509. Dependence between stiffness of fixed foundati
and blower supports

P. Mazeikad"® J. Grigonien:™®, A. Senulig*
! Klaipeda UniversityBijunu str. 17, Klaipeda LT-91225, Lithuania

E-mail: apranasmazeika@centras.lt jurgita.grigoniene@ku.lt Caudriussenulis@yahoo.com
Phone:+37046389692 Fax: +37046389692

(Received 30 September 2009; accepted 27 November 2009)

Abstract. This paper analyzes mechanical system consistingv@ blowers, each having a
separate frame. The system is fixed on one founmdaliigh-level vibrations are excited during
its operation. Results of experimental researcthisf mechanical system are presented here.
The developed finite element model provides thesibiliy to analyze natural frequencies of
the system. The reasons of observed high-levelatidns were identified by comparing
experimental and numerical results. The concepifovibration reduction was proposed based
on the results of this investigation.
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Introduction

Research technology of vibrations of rotor machiaeables precise identification of the
evolving machine defects and protecting the machiinem unexpected faults and failures.
Practice indicates that stiffness of foundatioduiefices machine vibrations. The influence of
vibrating foundation was analyzed in [1].

The development of a test bench to characterizetitim sources which apply unspecified
excitations on a receiving structure was descrilied[2]. The approach is based on
characterizations of a component mounted on diftepéates for classification with respect to
the mobility of receiving structures.

In this paper two methods are presented for imprmré of force identification [3]. The
first one is based on improvement of the conditidrthe system FRF matrix by a proper
selection of the measurement positions. The secnathod relies on modification of the
structure by attaching a dynamic damper in a slgitidzation to minimize the ill-conditional
nature of the FRF matrix especially near a resonémrjuency [3].

In practice, the vibratory measurements accompdighesensors come from a mixture of
vibratory sources corresponding to different maeldiomponents. Thus it becomes challenging
to conduct state interpretation for each individcamponent. This article proposes linking of
modal analysis and stability. This approach allasgo reduce the number of sensors and to
avoid regularization methods [4].

The diagnostics and monitoring of each componeqguire the determination of the
contribution of each source in the signal collettibhe paper proposes a methodology, based
on the restitution of the sources. Thus, the mailogy ensures the detection and the
localization of a defect of a component by the mtation of the position of a limited number
of sensors [5].
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The purpose of this paper is to analyze the reasbgenerated high-level vibrations of two
centrifugal blowers, which has negative influenez¢hte health and work quality of employees.
The conception of reduction of vibration intensgydeveloped as well.

Description of blowers

The two centrifugal blowers are used for productawoling in the food industry. The
kinematics and technical parameters of the blowaegesidentical: power of electrical motor —
30 kW and nominal speed of rotor — 2958 rpm (thetrad of rotor rotation is implemented by
means of frequency converters).

The blower consists of electrical motor with thekédix working wheel and the frame
(Figure 1). The dampers are mounted between theefrand the foundation (on the second
floor) to reduce the intensity of vibrations inddcey blowers. The blowers are assembled in
one row — side by side.

Blower No.2 Blower No.1
2B
1
Frame Frame
@) d@ @ i@ d@ 1G)
VA W
a)

b)
Fig. 1.a) Kinematics of two blower rotor systems, b) commeéew of one blower: 1B and 2B — the first
and the second bearings; EM — electromotor; WWe-vibrking wheel; n — rotational direction; d — the
dampers; 1B1, 1B2, 2BH and 2BV - the vibration meag points

There was a significant level of vibrations detdcteom the start of exploitation of the
blowers in natural industrial conditions, which hadegative influence to the health of nearby
employees working on the first and on the secowoaf fof the building.

Dynamics of blower rotating system and fixed foundiéon before modernization

The research was performed using vibration signalyaer A4300-VA3 (Adash, Czech
Republic) with the vibrations accelerometer (WilooxResearch 797, USA). Experiments were
carried out during operation of blowers at 100%loa

The main objectives of the experimental researdte we measure the velocity valuags
of the excited vibrations (10+1000 Hz) of the blosyeo identify the sources of these vibrations
and to determine the causes of these vibrationstations velocity of fixed foundation was
measured as well.

