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The gas circulator is a one of the most important component in Gas-
Cooled Reactor system. Being low density of the ccolant helium gas of
HTGR, multi-stage compression or high-speed driving are required for the
coolant circulator to accomplish the required head.

The gas circulators for the large scale HTGRs with mechanical and
buffer-gas sealing in the shaft penetration had encountered troubles at
the part more or less. On the other hand, smaller scale electric driven
gas circulators with gas bearings as used for HENDEL and former DRAGON
reactor enable fully encased construction and provide easier
maintainability, however, those types of the circulator need highly
precise machining, adjustment and superior operational techniques.
Moreover, practical rotor weight seems to be limited up to around 130kg
for the gas-bearing machinery.

The fine dynamic mass-balancing of the rotor becomes extremely
difficult in the large gas-~bearing machine. The whirling phenomena of
the journal tend to originate and to grow approaching the rotating
frequency to the first bending natural frequency or the third critical
speaed of the rotor.

Inspite of many efforts and works on instability of the gas-bearing
system, concrete or practical condition and countermeasure to the

instability have not clarified.
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The most anxious problem on the gas-bearing machine must be unstable
shaft vibration or whirling and whipping which caused from divergent
growth of whirling. Tn the high speed gas-bearing machines, the journal
and bearing system must be inevitable serious damage instantaneously by
the phenomena, therefore highly carefull operation should be taken place.

Present report describes the experimental result on shaft vibration
and bearing characteristics of typical gas circulators among the five
machines which have gas-bearings and are largest class in those types.

Tt is clarified through the experiments that the fine dynamic
balancing of the rotor, dynamic response of the bearing pads and
gas-film thickness in the bearing clearance are extremely important to
suppress the instability. However, it is also found that too much
difficulties make them impractical in these machines. So one might
conclude that the countermeasure with fine sensing technique of the half-

speed whirling must be practical and usefull,

Keywords : Gas Circulator, Shaft Vibration, HENDEL, Helium Gas, Gas-
Bearing, HTGR
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2.1 HENDEL ¥EBV— 7O X EHRE
i | » - 7 #® 1
| IE g
f M1 M2-A M2-B
AY T LEBISE | 200°C | 1000°C 200°C
NYTLABREES | 4.0MPa 4.0MPa 4.0MPa |
AN T AR RIRE 0.4kg/s 4.0kg/s 4.0kg/s
ERNATR 150kW | BYW + 5.5MW | 2.5MW
Ny amEER | Yz /S v/ i
| Fa—-7 Fa—-7T Fa—7
NUD LSS | 1 x 150KV | L x B, 1 x 5.5MW 1 x 2.5M
Y/ vxl/ B 3
EAUWA%ﬁ%ﬁlU%sz Fu—7 EU%:-TE
| UERERGED G ERGED GRIERSGHD
AU LAHIESG | L x LTOKW |1 x 8.7M, 1 x 3.5MW | 1 x 2.3W
AIAEERUE | BRAAMT | BEU AW T AT
BAEX LI LR
HAEEB LR 1 x 119KW 2 x 238KW 2 X 238KW
X 73 |
f BAYYTARE | 1004, $660°°, 22 (ESVE) | 250A, |
Sche. 40 B 356°¢ ,61(F 4 F*&) | Sche.40
| U R | @ 559°¢, 184 (JEHE)
i | ¢356°¢,60 (T4 FE) |
| 350A, 35.7¢(400°C%&)
H k STPAZ2 SB42, Hastelloy—X, STPAZ22
STPT38 | SB42, Incoioy—800H,
wRE STPA2A
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£2.2  BmLAANY Y LFEEROE SR
1 7warv-—
&) R BEHAWE. 1B &0
R RN |
m & 3,000~12,000 RPM |
S5 AES 4.5 MPa (45 kg/cm?)
Bl AIBE 400 °C
I - - 4.0 kg/S (94 m*/min)
( at 400 °C, 4.0 MPa
E & % B | 0.1 MPa (1.0 kg/cm?)
| (2t 400 °C, 4.0 MPa )
Ve—t8g | 3T AVF
| FANT 4 TNy PR
ASA NS | B ETAYI. VVALTRE
T T g TNy FRY
EEEE RN
2 PNBEBR
A R | 2. 3. BABETHE |
= 53 100 ~ 400 V-AC
B ¥ ¥ [ 50 ~ 200 Kz |
OB o | 238 K |
| HET S8 | #5140 kg
B B B 31,400 ke ;
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%23  FEERANYVLAERBOEBHLE
Juar -
iy X | EHHES. 1B BEX
Ve & W K | N U DL |
[ H &% % | 3,000~12,000 RPM
| BEH AEN 4.5 fPa (45 kg/cn?)
| BES AR 100 °C
EOW W OB 0.4 kg/S (9.4 m¥/min) |
( at 400 °C, 4.0 MPa )
L R B OB 0.2 MPa (2.0 kg/cm?)

( at 40¢ °C, 4.0 MPa )

Ve o} LB

3 BTN
F T4 TNy RS

} A5 A Mz § B AL VINIKFE
| T NTF o TNy PR
EKEEE IR ER
P T T 1
Ay x| 2B, 345, RESETIHE
z E | 100 ~ 400 V-AC
LB ¥ % | 50 ~ 200 Hz
o oM oH A | ok
Ligx+ EE i 49 140 kg
® OB E | ¥ 1,390 kg




F 2.4

JAER[-M 89-064

DNDEVERIDEREP -4 —DFEE (J1S B 0905-1678)

DUEVRE
DEE

DYPBNRE
@ LR mw/s

O — § — O H %

G 40C0

4000

HIXHFEn Y VY Y HEHOEET « —FILERIR D7 S5 V77D

G 1800

1600

BIXFEn KR JLBMAD S 5 Y 78R

G 630

630

HIXRFEh 2 KEEY I LBHAO T 5 %
SRS NRME T« —EILBMD Y 5V 7 MR

G 250

250

BlZHEnedEA ) V¥ F o+ —HILBAD OF S Y I HmF

G 100

100

BV YT UEDEHET + — M OV 5 oA
B#E. Sy I RUSHERTS (FV Y IXRF+ —EL) BEOSHIY

G 40

4G

SHHEBER. JLRUTEHE

MATONZ

HEMNBEINL 6V ) YU LOSHIEY A I AR FV ) U RIEF ¢ —+H )
s bl g 1 EA

BRE., 'Sy I RUSEERARMOY SV 7gHh

HRHOEROS K (TONSH, 7y Vi)

JERRDER G

EEBROSG

HOHE. v RUSEEERA (FVUIXEF +—HL) BHOBR
NROERDSEL6 VY VYL EOBRMOY 5V I8F%

G 6.3

6.3

TOwAT5 S
HEEMY - wE (BN
BB T4

Tz
HUTHROMATEHE ALy - orO—y—0
PIETR R

A&

RTHRE

Ire R U — st Dad
PRURUARIERT
BHOERDS ZHEDES

G 2.5

2.5

HRAY—E2. BRY—EVRUMAERY~C WY (FhE)
Bty —RApEMO— ¥ —

Sl —L

F —RILRE

T

HAOERDS PR URREMTF

NV S

F-EVEHR T

Gl

F=T L a—¥—RUSERBEOLCE
gl {0 R R UL
RHOERDS 2 HBHT

G 0.4

0.4

MU0 L. * W ULERUSHRT
| Yv 4R a—7

VD USUHMPBER. IIVIH. WTHEL, S5 9F. T—U—. BBHOERE. YUNSEAU2ETS S,
¥ OIORBETE. CA N OEENSUTOLORER. CARBIZLOEERF « —HLBMME LTS,
¥ EBMORMR T, TOO—Y—HEl LEE O S MR T 3TN TOREDSH =7 5.

