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Vibrational Analysis of Magnetic Bearing Support Turbo Machine for GTHTR300
Part I

Naohiro KUROKOCHI®, Shoji TAKADA and Yoshiyuki INAGAKI

Nuclear Applied Heat Technology Division
Nuclear Science and Engineering Directorate
Japan Atomic Energy Agency

Tokai—mura, Naka—gun, Ibaraki-ken
(Received January 25, 2007)

In order to acquire the fundamental data which is necessary for the approximation
model construction of rotor which is used in the design of control system of the
magnetic bearing which supports the gas turbine generator for GTHTR300, this paper
shows 3 dimensional finite element analysis, the bearing rigid dependency of rotor
eigen value was made clear, and axial direction amplitude distribution was made clear.
In addition, it made also the higher-order bending vibration eigen value of each
bearing rigidity clear. With the comparison and the examination of this numerical
analysis result and the test result, it could verify propriety.

This numerical analysis model was applied to the gas turbine generator rotor for
GTHTR300, rotor eigen value and axial direction amplitude distribution.was estimated.

It is the plan that this numerical analysis result is made to reflect on the
construction of the “beam model” that is the approximate model of rotor which is

indispensable for the design of control system of the magnetic bearing

Keywords: Gas Turbine High Temperature Reactor, Magnetic Bearing,

3 Dimensional Finite Element Analysis, Eigen Value

Present study was used a part of study entrusted from Ministry of Education, Culture,
Sports, ‘Science and Tecknology.
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1. LI

A AR OB TIX, BUVRetEziboo, M OoRFEHICHEN R
ZfFH — U REL AT - (GTHTR300) DOFREFHHFZEA M L7z Y, GTHTR300 (X&)
600MW., JEF4F i MR FE 850°CH Y v A 7 r y 7 RIFTIF, BB TR Z—b v B8R
BBRRBLBNHERBROSED BAME ORHEHRA L, BEHE 45.8%212L Y
REA N 4M/kWh ZERTED Y, .

GTHTR300 JLEHEY A F AV DBB T AFH AZ —E U REBIVATLATHY, F—EVE
MR B O EEERN T KoM 722 P ORBEEM AV 2 BF oMz 2T 5 L. #
BRIO1IKRE~DEACLY . FLECFENIEEYMOMETH 5 BMPERT 5 TReM
Bhbd, 20D, KEBEAZERDL2ZOVBESEBSZORESLETH D, _

— 5. GTHTR300D S CIIRBM & ¥ —NEMHEIT., ZhZThoEE#HZ 280
SOUTNVHBREBZIZI VXL, MEE#®E 7 LI TAT vy 7Y 72X Y #E
T AL THEE LTWS, MEGEHOEEIZTNEN2t, 67Tt ThD, EXE
L3 (3600rpm) L Fic, REMEERENT 2 kihif £ — FEREEREZ, ¥ —RNEME
MEERET 1 kT e — FAEREGEEEFET 5, £z, BEREB#H 7 LXT0
oYL EEE ST 5 2 & T, MEEEEHE ORI OFH LA LT
W5,

BEFEORKZ X FEEEE O F CEEN RRKO S DI, FREOILRKAFEERFRT
RSN TVWAKEMRZ —E U EEHT 35t THD ¥, Z ORI ERE S
600rpm & {E< . HIFE— FEREGEEZB2 2 VARG CH D, KEH- -2 T7T0
GTMHR Th ¥ — b U EMHE-CRBER 2 MK Z R L LTV AR, MR RFTROE
— XA F I I ADIAFIC OV TIHFEMARBER SR TRV |

Fig. 1919 Xl o 41 E b (EIEEEh 0T E ~HE D O3z FEERE Lokt 5 ) L thiF£— R
feREEE O W OBFEE R LSO T, MR/ S WOREE Tl T E R A R T
BB, —JF. GTHTR300 2 fF 4 % B EERl X, MRS 0.1 LR&EL, EiEEO
O EBCHTEROEMC., FANER. UxA nT— AL b, EEEES ST 5 ES
KHY, INECIHESLTORVERICS 5,

RS S OIS B R T, BB R T EORRINICT 5 20, HIEEEOR
B H R 2R T AT ORKEZIKLS TE2LERD D, TOLD, HEHHRETHD
Eﬁm@ﬁ@ﬁ&ﬁm\@%%@ﬁ@%ﬁ%iﬁ#é%ﬂﬁ%%%&#é:kﬁ\%ﬁ
Bh 100 SRELDRLSTESD THYVET IV KLV AREREICESTERLT 5,
ARREREIC LD 3 RITHEREMEITTT X, R OREEE 2 FMIC#TT5 2
LSTATRE T B B EA 10, 000 SIREE & 72 B - OFIEITHI OB FERER 2 K&
XD THEATE R,

AT NV EF ) OBEICET D, NAGREREMT 2 — FABAQUS %
LT, SWuKEMmTIcEY . N ET/NV) OBSIZHLEL 72 2GTHTR300F 3 B [E
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RO REME LA ST LR HME LT,

RESES OISR OREH T, RIS 5 & 72 2 RS o &R O & R E A R & 6
LT, BREFESNBEEERERICRET AN —A"AREEORELY LT D
BENGH D, O, BHEEEOREEE L LT, FIEZEEORREISEEE TH 5 1kHz
B s c. EiREo B AR £ EA R T S RBIRE S 2 A 50
T2, , :

AT TIE, 12 U IC, GTHTR300 FEEAEEIERM O IREVFIEZ B L T2 1/3 A7 —
EF ARG RARIERE D2 RICMITT T A Z2MEL, BEMRITCL VBN ZE
HEGRE ., RRER L 2T 52 LT, BITTTVORIEEIT > 7

Z D%, GTHTR300 FS BB RN C A SRR T T A2 A L, [Hldxih o B A RS K
DRI 2 FRT 5 & & bic, B AESRESZ TR L, £z, #Zh
HEOEKROHITRBERMES TR L.
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2. fENTHIE

FRNTRI R % | 1/3 A —/VET VAR R RSB OR B EE & Lz, £ L
T, ABEMRNTHRE R 2, DIREM L7-F#s3k 1800rpm £ TORERGER & BA RE %
e 2 2 LIS X VR E T AV ORIEEAT - /e, MRHTHE B IL, [EE#E o 84 RO
2 MM RS X OMRBIMRIBO BT F 534 T D, €DK, GTHTR300 FEAHFEFEHIE
R D FE A RENE THI LT, A

ARETIE, UTFOa—RFe#EHLE,

- B IREVRYT © LA TR SR EEMARNT = — K ABAQUS  ver 6.5-1'7
c A vV aERBIOWEA MU 2 — R : MCS. Patran 2005 r 2
- YEXIf CAD : PRO/E

2. 1 1/3 Ay —NEEKEZRABROME

B AEF P FCBR SRS Tk, GTHTR300 MO IREFFIE 2R L7 1/3 A7 —E
FVRER S B R AR E 2 JUE U ORI ML RERE R R B L OB R RS H &
RIET 2 RBRAFHE LT,