The experimentally measured vibration velocity ealuzys of the rolling bearings before
modernization of blowers are presented in Tabléll.measured bearing support vibration
velocity values/rys of the blowers, except for the fourth machine,enierD vibration intensity
range (by ISO 10816). The maximum vibration velpeilue vgys measured was 16,29 mm/s
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(for the first machine of the first bearing in arizontal direction). According to 1ISO 10816
standard these machines can not be exploited.

Spectral analysis of bearing vibrations velocityswaerformed to identify the possible
sources of the high-level bearing support vibratiohthe examined blowers. The spectrum of
the horizontal vibrations speed of the first beguiri the first and second blower is presented in
the Figure 2. All spectrums of velocity of bearisgpport vibration are analogous, because the
dominant (under 1000 Hz) vibrations in these sugspaare only rotor synchronous
(1X=49,3 Hz) and super synchronous (2X=98,75 Hz=B48,1 Hz). These vibrations are
generated due to low stiffness of the foundatiash lslower frame.

Table 1. Experimental research results for centrifugal v

Vibrations velocity valuesgys of bearing support, mm/s
Measuring | Blower No.1 lower No.2
direction Load 100 %
1% bearing ¥ bearing T bearing ¥ bearing
Vertical 8,47 5,24 6,42 7,65
Horizontal 16,29 3,25 8,65 4,70
: o' R R
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Fig. 2. Horizontal vibration velocity spectrum of the fiemtd second blower (a) and (b) respectively of the
first bearing (before modernization)

Low stiffness of the foundation and frame inducarges in axis position of blower rotor
therefore resulting in excitation of additional dynic forces (dynamic unbalance) at bearing
supports and wear of these supports.

More detailed investigation of reasons of generdigth-level vibrations of the first three
blowers was performed by measuring and analyzibgations of blower frames. Measurements
of frame vibration velocitygys were taken in 9 points of the frame and are ptesein Figure
3. The measurement was performed with the sam@mguit as mentioned above. The results
of these measurements are listed in Table 2. Thergrental data revealed that the highest
values of vibrations velocitysys of the measured frames occur at 5A (tfétbwer frame) and
8A (the 2 blower frame) measuring points.
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Fig. 3. The scheme of measurement points of vibrations@flower frame: EM — electromotor; WW —
working wheel; 1A, 2A, 3A, 4A, 5A, 6A, 7A, 8A and\3- measuring points in the axial blower direction;
1V and 3V — measuring points in vertical direction

Table 2. Experimental research results of centrifugal bieWeame vibrations

Vibrations velocity valuesgys, mm/s
Measuring points
1% blower frame
1A 2A 3A 4A 5A 6A 7A 8A 9A 1v 3V
10,90 7,06 6,74 18,40 54,60 | 14,40 23,90 38,90 20,6( 9,62 10,10
2" blower frame
10,30 | 3,70| 4,73] 156d 2580 ] 7,34 | 2040 30,70 [ 13,70 | 505]| 7,97

Figure 4(a) presents vibration velocity spectrunthaf first blower at 8A measuring point
and dominating vibration frequencies of rotor whife nearby synchronous 49 Hz/17 mm/s
and nearby super synchronous frequencies vibrat{éidHz/2,5 mm/s; 74,5 Hz/0,84 mm/s;
76 Hz/2,3 mm/s etc.).

Loose damper bolts were detected during the expesitimh research of blower vibrations.
Vibration velocities of the foundation between tilewers were measured. Time response of
vibration velocity of the foundation betweeff and 2° blower is illustrated in Fig. 4(b). The
dominant vibrations of foundation have a beatingrnfavhich has a negative influence on the
health of nearby working employees and work quality
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Fig. 4. Vibration velocity spectrum of the first blower fn@ at 8A measuring point (a) and vibration
velocity plot measured between th&and 2% blowers(b)
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High-level of foundation vibrations were generathe to low stiffness of the foundation
with blowers mounted atop. Therefore stiffenindgaafndation is necessary in order to diminish
vibrations and improve working conditions for emy#es.

Modeling and simulation of the frame of blower

Theoretical calculations were performed for thewdo frame resonant frequencies and
vibration modes by using finite element method wfieite element consists of eight nodes
(Figure 5a) and six degrees of freedom (DOF). Tifs¢ three are translations in the nodal x, y,
and z directions and last three - rotations abdmeinhbdal x, y, and z-axes.

b)
Fig. 5.a)finite element of eight nodes) — the first vibration mode of the blower frame (38) in
case of loosened rubber dampers bolts and limpdfation, c) The second vibration mode of the blower
frame (73 Hz), in the case of loosened rubber dasripalts and limp foundation; the first vibratiorode
of the blower frame (73 Hz) in the case of dampedsicing the blower vibrations and stiff foundation

The equation of motion for an undamped system efttital blower frame, expressed in
matrix notations is

[MJU+[K}U} = (o} (1)

where:[M] - the mass matrix of frame finite element; {U}het second order nodal element
displacement vector; {U} - the nodal element displament vector; [K] - the stiffness matrix of
frame finite element.