VOENEMERAN A -0 -y —RUBKRBO DO SVETOERTIE. C1 S G 16 2 TOENS 5.

—13~{14)—



JAERI-M 89-064

o mMEE H G T1 w%%ﬁmm
Mi L — 7 & s

®RLIR _ TR

&

&N @ “ (Y (1Y

4] 4 ‘ﬂ- 4 e e — I

£ NM w 2] Ti i H i

- :31:@%< @ S1FAH 100 m\w

—. kk

ANYADN
XIYANXY,

STrT1 3 @“m @“n
&

3TrFaI7 1004

Y
£

3o
"r-:-o—»{B !\
_{B
o

ya:!nw@m. @:
&

B oA

™
-

%@ m._ m @ [H 1004 STPY N
.h_a-.‘v

STRLIT 304

3TFAZY WOa

TN g F

L
31FT 30 iGOR
ITPT 38 304
T B AL
9l & w8 &
e LT I 4

- P lE 7
va (E M T -
| ol {Zmno.9a] r w_ x|
D T H | R AT
® m# | v | ¥ 7
¥ i1 |8 R
D |5Th-529 v | ® &
HErioBwad| AEITT |
O [Meums| v | mxsun]
O |HBie ) » | Annienn]
O | TeIsREIE x | RER
- REER| v | - ﬂ
R e £ |
H oON-0F T 1 w

B2 1(al HENDELFEHD 7 —3v— b (M, V-7

—156~16—



JAERI-M 89-064

NS

- CGriiw
©P e 2 @D D w)ﬁ@ &
sk Sarflike =il
&1 18D @w %5% me_ T s w A # “fF , “ ez
= *._
m P

P
Fl @
%MLE

SH42 6504 ATIPROIL

%w\., @ %@ TN g
TPLze *od Cn @@. R e

, [ee®
:
@
&
5 ®
ﬁ@@g

X 2. 1(b) HENDELEEHD 70— —F (Mg —7)

—17~18—



JAERI-M 88-064

AD /X

NEET b

BHNR SO
z i T h&E s
= 1580 % RNk ‘
- AT —— kv e g b
hERa
: e EEE
Y —FARY—T
|

e W L FANY

T S 4 AXVF

BEYY v FEiEE

ARl A

R%Rfﬁ?—
AS A PNy E

T UysnEs

mHEI7 v Bk A D
K —F ok — g
I

T TuERT

i EEE L

X 2. 2 LI Y Y o B BR AR O A



JAERI-M 89-064

NaEsiaw b

mH

23

BEHIRY 4w b
#2 (B
AN F

N2 EST + v}

I PAPE

Jp—=F NNy ¥

YJr—FTALAY—=T

1t

i

=l

Vy—FHAV=T

Ve—FinwF

BErTsry FPXFHEE

AZ A LD —
A5 AP INYE

BHIT 7 Y

R'C"“F‘t’.:/*f—/

11y

FERNAY 7 A EREOMEES X

X 2.3



JAERI-M 89-064

RN

ZEEahi

FRUYY o b

w

N

v

T 4N T g

v 7

FaxTy

N 3 _" p—

4

X 2



JAERI-M 89-064

SNERE

oo

w M RT

Sy K, KT

7

P/l

b

_y Vv IrHT 1

AZ A b

.5

2

@



JAERI-M B89-064

S AR T - N S AP TN SR 97 B

: _| Wt tf 4 s n I
e — WIFH-Y
by S— | B«
-/ - &N mm\: ~ Nl
¥y = A nn B YR VRN A | 2 oo
L ¥ - | S xp s :
( Vi = e v | ! /
¥ I T i [ 1 w w | R .
[ - 1 NS EELITATE _ i I
N I B A B R BT T Tl .
H! NS I R FVEICS S 5 1<% 3
T ST A% o

=
S R g [

b s

Y} |1|5J!|u
|~ g




B 2.7

JAERI-M 89-064

76

ml‘ I
N -
st W

L_ ) e .-Q.’-_t

e —FuxT ) v SHBESY 4w F




JAERI-M 89-064

,~<:Z::::::::::% s

TYVO—FBATYy

J W .jym_F

\>§§§§§§§§§§§§§§§ﬁ) Ry
ﬁf-;é R AN ~

- [ErI

ALY S ARRAL S LR ALRMERY

e LR

B 2.8

P m FANT Y STy FREAT ) YT ET 4y F




JAERI-M 89-064

w %
T — 5
a6 -
aa1
e —1
“
CEANE wd 1pA96 - = \\\\ o~
" /
1\1\!!\1\ \\\ ]
o
Bo2 - Cdao0al - o u\kw
( ,wo, 0>
sz - \\\.\\\aw ~ o m
| Mo STt a4
wdapaall
PAE
(M) |
M
@AGE -
wda @aE@el = N
(induiyMy @bz = M — ¢t
D-Bap gap = 1L
'Sqe wa By | t2p = Od
.mﬁm NEU\mi B lp = » B
s/Bx gk = 9
(2gy adA] (ebnjgtrajuad wnt | ay
b




JAERI-M 89-064

Sw

Bs

pal

Bsl

PR HEr B oMY BY o 0Te &

e

( ,wo By
¥
—_—
wdd apEe!
— e _
wdd Q@EE2l = N
(ynduyMy 21 = M
D-Bap pay = 11
"sqr wo, By BUER = Od
Tsqe ,wo By grip = i
s/by b = 9
t1g) @dA] aantjedausbay wny | 8y




JAERI-M B89-064

3. HATEREOWMZ ROk B) BT
HERETE R & B

BRI RA7) v AERBEATNIEOLYILBACEFRAAETINE, FHICY - TH
ENEEGEET S, TNOO—BEBER<ALEB0ThHIH, BicEAMME L THENR
B THso-—-y - ORPEMEBRCINENEETIBEIHERHESIC>0T, UTFIKEF0OBE
ke %,