R IR B M K OB S SZ MERE O ERRIE O Bl R 3% BT Je QMR BB AT R ST
ZEI L UIIREMERBR 21T O 72010, VAR I3 HEEN LR 16 FEE T, 1/3 A7
— VBT VBRI B R ABREB OFRE, WOND, MRS BRI BREE E o R EH(E
SRR ORBRIEEBE R EE LT X, 72, BAEMZHERICELT, 5% M
HRZERT D2 ORKRE % EhE Lz,

SRR 1T SEEEICIX, 1/3 AT — VT VRERENS B3 RABREE O B A L T & EhE
T 5 & &I, BRSO RS, SR 2 R DR i L, EARM%
REDHERZIT> T,

RERER OEEFETE Table 2. 11C BIBER % Fig. 2. 1 12787, EASEIERELT 3600rpm
TEMIFESL L, BZER, RS, R0ONCEZHEMELE#RD 1/3 L Lz, BE
BEEGEOEEIY, AFr—NVEEED 1/3 358 1/27T L2508, EFEEZNT
LX), BEEOMKESZ BN CRIFTEELRER L LT, EROMN /10 225 &
Sz L, ,

PAT YRR 17 I ENE L - ERMZ RO RO 2 b, KT ET VRIED &1
VELEAERGEBEECKRELBD - LD TH S,

2. 1. 1 HBRIZTEASh-BERREE
AVE SIS &%
1650rpm (27. 5Hz : [EIEERERFE R & 0 i) 1R &4
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2. 1. 2 MEEZHREAREE BERUZAMEORL
FERIEE O#SZ N F NI
F=B2XS,/(2u,)
B :BREE 1.0~1.1
S : NS AMERE =20 °XDXL/3
=20- 5x0.309X0.4,3=0.0583[m?]
o BRER (HEERK) 471077
F=1.12X0.0583,/ (2X4X3.14X1077) = 2.81X10*[N]
Thd,

ToEZHEEC, FTERXLL ., BRE#ZORIMK,,, ZHEHETD,
Kog= (1+ (Buax®/ Bgtaric?)) X F /esp
esp : HEFRR] 0. 002mm
B, : BARREE 1.301]
Bopoio @ FRAOZRREREEE 1. 1(T)
K,,= (1+ (1.32,/1.12)) X2.81X10°/0.002=3.37X107 [N/m]

2 R &M
(1) f@re7 v
1/3 A& — VBT OVREREZ BRI ABR S B O R BRI O 3 RoTHRE
Fig. 2. 1127”75
(2) MEHENE
S B HE RIS O B PEE % Table 2.2 1R,
(3) Ayvafpk
MSC.Patran DHEIA v v aP =R b—F KXY, 4EE(T FT7)ER
(TET4(C3D4)) ZHEALTA v =2y Uiz, BT RE83K 3,000 THD, FFITIC
FRLEA Y 2%, Fig. 2.21Z77,
(4) B\l
- B EHEEIERE
REREEEEON v 7Y v TEFRE O 2 J7n EF ) ZEE L, Tk,
[EldEE A B MEE 2L,
- RSP
RES IS OEEEAMEE, RREZREICHR SR EHRE x BL Wy T
HEZE T 5 o L CHEEE LT Fig 2. 3B\ RERERE LIARTETT,
HHE (x. v)DEx OAXERIT. T ORMPBERESZRIMEOREE L 72
HESCTFRICESERE LI

£HE(x, y) D AR ER =S RN I SR BER OfE%

_.4_
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BB COBT A RER ORI, B 4. B 2 O 8 AL L, B
FERHEANRERORESFEICEL T, HENZZFORYMEZBN L, &
FRERIZ W THEER T 5.

2. 3 fRMTET VORGE
2. 3. 1 AMREFRETNVOFMRGE :

Bz Bk ods@ v . 4yEl - BRET UL TET4 A v = (C3D4), BSEMIME DR
EESFE (x y FEDIZ 4 58, B&HM(z FA) 2 28N THIT 21T > TV 555,
RN % EMi T DRTERMY L LT, FERNENE, ~RBEROBBEFEORITEZIT o712,
BEEE LTHEGS L LAY~ Y IRBRERETH D, RITNE—VIEUTO
WY THD, -

Paturnl : TET4mesh (C3D4) + 8 springs (4radial X 2axial)
Paturn2 : TET10mesh (C3D10) + 16springs (8radial X2axial)
Paturn3 : TET4mesh (C3D4) + 16springs (8radial X 2axial)
Paturn4 : TET4mesh (C3D4) + 12springs (4radial X 3axial)
Paturn5 : TET4mesh (C3D4) +20springs (4radial X 5baxial)

VD A v v 2B OEDOHERE Paturn2 & 3 DEENZ XV | BEKENS: DO FE A
OENDNROMER % Paturnl & 3 DHBIC X V| BB O F7 [ Do EI DR O
MesR% Paturnl, 4 KOV5 OHERIC LY FEh L7z, ' ;

MATREEA Table 2.3 1R d, T Ly, e LTEA v ¥ 2 ORFREBKL U
KT ONEENEL 2512 PEFREBEI/NE L 2o THD M, FERINIZIZE DS

L E L EHBEETL, RORREBHEREICBWNTHLARERL, SHEEROBLEAD LA
B D4y E|J51% Paturnl OEHICE -T2,

2. 3. 2 fRFETNVORERSE

RES IS DRI Z T A —F & U TEA RSN 2 ERE L7, Table 2.4 iIZ[E
AR OKERITEE S RT, Fig. 2.4~Fig. 2.9 2, AEE— RO 1R @EE 1
%), 23R 2 %), BMEE— RO 3R ENT 1R), 4Kk 2 K) BAREICH
+ % | [EESAHREERIE O H 0 &R, R Eh ORI, B R O LR &
EisE T OBROEER RS, 2R E LT, BRATOE P LR BRI O mmhLE,
+hbb, Bt r—RBMELTH L, BB, BAIERREMNLERDED

CWEHUE L-FXHETH B,

WS X AIREEIE A TR & T 5 -0, FEMORE OFi AL P —
DRBMNEEBIMZTREMEBEE BT E2HTINERHD T EBHMLNT
WA, AREY . BEZESICB O CHEREREMABND Z ENHERBTE L, Zhd& Y,
B A REECAR Y 3 5 EHREIC R T B TR R LR AL s KRB

— 5 —
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B ABRITE S & EF BT L,

Fig. 2.10 O3 EHEEZME A IRSEOMSZRMERFEE RS, Sl% B m
M. el E EA RS A R, WIEE— P, BSZRWEEM & & b B REE
BN LT, B — R ORISR C 1 — ., SRR T 2 Em 2R LT,
JENTET VOREED T, 1/3 A7 —/VET AR AFAREEZEA LT, [/
Bl A B L S TR IE G Lo e U o 7 RBRIC & 0 8 6 - B A IRE A Fie.
9.10 1o, BESEEE OMSZRNEK 1X 107 OB 3 % (#F 1 %) BH RO
ERRAT R BT 25Hz Th Y | BRBRFER 2750z & KL< —EK L TRV, HEMTIZRY T
B, AFHFEFMVEIRYETHD LSR5,
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3.  GTHTR300 3& E[aldxt o [EF IRENRHTRE

