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Resum: This paper studies the anti-vibration isolation of the elevator from a multi-storey car park. Too strong an

excitation force cannot be applied to a resonant system, because it will develop vibrations of very large amplitudes.

The damping is the one that controls the motion of a resonant system at its natural frequency. In order to reduce

the response to the seismic acceleration, dampers will be used. . The system's own pulsations will be calculated

according to several models pulsation vibrator determined in the laboratory)
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1 INTRODUCTION

In order to increase the number of

parking spaces in the center of the

Romanian capital, it is intended to design a

parking lot on several levels above the

Dâmbovița river, which would include two
elevators for lifting and lowering cars. [1].

One of the elevators works as a system of

translating cam and roller translating

follower and thus, due to transmitting the

torque from the electric drive motor to the

cam, respectively changing the travel

direction at the end of the route, upon

starting and stopping, vibrations may occur

within the elevator.

This system must be supported on a

foundation in order to achieve anti-vibration

isolation. [2].

There are several possibilities to achieve

this anti-vibration isolation, among which

one can mention the elastic suspensions

mounted on springs, rubber mats or

standardized elastic rubber elements.

The vibration of a system is always

caused by an excitation force. The effect of

this force, vibration, is fully determined by

the excitation force, direction and

frequency. Vibration analysis may

determine the excitation forces acting on an

operating machine. [3].  The effect depends

on the machine’s condition and the
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knowledge of the vibration features, of the

response time and reaction manner of the

machinery allows the diagnosis of defects

and the determination of the machineries’
problems.

2 ANTI-VIBRATION INSULATION

For the limitation of the vibrations’
transmission in case of designing an

elevator, the following factors should be

considered:

• The mass of the loaded

elevator that produces

vibrations;

• Foundation type;

• The land on which the

foundation is placed;

• Vibration insulating elastic

layer;

• The building where the

elevator and surrounding

elements are located.

Important elements regarding the

loaded elevator are:

• Intensity, direction and

frequency of the disturbing

forces;

• The overall dimensions of the

system and the location of its

various accessories

• System mass and the position

of the mass centre. [4]

The elevator’s vibrations are
transmitted by the supporting systems and

other equipment found on the same site. The

elevator’s foundation also has the anti-

vibration insulation role so as to ensure an

efficient protection against the occurred

vibrations. Anti-vibration insulation may be

active or passive.

Active insulation is used to reduce

the dynamic forces transmitted by the

equipment generating vibrations on their

foundations. [5]

Passive insulation is used to protect

the precision machines or measurement

devices, by reducing the amplitude of the

vibrations transmitted by the environment

(support, supporting structure, etc.) [6]

In order for an elevator that

produces vibrations in operation to transmit

vibrations of the lowest possible amplitude

to the foundation, the researched system

must be resiliently supported on the

foundation. Both spring and rubber mat

bumpers can be used. Both options have

both advantages and disadvantages

It is considered that the elevator

moves along the parking lot in order to be

able to perform the loading and

respectively, unload the vehicles. The

trolley on which it is fixed is similar to the

railway bogies, being symmetrically

supported on several helical springs. For the

dimensioning of these springs, a specific

pulsation of this trolley is taken into

account, which must be reduced and

different from those of the elevator.

3 THE CALCULATION OF THE SYSTEM'S OWN PULSATIONS

DEPENDING ON THE CALCULATION MODEL ADOPTED

The own frequencies determined are

highly influenced by the model adopted for

the system. No own frequency may be

considered as accurate for the system

because the model does not include all the

elements actually existing in reality.

Further, the own pulsations of the studied

system will be determined by the simplest

method. .[5]
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For this calculation we consider a

value of the natural pulsation p= 25 
rads .

The elevator’s mass is M= 20000
kg, vehicle mass m= 2000 kg.

The elastic constant of the suspension

is determined to bektot = (M + m)p2 = 22000 ∗ 252 =13750000 Nm.                                                    (1)

N= 12 symmetrically arranged

suspension springs are used.

The elastic constant of a spring isk1 = ktotN =
1375012 =1145,8 daNcm .                  (2)

The arrow of the springs due to the

static load is𝑓 = (𝑀+𝑚)𝑔ktot = 1,57 cm.                           (3)

Considering the number of spires n= 3

for each spring it results a diameter of the

spring’s wired = 0,144 ∗ √k12n f315
= 2,535 cm.           (4)

The winding diameter of the spring is

D = 46,5 ∗ √ d4nk13 = 10,65 cm.              (5)

Recalculating the elastic constant of a

spring it results

kr= Gd48nd3= 1139,62 
daNcm .                         (6)

value close to the one previously

determined (1145,8 daNcm )

Recalculating with this value and own

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

close to 25 rad/s, the one requested, being

only higher with 4,5%.