31 EFAO—-F-OBBHNAENETETILEEED—F —DERE

RIGREEOPCAH SN L LS N ERLEREOD -y — &, ZOMITKD - i id s ZE
LTo—% -0HEERTTLL &, 400, it -9 & L THOES T EDBLETSH
%,

B3 1Ry Ld2@, vy gt L THBEMiaZEEL2ETIMNKKe -7 — K
MELNOHECET E, BBELORBVWE ~4 —KHT Y% - POV EME,z2,=0,
vo— 0 & 71,

m%e = —k (z—2y )

myg = —k (y—yy) (3.1.13

< g,

Zo, Yo . IREBELDER

2,y DA D B AT L D B R

Zy, Yo - WMFZFHCBH LY ¢y —F LoV EAR (2, v) oOEN

m o—-9—-0OHEE

k Do g — O R
Thd. £, MROBEFHPLEELORM, T4HLRELET e, DEAEES ©, B
M% 1 &gl

Ze T 2+ ¢ cos wi

Vg — ¥ T & sin wl ' (3.1.2)

THE, HOHMEATOADHG ORI, Vv - F O E, L OEMASDIES T
s T

kzzzb-*-kzyybn’fczzéb%- Czy}:’b*k(Z*Zb>/2:O
Ky 25+ Kyy Vo - Cya 2o+ Cypy o — K(y—y3)/2=0 (3.1.3)

&b, T2,



JAERI-M 89-064

kzz: k‘zy, kyz, kyy . $@§.(ﬁ%ﬂ%®gﬁiﬁ{%\ﬁ
Czzy  Cay,  Cys, Cuy DR AR E o R s R B

THY, RFREVEUNIEECFHAR, AR ORBRETL2T0LE %2R T,
HOMEZATO Y+ - FVvOBEHARR, WhY oA ES (3 1.3) i T, FEHY
MEHIERWE RN (BEGRHEEUVEEGRE) KESME K, , ky o € s Cy OfICH#EKE
Koy o Kyz s Coys Cyo MEBENAILETH A, THHE, Y2 —F VEBMTORBIC ] ETRKDOE
MpEkEn itk -T, Ve —FLOEBCHOERANO S OMICHBAERD NS &
FETARDTHY, THRL-THMERNTO Y+ —F VOBHHEEEBTORAEY
(Whirling) SOARLERELZ4ET 5,

(3.1.2) ZHVT (3. 1.1) oSBLDEE 2, yoxMEL, EHAFBRLEHROEH
FHRLOEE:z, vEMZRLET LS r—F L OBEz,, vy CELTESEHEE

[m 0 © 07 [z 0 0 00 z

' 0om 0 0 y |, |0 000 y

L 0o 0 0 0 Zjb 0 0 Czz Coy ?b
0 0 0 0O Y b o 0 Cyz Cyy J i ¥b
"k 0 -k 0 o (zw '"smwz'i 0

L @ k 0 -k . ty ] 0O | Clema®| |

K20 ke K2 ke J - 0 ICOSwtﬂ*i g |sihot (3.1.4)
0 -k/2 Ky kT k/2 LYbJ 0 J L Q

s 5,

I TMOT s T Ty FRMZERBRTE2E205 Vi, 322005 K
FLET 4y FERLICEETETH L, WE-T, Yy FOEERE - A v FARBERTSE
B TE, EVa oy PORIBlEERBAOE Y 2 v PRECHT LY v —F A DEIERICHK - T
g oREJOE—A Y FPEFELV, BETHE, Yy FEEY s » FORIBHEICEBHOLD
DE—=AYIMRFLILLIOUEMARICHSHUBET H I, ¥Yv —FUFEERTEOHE
NEFOEAOHEE, Y —FARLEEY o FEESEHO IR E—RKT 5,

W, RAOHBEADILDEHEDHEMS Y ¢+ —FAFLEE T 2 v P ESSEHKE BT S
BaaEA bl MEOBHPENAT L EXIET 5y FREARALZELEE TEOHE T
TEHED, MEOARERMT LSRG REL L O,

FouT 4 SNy FRBZOL LOL S THMCH L THAMZ THBZEEESATL S
oY, AEICHELT Yy -3 A PEBIN TETONEL2BRY T2 LICL - THEEZZRET 5,

3.2 BRORBNENFEET AUT Ty FEFORHH

PR32 TRR3 3 EART L) CZo { SURERAKEAp L L, TS
DHWEANKDOBHPEMEW LG LHICEMRS LRLEe BPES S,

W e EMAnMm (EHGREKp) LoBFE, K3 4IKRTIDIKROLHAELRESIT
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DNTHEADERE, BOHEEIGCERT S, W-T, V- FVIFRTI2EESEEERLN
Be &MY 5,

fr2 L, Rb®Re=ec, T/ EKKp=p-5, S/ v<=—-70 K
(r/c)?U/pTHY, BEZOEERB ¢, MEOMERK, Y»r - VOB EURUFER
I OB LZERTETCHE, BE, V-7 nm b HSE Lo E L TERET IS
5o

RORLEMELEOME 3405, MERNTOY v FAohLEHBMZOHAIAE & BE
ED L AFENTA-—ELT, H3sDEHCY vre— 72 b HSIEHIEL T, BlEA
I EOCERBPOAE (FA) 2R AACEE T 2. RO e ER3 6ERTLIK
Vw7 P HSOMBENEOTH IS OfENRWE (THS) XB3WE#H ()
RFETEFELDEBHEK A,

pPlloxsic, MAHZITO Yy —FVETEABERLOCH RS S=0 Xid § = oDk
WEEZROT—H UL, BETLE, Vy—FilfEHLAARERCOFR &GO L0
hicEZ T2 TAKACRLEGET L EBG 5,

TAABE a7 (301,30 BRoF (3. 1.4) wAERAFPELLGERTH S5 (7L, v—-7
— DYV A nEER)

PEOBEPSRPEZEIICT vF 4 v I3y FERZIE, Ny FOBEE -4 v FBHEE
KROHBOBWY »—FA0ERHICH LT, (3 1.3) BT (3 1.4) oRERETYH KUH
MEHTHCBOYTEZNTNERECy, Cp MUKy, kpidt¥obidd,®

(3.1.3) Xz (3.1.4) »o5b bk LilOERENS Y DEE, Y+ —F VOEE
WEREICT D, BRARCESAFHOBEARUXAIOA LD, MERACELT 2EET
NERARET RO, L, BREAPERTELVES, Yr—FArXlEr—-5 LTI
HElOBIREBMASNAHEETCLENSRERTANEEST L0, Vv —F bnbid g 3k
B4 56T &84dirs,

BT, FaANT 4Ty FBIZE Yy —F iy 2L ERP RS SRELEEMICE
W EENAED (Whirling) XE, Whwd, A4 FRA » 7 (Whipping) DEEAHLIHES
nThs,