Nodal element displacement vector consists of:

Ul=lu, u, u, o o, of @)

The equation of motion for an undamped system wh&d using these assumptions: the
element has constant stiffness and mass effe@se th no damping and the element has no
time varying forces, displacements, pressures.

For a linear system, free vibrations will be harmon

{U } = {¢}| cosat ©)

Where: {p}; - eigenvector representing the mode shape of-thenatural frequencyyp; — i-th
natural circular frequency— time.

The equation (4) was obtained as a result of twp slifferentiation of equation (3) and
using equation (1):
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(_ o?[M]+ [K]){w}i =0 (4)

Modeling of frame resonant frequencies and vibratrmdes were done in two cases:

a) when damper bolts used for fixing the framehi foundation are loosened (dampers do
not reduce vibrations of blowers) and the foundatsolimp;

b) the frame is stiffly fixed to the foundation.
The theoretical calculations revealed that in fieste the Siresonant frequency is 36 Hz, tH8 2
— 73 Hz and in second case tirdsonant frequency — 73 Hz. Resonant vibrationesad the
frame are presented in Figure 5.

Dynamics of blower rotating system and fixed foundion after modernization

The decision was adopted to stiffen the foundatidnblowers in order to confirm
experimental and theoretical results of investaai The stiffening of the foundation was
accomplished by mounting additional stiff framee(tiest of the blowers rotary systems were
left the same).

Fig. 6. The common view of the®blower with stiffened foundation

Table 3. Experimental research results of centrifugal bieyoad 100 %)

Vibrations velocity valuesgys, mm/s
Measuring Blower No.1 ' blower frame
direction 1 2 1 2 3 4 5 6 7 8 9
bearing | bearing
Vertical 5,45 6,45 3,09 - 4,72 - - - - - -
Horizontal 4,67 5,83 - - - - - - - - -
Axial - - 390 | 1,84| 299 850 1650 6,38 122 21,514

After the modernization vibration measurements wespeated for the blower bearing
supports, blower frames and foundation betweerbkners. The common view of the blower
with the additional stiff frame is illustrated ing-6. The vibration velocity RMS valuegys of
the bearing supports of th& and 2¢ blowers and of the frame of th& ilower are presented in
Table 3. The horizontal vibration velocity spectrofrthe bearing of the*1blower is given in
Fig. 7(a) and the time response of vibration véjoof the foundation between thé&' and 2°
blowers is provided in Fig. 7(b).
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Fig. 7. Horizontal vibration velocity spectrum of the bewyiof the 1 blower (a) and time response of the
vibration velocity of the foundation between ttteahd 2° blowers (b)

After the modernization of thes'land 2° blowers the vibration intensitwgys) in the
bearing supports of these blowers decreased mare3H times and in the frame of th& 1
blower — more than 3.8 times, however frame vibratntensity still was high (the highess
value after modernization was 21,5 mm/s) due tddhestiffness of the frame. Meanwhile the
comparison of the Fig. 4b and Fig. 7b indicatesdberease of the peak value of the vibration
velocity of the foundation betweer and 2 blowers more than 5 times.

Conclusions

1. Numerical analysis demonstrated that in the caséoafened damper bolts and limp
foundation the % resonant frequency of blower frame equals 36 Hzjenthe 2 one —
73 Hz. Operation of blowers when rotation frequeatglectric motor may vary till 50 Hz
is dangerous to the machine because it is workérag the I resonant frequency.

2. Measurement results of vibration velocity valuggs of blower frame and spectral analysis
of the measuring points as well as the theoretieatarch enable to identify reasons of
generation of high-level vibrations in blowers.

3. After modernization of the blowers the vibrationensity (rvs) in the bearing supports
was reduced by more than 3.4 times and in the frafrite £' blower — more than 3.8
times. Moreover, peak value of the vibration velpaf the foundation between blowers
decreased more than 5 times and the beating phewmme the working places was not
observed.
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