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Annotation

It is known that the basic component of forces,ctaffects electromagnetic
bearings (EMB), is centrifugal forces produced e tunbalanced rotor. The
unbalanced forces must be reduced to the allowes fer the entire frequency band,
including critical frequencies (GOST ISO 11342)r ledffective balancing, balancing
weights shall be installed in accordance with dctator bending modes. Therefore,
under research and development work carried odB@ "Afrikantov OKBM" (Russia)
activities are performed aimed at studying possigsl for balancing the flexible
vertical rotor using EMBs in the machine.

During this work, the special BALANS code and prbeee for balancing the
flexible rotor using EMBs were developed. At a dntest facility having the vertical
rotor [1, 2], experimental investigations were airout to balance the flexible rotor
using EMBs. Based on preliminary results, it isgbole to balance the flexible vertical
rotor using EMB without balancing the rotor in fagt conditions. In 2011, JSC
"Afrikantov  OKBM" carried out work to balance theentical rotor using
electromagnetic suspension in the large test fgcilie. in the Turbomachine (TM)
Rotor Scale Model (RSM).

1 Introduction

The key component of the power unit having the Higimperature Gas Cooled Reactor and direct gas
turbine cycle is the TM with the EMBs (Fig. 1) [IThe power unit is the combination of the helium
modaular reactor, which is capable to generate teghperature heat, and the power conversion system.
The vertical rotors of the generator and turbocasgor pass two bending critical frequencies at
startup and shutdown. Significant bending duringspay of critical speeds can be eliminated and,
consequently, the flexible rotor can be qualitdivealanced only by the system of weights installed
such a way that the law of distribution of discreterection counterweights along the rotor is maatiyn
similar to the law of distribution of initial unkethces and compensates for them at satisfactoryaagcu
Moreover, qualitative balancing will make it podsilio reduce loads on electromagnetic and
catcher bearings (CB) and decrease the vibratigal len the TM, especially at passing of critical
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frequencies. Recommendations of the standrad GGE®T 11342 "Mechanical vibration methods and
criteria for the mechanical balancing of flexib&tars" can hardly be fulfilled for real asymmettioators
having variable rigidity. In addition, this standatoes not consider issues on quality estimatiorotuir
balancing using EMBs. Thus, JSC "Afrikantov OKBMbgether with the Research Institute of
Mechanics, Nizhny Novgorod State University develbphe special BALANS code and procedure for
flexible rotor balancing using EMBs. The code iseimded to define the initial rotor unbalance and
balance the flexible vertical rotor in the TM usingprmation received from the EMB control system.

2 Task Statement. Quality
Criteria oIt PRl -

In order to validate the RP TM design having the

high-temperature gas cooled reactor, JSC

"Afrikantov OKBM" tests the flexible jointed :
. . . . Radial EMB

rotor using full electromagnetic suspension in the

TM RSM test facility. One of the tasks resolved

in the course of testing is investigation of Y C.1.¥ H
possibilities for balancing the rotor in the TMg.i. ("axial EMB e Peam
on its own EMBs. Although the rotor can b Ak
satisfactorily balanced in the low-speed or high- '
speed balancing machine, the current experience
shows that after the rotor has been installeden |W [ig| &
machine additional balancing can be required.

This is caused by the following factors:

» different dynamic characteristics of r.qia EmB
supports of the TM rotor and
balancing machine, as EMB
characteristics are assuredly not t
same as those of conventional sliding
supports of balancing machines;

» imperfect assembling during
installation of the jointed rotor in the
machine;

* modified rotor unbalance in real
machine operation conditions induced by, for examngisplacement of coupling elements,
turbine and compressor discs, generator-rotor widiements.

In addition, balancing in the TM can be made dualisence of the balancing machine for the jointed
rotor or economic inexpediency of balancing assediavith machine reassembling.

i Diaphragm
coupling

!