FoanT 4 TNy FANZAMEZOCARABEREAE, K3 TRARTESERLAFEHOTRD
FEMREICET AL A/ VA FBEAER L RE-THELNS Y

2 8")—~-<1p 2) = AS (pR) +o & (ph) (3 1.5)

fetl L,
R Vv —FVEE=D/2
D Yy —JEHE
L Ve —FAES
Co o ¥y FEE) — (Pr -2 E) =IMIEH
ep /%y FHULE Y v - F 0 FTLORLE
e, (RLE=¢e,/ Cy
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R
RGN BE = h Gy
. Ny FREBES
CH RS
R AR TI=p P
CER S LA b DR
o Ny FHiASEATL (€94 o b)) £ TORLHE
DXy FohiLE
DR Doty FETB S T O A0
ST Y Y S F NS = buw (RCE/ P,
o REEERREL
w o ERAL
o 1RARZA—FXF ys—=12uv{(R/Cy ). P,
Gy, (AL (BT sy ) pOYLLEE TOHRLHE

A S R Y - o o B ol =

¢ IEEIROTEIGREEZ=z /R
LA

t LMK G o w t

t R

R E oSy FIEMIEBS O CHEABHMEERS LoEE, T68h5,
p(0, z=L/D)-plf, 2= L/D)=pl6=& z ) pli=E&4p2)=1 (3.1.6)

EE D, El, EU 4w hEDODDHAEESNOT — A » FEHELLBB LIy FHEKE
HMALBTIBL LI - TRDHLEN S,

WEZoAMEEAIE, FABEAESy FOEBC DL THEHAY 2 ELL > TH O, WX
BIE R CREGEME, 91 v bARBIZBMOM/NE(RUE(LABE TS 5 MEETO
EiipnEhFhikpon b,

LA/ AAHRRE (3. L5) AEAEKE (3.1.6) OL LKW CLEBAORELS S
W, EHKE, $ab5, (315) OEEFIALEHLT, &, §. & ARTFL/DE
N5 A = ET AMEMLS SEM LB ERCTT 0T 4 v Ny FEIROFIHTD
NEHEMBE N,

Pl Eimaiesis E5 MEE s 5, ABEEOH AEERE R IT R LD bR 2 oM B
HAT, SEEEUOS VT T o vy FREZEGAL T2, L Laho, KR
O 1L RBIestiRd s L) icEAMD (Whirling) Kid4h 4 » 7 (Whipping) iCEK T 5 & H
FEN LML OEANBIEEY 2@ EcRE L, £/, MFExNy FE Yy — 7 AEOBEDRED
HERmEMA TR, BAAVRARSKET L LOFELDRREE KB TRBSAT

W5,
coOENEYoREFRRITOVWT, HEETOTENLHFMEERETH 205, TENITIEE

Ik EEN S LTy FoEE -4 v PAEBRTERNLASLD Y v —F VTR




JAERI-M 89-084

TAOEBMNDPRECNREDZLE, v 9 - DODAREBET— AV IFPBREVIEENZEZ LN, &
fo, HEMUGEELLTE, 1 v -l CRETLIEAABRICL > TV v+ —F Vit fEAS
SMEMKIBRRTLIICHEME, $Hh0E, MEKD EREEEGICENT I, BWZH
KR LY+ —FVHEPRE TS CECEEL TV EPABRERS GH O - T
%o

Ve —FVDORUELENEO DR REFREERMICHEHPICT AT EEHBLON, LD
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Bifd) 29akar LS & N 202 Sl O M e K VI B R ﬁ%LﬂME/va®@ﬁ%*%>
PRUOBEMIEES T 2EPLBB LT -9 —RORETCALEL S EEIND
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TR YMRTE EMA2 AT H2KME, BEBEEZBLTHLILEIdhGHE LN &,
WEAMENPEBEADS OO ERUSORNEVREZRE LAV LR EREAROMET
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B-T, FRAMZHEE L TOBEBNACHELHEICRBIE L2010, SEICKTELE M
K3 boi0, GEIPOBBCERFOVIREMALE LT E

7, BEHIKo - - OFEUEFMBRATTLCEBEL TEAHICLEL LS Y v — 7 L4
EU Ny FOER, #hofAMOoBBEL 1 7o VHUNOBETHET A LRRAECER
AfETH L, COMRE, FTEEHROBRBLN#HET O EL, WRAERS LT 2 HPH B T &
BHEETEL O,

33 AMED—F—DITEHSHE

O— 5 - FORBEBRICEMO LG (FE) SAS SERBRRE S 6 IGERNCERT S &
Do g DRI &ou%&@ﬁ HH0E, EFE- FEOBBICL U TESOME %%
CTEBAMENTOV B, ZOBMEER Y+ —F VB THEENE 0D, BEM~2 L E
BF, T— FM& 50 id Nyquist oo PEODRZTH SN TS,

COLEHICLTELNAIE (BF, BB~ b VBB &R ) 13, HAKEICET 4
EOF—5EMES 5D ERTE S, UTFTREEM~Y P v Mo —RUEE o — 5 —
DHERELIDEZRIC DN TiHR~NE,

—IE o -y - WFERE I HBERERE L EAOEE R, RORHHRAERO TE
R

micczrkzeme wleoexp (jot) (3.3.1)
- T,
o _cotemiilewt=g))
T Wod— 0"+ 4 (Camw PHYVE (3.3 2)
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m.o—4%—0DEE
¢l EERK
koo R
N HTIN
w | AR #EE
t o KA
w, | EHEME (EREEK, .=k /m)
DR (= o/ 2meg )
¢ CMHEEN (= tan {2¢wun (@i —w@?)})
ThH b,
LT, Btz #EH YR (X, jY)LoREEZELTEL,

z=(X+jY) exp (jwt) (3.3.3)
EBHiE, (3.32) BRATEINS.

X+ (Yo' 4¢ww. ) = (cw® /4 {wwa )* (3.3.4)
EROEHDIE, @ Ze BV THoe. Sl LTEIVWOT, (33.4) &

XEd (Yt e 40 = (74 ) (3.3.5)

s b,

(3.35) RI1BHED -y —OERAGEHIEFE TOMEL~7 F VBIBIPHTH L &%
ALTwd, £, (3.3.5) o, BEMNZ VB, «/2¢ ZEELTEM LAY,
wZw, D& & JY HFREIT (MR L THEEN0DMEL, SAKRIE (= 2¢) &3
TEERLTV B,

Pllicifi~t: 1 HHEROME[M~7 b VBB >0 TR 3.9 2B THAT %,

(3.3.5) ofhb L RHAOHRABXSETSH S S, RBEMLOHEIE, B
MESBECLESE, RGO ME—FL, BEEROEMITHE > TREBICAEEN & B
L, zoBBdMHichEs, B30, RALCOHEEIEHENM~NZ b v OREREY O
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PE-T, (3.35) ATCHALAERREBA.x=¢ . 2 L OMBHELLBRERLL (= 72
Amax ) ERDHE, (=012~010 BETHD, Z2ORBMFDRTIS 0T Eoah
%,

