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Dynamic analysis of turbo refrigerant compressor supported by magnetic bearings
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Fig. 1 Picture and draft of turbo refrigerant compressor using air
foil bearings
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Table 1 specification of radial magnetic bearings

Item Value
air gap[mm] 0.4
Area of pole[mm?’] 165
Number of turn[times] 40
Bias current[A] 3
Current gain, Ki[N/A] 6.22
Position gain, Kx[N/m)] -4.66>10*
Sleeve Thrust plate
Impeller ) (Composite) (pure iron)

(AI7075)

N\
[
\\

Y
i

(SiFe)

Shaft Magnet Laminated core
(SUS304)  (NdFe) (SiFe)

Fig. 2 New design of rotor for turbo refrigerant compressor using
magnetic bearings
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Fig. 3 Rotor dynamic model for FEM analysis

3. ™A S8 HE M
AEA AAD JAANE FIFLAHS o] 859 dé
AAR mdygs & 54 Ase 937 918t Fig 3
I} o] 20 /M9 Q4= UFAh. SUS304 &AL % %
olele] Tt FAEEL FriEFH o 753l A s
o A4 A ftesr Bde A(D)Yy Za, 979

A9l Aoy HYst mae Agsd A3)3 el
[M]4{G} +[G]{g} +[K]ig} = {F} (1)
{Fy=—K, g} +[K, b +{/.} @)

(MG} +[G{g} + ([K]+[K Dig} =[K, ]{i}  ©)

+{/.}
ﬂﬂﬁ Mﬂ,[GL[K}EZH%Q%,@ﬁ,%@ 3
ola, [K,], [K,]&= @7 A7ldelg e 434, A+
4 ADol 2 {gh, {fi) A% we, o9 o
otk A@)el e M S Y 1 Aoz tﬂﬁ,o}
A @), (59 2

il

491



Sh=EMAUZSEE 2009 EAESUS =27
{x} = A{xj + B{i} + B/{F,} () °
04 7] ;\1 , 8 Fwd cylindrical mode
r 0 1 q j ‘ Fwd conical mode ;
A= 1 -1 D {x} =3. € Buwd conical mode Buwd cylindrical mode
~M(K+K,) -M"G g g .|
- o Ist & 2nd bending mode
(5) G 0 AR L
_ -8 0 10000 20000 30000 40000 50000 60000
2 0 2 0 (7 0} g oo
= -1 ’ 1= -1 | eS = oo | wd 2nd bending mode
MK, M 7 B ——wmmm
) Fwd 2nd bending moF—‘_—-‘————}
A AES nEo® xriwo]y ) ¢He el 3 A o Bwd Ist bending mode
—
iﬂ E‘fi_]éJ. oﬂ Xﬂﬂ7]} EOH—LUE“ Eo;'% 75.13‘8}04 Fig. 4 9]' oo Fwd Ist bending mode
e gee] AoAsn pol @ s1AS AAshec
- — _ 1o ]—; o] = = 0 10000 20000 30000 40000 50000 60000
A7l Azl gt GFS 0] $18) PID A7l E Rotational Speed[RPM]
AFE3EATE A& 0~65,000rpm ARolol] tigh 3 EREE Fig. 6 Logarithmic decrement of rotor supported by magnetic
AT AN S ANNUT T ATE Fig 5 F 6 pearings
o JERQT. #HAR OJ%UEA AARE g
AERsEs AN Adeldel HRAH, AN W g 09
AAAS AL Sl A4 2Rl ﬂ%fﬂ, WS whed 2 o0ul
& AAAS 7R == PID A<l Aot Ao A} % . Front x axis
23 A} ﬂLﬁEIS%mmZWMMQM1%{EE i 8 o3 f
FREES 47 98 o G E‘r wIRETE & 2
he]
Aspe Fahas dade dAe s AR, 34 3 o2 :
AEES 60,000rpm 1A 1, 2 A FHFIREE 747} ‘Ia o Rear x axis
1,433Hz, 3,281Hz 0 £AT Az AZHAT 12 #I = .FZ '
Fapo] vle] AALSHEES 1,000Hz 7} 70%°] 8ol S 00
—J—Zﬂo]—"’ 1 2} FArs=o eyt RE 2 oo A 0 10000 20000 30000 40000 50000 60000 70000
0 Rt} ap=2 FIRo 23 & J3Fglo] ot & Rotational speed[RPM]

Aol 7}sd Ao oAHET) 1S01940 T2 G2.5 o =3H
S AA 7 WA o] HYvha 7FEsta 4 HY 16 1 =T

180 =9 9JFAE Fiu =XEY SHEAA EHEY
SRS AMY A, BH WolW BF LE E4olA
zero-to-peak $1917F 0.5 melulle] w9 22 WHE 7R
A Ao FHA
Fe
+ PID C ¢ i | x=A(Q)x+Bi+BF, R
r < Controller :rnr;)" _” y=Cx+Bi iad
[Tow passl. | s L
L_ritter | Lersery*

Fig. 4 Block diagram of magnetic bearing control system
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Fig. 5 Campbell diagram of rotor supported by magnetic
bearings

Fig. 7 Unbalance response at front and rear sensor location
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