I,/_
:
Vi High-pressure
: compressor
% Low-pressure
compressor

Figure 1: RP TM

Radial EMB

3 Development of the Balancing Code and Procedure

In order to balance the rotor based on the data fre EMB control system using balancing weights an
with account of recommendations [4, 5], the "Praczedor flexible rotor balancing using EMBs" and
BALANS computer code were developed. The first figation step for the BALANS code was carried
out in the course of flexible vertical rotor balamggusing EMBs in the Minimockup test facility if9@8.
Development of methods for identification of thalreinbalance and methods for balancing
flexible vertical rotors using EMBs implies finerimg of the balancing procedure and stepwise
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verification of the code using the EMB-supportedoromockup and model. This work will result in
balancing the rotor of the full-size TM as per tharked-out procedure based on verified computeesod
The flexible vertical rotor is balanced using EMBsprovide for the allowed unbalance, at which
the rotor oscillation amplitude does not exceedgassl values. Balancing includes identification and
correction of rotor unbalance. As the rotor modeltkup should have frequency properties of the TM
full-size rotor, the operation band of rotation@duencies for rotor models/mockups shall havertgid
and two bending rotational frequencies. Respegtiviel the course of balancing such rotors shall be
balanced at four natural oscillation modes, whiehgiven in Fig. 2 where the rotor rotation axisti®wn
using the dashed line.

1 > 41 _
Figure 2: Natural rotor oscillation modes

The rotor is balanced using EMBs by executing l@fan cycles as per [4]. Each cycle is a
combination of actions to reduce the residual wi at frequencies of zero to the maximum achieved
value. During the cycle, the real unbalance comgtenisfor by the system of balancing weights differs
from the calculation one due to limitations for masd location of weights. In addition, during pang
refining in the part that describes weight massvdls necessary to specify several variants of mass
weights; the angular position was retained.

The testing procedure includes:

- actuation of equipment, launching of software, &het test facility component operability,
warming-up of equipment, two speed-ups and outagdsecording in different formats;

- data processing, graph plotting and experimental daalysis (rotor oscillation amplitude for all
cross-sections, deviation of the rotor rotationds &rom zero marks as per sensors, structure reérgeed
frequencies for all cross-sections, EMB currents);

- comparison with previous testing;

- discussion of results, data output for calculatisimg the BALANS code.

Speed-up is carried out to the value that excelegl® (Hz) next resonance frequency or to the
lower value, if the rotor oscillation amplitudesgteed-up exceeded the maximum allowed level.

The accuracy of the BALANS code is improved bystspwise verification based on obtained
experimental data. This shall be done to improvauscy of unbalance identification, i.e. definitioh
the value for its angular direction for all crogsons and calculation of balancing weights. Dairin
verification, description that is more exact isezatl into the code:

- design features of the test facility (angular posg of sensor installation axes);

= deviations in the rotor-suspension axis positiothwéspect to axes of the test facility specified
using sensors during rotation.

In addition, in the course of deviation detectiom dalancing procedure perfection, calculation
algorithms are corrected.

During calculation of balancing weights, the higleecillation mode takes into account all lower
oscillation modes. If as a result of balancing ledé thigher mode balancing of the lower mode failed,
balancing of the lower mode takes place again.

During investigation, loads of different mass (Whigroduce unbalance) are applied at different
sections of the rotor. The following unbalance psaters can be changed at that:

= location of the load along the vertical axis of tast facility;

= location of the load based on the angular position;
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= weight mass.

Testing is carried out in the operating regionathtional frequencies, at frequencies maximally
close to resonance ones. During testing, it is $&a0® to register the rotor radial position, raagular
position, rotational frequency. It is necessarglédine dependence of rotor oscillation amplitudedhe
above parameters for the entire allowed (or madtimabssible) variation range of these parameters.
When registering the dependence, it is necessapctrd amplitude values for at least three paifithe
parameter variation range, i.e. lower range liojiiper range limit and middle range limit. This sldoloe
done to determine the impact of the parameter emskillation amplitude.

To carry out testing as per this procedure, itésessary to provide that the rotor will pass four
critical speeds at the experimental test facilitytie operating rotational frequency range undaditmns
of full electromagnetic suspension.

At the initial working-out step, natural frequersiare defined, and rotor natural oscillation
modes are identified at different fastening coodisi, i.e. at free fastening without radial supparts
with foil bearings. Natural frequencies are definedwo ways, i.e. by hitting and with the attached
vibrator as per [6, 7]. The rotor is actuated Wtirm it with the rubber hammer or by the speciatator.
When the rotor is actuated by hitting, acceleratibmlifferent rotor points changes. Using peakshef
acceleration spectrums obtained for different paghies of natural frequencies are determined.