FEEOMERR 414 (a) BT1RE 2KRERBERDOMIZ L 7 HRHORET EmE ),
D4 =Dy —F L HEDECFHET L EBDD H,

Bd414 (c) ORBEMRA AT b=y 7HEHK A4 (b)) ERTESEEHERSFL-EE
Thh, 2EEHEFCOL > TEELSERRESZRL TS, B TERSHER S ML
FIAREOERREB, BILOL2C, Evasy PEBEBESCERLTVWEEEL SRS,

BI4.15 (al{(b)(c) i, B4AHRLL4WERLARunN 4 —4510E Lo ¥+ — + a0 L EE Ol
AN bvBLER, ENERBRORSELA T brvy y TTH S,

X 4.15 (a) OWEA~N7 P ViR 4.14 (a) CEBELT2EANCAMEEN2EHD L,
1WRET 2 RER BIEEH 7,000 rpm 58 & T 9, 000 ~ 10,000 rpm T #h FhEH 54
Lo F/2, 10,000 rpm PLEBOTEREBFBORDPAD SNT, MHEENG BTN ER
S

ch o OElE, MEZRBAVAREDOEMET S » <7 -HEAREND LREOHMIT S B
ST IR - T, [UEOHIM xPInd 24, BRELIBEDLACEE2EKT L, 208
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K, BHFHICRY oh s 3 7TROBOLAE A>TV AALERBARE L EHETSE, K4
15 (b)) P HBREOREEELTEHEAT VB,

B415 (b) iCHT, 12,000 rpm T QWIBEMERGK 414 (b)) OEE K HEL T
MODPILH > TR, CHERZOEED, FRAENOBIKAT A v <7 —is & 0l 5
BN -T, SEOHE koML ARE, SREREES FRLTOACEEELTY B,

%Kﬁzﬁlea@%@mﬁmttﬂ4M(a)Xm(b)m%iwtm%m&&ﬁ®t
B, B415 (b)(FAHAMPa) OYFRKBELSRER ¢ (= /28, 0%k 2 &,
=012 ~009 &%3, ZDOfE

COMERHIE (FAE 1 MPa OFRERSY B ¢ =012 ~0.10 ichk& L7, THET
JIDEFTHE TRELESEL L, ALEEN ST L2 R0 T VWA,

Bl 415 (c) i, BIEBEHERTDCMELERHEMO RS bv= o 7TH 0, 11,600
rpm 7> & 9,000 rpm {38 & THIBHz (= 5,280 cycle /min ) D8V ERE D AHBEAIS 2, &
O OEENERR L LTl <o Z 50Tkl N L Tv 2 28, Mo EER 11 600
rpm A TEEHICHE LT 28R (BREFIOE — 7 5]) OM45% ORER T BRE | %
N0 B REE, BEROB VIR L TRLES, 0 HWwaENSEY 454 & HEES
LERTHES,

45 HOAHAEREICHT IHBER

HENDELKEMHD A AFEREON, EBORA2BERBR23HKBA~xLEEBD, To7
= A YR - RUORAT - v VEESBOTELE N ARBERE 2 B—EEr4aT 2,

ALEAZBRERDO Y v — 7 VGRS AHBERBCRRLEED, 1 v_5—FOO
RS- TIEN LR L TRESEMYT 2, 5, LA REBBIC -0 T,
ARG —AODLEADHPEY =B THEEALD, Vi —FUHZIHRICERT AEERTERC
L TR ThS0EEZONL, COEIBELATAERE OS2 H S dd 2B
BL o -9 -OETHUE~NORELRABET S 400, EHTOELA T ABEE | Sico0T
FHBE L CoRM ORI THRE 217 - 7.

ARAROBEBRD — 9 LV v ~F VBTN FOREZSEIRELSDEBD TEHD, i
@ﬁ&ﬁ&ﬁf@ﬁﬂ%%?%écﬂﬁ,4V&§—§§Uu—ﬁ—%5%uuﬁzwﬁé@,
AHNERELOBELEEED 1 /28 EFY o —F VEEHTEERELFBEOETH 5,

BEGRA v 7 — BT 2 AEOR T AENBRETEDCE BN -, L& L
TERTAPERERKET TIT o fc, BIEERE Ny FXREY + v OMEANTEZ L F1EFOL
TITY, Wy FOE w5 vV IIEEAEENA - HRIEERCEAEEARTH S,

MERREEN I NG, MITEEIABRAEE, KB @3REES, PTRESSEBD &
EALEMBETT L EBA P o, TNORDVTHTIMEF -4 257 L S ic 305+
%

416 Cal)(bile) BARETKBEO TMZ L » P (C, SHEES) H17smicHd 2
MEE, BMERPIRE R <2 P vERT,
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FEHoMEe s FEECE, EY4 oy PEBOTERESGCREEEESLSZH I EBEY
THD, REWEEBFTIILTO2ELELEH 5.

HOWMSE+ v PEREN416 (a) OFFTEFEL LU TOERIT I D02 mBEEICHKE
ENTVEEHEINL, BERLE, M416 (a) OLTF Yy —F vZoHRERI 5
Ty POTHME (WT0kgf ) LT THYD, HEEfs & sIERBML, Y3294 bD
YEEiie K285 v » PEBCOE/AE 2EEHER IO > TELC TV AN,

BiEE (AR ) OHBRER L2y F IMGEDOBTE - BEROMER, K4
1TiRnd &0 TH, COMRRPOLIAIE (a) CHHTELET ) a—-Fkm(=1-CC,)
AWFTAEEm=0.5, THbb, MIKEMC,=90rm (F458E) L3hiE, HOHZ
w PREBICIERHGEamMTHET EB0D 5,

ok Hi, @Ee ., PEMPALVES, BETESERIE, v —-% -OREHREHLE
FIEL, 416 (b)) RO (¢) hohhbbish, DR EEETNREAE BB SING
IR

Bl 4.18 (a){b)(c¢c) RAUCKARGTRE N THZLy FEHAY 0 tmOBA0MZHNE,
W ERUBMBREI AR PVERT, CORG LR LA/KRIKE, BOMZ 2 PRI 418
{a) OBUEFEL ML mBREICRESNTVEEEESN S,

biwli st LSz, PR ENGem o0 micRD LR, 12.000rpm i@
BT A E 340 ~43 kgl » 572 ~Takgl (167~ 1.85F%5) KWL, "4 4 v FO
EfikmEo PR HoNE, £/, WFe v PEME2EDLAAEERE, gREICSL
Tit, 12,000rpm KBV TH L 25~1L 28Nl , BZKEREoEMAED o 5,

B 4.18 (¢c) WRTEIRE A <7 Favid, 11.000 rpm FELL @RI B THT0 Hz
(4,200 cpm, Yo —F v[EEEEO 0.35~0.38F ) 0 EENLERNANE OBz NL,