VL E OB Fik e AT, REREI R EICET LV EHBE L, 2.2 HOMT L
I CEHE R Uz, R EMEERO 3 Rtk% Fig. 3.1 IZ7RY, £z, @
FriZER LA vy 2%, Fig. 3.2127R-7,

9, K OEZRIEE T A —F L L“Cﬁ#&iilﬁ#ﬁ%%ﬁ@ Lto Table 3.1

B IR OB R E R T, Fig 3.3~Fig. 3.7 iZ, BIAE— FO 1K HIfk
1H) . 2w @I 2K) ., BHEE—FO3SKWMT 1K), 4 Mm 2 ) EA HREhIZ B
75, EiGEIRBIREOM AN AERT, TNEAORIC, EEEEMROEBR & |
BlizE T R OERR ERT, BRELT, & ﬁiﬁﬁ@ﬁﬂi*lu&(ﬁﬁ&%%ﬁ’@ﬁiﬁ%u%
Thbb, B —REMEZFRET D,

AZR LY, 2HEFE/BREFRC, BIZEEICBOTERREMMBBEND Z & I HER
T&, Zhiv, BEESEICHEY T IEEHICB VT, B ERICE %u‘:'z{ﬂz
LA & D IRBVER A BT B & & biC, B & Y Bl XS E A g T
EHZLETFRTEIL

WIZ, Fig. 3.8 12 GTHTR300 3¢ BHEIlEL O B A IR O HIEERAEZ R, K
& ¥ GTHTR300 F&EHEEIEREL DR EH T DEISZHIMEITA LX 10 IN/m] AT TH D Z & hn b,
TE R [El#REL (3600rpm=60Hz) WL FFHIZ BV T, 2RENTE— FRENL Z &R TFHISN D,

F 72, Table3. 1 X 0 HllfHEEE OB R BUISEER TH S 1kHz L TFICiX, 4 EOEER
BB HHZ L TRITE,

At ARATREEAE T, HEEBREHCUERTR TH S, BAEBEEARED%
NI C & 5130 EFAEHET B L & bIC, FHREMIEERE ORI 2 whE
&I DR B S E DR EHIRIL T D,
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4. £

GTHTR300 FIH 2 &% — & L S EME % I B RERKS ORER OB CHEMA ¥ 5 Elfziho
e F AR BE R ERT — 2 E BT A0, SKTARERMMICLY, LD
1=, GTHTR300 FEEHEEISREN DO IRBIRHE 2 AEHE L7 1/3 R —/V8 7 /VRESUSZ B S B
R AR L A HEEE U MRATIC & Y [l o0 A IR B S O i SE MR A, BT
IR T SN LT, = OEARBROKEMTEE S . ABREBLHEMA LI v
Y o S REE R L T B & CRNTE T A O RS ERGE LT, BRI Ozt E
# 1X107 & L1z 3%k (i 1K) O EAEATRE R 250z ThH Y, RBRFER 27.5Hz & L<—
Ui, SLEOREND. MRHTEF A OREMLH I LI, |

ABAERATEF L & GTHTR300 BN A & — B v REMEGEICEA L, BRRESL LT
i 5 OEEVEEL THEIL T, ‘

$ﬁﬁ%ﬁ%%m\wﬁ%§@ﬁﬁ%®$%mﬁﬁ$ﬂkf%5@%%@ﬁw%?Wf
H5 EVEFN] OBEICRIIELFETH D,

E il

AASRT I BFGCR TR BTSRRI, AT & B I T ) B E
FEHEEELE, o
ZRRLTEHOBRERLET,
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Table 2.1 Main specification of 1/3-scale model of magnetic
bearing suspended rotor system '©

Turbo-compre-  Generator
ssor rotor rotor

‘Coupling type

Orientation

Rotor mass (kg)

Total length (mm) ,
Bearing span length (mm)

Inner diameter of radial bear-
ing (mm)

Length of radial bearing
(mm)

Rotor balance quality

Response amplitude

Speed range

Flexible type  Flexible type
Horizontal Horizontal

4,800 5,500
4,085 4,280
3,025 2,730
248 300
250 237
(Generator end).
274
(Turbo—compres-
sor side)
1SO 1940 balance quality grade
G2.5 A
=75 um peak to peak at rated -
speed . -

= 125 um peak to peak at criti-
cal speed

Rated speed 3,600 rpm

0-1109% of rated speed condi-
tion in normal operation

(Ht 16) :

EHE b BARTAFESTSGRICE, 2[4],525(2003).)

Table 2.2 Physical properties value summary which is used for analysis

Rotor
(8.5Ni 1.75CrMoV  Forging steel)
Young’s modulus[N/m2] 2.08E+11
Poisson’s ratio[-] 0.33
Densitylkg/m3] 7750
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Table2.3 Comparison with the analytical value and the experimental result in trial

process
Mode Ex.Result | Paturnl Paturn2 Paturn3 Paturn4 Paturnb
Rigid1st - 9.4 9.1 7.0 8.0 6.4
~Rigid2nd - 13.7 13.1 10.3 11.6 9.5
Bendinglst 27.5 27.2 25.3 254 26.0 25.1
MB Rigidity : 2 X 107 [N/m]
(parameter)
Paturnl : TET4mesh(C3D4)+ 8 springs(4radial X 2axial) -
Paturn2 : TET10mesh(C3D10)+ 16springs(8radial X 2axial)
Paturn3 : TET4mesh(C3D4) + 16springs(8radial X 2axial)
Paturn4 : TET4mesh(C3D4) + 12springs(4radial X 3axial)
TET4mesh(C3D4) + 20springs(4radial X 5axial)

Paturnb :

&

&)

S

4radial X 2axial

4radial X 3axial

4radial X 4axial

4radial X 5axial

8radial X 2axial

Ly

T E T 4mesh(C3D4)

4nodes

2

T E T 10mesh(C3D10)

10nodes -
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Fig. 2.2(a) 3D CAD Model of 1/3 rotor test parts

Coupling Connection:
7 axis displacement=0

Element for

Ground spring:
» Circumferential:4
[ | Axis2

S—_—

Fig. 2.2(b) Mesh Model of 1/3 rotor test parts(TET4)

§ : Ground Springs

@ : Element

N

Fig. 2.3 Simulation of magnetic bearing rigidity
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MSC.Patran 2005 r2 15-Feb-06 14:14:35
Deform: Freguency, Stepl.Model,Freq=0.74226Hz, Deformation, Displacements,

CL

MB ’ MB

CL : Center Line

'MB : Magnetic Bearing
Zo
defauit_Deformation :
Max 1.00+000 @Nd 2560

(a) Rotor deformation figure

MSC Patran 2005 12 15-Feb-06 14:16:59 ]
Deform: Frequency, Step1.Mode1,Freq=0.74226Hz, Deformation, Displacemerts, , (NON-LAYERED)

QOO0 O OO OO O GO0 AR OROCS & WO/ O

CL

MB : MB
; ‘ CL : Center Line
7 } MB : Magnetic Bearing

(b) Centerline deformation figure

default_DeformaTidn :
Max 1.00+000 @Nd 2560

Fig. 2.4(1/4) Axial direction amplitude distribution of rotor
(rigidity 1E5 rigidlst)
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MSC.Patran 2005 r2 15-Feb-06 14:15:05
Deform: Frequency, Step) Mode2 Freg=4.1619Hz, Deformation, Displacements,