At actuation using the white noise signal, the doio the actuation point and vibration
accelerations of different rotor points were siranéiously measured. When bending natural frequencies
were determined, the actuating force was direatetie rotor rotational axis, and vibration acceieres
were measured at shaft points in two directionpgrdicular to the rotational axis; the actuatingcéo
was measured at the vibrator pull rod fasteningtp®ased on experimental data, acceleration sjgeed
defined using relation of acceleration and the atatg force. Using peaks of the acceleration speed
spectrum, values of natural frequencies are deteni

The algorithm for identification of unbalance fiwetflexible rotor supported by EMBs is based
on solution of the inverse problem of rotor dynasrig]. One of important applications of this aldgiom
is to use it for rotor balancing using EMBs in the@perating conditions. The balancing problem isexb
in two steps: a) identification of residual unbaardistribution; b) selection of corrective weighthie
vertical rotor is considered, of which the axisnoiiles with theOX axis in the Cartesian coordinate
systemO0XYZ Unbalance distribution for the rotor is descrii®dits value and direction in all cross-
sections of the rotor, i.e. by two functions of tbeor axis coordinate or by the vector function:

e(X) = (€ ()., ). O

Unbalance identification is finding approximatiomwr fthe above two functions. For the
approximation, the system of base functions is ustith includes rotor static deformation mod#£g(x)
and natural oscillation modés,(x). The problem is formally reduced to defining exgian coefficients
of unbalance functions using the above system o€tfons. It should be noted that the system of
functions used is not orthogonal. The developedrrohbalance identification algorithm and balaneing
weight selection procedure use the mathematicaleinofddynamics of the rotor balanced using EMBs.
For initial rotor dynamics equations with distribdtparameters, the solution is tried using theofahg
expansion

Uy(X,t):iCk(t)UUf(X)+idn(t)UUn(X)- @
k=1 n=1 2

K is the number of radial EMB$ is the number of natural oscillation modes considen the
solution expansion. The function (2) describesrrdiviation in the horizontal directiddy. The similar
expression is correct for rotor deviation in theedfion of the 0Z axis. When the rotational frequeis
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constantw = const rotor stationary oscillations along t¥ are described by the following system of
equations (3)

00 d’c 01 d’d — c ¢
M e +M e +Cc=D(t) + o[ f° cosat + f; sinat],
2 2
(M%) d ZC+ m< ? +mQd = &’[ f,’ cosat + f,' sinat],
dt dt 3)

where c=(cy,...,&)", d=(d,...,d)" are vectors of generalized coordinates, of whiommonents are
coefficients of the solution expansion (&)is the rotor mas$v®, M°* are mass matrices of dimension of
KxK and KxN, respectively.C is the rigidity matrix of theK degree for the vector of generalized
coordinatesc. Q is the diagonal matrix of th&l degree, of which the elements are squares.of
frequencies for respective natural oscillation nsodthe upper indexl corresponds to the matrix
transposition procedure(t) is the vector of EMB active force ¢, 1¢ (i =12) are vectors of dimension

of K and N, respectively, which describe rotor unbalance aftch are defined by the following
expressions.

£ =(fi, fid)s fid:(fif"“’fiﬂ)' fi:((fiC)T!(fid)T)T!

fe = [0 BOY WY (WX, fd = [ () O WU, (Ydx, =12
0 0 @)

u is the length mass of the rotbiis its length.
The rotor motion process is monitored ustgensors(P=K) located in cross-sections having

coordinate: X (i =1 P) Based on (3), rotor displacement at locationesersH=(H, H,,...,H:) relates
to introduced vectors of generalized coordinatesas follows.

H=VIX, V=V, Ve ={V} V*={V},
Ve=Ul(x), Vi'=U (x), X=(".d")". (5)

The procedure for definition and solving of theteys of equations to define vector components
fi(i=12) is similar to that stated in [8]; the only diffexee is that each measurement of the rotor

oscillation process at one rotational frequencyesakpossible to set up ni§tbut P equations.

Values of EMB forces that control rotor motidd-yector components) depend on EMB magnet
currents K(t) vector of dimension o2K) and rotor displacements at EMB locationsvéctor) [9]. The
functional dependendeg(c,l) is defined by the EMB design, magnet currentdinectly measured in the
course of experiments, and rotor displacementsvi E©cations are measured using connection (5) with
account of measured rotor displacements at seosatidns (J vector).