RAED (RAEKRE) Ko TE416 (c) ER4AI18 (¢) ZHET 2L, FIERK RN
o oERGOTrEPLROLNEDY, HTLEEFNRNERSE TIETN L EERTHEEL
foo BEOEE, RNWEDREENTH O, 11,000 rpm A EORIEHITE LV TROEY
OIE IO & & biIcER{toEsRE D LN,

KA19QAKF TRE LT 4 0T 4 27205y FREO YV v —F VEEFRFEEINEE &1
HEHROHER TH S, AITHOLXAEEI R, ~2E8Y% sy PO LIKESLED 25, D
TIEWVH 12,000 rpm TO YV ¥y —F MRBREL22mp -pTH 5,

BE D 12 000rpm (FIEE o = 1.257% 10 rad/s) KB 5 Y v — + VLEEHE O MNERE
$#0.35g (=3.4m /s ) THO, LANRR LISy FOBKEBRELTE Y 5 » b 20L&
LiFIABEONEECRETSE, 40m,/4s 15,

By PpooNy FERI TOEBER X, =102mm& 0, o FOHMEE L =39rad
S50 LB,

—H, Sy bEEEED, Ve - FWENCREITHRICET S99, FOEMRE — 4 ¥ b,
BG40 T, T,= L72X10 kgeme+s &7E2ZNDT, 12,000 rpm KHF B95 FO
BH Ly T, (=8 « 1,)=67%10 kg*m, v EBOREA, (=2 Xp-p, /o) =50
bm&TRBELEDNTDE,
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VIEDNy FIZBY BRIERER PO, Yy FEEOIEE Y + —F VIRIEO50 BRI 10 /b
LT LT EERLTVE, CHESy FOEMANER TEN T & 25T 23 & FHC,
TANT 4 YTy VHRABEOHRERET S0, Ny FOEEE -2V R AL S
BICREFT NEPDEZELLS,

Bk, HA19h T3 000 rpmATHRICEB I THED ONALERY — 735, FOBEEL Y 4 o
MCHET B F OELEARBBIC T L5 EB0D 10,

4.6 MIRINCEAT HiEE

HAMZERBOLN TN DNT, DlEIBREEED O -5 - F 503V v — F D
RO BEAIEH, FABBREO—HES0TH, MSHoBELrES,

BIC3 4t~/ bbb, TAMZTL2ERA Lo -y —DRFLEHICOVTERE < O
£ EON, FELT, RRBREOSELLOE SR TINFF 4 LT 4 v 705y KA
B OLFEHWCET AMES TR TS,

HIETE TR B~ A ABEBEBORBERICSVLT, UTRCNLOWRERELBBLIIAL
¥Etd %,

Chul &5 McCabe & B, TaT gy 70y FRMFOELERASK AT ¥ ¢
7 FE&N7 A4 — (shalt mass parameter M) R U Y o — & FHEE~ S £ 4 — (shoe
pitch inertia parameter, 1" ) EF&/NF A4 — (Mg <7 U v+ vson—) ADOMIEZIC L -
THREBEL TV BT LB AHIRANEEEDTH S,

fbly, 3 AECE~N/IZHENDELHE ¥ ABERBICH T 2FMmE 72 49 — A E4 640, M
KU1 BFRLTTRTEBEDTHD, R4 6 RUELTCRLZHENDELH Y 2 EEED
fEBgeftid Chuk UMcCabe 577 ORLAMINEC AT L ERRGROBE L LR T 5
B, RATIRALLD OBBERHSDEL, HOLEHKEHEBIASZ LA LES, LhLE
WOEEDEB D, AAEBBEAKEOM D %L L, McCabe >0 &1 2 50— 20§
T LT, FRAWSTOLEEWRERET LI EEAAETH L,

4L L Lund SOME T @, ML AKS Y KT T g s s, FRES
ERRELALBDOTEHED, 3#H4Yy FEFRAL T 2HENDELA X BB LT20F 2
WHT LT ERERT O, LHLLUERS, BHERBOES, 85y FCERBT A2HMEREA
Bl H0icE L, MLOBITERIVEC L RFNTAARE25226%F200 5,

FABRIDEIHBEHSDL LT, LEOEREMEL THENDEL Y A EBE#IC K¢ 5 %
ERFAEE, BIRELRVZESLARE L ABERTH S,

HAEBETTEEMAAER, ERCALTRES A ST S 12,000 rom B FOEEK E K
XM ESNHD, FIT, ~ U AhOEERABEE ZBBSHESS S,

3.4 FCE L Chul ' McCabe 5 0BIR”  ©i), RiFERIcEd 2 EHRATWILTH
NTHSF, Lund REBAEO—~2oR' """ CHER LA EBEBRISAE LS, W
WL L TERLABERE ORI T IBE, 2HAERKES CROfE) THaLiEEE TS
Ho WoT, TNLOEFEMSONENMENT ZAMIOALERRCAIREELE52 T

20,21

Ed
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L EWMEREVELLEELSNS, COLYD, TOFEBRERUIE LEBIFERC>VLTEE
Mo Rid 5,

DEotshERERE»S, REOTFRCL-THEAON TV EERFCHBELT, 1/
2ROL IHEREERVCHEE TALEELE UL EBBoHICE T, T T, McCabe
57 R U Lund” OMRC BV TEEOHREL>TORVIC b DD 6 F, FEOREE/IC
HETLIERNE L EROIEEND 5,

1] ©v-%-0RELKREEIE

2 Y —FrOHZTOTCORLXIGHZABAE

3 WMTHENEEY 5 o b ORI

%9, AHEGORFVD - —@BRERNEDERELEV LN, HERBETORETHE U
RS S, WobhThHa, RIL, Ve FWORZHTORLXIEHEMZATHAEL K E 0,
RAWY BECECEE 43 ~45HILRNIEEYTH S,

MZEXECT 5 o P OBESECESICAZEENMT C i, Al HIC NI S
BaERXr Y s v PICHBLTAEOE D - K28 4 o P ERBUAER, EOED

FRE LT ERBEBRINTY B,

FHOBRSHFATZe — & ~ORNBE Y LEMIT G A DEET >0 CTERNAFME1T 9
CEEWETE ALY, HBERLFRELATENSRAE D BAETRAGERDO L HICHIF T 5
EBT 5

— e, RREO AREE AL D S EANRRE, ol R CmE o0 THE
AT A 0NDRLET 5 &, $HbY, EEARADICHEKENTES 2120 TH
5o (3.1, S.28BM) 4, Faonvg vy FEMZE N FOEEE - 4 ¥ MK
MTEL2EMBATRCONTTRAELLT O, -T, &L~y FORBE, #4bbH, ¥v -+
WD EH K EOEDS, HL0E, RELOARESKHAKRTZ YV »—F 1O RBEEREL,
Sy FICfER§ AIRBIMAE SRS 0OES, Yy FOERE -4 vy P dMATER N5, £
fo, —ED Y v — 7 B RO ORI L TR SO MM ASE Y S, vy FOdR
Wid AWV EE b7 @EEDL, IkNEDERELEHIAL S,

