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DYNAMICS OF THE AIR BLOWER WITH GYROSCOPIC COUPLE
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Abstract: To avoid damaging of tilting pad journal bearings, the problem of safety shut down of high speed air blower canti-
lever rotor becoming important in modern industry. The experimental testing, modeling and simulation of dynamic behavior
of rotating system was run to directly evaluate gyroscopic negative effect damaging journal bearings. A dynamic model of
air blower rotating system was designed and simulated. A simulation and experimental measurement results of rotating sys-
tem were used to optimize the shut down regime of machine. Gyroscopic effect influences of rotor bearing stability are con-
firmed. Results of numerical simulation confirm results of experimental vibration measuring. The theoretical research results
are given and conclusions are made. Experimental testing and simulations results was applied to typical air blower rotating
systems for elimination of huge negative forces acting on new bearings during shut down of the machine.

1. INTRODUCTION

One of most often problems occurring rotating system
exploitations is high vibration displacements of journal in
tilting pad bearings. The general causes of these vibrations
are unbalance, insufficient dynamic stiffness, mechanical
looseness and rotating elements wear, etc. (Bently, 2002)

Rotors of turbines, compressors, fans and etc. carry one
or more disks, and these disks besides contributing
to a lumped mass at stations where they are located, also
introduce a gyroscopic couple. The effect of gyroscopic
couple is predominant, if the disk is located at a nodal point
or at a free end of the rotor (Rao, 1996) . The effect of
gyroscopic couple has been researched in many papers,
starting from pioneering works by Smith (1933), Yama-
moto (1954), Dimentberg (1961), considering various ways
of unfolding the rotor lateral transversal and angular
motion. Descriptions of gyroscopic effects, together with
more complete lists of references, can be found in publica-
tions by Ehrich (1992) and by Vance (1988). An experi-
mental work dealing with parameter identification for the
rotor system with large gyroscopic influence was reported
by D. Bently et al. (1986) (Muszynska, 2005).

Technological critical machinery is expensive. They
cannot be replaced. The stoppage or breakdown of these
machines are destructive to all technological process and
associated with big economical losses. That is the main
reason to estimate the technical condition of the machinery
by using technical condition monitoring, protection and
failure diagnostics and particular unexpected breakdown
preventions systems (Barzdaitis and Cinikas, 1998).

The purpose of this paper is to design the mathematical
model of air blower rotor’s system, which describes the

vibrations of the system and to identify the sources of the
vibrations: dynamic stiffness of bearing support, the rotor’s
systems resonance frequency and identify the influence
of gyroscopic effect of rotor vibration.

2. ROTATING SYSTEM OF AIR BLOWER
MACHINE

The air blower machine SF01-18 comprises high power
electric motor EM, gear box GB and blower rotor BR,
as shown in Fig. 1. The induction motor (power 5.6 MW)
runs at 1500 rpm and rotates an air blower rotor BR
through flexible 8 pin type coupling C1, gear box GB and
flexible type coupling C2 at high rotational speed at
3119 r/min.

wal

Fig. 1. The air blower and proximity probes location scheme:
1, 2 — journal bearings of EM; 3 - 6 — journal bearings
of gearbox (GB) with transmission ratio u = 0.477712,
Z, = 43 of a driven gear and z; = 90 of a driving gear;
7, 8 — tilting-pad journal bearings of blower rotor (BR);
Cl1, C2 — flexible couplings; 1X, 1Y — proximity probes
fixed at the 7" bearings
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For technical condition monitoring and vibration data
analyzing has been used diagnostic equipment Dynamic
Machine Analyser DMAO04 (Epro, Germany, Profess s.r.o0.,
Czech Republic), with software MMS 6850 Database
(Adash s.r.o. Czech Republic). The technical condition
is evaluated by monitoring of air blower rotor vibration
displacement permanently.

In this article we studied dynamics behavior of blower
rotor pivoted-pad journal bearings. The objective is to de-
termine the main reason of the journal bearings failure. The
blower rotor shaft vibration displacement S, ;7 and Spaxy
values at 7™ bearing and maximum vibration displacement
Smax vValues of the shaft at the middle location point between
7™ and 8™ bearings monitored by means of 7X, 7Y pro-
ximity probes, contact less measurement induction sensors.