The coefficient considering the effect

of the cutting force and the fact that the

spring is a curved bar isK = 1 + 54 dD + 78 d2D2+ 
d3D3 = 1,36.               (7)

The static load on a spring isF = (M+m)gN = 
22000∗9,8112 =1962 daN.       (8)

The unitary effort produced by the

static stress becomesτ = 8𝐹𝐷𝐾𝜋𝑑3 = 
8∗1962∗10,65∗1,36𝜋∗2,533 = 4098 

daNcm2.(9)

Considering the own pulsation

adopted p= 25 
rads as 

16 of the elevator’s own
pulsation (the smallest value determined

with the method of the continuous beam ω=
151 

rads ), the vibration’s amplitude results.

Av = m2ktot g ∗ 11−0,027 = 0,14 cm.           (10)

The force in a spring due to vibration isFv = Avk1 = 16,8 daN.                          (11)

In the situation of the elevator with an

ample length L= 20 m, for the mass =

100000 kg and the own adopted pulsation

p= 25 rads the following values result

• The elastic constant of the

suspension

ktot = (M + m)p2 =637,5* 105 
Nm.      (12)

N= 12 symmetrically arranged

suspension springs are used

• The elastic constant of a spring

k1= 
ktotN = 5312 

daNcm .         (13)
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• The springs’ arrow due to the
static load f= 1,56 cm

• Considering the number of

spires n= 3 for each spring, the

diameter of the spring’s wire
results d= 4,68 cm

• The winding diameter of the

spring D = 14,47 cm

• Recalculating the elastic

constant of a spring results kr

= 5283,7 
daNcm value close to the

one previously determined

(5312 
daNcm )

Recalculating with this value and the

own pulsation, it results the value 25,18 
rads ,

practically identical with the one requested

of 25 
rads .

• The coefficient considering the

effect of the cutting force and

the fact that the spring is a

curved bar K= 1,529

• Static load on a spring F=

8338,5 daN

• Unitary effort produced by the

static stress τ = 4581 daNcm2

4 STUDIES ON THE VIBRATION OF AN ELEVATOR.

COMPARATIVE ANALYSIS

The own determined frequencies are

highly influenced by the model adopted for

the system. No own frequency may be

considered accurate for the system because

the model does not include all the elements

actually existing in reality.

Analysing the results previously

obtained, the following conclusions can be

drawn, according to table no.1

Own pulsations (𝐫𝐚𝐝𝐬 )
The determination method 𝛚𝟏 𝛚𝟐 𝛚𝟑 𝛚𝟒 𝛚𝟓

The system with a degree of freedom - 1 542,3 - - - -

The model Dunkerley - 2 774,6 3873 - - -

The model Versceaghin-  3  23,4 - - - -

The model of the continuous system - 4 380 1138 1923 2606 3517

The model of the seismic analysis -5 13,36 - - - -

The model of attaching a pulsed vibrator

determined in the laboratory -6

312 - - - -

Table 1. Own pulsations of the system according to the determination method for the system

which includes the mass of the elevator, the mass of the vehicle and the mass of the structure (M =

102000 kg

• The model Versceaghin and the

model of the seismic analysis refer

to empirical formulas and the

results obtained are the lowest and

can be taken into account in the

case of an experimental research to

avoid resonance.

• The model of the continuous

system is the closest to the

constructive reality for a
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homogeneous structure and

provides the highest number of own

pulsations. This is the closest to

reality in the calculation to avoid

resonances.

• The passage through resonance

must be performed quickly. For

most vibrating systems, the

stationary value of the

displacement amplitude is reached

relatively quickly, the speed at

which it is achieved is less

important. Thus, when passing

through resonance, the response

to a force with variable frequency

is of interest. In this case, the

response winding has a maximum

value as a resonance peak,

sometimes followed by strokes. If

the excitation frequency increases,

then the frequency at which the

maximum response occurs is higher

than that obtained under stationary

conditions, the maximum

amplitude is smaller and the width

of the resonance curve is larger. If

the excitation frequency decreases,

the frequency at which the

maximum response occurs is lower

than that obtained under stationary

conditions

• For the model with mass of 22000

kg and length l = 8 m are presented

the values of the own frequencies in

fig.1 These values should be

avoided in operation as they lead to

resonance.

• Analogously, for the model with

mass of 102000 kg and length l = 20

m are presented the values of the

own frequencies in table 1. and fig.

2. These values should also be

avoided in operation as they lead to

resonance.

• For the model that includes both the

elevator and its building and for

which calculations were made at

the points 2.1 and 2.5, the values

presented in fig.2 resulted

Fig 1 The values of the system’s own frequencies with a reduced mass and length (l= 8

m and m= 22000 kg
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Fig 2 The values of the system’s own frequencies with an increased mass and length    (l=
20 m and m= 102000 kg)

5 CONCLUSIONS

In order to avoid the destruction of the

materials and to reduce the transmission of

vibrations, the anti-vibration

insulation(springs, elastic rubber elements,

etc.). of the elevator is necessary.

The parking will be executed and

operated in such a way that in normal

operation it does not generate noise or

vibration that could affect the health or

safety of users from the neighbouring

buildings (above the limits allowed by

technical regulations).
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