CL : Center Line

MB : Magnetic Bearing

(a) Rotor deformation figure

MSC.Patran 2005 r2 15-Feb-06 14:17:15
Deform: Frequency, Step1.Mode2,Frag=4.1613Hz, Deformation, Displacements, . (NON-LAYERED)

CL .

default_Deformation :
Max 1.00+000 @Nd 1297

CL

) o
®o®

¢ ©

o w@wo

SN
o0® ©
O <
MB ) MB

k CL : Center Line

MB : Magnetic Bearing

(b) Centerline deformation figure 7
Fig. 2.4(2/4) Axial direction amplitude distribution of rotor
(rigidity 1E5 rigid2nd)

default_Deformation :
Max 1.00+000 @Nd 2503
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MSC Patren 2005 r2 15-Feb-06 14:15:18
Deform: Frequency, Step1,Mode3,Freq=23.698Hz, Deformation, Displacements,

CL

k % : CL : Center Line

MB : Magnetic Bearing

default_Deformation :
Max 1.00+000 @Nd 2504

(a) Rotor deformation figure

MSC Patran 2005 r2 15-Feb-06 14:17:26
Deform: Fraquency, Stepl.Mode3,Freq=23.698Hz, Deformation, Displacements,, (NON-LAYERED)

QA\% & CL

<& X 00 :§OW

MB MB
% CL : Center Line
) L} MB : Magnetic Bearing

' default_Deformation -
Max 1.00+000 @Nd 2504

(b) Centerline deformation figure
Fig. 2.4(3/4) Axial direction amplitude distribution of rotor
(rigidity 1E5 bendinglst)
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MSC.Patran 2005 r2 15-Feb-08 14:15:29
Deform: Frequency. Step1,Moded,Freq=58.013Hz, Deformation, Displacements,

CL

MB MB

CL : Center Line

XX

MB : Magnetic Bearing

default__Deformation :
Max 1.20+000 @Nd 1297

(a) Rotor deformation figure

MSC.Patran 2005 12 15-Feb-06 14:17:42
Deform: Frequency. Step1.Mode4,Freq=58.013Hz, Deformation, Displacements, . (NON-LAYERED)

&
| O O R - -
of o, | @0&
MB MB
X CL : Center Line

7 Y MB : Magnetic Bearing
defautt_Deformation

) Max 1.00+000 @Nd 2503
(b) Centerline deformation figure

Fig. 2.4(4/4) Axial direction amplitude distribution of rotor
(rigidity 1E5 bending2nd)
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MSC.Patran 2005 r2 15-Feb-06 13:50:16
Deform: Frequency, Step1 Mode1,Freq=2.3359Hz, Deformation, Displacements,

N
2

CcL

MB MB

CL : Center Line

} MB : Magnetic Bearing

default_Deformation : -
Max 1.00+000 @Nd 25862

(a) Rotor deformation figure

MSCPatran 2005 r2 15-Feb-06 13:53:53
Deform: Frequency, Step1,Mode1,Freq=2.3353Hz, Deformation, Displacements, , (NON-LAYERED)

ORI O OO OCOB O 00 BRIV OWOOO & G0® S @ O

CL

MB MB

CL: Center Line

MB : Magnetic Bearing

default_Deformation :
Max 1.00+000 @Nd 2562

(b) Centerline deformation figure
Fig. 2.5(1/4) Axial direction amplitude distribution of rotor
(rigidity 1E6 rigidlst)
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MSC Pairan 2005 12 15-Feb-06 135113
Deform: Freguency, Step1, Mode2, Freq=5.0931Hz, Deformation, Displacements,

CL : Center Line

MB : Magnetic Bearing

(a) Rotor deformation figure

MSC.Patran 2005 r2 15-Feb-06 13:54:22 ‘
Deform; Fraquency, Step1.Mode2,Freq=5.0931Hz, Deformation. Displacements. . (NON-LAYERED)

CL

default_Deformation ©
Max 1.00+000 @Nd 1287

CL

&
& o
. W o
e
ooo® © *
o<
MB MB
CL : Center Line
% ‘ MB : Magnetic Bearing

Zor
(b)  Centerline deformation‘figure

Fig. 2.5(2/4) Axial direction amplitude distribution of rotor
(rigidity 1E6 rigid2nd)

defautt_Deformation :
Max 1.00+000 @Nd 2603
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MSC Patran 2005 2 15-Feb-06 13:51:25
Deform: Frequency, Stepl, Mode3.Freq=23.844Hz, Deformation, Displacements,

CL

CL : Center Line

MB : Magnetic Bearing

default_Deformation :
Max 1.00+000 @Nd 2504

(a) Rotor deformation figure

MSC.Patran 2005 r2 15-Feb-06 13:54:35
Deform: Frequency. Stepl.Mode3 Freg=23.844Hz, Deformation, Displacements, , (NON-LAYERED)

PN ' &

OQ% © o

’0{\% s CL

© @000 om0
MB MB

CL : Center Line

MB : Magnetic Bearing

default_Deformation :
- Max 1.00+000 @Nd 2604

(b) Centerline deformation figure
Fig. 2.5(3/4) Axial direction amplitude distribution of rotor
» (rigidity 1E6 bendinglst)
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MSC.Patran 2005 r2 15-Feb-06 13:561:35
Deform: Frequency, Stepl.Mode4,Freq=58.104Hz, Deformation, Displacements,

CL

MB MB

; CL : Center Line

MB : Magnetic Bearing

default_Deformation :
Max 1.20+000 @Nd 1297

(a) Rotor deformation figure

MSC.Patran 2005 r2 15-Feb-06 13:54:45
Deform: Frequency. Step1.Mode4 Freq=56.104Hz, Deformation, Displacements, , (NON-LAYERED)

CL

MB ' MB

CL : Center Line

MB : Magnetic Bearing

default_Deformation :
Max 1.00+000 @Nd 2603

(b) Centerline deformation figure
Fig. 2.5(4/4) Axial direction amplitude distribution of rotor
(rigidity 1E6 bending2nd)
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MSC.Patran 2005 r2 15-Feb-06 10:21:38
Deform: Frequency. Step1.Mode1,Freq=7.0352Hz, Deformation, Displacements, . (NON-LAYERED)

MB MB

CL : Center Line

MB : Magnetic Bearing

(a) Rotor deformation figure

MSC Patran 2005 12 15-Feb-06 10:20:38
Deform: Frequency. Step1.Mode,Freg=7.0352Hz, Deformation, Displacements, ; (NON-LAYERED)

O @0

CL

default_Deformation:
Max 1.00+000 @Nd 467

CL

MB MB

CL : Center Line

j( MB : Magnetic Bearing
2oy

(b) Centerline deformation figure
Fig. 2.6(1/4) - Axial direction amplitude distribution of rotor
(rigidity 1E7 rigidlst)

default_Deformation :
Max 9.98-001 @Nd 2585
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MSC.Patran 2005 r2 15-Feb-06 11:04:28
Deform: Frequency, Stepl,Mode2,Frag=10.336Hz, Deformation, Displacements, , (NON-LAYERED)

