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Frequency respose and lubricant analysis of oil whirl in
kind of self excited vibration generated in sliding bearings

Hiromitsu Ohta', Satoru Shimizu® Ryousuke Fukui®,

Naoya Nagahashi’, and Yuta Yamada®

Abstract : This paper shows the vibration characteristics of a sliding bearing. Especially, the self-excited vibration
to be called as oil whirl generated in sliding bearing is studied in the current paper. Four methods like trajectory
analysis, frequency response function analysis, particle numbers of wear debris and SOAP-T based on lubricant
analysis are analyzed to clarify the vibration characteristics of oil whirl. The oil whirl in a sliding bearing is a
characteristic self-oscillation, which occurs at a rotation speed less than the twice of the critical speed of the
experimental system. In addition, when oil whirl is generated in a sliding bearing, the frequency response in all
domains of frequency is suddenly become larger compared to that in the case of normal conditions. It seems that
simultaneous development of oil whirl generates the large damage to the rotary machinery system. Furthermore,
the amount of whirling to the shaft generated by the oil whirl are identified large in the horizontal, vertical and
axial directions of sliding bearing. Particularly, the amount of whirling in the horizontal direction is identified
larger, because, there is no suppression as gravity and structural barrier in this direction like that in the vertical
and in the axial directions.

Key words : Self-Excited Vibration, Oil Whirl, sliding bearing, frequency response, lubricant analysis, SOAP-T.

1. U®HIC

JEAE, AR ORI 2R DML A VT F VR
I A MHEEO7ZOMRRFE THRE SN TV 5, KIH O
RIS BT 20 B T COBEA TR S, el & gk
MR IS FE L, HEREDIETIC L D = AV F—a 278
AT Do RERMYITHEZE T X MEBI L AEERFIIKT
LTLE DY B OMEEZ KRR X, HofhFah
IS 72 DIIZEMIN 3 A ¥ T F v AR RV, F
TeHEET A U TIIEERE A FIELTLE D EFAGICE KR
LB ERIFLTLE ), EEEHORICE, LYy T

Y URY - R EEENEERD £ HEN, Zod
DOFFFIFI Y WZ A STV 5o #2135
WZ A E R RFHICER, A YT Y ARES?
Thbo F728 02Tl S B mBTE )12
X DWESZR B & Tl & s B O WA 1 LT
bo TDIH, FAMIIRECEET 2T S €L ENT
X%, —J, AA KT =AIILIEITN S HRREIBIS
BHRAET DI ENDH D, A NFT = ViZHizREi o1k GE
Bk pE (AR 0205 T o RER TRET 51 %
FENRE)T, SR E RNEY, BEEZIRE, HEOKNK
L RS D 507, RFFETIE, A A VAT — VA

2022/F11H30H A+, 20234F2H13H 28

1 KFE KRR HEREREM T 2%% (Department of Ocean Mechanical Engineering, National Fisheries University)
2 RIERFHE KEFZERE WFZERHE(Graduate School of Fisheries Science, National Fisheries University)

3k AH Ly Y =7 ) ¥ 7 & A ¥ 5 F >~ A(Shinko

5 74 F v L/ S (DAIKIN INDUSTRIES, LTD.)
TRIR Y &5 3k J5(Corresponding author): ohta@fish-uac.jp

Engineering & Maintenance Co.Ltd)
4 H¥k7 v 7 A1 ¥ VA& NNIPPON STEEL TEXENG. CO., LTD)



68 KHT WG, K &, M B, AR il (i BEK

Ko S BOR 2, il o RILE Y OB % Ko 2 HT
IO R HT L TV Do S 5 ITH D sz b o
WMOBEFERHR BT H BEHUGREL ) TV 5 4 LA TRD
BHIET, FANEKT =V X BIRGOW N2 MEE L T
Wb, INETEHEUERELZY TV Y 4 A TRDLHIIN
T oS, WHMZORERI N T A KT v 7 AKX
SHBOS—F 4 7V AL DERIRAT 2 2 L TRl g
VT NE A ATIRIBT 2HPWREL o7z S OITEEFEN
WTY%7xz02757 4 —RSEM GEARE T WM -
XMA (X#~A2707F9U T R) CTHENTT LI ETHE
Fefi RN T 2 80 & BT T,

2.8V ESREHERE S S UBIRFE

2.1 V) BB BRI

i, THEORE» OGP Sh, EREE Y S CHEEREN
LIETH Do WM TIIA A VAT —VDFAET S
BEDBEREBHL T BOZALZ Y TV 5 4 A THE L T,
Tk & UTH D sz T A S OBE I b 74 KT v
7 AMASHB S =T 1 7V A A S (CUF B RT3 )
ZECE L, BRI BOELZHEN § 5 2 & Tl
O & A OFMARRE 2 HEE L T Wb,

