided 

 

 The elastic constancy of a 

spring 
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k1= = = 13750/ 12= 1145,8 

daN/cm                                                  

(8) 
 

 The arrow of the springs due 

to the static load 

 

f=  = 1,57 cm                    (9) 

 

 Considering the number of 

spires n = 3 for each spring, 

the diameter of the spring 

wire results 
 

d= 0,144* = 2,535 cm       

(10) 

 

 The winding diameter of the 

spring   

 

D= 46,5*  = 10,65 cm        (11) 

  

 kr results by recalculating 

the elastic constancy of a 

spring 

 

kr= = 1139,62 daN/cm  value 

close to the one previously determined   

(1145,8 daN/cm)                        (12) 

 

By recalculating with this value and 

the own pulsation, the value 26,149 rad/s 

results, close to the imposed one, of 25 

rad/s.  

 

 The coefficient that 

considers the effect of the 

cutting force and the fact 

that the spring is a curved 

bar 

 

K= 1+ +  = 1,36  

(12) 

 

 Static load on a spring   

 

F= = = 19620 N= 

1962daN     (13) 

 

 The unitary effort produced 

by the static demand   

 

τ = = 4098 

daN/ cm2                                                              (14) 

 

 The vibration amplitude 

results by considering the 

adopted own pulsation p= 25 

rad/s as 1/6 of the own 

pulsation of the elevator (the 

smallest value determined 

with the method of the 

continuous beam  ω= 151 

rad/s)  

 

Av=   (15) 

 

 Spring force due to vibration  
 

Fv= Av*k1= 16,8 daN             (16) 
 

According to the presented information, 

the foundation of the system to be studied 

has a double role: 

- To ensure an allowable value of 

the force that is transmitted to the earth 

(floor) by the loaded elevator;  

- To execute the anti-vibration 

insulation [9] 

4. Conclusions 

 

 

The following conclusions may be 

drawn by assessing the previously 

obtained results: 
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 The own determined pulsations are 

strongly influenced by the model 

adopted for the system 

 For the first two modellings which 

are similar, approximately equal 

solutions are obtained for the first 

own pulsation, having different 

values of about 4% one comparing 

to each other. These methods 

provide approximately double 

results of the first own frequency 

comparing to the one close to the 

reality, determined by the 

continuous environment method 

 For the determination of a high 

number of own pulsations, specific 

to a continuous environment and 

the closest to reality, the use of the 

continuous system method is 

necessary.  

 In order to avoid the phenomena of 

strikes and resonance in these areas, 

it is necessary that the elevators do 

not operate in the area of the 

frequencies 32 Hz, 151 Hz, 282 Hz, 

442 Hz,744 Hz, 1035 Hz și 1347 

Hz  determined at the point 3 and 

presented by the figure no. 7..  
Vereşceaghin's method shows the 

lowest value of its own frequency 

that is the most dangerous and 

should be avoided. 

The parking lot shall be executed and 

exploited so that the regular operation 

does not generate noises or vibrations 

which might affect the health and peace 

of the users from the surrounding 

buildings (above the limits allowed by 

the technical regulations).  

 

 
 

Fig  7 Frequencies of use that lead to 

resonance 
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