CL

MB MB

CL : Center Line
f ‘ MB : Magnetic Bearing

default_Deformation’:
Max 1.01+000 @Nd 1276
Max 1.00+000 @Nd 2503

(a) Rotor deformation figure

MSC Patran 2005 r2 15-Feb-06 11:10:00
Deform: Frequency, Stepl,Mode2 Freq=10.336Hz, Deformation, Displacements, , (NON-LAYERED)

&%
o

AL
o0 © T

MB MB

CL : Center Line
MB : Magnetic Bearing
7.y
 default_Deformation :
Max 1.00+000 @Nd 2503
(b) Centerline deformation figure
Fig. 2.6(2/4) Axial direction amplitude distribution of rotor

(rigidity 1E7 rigid2nd)
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MSC Patran 2005 r2 15-Feb-06 11:04:51
Defaorm: Frequency, Stept.Mode3,Freq=25.383Hz, Deformation, Displacements, . (NON-LAYERED)

CL

CL : Center Line

F MB : Magnetic Bearing
ZoominndY ‘

default_Deformation :
Max 1.00+000 @Nd 25604

(a) Rotor deformation figure

MSC.Patran 2005 r2 15-Feb-06 11:09:49
Deform: Fraquency, Stepl.Mode3,Freq=25.389Hz, Deformation, Displacements, , (NON-LAYERED)

<& & &) ©
>
” gy ®° CL
o &
B ot WOW
MB MB
CL : Center Line
r MB : Magnetic Bearing

default_Deformation :
Max 1.00+000 @Nd 2604

(b) Centerline deformation figure
Fig. 2.6 (3/4)Axial direction amplitude distribution of rotor
(rigidity 1E7 bendinglst)
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MSC.Patran 2005 12 15-Feb-06 11:05:04
Deform: Frequency, Step1.Moded,Freq=59.018Hz, Deformation, Displacements, , (NON-LAYERED)

CL

MB MB

CL : Center Line

MB : Magnetic Bearing

default_Deformation :
Max 1.20+000 @Nd 1297

(a) Rotor deformation figure

MSC.Patran 2005 r2 15-Feb-06 11:09:12 )
Deform: Frequency. Step1,Mode4,Freq=59.018Hz, Deformation, Displacements, , (NON-LAYERED)

<&
‘ X QW %% -y
rd '
o° ° %%?% ¢
a0 & @0
MB MB
« CL : Center Line -
MB : Magnetic Bearing
AR

default_Deformation :
Max 1.00+000 @Nd 2503

(b) Centerline deformation figure
Fig. 2.6(4/4) Axial direction amplitude distribution of rotor
(rigidity 1E7 bending2nd)
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MSC Patran 2005 r2 15-Feb-06 11:40:50
Defarm: Frequency, Step1.Mode1,Freq=11.35Hz, Deformation, Displacements,

MB MB

CL : Center Line

MB : Magnetic Bearing

(a) Rotor deformation figure

MSC.Patran 2005 r2 15-Feb-06 13:12:01
Deform: Frequency. Step1.Model,Freq=11.35Hz, Deformation, Displacements, , (NON-LAYERED)

ool O WX g
6o <& %}%0

CL

default_Deformation :
Max 1.00+000 @Nd 466

CL

MB MB

CL : Center Line

MB : Magnetic Bearing
a

(b) Centerline deformation figure
Fig. 2.7(1/4) Axial direction amplitude distribution of rotor
(rigidity 3.37E7 rigidlst)

default_Deformation :
Max 9.98-001 @Nd 2556
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MSC.Patran 2005 r2 15-Feb-06 11:42:15
Deform: Frequency, Step1.Mode2,Freq=16.785Hz, Deformation, Displacements,

CL

MB MB

» CL : Center Line
L MB : Magnetic Bearing

(a) Rotor deformation figure

MSC Patran 2005 r2 15-Feb-06 13:12:17
Deform: Frequency, Step1.Mode? Freq=16.785Hz, Deformation, Displacements. , (NON-LAYERED)

default_Deformation :
Max 1.01+000 @Nd 1297

CL

; <o
& o8
o
& O
MB MB
CL : Center Line
A MB : Magnetic Bearing
z_,,.AAA.,.._..E

(b) Centerline deformation figure
Fig. 2.7(2/4) Axial direction amplitude distribution of rotor
(rigidity 3.37E7 rigid2nd)

default_Deformation :
Max 1.00+000 @Nd 2503
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MSC.Patran 2005 r2 15-Feb-06 11:42:29
Deform: Frequency, Step1.Mode3.Freq=29.797Hz, Deformation, Displacements,

CL

CL: Center Line

MB : Magnetic Bearing

default_Deformation :
Max 1.00+000 @Nd 2504

(a) Rotor deformation figure

MSC.Patran 2005 r2 15-Feb-06 13:12:34 :
Deform: Frequency, Step1,Mode3,Freq=28.787Hz, Deformation, Displacements, , (NON-LAYERED)

MB ’ MB
CL : Center - Line

MB : Magnetic Bearing

default_Deformation :
Max 1.00+000 @Nd 2504

(b) Centerline deformation figure
Fig. 2.7(3/4) Axial direction amplitude distribution of rotor
(rigidity3. 37E7 bendinglst)
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. MSC Patran 2005 r2 15-Feb-06 11:42:43
Deform: Frequency. Stepl,Mode4,Freq=61.506Hz. Deformation, Displacements,

CL

CL : Center Line

MB : Magnetic Bearing

.

default_Deformation :
Max 1.22+000 @Nd 1297

(a) Rotor deformation figure

MSC.Pairan 2005 r2 15-Feb-06 13:12:45
Deform: Frequency. Stepl.Mode4 Freq=61.506Hz, Deformation, Displacements, , (NON-LAYERED)

O o
MB ‘ MB

CL : Center Line

MB : Magnetic Bearing

default_Deformation :
Max 1.00+000 @Nd 2503

(b) Centerline deformation figure
Fig. 2.7(4/4) Axial direction amplitude distribution of rotor
(rigidity3. 37E7 bending2nd)

36—
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MSC.Patran 2005 r2 17-Feb-06 09:41:50
Deform: Frequency. Step1.Mode1,Freq=14.882Hz, Deformation, Displacements,

CL : Center Line

MB : Magnetic Bearing

.