3.BIET &

31 IRENEINFRICK 2R &

FRBFR BCEREN I D W2 O HNEE Y vy 2 T v 7
RPN B8 L CRIE IS E OWE 2179 o AN
#5400 % 500[rpm] 7> 5 5000[rpm] F THIIM L P E 2479 o
w2, A1z $ % 5000[rpm] 2 5500[rpm] F T A & 2l E

Fig LI A SR TH W72 IRBEE A 5 C ‘

H B D w2 AERE (BUT, 3B & )
Thbo Hfw LIz5HIAR v 7 2Tl Al
B % O[rpm] ~5000[rpm] o && PH T HI I - #
WA T5Z WM TH D, HEEkic
VTR ARV G22(ISORG E 77 L — R 22)
A U720 Btakaid B 1 2 8
L72b0RMBH LTS, BB b
ZOHVE OB R I ESR, #ilESUS304TH %6

2.2 IRENEMTF 5

Motor H Circulation pump H Rotor

—— = T

JEWRRICE & B ORILE ) OB X %

Siding bearing near the motor ‘ ‘ Siding bearing away from the motor

IRENVANT 2479 o Fig2lhEEY v 7 7 v
7 & RRE LT S KRB o ) il 2R
o MEEY v 7 7 v 713 ) #ZF oK
SEJ I & IR 545° JIAICERE S T v
%o FUEBISE TR BB OZITHIS T
SIRIICE DAL E KD 720 FHIEBUSEE
AFI D S DHRPEEIT > T Do HID
WA Y OBBRTIE, AKFIF M & A
247 o TSR & 14 5 7l &
KoL TWA,

23 U7 B A LEEHENFE
FHE MO IEFig2l2 "3 X 91D
5% - EBIC R S 2 A A S W2 RS

Flow direction of
the lubricant

Fig.1 Sliding bearing test machine

Lubricant tank

Accelerometer

Anti-drive side sliding bearing

Fig.2 Sliding bearing mounted on two accelerometers



HBDIRED 4 A4 Vs 7 — L O EUR 69

T %, {—4TczhZh3mF2OMWELT-> TV, R
FEERTIEAE DR ARBOPL L MIPELE T 2 7 ) — MR
WZENZENREHEZ S L CMEEAT 572, SR 7O
RSB IEMME BB R SN h o 720 TELDOK
& RV O FE B EEO A THEL Tw 2,

32 U7 2 A LEBMERFEICEK 5 RERTTE
BB BB B A 1) sz o B & TR A 4T o
2o TTWBEINTFMES VTV R NP SEERY T
TREBEOMA AL D o WA S D fils2 B A%
5N T ERA S MET R EO R Y FIZX ) IE
N5 BT R C X ) SPGB S e,
HERMZZEDH TR VI E N B HHATH o
Lo THIZW D W52 % 883 2 B3R S 70l
Thbo WE T, —RfEkHEEEAREE) LT O
BRI 5 201500 rpm ] THREE S, BEFRER R T EAMK <
EHIRER 572D ERMERL THOREAZ MG L7z, WET
1 A #E%21500[rpm]7A* 55000(rpm]| F TINS5, 44V
A7 — VA R EL O 5000[rpm i 3T I E L 72 R IEF D &
F5000[rpm]THEFF L5t 805 B BE DM 2 4T ) o [IIRFIS
1500[rpm]#* 55000[rpm] F T_LH L T % B KEF M
R LY Yy 727 v Th LA LN LRSS D&
i,

4. {RE) - BRREROBR

4.1 FRENETDOFER
Fig 33 @Ik A M JLTE L R i U 7 BB o [ i i o
e 3101 43 & IR A W D 3101 75 0 i I BUR B il % 7R 3o
W B &, 1500[rpmlfS 3 CIBE AL, <
D%, WAL, #2200[rpm]f L S FERNL, 2750[rpm]
TY—ZIZ# L, 4000[rpm]ff i TH A VR 7 — V354
LTw5, MEEZHAE T, 5000[rpm] 2 54500[rpm]
35 CIREMAWA Lz, WML, 3650[rpmlf)
PEIZTIBEDOE — 7 13E L2 BRICAMISED LA A Lk
T = AT LTV 5o [EREIINRE & AT A VR
T = VIR MEEHIEAE L TB Y e AT Y AHPEL T
Wb EEZLND, WEDERWIEBEOFAIRB ) R %
5.2 Twh,o FigdiZMVE2sm v IEEIC 3 E L 22k o
0l i 5 R o> 31 43 & BT FI A o 31l 53 % 58 L 72
BHICEMTH 5o BRI TIE, fERREE O
2543[rpm]| T H WAL L, FoKk, WAL, Wi