Fopim LBt il BEREER2ART 4, d, 43RV 44O EERY
ZFEBEE oS, DEROE@ Yy 2RICEFAL THHEESHENL, kBl Ty v —F il
Fradr vy FHIRZRN L TR oMME2KE(F 5. TORBE, Yy FOBEMINERE KIED
WL LTrF a7 v 7Ny FREOSOGDEZHDL, SREUCKAEDDEE LI EECT
TEELOHN S,

BN AR O BG, HRICESRADIMAENCERBEL Thawvioy, ®BEAIETNT

LAREMS Tz Y G d S Y e — F BGOSR ORI mE TS B
PE T, AW OMZHB AN LS, Ny FfER T 5 A &R fr’iBH'aFJ@iéﬁ
mE & biCbd b, FOEE, —ERNRE, —ER LI LT, Ny FORRahiiE X
MUEE S ZRRRE ORI e - TRA L, FLOEndmlbd s sEX 505,

PRl ARLERINCBE T 52 5% &, AEEZAENEEHD 20 3, ROE ) EE
W@Ewbbm.ﬁib(ﬁw%%cit%ztﬁﬁw%oit.ﬁ%ﬁﬁzﬁﬁﬁkﬁm%
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o—g -3, MZAELETHE, ALERELRCLE S, FRETRBLELTAENT
HEFRTESL, 1272 L, $G]"xf%|3u'iﬁ>ﬁli*ﬁ CRSVIES, BEZRGFOMEOET &R
Mﬁ%%%ﬁ??%tb Wi, fREMmEE AR 2 %A%ED S ERFELRGIED
AN BN
HENDELEA A FEREBOKXBRUBLEOW A EREMTRE LR, 5405 v
y FAZMEEMOLEREUES Z LD LB EEFEUTOEBDTHAET & A5 m - 4

1) o—-%-—0DHERILEYD, BEZELIELT &

2 Ny FOEME A Y rEEDT B E

B BOXRHIEHELZRLT L&

W ey PRBR TR 2 ELFICHETBHEN 2EL D IC RERFED T ok

BTN &

0} ElFEHERKCT B &

6l o—%-OFAMEEEn 5 &

e, REAEIDI AV F - FEUAMRADNENSRLT 2 FTEAMICERETE 5.

HERSOREEZRIC o - MDYV e — F b OREAED — 5 — L BRELEHEDS
Kod, HEO -5 KL - TEENUBAEOEHAC SV TONORIS LD L0 EpEY
Thob, REBELIZWHOWLGRILZETET L L RTAGETHII» L, HEEZESRT 428
MEBCSELSHEAELTY, DEEMECHELENMIBEOE LKEDL L RNEET
H5.

B#, WERESENEHOECERTHET 2 LGB ELESY 5T LB
TEHIELEFITTHLL,

2R DVTHF v T 4 v TNy FOBHU 2R EDOEREETHY, HE, BFREo
ATy FHREIC SO TR EET S,

BIERVADEILAEREEEDE T Lk Ty FICHERT 3REMEEL D L, Z0EL
NEWHT 2D 0HETHD, BEMB—>ORIETEHS, £/, AEOFKCELAS X
51T, Nifﬁﬁvh%wmbt@@m@%ﬁﬁﬁ%%ﬁi@ﬂt%&ﬁ®4%f% Ho 72
L, Rl @\ZFWELBCT AL LYE, —BIEEBOEEBABEFTAELI LB IDT, Ko
BHEPLETH B,

OR7TATEREE OEEERF KT 2HETHY, BEREFICE- TS v 7 - B
MBHE LD I, BROERSEFS A28 EFHAMBEL40 5.

LIl ~<fe L5 RFAHZE2EA LA VA BEBIBAORFNA6ET5 KM, N LR UH
VEBELARESLETHD, MACUTHIIZLOREYH 5 .

— /5, HENDELRIEAM O F 2 b2 2, BEblEGHEBRETCY » o P EREsE T
5T 4T 47Ny FEE-TROLSBEHH-EBTO S, T8 05, &i%E6500 380
RBEEICL-TRVHZFANEN2EE L, SHEERCRaEES rHEMRES O i
£ TREMEZANL, o—5-MITBECHRE T EEE/ALL C?E@;Kﬁiﬁ*ﬁ%%méo

COXRIBEEL S, NEEMBLAGEHCIT>EBr— 7, ETFRAFABERES LA
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KRHON LRBEEE A, EEWUKBEEIRDTHRLIMLD, £/, hZFHORSHEEL
KBy, Ritd~icl B8, BEHERRTICERZLT LIRS TR, BEThiL,
HRAWMZEHBORILEBOTHETHD, K- 7CEHDOF 2 ERE T EBICRER
BEfImRHE O A MZEMEEZL S,

i, st o SBT3 RBEE (HTTR) CERHFEOMABEEE, 1KETH
AEEBEE LT, w260 kW, FEI, HFa#z, 0N 1R 7o 7 - 2WVIMIETRS 3
FETHD”, LR ECE<LZHENDELAELA /A BEEBILEYE LY, ZALD
ARABEREICB W TRAED Xid &y 7O/E, MSHCEEEHRELALES, B THEL
BHRBELEIEEMERICE Y, T, ZHo0F AERECHEL T, RRBEO s
HhHEOMEES, FRb LGOS VREHNKEEM T L ENBUETH S,

EhooFHr o8GRO RCRENESE LT, EFC0ELLCHEBERICLSA

I EE, BN TENETETSH L C EHNHENDELI B A EEALTH ST
W2,
4.7 T EH

HAMBEER LA A BB, SEHEEETALLBEETAV ABERE LT, £<
OEFEGTARA. BROLCURFECIEORMEEL, KEMLHSEBR T EHER LA
=1,

- CEFFPRAE N A EBEEE L THARE X TIRFEM (200 ~300 kW) HBRETE
BT EBS T,

HAMZEMC S > TRNSRIETH 2R OALERRICET 20t koms " " i,
FOREGEORTCEREL, THLEZLOTHVL PR LI, BMETHE, <
NoOWERMENDY v — 5 v OEBICET 28T TH D, BHOWME GO P E
BESHPONEZD -4 ~LOHAELSINALROBHETELE Y, E-T, R L A8 ZH W
KB AARRERAECNOOBIERP LM T2 L6 WERELEVR B,