Rotor balancing presupposes installation of adu#tionassesn ( ] :JTS) in assigneds cross-

0
sections X; of the rotor (in correction planes). Mass posititefines the; distance from the rotational

axis and they angle between the line, which connects the rotaticenter with the mass installation
point, and the selected radial direction (angld)nul

Corrective balancing weights are intrinsically th@me as artificially introduced concentrated
unbalance forces and their consideration in dynamigiations (3) results in additional summandggint r
parts.

(g7 cosat + gisinat) u  «’(g) cosat + g, sinat). ©6)
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Herein, 9" 9’ (=12 are vectors of dimension & and N, respectively. Components of these
vectors relate to characteristics of correctiveghts as the following expressions.

g = ((giC)Tv(gid)T)Tv i=12. g, =WL, g,=WILZ,
Y:{Yj}, Z:{Zj}, Y, =m;r cos¢j, Z, =mr sin¢j, j=1S.
W = (WC,Wd), Wc :{Vvijc}r Wd :{Vvu'd}v

Vvijc :Uio(x?)! Vvu‘d :Ui (X?) (7)

Thus, resultant action of periodic forces, whicle arduced by residual rotor unbalance and
corrective weiahts, on rotor dynamics in equatiohthe mathematical model (3) is defined by sums of
vectors fi+9i (=12 Apparently, the condition ofi*9=0(0=12) js the condition for ideal rotor

balancing. With account of (8), this condition gsfallows.

WIY=-f, WIZ=-f, @

The developed algorithm implements rotor balandmgnatural oscillation modes of the rotor
supported by resilient supports, of which rigidéyuals to rigidity of radial EMBs. In this connextj (8)
transits to normal coordinates (similar to [4]).

WY =-F, W,Z=-F,, W, =XW, F=Xf, i=12 )

In matrix equations (9), the sequence of equatimmsesponds to sequence of critical rotor
rotational frequencies (including rotor as thecbiody).

The ideal rotor balancing condition falls into twarelated system&K¢N) of linear algebraic
equations witls unknowns.

Three situations are possible.

1)S>SK+N. The number of correction planes is more thanrbmber of dynamic degrees of
freedom for the rotor that influence forced rotscitiations in the frequency-operating band. Theteay
of equations (9) is underdefinite; it has infinjtetnany solutions. In order to close the system of
equations, the condition for minimization of alliglets is additionally applied.

min(i (Y7 + Zf)).
2)S=K+N. In this case, the system (9) has one solution.
Y=-W,)"F, Z=-(W,)"F,. (10)

3) S<K+N. The number of correction planes is less thannim@ber of dynamic degrees of
freedom for the rotor. The system of equationsiguperdefinite; some equations are contradictory.
practice, this means that when there are so mamgatmn planes it is impossible to ideally balative
rotor. In this case, it is necessary to selectgges®f which frequencies proper shall be providedng
balancing. In this connectiois-number of equations shall be left out from theugr@f equations (9),
which are responsible for balancing at sele@edcillation modes. As a rule, these 8requations from
each the system. However, if in the rotor operatotgtional band there are more critical frequesti@n
correction planes selected modes shall includentbdes, of which natural oscillation frequencies are
close to rotor operating rotational frequencieus i{9) generates the following system of equations
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WHSY = _Fl’ WHSZ = _FZ’ (1)

of which the solution looks like
Y= _(V\/Hs)i1 F1- Z= _(V\/Hs)i1 Fz , (12)

and completes calculation of the value and posiiororrective weights.

Accuracy of identification of unbalance vectdfg F,, which are used to calculate corrective
weights, largely depends on the available set dfaaturacy of experimental data. It should be taktn
account that the accuracy of identification of comgnts of vector§;, F,, which correspond to natural
frequencies that significantly exceed frequencimsefixperimental investigations, can be poor. Irs thi
connection, it is expedient to carry out balancimgy for natural oscillation modes, of which nafura
frequencies are close to the band of experimerggLencies. Therefore, even if the number of ctimec
planes is larger than dimensions of vectessF; it is expedient to generate the system of equst{&h
only for lower natural frequencies close to theahexperimental frequencies.

Using the calculated components of vectér€, values of correction masses, their distance
from ther; rotational axis and angle of installation of masshe ¢ correction plane are defined in
accordance with (7).

The procedure for identification of the rotor regtlunbalance in operation conditions and the
procedure for calculation of positions of correetiveights are implemented in the BALANS code.

Using the BALANS code, rotors of the small-size gjd large-size [1] test facilities were
balanced.

