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Abstract

Analysis and experiment results of reactor plambdmachine rotor model
investigations are described. It is shown thatiappbn of linearization by feedback to
produce the control algorithm allows system lingag without use of bias current. The
system linearized in this way has better dynamalitiess, particularly, the frequencies
in rotor oscillation spectrum, which are differémtm rotation speed, are eliminated.

1 Introduction

JSC “Afrikantov OKBM” has developed the large tdatility with flexible vertical rotor in electromagtic
suspension, which was designed subject to the tonsliof equality between the number of naturadjfiencies and
bending modes of reactor plant turbomachine rotwdeh

During the first test stage, the flexible rotor waalanced as a part of test facility using the papg
developed for calculation of residual unbalancelaBeing was performed sequentially with compensatid
residual unbalance for each critical frequencyovdr model [1].

2 Investigations

As is known, the electromagnet force depends nwewmlly on current and gap between the rotor and
electromagnet [2]. To linearize this nonlinear degEnce, bias currents are usually used [3]. Coatéinonlinearity
is eliminated by introduction of coordinate feedba@nal into the control signal. When using biasrents in the
control system, the energy consumed by the elecgortic bearing (EMB) increases and additional EpdBitive
hardness occurs. Without bias currents, the sysdmghly nonlinear that resultsscillation spectrunfrequencies
(sub-and ultraharmonics) differing from rotationeed during rotor startup (Fig. 1). This fact inces the rotor
oscillation net amplitudes (Fig. 2).

To solve this problem, JSC «Afrikantov OKBM» uselde tnon-linear feedback-linearized control
algorithm.

The suspension in radial direction is describediffgrential equations

3 a =y (PP = FP) + 1 (FPY — R - 3,08,

I8 =13(F5® = FiP) = 1p(FOY - FOY) + 3,00,

(1)
X = F;p _ Filp + F?I’OW _ FAIfOW,
I’Ty = qup _ F1Up + F2|0W _ Fllow.
"Author's Contact Information: E-mail: kodochigov@ok nnov.ry Address: 1. I. Afrikantov OKB Mechanical

Engineering, Burnakovsky Proyezd, 15, 603074, NyzZRovgorod, Russia, Tel: +7(8312)2417372, Fax: +7
(8312)418772



Analysis and experiment results Kodochigov, Drumov, Malkin

wherex, y — coordinates of rotor mass center, £ - rotation angles of rotor relative foandx axes respectively,
I, I, - distance up to the upper and lower EMBs respegtiviedicesup and low show the electromagnetic

forces effecting on the rotor from the upper anddp EMBs, J - principal moment of inertia of the rotog, -
specified angular frequency of rotor rotation speedz axis
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Fig. 1 — Experimental 3D spectrum of rotor stapler PD control
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Fig. 2 — Experimental amplitude of rotor oscillatsovs. rotation speed during startup
with PD-regulator
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Pairs of electromagnetic forces appearing in eqoat(1) are determined as follows
2 2
FUpP _ pup _ LoSo | 2up _ lup
2 1
2 So ~ Yup So + Yup

2 2
F2|0W _ Fllow - I-OSO [ I 2low ] _[ I]Jow ]
2 So = Yiow So * Yiow

2 2
FUP _pup — LoSo |3Up _ |4UD
3 4 7 2 ¢ + X,
S0 up S0 up

2 2
Fgl,ow _ FAIfOW - I-OSO [ I3Iow J _( I4Iow ]
2 So ~ Xjow So + Xjow

The concept of linearization by feedback is desttim [2, 4] and consists basically in transitionnew
controls:

2

U = F2up - Flup = _(aflyup + l:llyup),

_ | _ .
up = Y - = _(aZYIow + bzylow)'

3)
uz = R -F,P = _(a3xur> + b3xun)’

_ gl low _ :
Uy = R -FY = _(aAXIow + b4X|ow)-
Values Xyo, Yup+ Xow: Yiow for rigid rotor are connected to variabl¥s y, a, L by kinematic relations
Xup = X+ Bl Xow =X B 12, Yup =Y =0 W, Yiow = Y+ 3. (4)
The control currents can be selected such thahiti@ system (1, 2) becomes the linear one agppase variables,
e.g.
0 AYup * tlyup <0

lyp = |a1yup N blYup| when (5)

So+Y :

FOl Eﬂ up) alyup + t2Lyup 20

wnere =——. e other currents are expresse Yy analogy. rgrol algorithm Is designated as
h Fo1 LOZSO Th h db I Toidrol algorithm is desi d

proportional-differential-linearizing control (PDéentrol).
On substitution of current expressions (5) to aiiystem (1) in view of kinematic relations (4peowill
receive the linear system of differential equatjgresented as matrix-vector form

M{ =-D -Cl +G{ (6)
where{ = (a £ X y)T, matrix M defines the system inertia, matiix, dissipative properties, matri@ , stiffness

properties, matrixG, gyroscopic forces

Fig. 3 and 4 show the estimated startup of ther nmimdel with specified uniform unbalance of 10 pimew
controlled by PD- and PDL-control. It is seen thmathis case too, the PDL-control gives the notaueantage in
rotor oscillation amplitude. Figs. 3 and 4: elentegnetic loading device (EMLD) — oscillation ampties in
EMLD (upper rotor end), REMB1 — oscillation ampties in the upper EMB, REMB2 — oscillation amplitsde
the lower EMB.
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Fig. 3 —PD-control

Fig. 4 — PDL- control

Practical use of this control allowed system lifestion and startup prior to nominal rotation speéthe
rotor with acceptable rotor oscillation amplitudesluding passing through the four critical freqaies. Oscillation
amplitudes lessened as compared with PD-contrdlouit displacement currents (Fig. 5), the frequesmgctrum
expresses only the instantaneous rotation spe#tteafotor, and sub- and ultraharmonics do not malty appear
(Fig. 6).

The non-linear control effectiveness differs frohatt of PD-control by considerable decrease (by ~30
times) of subharmonics in the oscillation spectfgee Figs. 1 and 6).
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Fig. 5 — Experimental amplitude of rotor oscillatsovs. rotation speed during startup
with PDL-control



Analysis and experiment results Kodochigov, Drumov, Malkin

e
H ILN(
3 =
g il
£ Iﬂﬁw
=
——— =
Tl ®
e=— .
g = =
E_ 50 60 70 50 % ru
<

Frequency, Hz

Fig. 6 — Experimental 3D-spectrum of rotor startugler PDL-control

3 Conclusion

Rotor control algorithm synthesized using methodira#arization by feedback was checked by
experiment and analysis. This algorithm ensuredesydinearization and allowed practically
complete excluding of sub- and ultraharmonics endhcillation spectrum.

Further, it is planned to perform analytical anghemmental studies of the other rotor
model control laws, such as linear quadratic anthrapn control as peH,, criterion (transfer
function norms).
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