S5, Lund 50—2ofx T OEBEBREL - TV REBRFERETO S B
BRI DORUD S B,

Pllhiw~<tc B0, ROFRENAMZo — 4 - OEBNBLERR L5250 TR
R, BEHHEIGEZVCERLERFORSIRE*GAAEBREIRETEALAS, -7, H
CHENBEERA LB DR o - 5 -~ OHEHELEL, L) KEELROBRER L
WEOSNEREITI LEMNS S,

CNODAREEMRE, 10 bBRL SEA~OBBINT, AREREST 2@ 45
Rl T, BEAOLVA /v ZAFICBTERANOBESEI 2T LITUTH 5,

EFHE Y27 Lt EOLERS L A ERBERHET 558, BET HERET B HIBICR
BaSNIToAkNBMEFRB LA Ny 75y - FHR V-V ARNBHEHBELIBBLEBEAOBBEBS LE
LU, BTRURERVOGEETH, Lorbd, SHEECRITIHEESD 5,

HAET 7 v AKBOTERS AL BEHE IR S TARENR OB GRS HEic %t
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Lﬁéﬂ,wﬁQME%ﬁﬁW&Uﬁiﬁﬁﬂﬂikhé HOIE Cyy, 0y R Koy ko, (ZEFE
Fic€nThd, FRAME (70— FNo 708 2EFT I EICE DB 50 & & a4
EEDONS,

BT, MRSMZEIREARMERE LTCHHT A LR HETH A, BIBGEKE T
BIPDEMICHETELEZEZONZIEDE, BHWS DR FEE LU THE O HEH
Mifrsn s, o0, MRMER, TRMERT Ny 77— HR Y — A7 2B ICHS
SRR ERAICRR LSS THEESHBD TREL, BRREEREZOMEL®Id 215
207, REBMBERUA — b5 v R EORBEINC ST 4267 54 T8E LS 2 B0 15
BEEHET D,

A Z A AR TS RESRS 2 W RBNFHTAAEEREE L CHEAT 35 %, e
%mc%cﬁﬂCﬁﬁém,mA@?ﬁﬁﬁ%ckwféth%ﬁ%ﬂn#(HTTR)«
OFERiIC>WTHRINLTSE #,

FEORCOERPSERO TR BHFEREM - TRHTCEETHLH LWL, BSmZ Ry
BiEo— 9 —EHoBBRANARRILEFL TV 5,

@%%W@%E&&%',it,ﬁﬁﬁ%&@ﬁ%ﬁ%@%%ﬂ—ﬂﬁ&Lf%%tf%
ERRHEZER RS A AT E - CEOBRCEL L LRI ELTE LS, T, B
BMEWEHDHER OB FERRT 2B AN HAMZHmAETE OICREL, EEEW
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MEGE | THe®| T8E RELD | HERT Y | AEY
¥R T—XV} £ (J1S B 03805)
&R omm| 0.2 g 14 gemm 0.19um 0.24 120°
Y —7F JLEH
T&ER 80mm: 0.2 g 16 gemm 0.22um 0.27 270°
S 4 LB

(LA INF—, B—F——F—, AFAIHS—RUBHT 7 E2EL)

) RELeldn—Y —REE (147.0 kg) D1/2 BEAR LHBRUTEY »—FHILT

TREINBET 5.

) WEEREX (BEOOMEEFE. mm/s) 1£12,000 rpmil¥3d 2{E

£3) RELOLMAAEEZRIN o OHNAERRT .

42 BEELLYr-FAMESy FOHREES

X | Ny Fal=nm) | SEEy Flm) | Y e — Ll Gam) | EEECum)
Ny R NERBEE | ShEREE HEEWTEE (hoLEERD
1 79.8884
f 2 79.2672 79.5691 79.903 66. 1
T3 79.9518
1 80.0472
;; 2 80.0560 80.0436 30.007 42.6
3 80.0456
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£43  FHAREBEM o - —RUSy FOMIFE
BB 4 —F L TERY v —F L T
Vb —FLER ¢ 180.0 +0.005mm $160.0 +0.003mm |
THEE—A Y b 12.285 g-cm 3.900 g-cm
THE G4 88° 33°
| TRIERES 1.64 um 0.52um
Ny P &S 1 2 3 4 5 6
SNy REHS¥E | 80.098 | 80.102 | 80.105 | 80.101 | 80.100 | 80.097
CE{Emm)

MIIBERICC, umd | 96 99 | 102 | 99 98 95

F4.5

ELAT2AERH (B Ao~ — RUSy FOITHE

L&Yy —FIL TEY $—F L |
Ve —FILER ®160.0 +0.006mm @ 160.0 -0.0005mm
THEE—AY P 20.90 g-cm 8.55 g-cm
BNV 135° 334°
THEREL 2.56 um 1.05um
Ny RS R 3 4 5 6
N FEIEER | 80.097 | 80.094 | 80.097 | 80.087 | 80.092 | 80.085
GRS {Emm)
JITRRRICC, um) | 94 91 94 87 92 85
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NG A= M7 B v B FHEMNG A — T

wlE ] v v b BE C (um |
# | (ata) 40 70
= 2.70 x 1072 0.145 |
A 2000
N 2.06 x 1072 0.111
M’ , L 10 2.06 x 107 1.11 J
20 4.17 x 107! 2.21
iZ 30 6.17 x 107! 3.31
40 8.21 x 107! 1.22
2| ] 9.47 x 1077 5.06 x 10°°
w0t
N 7.25 x 1077 3.88 x 10°°
T 7.25 x 107¢ 3.87 x 10°°
20 1.44 x 10°% 7.76 x 1075
Irj 30 2.16 x 1078 1.16 x 1071 |
T 2.88 x 10 | 1.54 x 10°¢

. & 4.6 HENDELHA AEEREO B ESRECB 172 FHM Y5 £ —45 A
EIER5' TR ~N 1) 7 A (50°C)
Crom) (lata, 20°0) lata 10ata 20ata 30ata 40ata
3000 2.493 2.848 0.2851 G.1428 ¢.0852 0.0714
8000 4.986 5.688 0.5702 0.2852 0.1903 0.1429
9000 7.478 8.544 0.8553 0.4278 0.2855 0.2143
12000 9.972 11.39 1.140 J.5704 0.3807 0.2858
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JAERI-M 89-064

%% 4.8 HENDELH # ABEREBICH 4 5 ZTCRFER, BEMERD
fFEELOREE (JW Lund S #)
VEBDIRIA 2% | N Y w1 (50°0)
(JESD (lata, 20°C) | lata 10ata 20ata 30ata 40ata
LERFEE 26,300 20,000 | 65,100 | 85,800 | 98,900 | 108,000 |
(rpm)
52 it 57.9 33.4 356 617 | 821 | 979
(kg/ pm) :
Iiﬁi‘%ﬁiﬁ%ﬁ 7.49x10° 1.08x10% | 2.96x104 | 4.08x10% | 4.91x10% | 5.50x{0*
i (kges/m) ,
| WREEL 0.178 0.341 | 0.285 0.298 | 0.309 0.318 ;
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