(a) Rotor deformation figure

MSC.Patran 2005 12 17-Feb-06 09:45:20
Deform: Freguency. Stept.Mode1, Freg=14.882Hz Deformation, Displacements, . (NON-LAYERED)

O O
o %@0 .
X,

<&

CL

default_Deformation :
Max 1.00+000 @Nd 25656

o
Y%
<
t 2,
MB ' MB
CL : Center Lineq
MB : Magnetic Bearing

(b) Centerline deformation figure
Fig. 2.8(1/4) Axial direction amplitude distribution of rotor
(rigidity 1E8 rigidlst)

CL

default_Deformation :
Max 1.00+000 @Nd 25656
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MSC.Patran 2005 12 17-Feb-06 09:42:17
Deform: Frequency. Stepl.Mode2.Freq=24.624Hz. Deformation, Displacements,

CL

MB MB

CL : Center Line

MB : Magnetic Bearing

default_Deformation :
Max 1.02+000 @Nd 1297

(a) Rotor deformation figure

MSC.Patran 2005 12 17-Feb-08 09:45:42
Deform: Frequency. Stepl.Mode2,Freq=24.624Hz. Deformation, Displacements, . (NON-LAYERED)

! &
i O OO KO0 WOW

CL

MB ; .~ MB

CL : Center Line
MB : Magnetic Bearing

e

. default_Deformation :
Max 1.00+000 @Nd 2603

(b) Centerline deformation figure
Fig. 2.8(2/4) Axial direction amplitude distribution of rotor
(rigidity 1E8 rigid2nd)
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MSC.Patran 2005 12 17-Feb-06 09:42:28
Defarm: Frequency, Stepl.Mode3 Freq=40.582Hz, Deformation, Displacements,

CL : Center Line

MB : Magnetic Bearing

(a) Rotor deformation figure

MSC Patran 2005 r2 17-Feb-06 09:45:54
Deform: Frequency, Step1,Mode3,Freq=4U,582Hz, Deformation, Displacements, , (NON-LAYERED)

CL

default_Deformation :
Max 1.00+000 @Nd 2504

MB MB

X CL : Center Line
MB : Magnetic Bearing '

Ty

(b) Centerline deformation figure
Fig. 2.8(3/4) Axial direction amplitude distribution of rotor
(rigidity 1E8 bendinglst)

CL

default_Deformation :
Max 1.00+000 @Nd 2504
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MSC.Patran 2005 12 17-Feb-06 09:42:39
Deform: Frequency. Step1,Mode4 Freq=68.765Hz. Deformation, Displacements,

MB MB

CL : Center Line

MB : Magnetic Bearing

2y
default_Deformation :

Max 1.00+000 @Nd 2504

(a) Rotor deformation figure

MSC Patran 2005 r2 17-Feb-06 09:46:03
Deform: Frequency. Stepl.Mode4,Freq=68.765Hz, Deformation, Displacements, , (NON-LAYERED) .

CL

% CL : Center Line

MB : Magnetic Bearing

default_Deformation :
Max 1.00+000 @Nd 2604

(b) Centerline deformation figure
Fig. 2.8(4/4)k Axial direction amplitude distribution of rotor
(rigidity 1E8 bending2nd)
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MSC.Patran 2005 12 17-Feb-06 19:02:21
Deform: Frequency, Step1.Mode1.Freq=22.715Hz, Deformation, Displacements,

CL

CL : Center Line

MB : Magnetic Bearing

defaufi_Deformation :
Max 1.04+000 @Nd 1276

(a) Rotor deformation figure

MSC.Patran 2005 r2 17-Feb-06 13:05:07
Deform: Frequency, Stepl.Mode1,Freq=22.715Hz, Deformation, Displacements, , (NON-LAYERED)

CL

<
poog, . o
<X
N 5

O oo

MB MB

‘ CL : Center Line
5 j MB : Magnetic Bearing
default_Deformation :
Max 1.00+000 @Nd 2503

(b) Centerline deformation figure
Fig. 2.9(1/4) Axial direction amplitude distribution of rotor
(rigidity 1E9 rigidlst)
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MSC Patran 2005 2 17-Feb-06 18:03:04
Deform: Fraquency, Step1.Mode2, Freq=36.651Hz, Deformation, Displacements, -

CL

MB MB

CL : Center Line
MB : Magnetic Bearing

"

default_Deformation :
Max 1.06+000 @Nd 1297

(a) Rotor deformation figure

MSC Patran 2005 r2 17-Feb-06 19:05:32
Deform: Frequency. Step1 Mode?2,Freq=36.651Hz, Deformation, Displacements, , (NON-LAYERED)

MB MB
CL : Center Line
L MB : Magnetic Bearing
z

default_Deformation: .
Max 1.00+000 @Nd 2503

(b) Centerline deformation figure
Fig. 2.9(2/4) Axial direction amplitude distribution of rotor
(rigidity 1E9 rigid2nd)



JAEA-Technology 2007-021

MSC.Patran 2005 12 17-Feb-06 19:03:18
Deform: Frequency, Step1,Mode3.Freq=77.835Hz, Deformation, Displacements,

CL

CL : Center Line

MB : Magnetic Bearing

default_Deformation :
Max 1.00+000 @Nd 2592

(a) Rotor deformation figure

MSC Patran 2005 r2 17-Feb-06 15:05:51
Deform: Frequency, Stepl.Mode3,Frag=77.835Hz, Deformation, Displacements, , (NON-LAYERED)

Wm%o%
S
& %,
<:><> o o
ok & g CL
&
AN
Koy 0K
MB MB
CL : Center Line

%

§ MB : Magnetic Bearing
Tt

default_Deformation :
Max 1.00+000 @Nd 2692

(b) Centerline deformation figure
Fig. 2.9(3/4) Axial direction amplitude distribution of rotor
(rigidity 1E9 bendinglst)
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MSC.Patran 2005 12 17-Feb-06 19:03:38 )
Deform: Frequency. Step1,Modeb, Freq=126.73Hz, Deformation, Displacements,

CL : Center Line

E MB : Magnetic Bearing
z

(a) Rotor deformation figure

MSCPatran 2005 r2 1 7-Feb-06 19:06:12
Deform: Frequency, Step1.Modeb,Freq=126.73Hz. Deformation, Displacements, . (NON-LAYERED)

& 0000 Oéwow .

CL

default_Deformation -
Max 1.15+000 @Nd 2184

MB MB

CL : Center Line
MB : Magnetic Bearing

(b) Centerline deformation figure
Fig. 2.9(4/4) Axial direction amplitude distribution of rotor
(rigidity 1E9 bending2nd)

CL

default_Deformation :
Max 1.00+000 @Nd 2600
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Actual Rotor CAD model

Fig. 3.1 Model Geometry of actual rotor
(HE16)BE f BERRFNPEMICGHGEE, 2[4]525(2003))
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MSC.Patran 2005 r2 26-Oct-06 16:14:01
Deform: Frequency. Stepl,Mode1,Freq=0.85157Hz, Deformation, Displacements, , (NON-LAYERED)

MB MB

CL : Center Line
MB : Magnetic Bearing

(2) Rotor deformation figure

default_Deformation :
Max 1 00+000 @Nd 35732

MSC.Patran 2005 r2 26-Oct-06 16:15:37
Deform: Frequency. Step1.Mode1,Freq=0.85157Hz, Deformation, Displacements, , (NON-LAYERED)

MB MB

CL : Center Line
MB : Magnetic Bearing

(b) Centerline deformation figure

default_Deformation :
Max 1.00+000 @Nd 356732

Fig. 3.3(1/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E6 rigidlst)
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MSC.Patran 2006 r2 26-Oct-06 16:14:33
Deform: Frequency, Stepl.Mode?2,Freq=4.4971Hz, Deformation, Displacements, , (NON-LAYERED)

MB MB

CL : Center Line
MB : Magnetic Bearing

(a) Rotor deformation figure

default_Deformation :
Max 1. 00+000 @Nd 33315

MSC.Patran 2005 r2 26-Oct-06 16:15:50
Deform: Frequency, Step1.Mode2 Freq=4.4971Hz, Deformation, Displacements. , (NON-LAYERED)

o 9004000
e

N

MB MB

CL: Center Line
MB : Magnetic Bearing

(b) Centerline deformation figure

defauli_Deformation
Max 1.00+000 @Nd 32594

Fig. 3.3(2/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E6 rigid2nd)