3700[rpm i3 TH A NV FT =V HBFE L 720 MlEmERA
R Cld, 3450[rpm]F TH A VAT =23k L Tw 5,
CHLFABICE AT Y ATH D,

UKAZ, Fighid Bk 2 vk o m v L8 3 il U KSE )T
M) & 45° HINCHE L2MEEY Yy 77 v Th bbbz
mlzsl O ) OB OWERI R TD 50 BillIACTI7
], M EE S M OBEMTH S0 FETT ] OMEIZRF
Jim e 45 FIZEEE LZNEREY v 77 v 7hbfbh
T lA SEH AT > T D,

B A LT o 1l i $01498[rpm] F Tl 7 72 HR 1 0 1Y
MU HERRTE T, faludE 02568[rpm]fit 3t THLEF O I=
MBI AKEL o TWBIEDNGh b HREEMA -
3788[rpm| CHLEF D IRILIAI Y 2/NE L 2 ), fERREE %
WL7Z2ZENGh b FAINVKT = IVHREET L REEE
4182[rpm] T8O F & 3 < & HIZIEHITR & RN D 1A
%, 4899[rpm]THIZHRALI] Y WEAEM L 720 AF IO
LI, SR OMAVN S WEIHE T )12 X b i) &

756 y : : - ¢ Hysteresis
= T =
\E 6.5} —— First increase of rpm i
£ 6F —— Second increase of rpm ]
=t «we| Third increase of rpm
=55 S ]
= irst decrease of rpm
31 5 Second decrease of rpm "l
E 45F "7 Third decrease of rpm -
g 4 1
=] L A
&3'5 . Convergence
g 3 of Oil Whirl ]
S251- K
B Resonance of shaft
s 2F
S 1.5l Resonance of base Generation
g If of Oil Whirl
o5k

(\ 1 1 1 1 1 1 1 1
1000 1500 2000 2500 3000 3500 4000 4500 5000

Rotation speed [rpm]

Fig.3 Frequency response function in the case of low rigidity
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Fig.4 Frequency response function in the case of high rigidity
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Fig.5 Shaft trajectory of rotating shaft

42U7w94Aﬂ%Mﬁm®ﬁ%

AN DR 3 BRI & Wk o e AR AR LS
T — % TH 5 Figbllh TR & i3 b L UNASHEH D3
T H T OB RN R R 2 7R B A I L2
AIEOG G BE NASSEM 2 o TV B0 NASSEM & 13, KRR

ELESR 10

NAS Class

HPA TR EN2100[ml P o FHTEH Y JToHh-%

TR ELE &5 e

TLTWwB L 2RKTRETDH

bo MO ERISHIEY 2 AR O MM Z LA L TV b

1500[rpm]7%* 5 5000[rpm] T [mlfiz ¥ & EiF Tl L 72w, 0 _

F A W& T — VIEED5000[rpm] THERE L 7z 43K, 5000[rpm)]

6 FHRE % T 72 SIS
WRISE DM E % 47 - 721
W5, 5000[rpm]iZiE L7214,
145 25000[rpm] % MEFE L T B IS EHE R E D ¥ — 2
fiE10,000[fE /100m1] A3 3 4L 72 74,
M OFE, FHEIGREA LA U RTRS R & g &
ANTTBHBENFANVET —
4000[rpm|Z B2 72H 720 20 5
TWBZEWGNDb, LT, FANVEFT—VOFEIZK
DD 28 E AR OEBMABELZDbOEEZS
N5, —J, LkfakHE

EEHEGG S O BN BN C©

T HENT WS, KO TEIZHE
N EDETIBEMZ R L T
RHEAGRE AR 2 LB L,

WAL, HiEEHE T

VHSFER S B Il s L
RHBOG R AR 4 (H L

Frequency response function [mmy/s]

JE (1 3R B %509 2500[r pm] i) 2 0.
TELhollzd, BAIRE
Wl & AR OB EEMIE o2 E XN

FAf wW, (I R

] 1500 [rpm] ;500"5000[rpm,] 5000[rpm] "5000"‘1500[rpm]
1', .

1] Nas grade j A, \ AL \

7 —— NAS grade Bubble

numbers

Particle numbers
~— Bubble numbers

Particle
numbers

———— e - o

TT1:41:4G96 11:4G96:496 11:51:496 115646 122010 496
Time [Hours, minutes and seconds]

“I9QU3NGY 135PONSE 1NGIION (WM IS,

>socoo
=>F7ooo
2socoo
>socoo
s ooo
>=ooco
22000
= 1o00
Zoooo
1socoo
1=ocoo
1 Fooo
1socoo
1socoo
Tso0ooC
1=ooo
1zo0o
1 3000
1ocooo
sSocoo
sSocoo
Fooo
socoo
socoo
socoo
=ocoo
Zocoo
1000

Fig.6 Particle numbers of wear debris in the lubricant
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