3. RESULTS OF EXPERIMENTAL INVESTIGATION

The experimental testing of the blower rotor vibration
made at different running modes: at nominal loading 100 %
and 50 % and at free run. The blower rotor resonance
speeds measured at run up and coast down regimes.
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The 7™ bearing shaft vibration displacements and orbits
at full loading and coast down running mode are presented
in Fig. 2a and Fig 2b.

The peak-to-peak vibration displacement values at reso-
nance speed 1436 rpm reached inaccessible values in both
X and Y orthogonal directions as shown in vibration dis-
placements plots and orbit of the shaft, Fig. 2b. These vi-
bration displacements Sp, values became 6-8 times higher
at the resonance in comparison with values at the maximum
load at 3119-3132 rpm (Fig. 2a). The blower rotor high
vibration displacements at resonance mode damage the
journal
bearings. The valuable damages are checked at the upper
segment of the 7™ bearing and the lower segment of the 8™
bearing.

The dynamic forces that damages bearings depend not
only by resonance phenomenon but by rotors gyroscopic
effect too. The rotors shaft position in the 7" bearings
is described by the gap value. When machine runs in coast
down mode, the gap between the vertical sensor 7Y tip and
shaft surface decreases about ~200 um value reference
to nominal position at maximum rotation speed.
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Fig. 2. The vibration displacements plots and orbits of blower rotor measured at bearing 7th at full loading (a): Sp)x = ~22pm, S(o.p)y = ~20pm
and Smax = 27pm at 3132 rpm and at coast down, (b): Si.px = 183um, S(o.p)y =155um and Spax = 210um at 1324rpm

4. MODELING AND SIMULATION OF BLOWER
ROTOR

The purpose of the mathematical modeling is to confirm
a gyroscopic effect hypothesis and to estimate the influence
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of dynamics forces to bearings durability. The rotor
dynamics is analyzed by the finite-element method, where
the finite element consists of two nodes and five degrees
(DOF) at each node. The first and the second DOF are
displacements along the y and z axes and the last three DOF
are angles around X, Y and Z axes.



The dynamic model of all system in static state is shown

in Fig. 3.

There are three coordinate systems of axes to localize

rotor position (Fig. 4):

1) Inertia coordinate system OXYZ. Point O in steady state
coinsides with the point where rotor is attached
to the blower.

2) In the moving coordinate system O;Y,Z; point O
is tightly connected to the rotor. When rotor rotates,
geometrical center O; moves in plane OYZ.

3) Coordinate system OcYcZc of mass center. Any rotor

point P position is defined by vector Fcp .
2,2,2q
a a ]

YY1, Yo
s

Fig. 3. Dynamic model of the air blower rotor: 1 — air blower,
2 —rotor, d =0.20m, a; = 0.844 m, a, = 0.5m
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Fig. 4. The scheme of coordinates and vectors deployment which
describe the rotor position

Work variation of inertial forces:
ow =[{srR } {R }dm; (1)

Where {5Rp}T — variation vector of point P; {ﬁp } — acce-

leration vector of point P.
The system of equations of blower:

[1.1{0} ={F,(6.0.0)}; @)
where

lexl - x1yl - x1z1

b ylIx1 ylyl ylzl

mass interia tensor
of blower

21x1 _Izlyl Izlzl

{ F (6, é,t)} — vector of forces which affecting blower.

Mass inertia tensor of blower:
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(L= 0+ MR [n =[5 T [ST+ST [R.: )
]

where [

— mass inertia tensor in respect of mass center.

I =Ip[l’cp]T [Fcp]dV; [Mb] — mass matrix of blower;
\Y%

[Mb] = diag (mb, m,, mb) R [fmc] — skew-symmetric matrix
associated with vector { rmc} ; [§] — skew-symmetric

matrix associated with vector{S} = I P ({ N } + {rcp }) dav;

{rcp} — vector defined position of either blower point

in respect of mass center C.
Vector of forces and moments which affecting blower:

(R =LY (R ]: “

where {Fpr}— vector of forces which affecting blower.
It calculable:

{Re}=-[a][Al{s} +[Al[S][A] [G.]{6}; )

where [cb] — Matrix of angular velocity; [A] — transforma-
tion matrix between global and local coordinate systems;
[Gz] — derivate of matrix [GZ] by time in global coordi-

nate system; {6} — vector of derivate of turning angle.