The procedure for rotor balancing using EMBs inratien conditions is based on solution of the
inverse problem of rotor dynamics using the mathealamodel (3). In this connection, the balancing
process was preceded by the step of design panandsatification, after which rotor rigidity
characteristics that influence its own dynamic prtips (frequencies and modes of natural frequencie
static deformation modes), as well as dependentcesd@l EMB forces on winding currents and rotor
displacements were specified.

In order to exclude the influence of forces notetaknto account in the model (3) on rotor
behavior, all experimental records for the dynangoscess (rotor rotation angles and rotational dpee
rotor displacements in cross-sections of locatibmarizontal displacement sensors, currents ofaladi
EMB magnets) were made at rotor coastdown.

The developed procedure has the advantage as oeinfmathe current ones [10, 11] due to the
following. Firstly, the rotor in operation conditis is balanced in conditions when it is supportesl t
same as in real life and, consequently, with actadrdynamic characteristics of the specific design
Secondly, the number of rotor start-ups (speed-igpd@creased many times that appreciably redbees t
labor input of the balancing process; and thirdhglancing can be made using the conventional
measurement system without application of additieqaipment.

4 Testing of the Balancing Code and Procedure

By the BALANS code, the rotor was balanced usingBsMn one of the experimental test facilities of
JSC "Afrikantov OKBM", i.e. in Minimockup test fdity. The Minimockup test facility (Fig. 3) was
developed and made in JSC "Afrikantov OKBM" in arttework out the control algorithms for the EMB
control system and in order to verify the DIROM eddr calculation of the rotor supported by EMBs.
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Figure 3: Minimockup test facility

The mechanical part of the test facility considtshe casing and rotor that rotates in two radial
and one axial EMBs. In ther lower part of the rotbe drive achyncronous motor locates that isbigd
the frequency transducer. The test facility isefittiwith cabinets of the control system and inforamat
measurement system. The rotor has four criticgjueacies in the operating rotational frequency b@nd
to 6000 rpm).

The measurement system being the part of the EMBralosystem makes it possible to
continuously obtain information on rotor rotatiorspleed and displacements, EMB magnet currents. The
vertical flexible non-uniform rotor 1 m long withé weight of 16 kg is supported by two radial EMBS,
which are located at a distance of 230 mm and 70frmm the upper butt end of the rotor, and onalaxi
EMB. Three lower natural frequencies of rotor begdbscillations are 30 Hz, 60 Hz and 115 Hz.

The balancing process was preceded by the desigmpter identification step, at which rotor
rigidity characteristics, dependences of radial EMBes on winding currents and rotor displacements
were specified.

In order to exclude the influence of forces notetaknto account in the model (4) on rotor
behavior, all experimental records for the dynangoscess (rotor rotation angles and rotational dpee
rotor displacements in cross-sections of locatibiarizontal displacement sensors, currents ofaladi
EMB magnets) were made at rotor coastdown. In tluese of balancing, three experiments were made at
rotor spinup and coastdown. After the first andbselcexperimend using the BALANS code, two systems
of corrective weights were calculated and instalbedthe rotor. To calculate weights, fragments of
coastdown oscillograms were used that correspon8Otootor revolutions in time. As the rotor was
running down for long enough, in 30 revolutions tbir rotational frequency practically did not olge.
The difference between rotor rotational frequenéiedifferent oscillogram fragments was 3 Hz. Hg.
gives typical experimental dependence of rotor ldgment along one of horizontal axis on time, and
Fig. 5 shows EMB winding current change.

Corrective weights were calculated for the variahen the rotor is balanced using five natural
oscillation modes (two solid body oscillation modesl three bending oscillation modes). The sumlof a
corrective weights for the first system is 700 g amd for the second system is 180 g mm.

Dependences of the rotor deviation level at coagtdon its rotational frequency at location of
displacement sensors before balancing (black cuafegr installation of the first portion of cortae
weights (green curve) and after installation of #eeond portion of corrective weights (red curved a
given in Fig. 6-8. Fig. 6 corresponds to the cimssion of the rotor upper part; Fig. 7 correspaodbe
cross section of the rotor central part; Fig. egponds to the cross-section of the rotor lower pa
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Based on graphs given in Figs. 6-8, after two systef corrective weights had been installed on
the rotor the rotor deviation level in check cresstions decreased by nearly two times; resonance
oscillations were practically eliminated at criticatational frequency that corresponds to thet fictor
bending oscillation mode.