JAEA-Technology 2007-021

MSC.Patran 2005 r2 26-Oct-06 16:14:43
Deform: Frequency, Step1.Mode3,Freq=26.606Hz. Deformation, Displacements, . (NON-LAYERED)

MB MB

CL : Center Line
MB : Magnetic Bearing

(a) Rotor deformation figure

default_Deformation :
Max 1.02+000 @Nd 33190

MSC.Pairan 2005 r2 26-Oct-06 16:16:00 .
Deform: Frequency, Step1.Mode3.Freq=26.606Hz, Deformation, Displacements, . (NON-LAYERED)

J.00+000

MB MB

CL : Center Line
MB : Magnetic Bearing

(b) Centerline deformation figure

default_Deformation :
Max 1.00+000 @Nd 32694

Fig. 3.3(3/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E6 bendinglst)



JAEA-Technology 2007-021

MSC.Patran 2005 r2 26-Oct-06 16:14:56
Deform: Frequency, Stepl.Moded Freq=53.476Hz. Deformation, Displacements,, (NON-LAYERED)

MB MB

CL : Center Line
MB : Magnetic Bearing
(a) Rotor deformation figure
A

default_Deformation :
Max 1.05+000 @Nd 33190

MSC.Patran 2005 r2 26-Oct-06 16:16:10
Deform: Frequency. Step1.Moded,Freq=53.476Hz, Deformation. Displacements. . (NON-LAYERED)

£.99-001

690
lec T |

MB MB

CL : Center Line
MB : Magnetic Bearing

(b) Centerline deformation figure

default_Deformation :
Max 8.99-001 @Nd 3256394

Fig. 3.3(4/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E6 bending2nd)
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MSC.Patran 2005 r2 26-Oct-06 15:568:46 -
Deform: Frequency, Stepl.Mode,Freq=2.6866Hz, Deformation, Displacements., (NON-LAYERED)

MB MB

CL : Center Line
MB : Magnetic Bearing

(a) Rotor deformation figure

default_Deformation :
Max 1.00+000 @Nd 34160

MSC.Patran 2005 r2 26-0ct-06 16:01:09
Deform: Frequency, Stept.Mode1,Freq=2.6866Hz, Deformation, Displacements, , (NON-LAYERED)

MB MB

CL : Center Line
MB : Magnetic Bearing

() Centerline deformation figure

default_Deformation :
Max 1 00+000 @Nd 37611

Fig. 3.4(1/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E7 rigidlst)
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MSC.Patran 2005 r2 26-Oct-06 16:00:08
Detorm: Frequency, Step1,Mode2 Freq=5.6111Hz, Deformation, Displacements. , (NON-LAYERED)

MB MB

CL : Center Line
MB : Magnetic Bearing

(a) Rotor deformation figure

default_Deformation :
Max 1 00+000 @Nd 33315

MSC.Patran 2005 r2 26-Oct-06 16:01:21
Detorm: Frequency. Stepl.Mode2 Freq=5.6111Hz Deformation. Displacements. , (NON-LAYERED)

MB MB

CL : Center Line
MB : Magnetic Bearing

(b) Centerline deformation figure

default_Deformation :
Max 1.00+000 @Nd 32594

Fig. 3.4(2/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E7 rigid2nd)
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MSC.Patran 2005 12 26-Oct-06 16:00:17
Deform: Frequency, Step1,Mode3,Freq=26.689Hz, Deformation, Displacements, , (NON-LAYERED)

MB MB

CL : Center Line
MB : Magnetic Bearing

(a) Rotor deformation figure

default_Deformation :
Max 1.02+000 @Nd 33190

MSC.Patran 2005 r2 26-Oct-06 16:01:31
Deform: Frequency. Stepl.Mode3,Freq=26.683Hz, Deformation. Displacements,, (NON-LAYERED)

J.00+000
<&

MB MB

CL : Center Line
MB : Magnetic Bearing

(b) Centerline deformation figure

defaulf_Deformation :
Max 1.00+000 @Nd 32594

Fig. 3.4(3/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E7 bendinglst)
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MSC.Patran 2005 r2 26-Oct-06 16:00:30
Deform: Frequency. Stepl Moded,Freq=53.554Hz, Deformation. Displacements, . (NON-LAYERED)

MB MB

CL : Center Line
MB : Magnetic Bearing

(a) Rotor deformation figure

default_Deformation :
Max 1.05+000 @Nd 33190

MSC.Patran 2005 r2 26-Oct-06 16:01:41
Deform: Frequency. Step1.Moded,Freq=53.554Hz. Deformation, Displacements, . (NON-LAYERED)

£99-001

CL : Center Line
MB : Magnetic Bearing

(b) Centerline deformation figure

default_Deformation :
Max 9.99-001 @Nd 32594

Fig. 3.4(4/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E7 bending2nd)
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MSC.Patran 2005 12 26-Oct-06 14:50:56
Deform: Frequency, Stept.Mode1,Freq=8.2974Hz, Deformation, Displacements,

MB - MB

CL : Center Line
MB : Magnetic Bearing

(a) Rotor deformation figure

default_Deformation :
Max 1.00+000 @Nd 35997

MSC.Patran 2005 r2 26-Oct-06 14:53:48
Deform: Frequency, Stepl,Mode1,Freq=8.2374Hz, Deformation, Displacements, . (NON-LAYERED)

MB o MB
CL : Center Line
MB : Magnetic Bearing

(b) Centerline deformation figure

default_Deformation :
Max 1.00+000 @Nd 35997

Fig. 3.5(1/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E8 rigidlst)

— 56 —
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MSC.Patran 2005 12 26-Oct-06 14:51:21
Deform: Frequency. Stepi.Mode?2,Freq=11.838Hz, Deformation, Displacements.

MB MB

CL : Center Line
MB : Magnetic Bearing

(a) Rotor deformation figure

default_Deformation :
Max 1.00+000 @Nd 33315

MSC.Patran 2005 r2 26-0ct-06 14:54:04
Deform: Frequency. Stepl.Mode2.Freq=11.838Hz Deformation, Displacements, . (NON-LAYERED)

o 9004000

MB MB

CL : Center Line
MB : Magnetic Bearing

(b) Centerline deformation figure

default_Deformation :
Max 1.00+000 @Nd 32594

Fig.3.5(2/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E8 rigid2nd)
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MSC.Patran 2005 12 26-Oct-06 14:51:37
Deform: Frequency. Step1,Mode3 Freq=27.578Hz. Deformation. Displacements,

MB , MB

CL : Center Line
MB : Magnetic Bearing

(a) Rotor deformation figure

default_Deformation :
Max 1.02+000 @Nd 33190

MSC Patran 2005 r2 26-Oct-06 14:54:14
Deform: Frequency, Step1.Mode3,Freq=27.578Hz. Deformation, Displacements. . (NON-LAYERED)

J.00+000
o

MB MB

CL : Center Line
MB : Magnetic Bearing

‘ (b) Centerline deformation figure

default_Deformation :
Max 1.00+000 @Nd 32594

Fig.3.5(3/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E8 bendinglst)
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MSC.Pairan 2005 12 26-Oct-06 14:51:50 .
Deform: Frequency. Stepl.Moded Freq=54.34Hz, Deformation, Displacements,