{Fb H} — vector of moments which affecting disk. It calcula-
ble:

{Rp=-[cT [alll.He}+[c.] [L1[AT [6.1{6}: )

where [c?)] — skew-symmetric matrix associated with vec-

tor of angular velocity in body coordinate system.{Q},

[c?)] = [A]T [i)][A], [@] — skew-symmetric matrix asso-

ciated with vector of angular velocity in the inertia coordi-
nate system.
Transformations of coordinate:

{Ry=[8]{a};

where [B;] — transformations of coordinate.
Angles, first and second derivates of angles vector
velocities and accelerations:

{0y =[N, Has 167 =[N,Ha}s {07 =[N, l{ay. @

where [Ng] — matrix of element form function.
Vector of blower generalized coordinates:

{a,} =[B]{a}; ®)
The system of equation of blower motion:
[8] [m,][B]{d} =[B] {F, (a.q.t)}: ©)

The equations of motion of rotor’s finite element are
derived by applying a Lagrange equation of the second
order, which can be written as follows:
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(. ]+ [B] [m,]1[B]){a} + ([c.]+[c.D{a} +
[K.]{a} ={F.(a.6.0} +[B] {F, (a.4.1)}

where [M], [My], [Cel, [Ge], and [K¢] are mass of finite
element, mass of blower, damping, gyroscopic and stiffness
matrices of the finite element, respectively;

{Fe(q,q,t)} and {Ifb(q,q,t)} are vectors of forces

which affecting rotors finite element and blower.
General equation of all rotating system in matrix form:

[MI{d}+[Clia) +[K]{a} = {F (a.0.0)] (1

where [M], [C], [K] are the mass, damping and stiffness

(10)

matrices; { F (q, q,t)} is a non-linear force vector; {q} s

{q} and {q } are the displacement, velocity and accelera-

tion vectors of the finite-element assemblage. In an implicit
time-integration scheme, the equilibrium of the system (11)
is considered at time t + At to obtain the solution at time
t + At. Iteration will be performed in the non-linear analy-
sis (Barzdaitis and Bogdevicius, 20006).

5. RESULTS OF THEORETICAL INVESTIGATION

The calculation results are shown in Fig. 5 and Fig. 6.
There is orbit plot of the rotor center O,, were rotor is
attached to air blower, Fig. 5. Numerical calculation results
approved that vibration displacement of the rotor are
caused not only by unbalance, but by gyroscopic effect too.

Blower rotor
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Fig. 5. Orbit of the rotor center point O, at nominal rotation speed
3120 rpm, Sp.pmax = 300 pum.

In Fig. 6 are shown orbit of the shafts rotating in 7"
and 8" bearings. The four pad tilting-pad journal bearing
model of the rotating system was used. The numerical
calculation results were acquired with such parameters:
coefficients of stiffness of bearing Kiy=k;z=200x10°N/m,
koy=Kz=150x10°N/m; coefficients of damping Czy=Csz7=
40x10°Ns/m,  Cx=Cpz=20x10°Ns/m; rotor  diameter
d=0.20m; air blower weight m=1660kg.
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Fig. 6. Simulation results of the journals motion in the bearings at
nominal rotating speed 3120rpm. a) — orbit of 7th bearing
Sp-pmax=3 1 um, b) — orbit of 8th bearing Sp.pmax=25um

6. CONCLUSIONS

1. The designed theoretical model of the air blower
rotating system is based on the finite-element method.

2. Calculation and experimental results indicated that
gyroscopic effect is important for long continuous run
of
tilting pad journal bearings. Elevated hypothesis is that
air blower rotors gyroscopic moment decrease rotor
dynamic eccentricity at nominal rotating speed.

3. But during shutdown mode of operation its negative
influence of the tilting pad bearing wear is inadmissible
too high.

4. Air blower rotating system shutdown time interval must
be minimized with additional brake mechanism.
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