Performed testing of the BALANS code and procedorebalancing the vertical flexible rotor
using EMBs in conditions of the Minimockup testifitg confirmed a possibility that it can be used t
balance rotors of the TM RSM test facility.

In 2011, work was carried out to further test amdfy the BALANS code in the TM RSM test
facility [1]. Its rotor was designed based on mougligidity and mass distribution for the modetaio
and full-size TM rotor; equality of number of nadlroscillation frequencies and similarity of rotor
bending modes were provided. The vertical rotorsegia of two parts, i.e. turbocompressor rotor rhode
and generator rotor model connected via the resiieupling. Each rotor is supported by two radiadi
one axial EMB. Basic technical specifications & RSM are as follows:

- rotor full weight............... 1171 kg;

- rotor total length............... 10.54 m;

- rotor rotational frequency.....6000 rpm;

- load-bearing capacity of the radial EMB, not lelsant.............................. 250
kg;

- load-bearing capacity of the axial EMB, not lesanth............................. 2000
kg.

Investigations were carried out at generator-ratwvdel rotation, which like the real TM
generator rotor had two rigid and two bending caitirotation frequencies. The balancing process was
performed consequent to residual balance compenstir each rotor critical rotational frequency.eTh
rotor was speeded up to the rotational frequenckirmam possible similar to critical frequency, aiet
the rotor freely ran out. Data on coastdown reamdidy the information measurement system (EMB
currents, displacements in all rotor cross-secliorgse used as input data for the BALANS code thex
applied to process experimental results and de@si&lual unbalance in correction planes. One teethr
experiments was carried out for each iterationeAfbstallation of the calculated corrective weigbt,
the rotor was speeded up to the same rotationgudrecy. With positive results, i.e. when the rotor
displacement amplitude did not exceed 30% of theigahe CB at the nominal rotational frequency and
40% at the critical rotational frequency, a transitwas made to balancing at the successive roitorat
rotational frequency. With negative results, thewebprocedure was repeated. In the same way, tbe ro
was balanced at successive rotor critical rotatibeguencies.

During testing of the BALANS code and procedure lfatancing the flexible rotor in the TM
RSM test facility, the EMB control system was opfied, the number of correction planes for the
generator rotor model was increased, and procesdunsitivity to errors of input data was analyzed.

In the course of balancing, thirty-four balancingcles were carried out; one hundred and six
weights with the total mass of not more than 0.22the rotor mass were installed. The rotor-model
oscillation amplitude at speed-up and free coastddwing passing of first four natural frequendiegs
not exceed values specified by the testing progiim. maximum value at location of CBs was 34% of
the CB gap at the allowed value of 40%). The immdatadial EMBs at rotor speed-up to the nominal
rotational frequency on EMB housings is insignifitai.e. the vibration speed is not more than 0.013
mm/s, vibration displacement is not more than 0.®01.

The generator rotor model balanced in the RSMfeeslity made it possible to carry out speed-
up to the nominal rotational frequency of 7373(4400 rpm) and pass four critical frequencies;rtter
model oscillation amplitude at CBs did not exceatligs specified by the testing program (see Fig. 9)

10
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Oscillation amplitude before balancing
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Figure 9: Results of generator rotor model balagpainthe RSM test facility (rotor oscillation ampides)

5 Conclusions

1 The advantage of the developed procedure as cechpath the current ones [4, 9, 210] is due to the
following. Firstly, the rotor in operation conditie is balanced in conditions when it is supportgd b
EMBs the same as in real life with account of dyitaaharacteristics of conventional metal structures
Secondly, this procedure makes it possible to daserenany times the number of rotor start-ups (speed
ups) that appreciably reduces the labor input édolancing process; and thirdly, balancing cambade
using the machine EMB control system without aggtian of additional equipment.

2 Performed rotor balancing made it possible toedpep the generator rotor to the nominal
rotational frequency of 73.3'sand pass first four critical frequencies. Thew#d level of the oscillation
amplitude prescribed by the testing program wasigeal.

3 Solving of the problem to work out the procedimebalancing the flexible jointed rotor using
EMBs in the RSM test facility and verification dig¢ BALANS code will allow to obtain a tool for
possible rotor balancing using EMBs in units forrieas applications (gascompressor units,
turbocompressors, general devices, etc.).
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