MB MB

CL : Center Line
MB : Magnetic Bearing

(a) Rotor deformation figure

default_Deformation :
Max 1.05+000 @Nd 33190

MSC.Patran 2005 r2 26-Oct-06 14:54:24
Deform: Frequency, Step1.Mode4,Freq=54.34Hz, Deformation, Displacements, . (NON-LAYERED)

£.99-001

$

leCL |

MB MB

CL : Center - Line
MB : Magnetic Bearing

(b) Centerline deformation figure

default_Deformation :
Max 9.99-001 @Nd 32534

Fig.3.5(4/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E8 bending2nd)
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MSC.Patran 2006 r2 26-Oct-06 15:12:54
Deform: Frequency, Step1.Mode1.Freq=20.531Hz, Deformation, Displacements, , (NON-LAYERED)

MB o MB

CL : Center Line
MB : Magnetic Bearing

(a) Rotor deformation figure

default_Deformation :
Max 1.02+000 @Nd 33315

MSCPatran 2005 12 26-Oct-06 15:14:48
Deform: Frequency. Step1.Mode1.Freq=20.531Hz. Deformation, Displacements. . (NON-LAYERED)

& .00+000

MB MB

CL : Center Line
MB : Magnetic Bearing

(b) Centerline deformation figure

default_Deformation :
Max 1.00+000 @Nd 32694

Fig. 3.6(1/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E9 rigidlst)
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MBC Patran 2005 r2 26-Oct-06 15:13:20
Deform: Frequency, Step1 Mode2,Freq=27.742Hz, Deformation, Displacements, , (NON~LAYERED)

MB ‘ MB

CL : Center Line
MB : Magnetic Bearing

(a) Rotor deformation figure

.default_Deformation :
Max 1.01+000 @Nd 33190

MSC.Patran 2005 r2 26-Oct-06 15:15:02
Deform: Frequency, Stepl,Mode?,Freq=27.742Hz, Deformation, Displacements, , (NON-LAYERED)

MB ~ MB

CL : Center Line
MB : Magnetic 7 Bearing

(b) Centerline deformation figure

default.Deformation :
Max 1.00+000 @Nd 32594

Fig. 3.6(2/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E9 rigid2nd)
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MSC Patran 2005 12 26-Oct-06 15:13:31
Deform: Frequency. Step1,Mode3,Freq=40.853Hz, Deformation, Displacements, , (NON-LAYERED)

MB MB

CL : Center Line
MB : Magnetic Bearing

(a) Rotor deformation figure

defautt_Deformation :
Max 1.04+000 @Nd 33190

MSC.Patran 2005 r2 26-Oct-06 15:15:16
Deform: Frequency. Stepl.Mode3,Freq=40.853Hz, Deformation, Displacements. , (NON-LAYERED)

Vs —

MB MB

CL : Center Line
MB : Magnetic Bearing

(b) Centerline deformation figure

default_Deformation :
Max 1 00+000 @Nd 37452

Fig. 3.6(3/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E9 bendinglst)



JAEA-Technology 2007-021

MSC.Patran 2005 r2 26-Oct-06 15:13:44
Deform: Frequency. Stepl Moded.Frag=63.113Hz, Deformation, Displacements. . (NON-LAYERED)

2.1.07+000

MB ' MB

CL : Center Line
MB : Magnetic Bearing

(a) Rotor deformation figure

- default__Deformation :
Max 1.07+000 @Nd 33190

MSC.Patran 2005 ¢2 26-Oct-06 15:15:32
Deform: Frequency. Step1,Mode4,Freq=63.113Hz. Deformation, Displacements. . (NON-LAYERED)

$.99-001

CL : Center Line
" MB :‘Magnetic Bearing

(b) Centerline deformation figure

_default_Deformation :
Max 9.99-001 @Nd 325694

Fig. 3.6(4/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E9 bending2nd)
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MSC.Patren 2006 12 26-Oct-06 15:45:18
Defarm: Frequency. Step1.Mode1,Freq=32.772Hz, Deformation, Displacements, . (NON-LAYERED)

MB MB

CL : Center Line
MB : Magnetic Bearing

K (a) Rotor deformation figure

defautt_Deformation :
Max 1.02+000 @Nd 33190

MSC.Patran 2805 r2 26-Oct-06 16:47:04
Deform: Frequency, Step1,Modet,Freq=32.772Hz, Deformation,vDisplacemems, . {NON-LAYERED)

J.00+000

MB . MB

CL : Center Line
MB : Magnetic Bearing

z (b) Centerline deformation figure

default_Deformation :
Max 1.00+000 @Nd 32694

Fig. 3.7(1/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E10 rigidlst)
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MSC.Patran 2005 r2 26-Oct-06 15:45:38
Deform: Frequency, Step1.Mode2,Freq=39.187Hz, Deformation, Displacements, . (NON-LAYERED)

MB MB
CL : Center Line
MB : Magnetic Bearing

(a) Rotor deformation figure

default_Deformation :
Max 1.03+000 @Nd 33130

MSC.Patran 2005 r2 26-Oct-06 15:47:16
Deform: Frequency, Stepl Mode?, Freq=39.187Hz, Deformation, Displacements, , (NON-LAYERED)

J 004000

MB MB

CL : Center Line
MB : Magnetic Bearing

S (b) Centerline deformation figure

default_Deformation :
Max 1.00+000 @Nd 325694

Fig. 3.7(2/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E10 rigid2nd)
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MSC.Patran 2005 r2 26-Oct-06 15:45:53
Detorm: Frequency, Step1.Moded Freq=85.609Hz. Deformation, Displacements, . (NON-LAYERED)

MB ‘ MB

CL : Center Line
MB : Magnetic Bearing

(a) Rotor deformation figure

default_Deformation :
Max 1.00+000 @Nd 37302

MSC.Patran 2005 r2 26-Oct-06 15:47:28
Deform: Frequency, Stepl. Moded Freg=85.603Hz, Deformation. Displacements, , (NON-LAYERED)

MB MB

CL : Center " Line
MB : Magnetic Bearing

(b) Centerline deformation figure

default_Deformation: .
Max 1.00+000 @Nd 37302

Fig. 3.7(3/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E10 bendinglst)
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MSC.Patran 2005 r2 26-Oct-06 15:46:10
Deform: Frequency. Stepl.Mode5,Freq=129.41Hz, Deformation, Displacements. . (NON-LAYERED)

MB MB

CL : Center Line
MB : Magnetic Bearing

(a) Rotor deformation figure

default_Deformation :
Max 1.00+000 @Nd 213

MSC.Patran 2005 r2 26-Oct-06 15:47:40 .
Deform: Frequency. Stepl.Mode5,Freq=129.41Hz, Deformation, Displacements. . (NON-LAYERED)

MB MB

CL : Center Line
MB : Magnetic Bearing

(b) Centerline deformation figure

default_Deformation :
Max 1.00+000 @Nd 37462

Fig. 3.7(4/4) Axial direction amplitude distribution of actual rotor
(rigidity 1E10 bending2nd)
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