A
I

Journal of National Fisheries University 70 (2) 45-54 (2021)

WY sz 3 5 HibigEh 4 £ VR 7 — )V oRERE
JCHT 6T, B RS KRR FLERS AR M L A

Vibration characteristics of oil whirl in kind of self
excited vibration generated in sliding bearing

Hiromitsu Ohta', Tomohiro Takada® Ryousuke Fukui’,
Naoya Nagahashi' and Yuta Yamada®

Abstract : This paper shows the vibration characteristics of a sliding bearings. Especially, the self-excited
vibration to be called as oil whirl generated in sliding bearing is studied in the current paper. Three methods
like trajectory analysis, tracking analysis and frequency analysis of shaft vibration 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 and shaft unbalance are simultaneously generated in a sliding bearing, the frequency response
in all domains of frequency is suddenly become larger compared to that in the case of the only oil whirl. It
seems that simultaneous development of oil whirl and shaft unbalance generate 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.
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Fig.1 Sliding bearing test machine

Table 1 Unbalance amount and mass eccentricity for each balance weight

Balance weight [g] 0.2 0.4 0.6 0.8 1.0
Unbalance amount[g=mm] | 7.69 1538 | 23.07 | 30.76 | 38.45
Mass eccentricity[um] 4.42 8.84 13.26 17.68 | 22.10
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Fig.2 The frequency response of Oil Whirl generated by the sliding bearing test machine

Table 2 Conditions of the frequency response analysis

weight [g] 00 | 02 | 04 | o6 | 08 | 10
Start [rpm] 500
Run-up
End [rpm] 5000
Coast- Start [rpm] 5000
down End [rpm] 500
Nyquist frequency [Hz] 2000
Minimum frequency [Hz] 0.36
Number of lines 1600
Table 3 Conditions of trajectory analysis
Weight [g] 0.0 0.2 0.6 1.0
From 2543[rpm], 3000 [rpm] to 5000 [rpm]
Rotating speed
every 100[rpm]
Sampling frequency [Hz] 25640
Nyquist frequency [Hz] 10000
Minimum Frequency [Hz] 1.0
Number of samples 4096
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Fig.3 Definition of the amount of whirling of the sliding bearing

2 Xp, Yo Zpk T 5. AOEMPIMIZX, Yy Zy&
T2, RFTRZHZERL TV 5, IEOSMFEH
SHEORWTFHME CORBE AR Y BLE $ %, 3l
Jin ORI ) = O2FHT SR E AR EAEDE T %,

XGMowERE Y EL, Ly = Xp - Xy )
YhmoENE Y EL, Ly =Yp- Yy @)
ZHMOENE Y EL, L, =7Zp- Zy ®3)

ARNESE D

D = [LZ+ L3+ L/
(4)

22T, AREEDIEEREOHRN M Y & E KoY Rl

L35,

.

3. IRENEIN DR

Figdid 7 ¥ /8T ¥ ADMETE L % WHE o J3 I HuUs 28
Thbo ZAUIMERHIINEEC 30,35 X Ol s (2
31l DM E ST % 4T - 724G RO FIMHEE R L T %, [z
BB T, L& Bd U #92600[rpm]ic 38 W TR A
FEELTWD, ZO%, IEIEHAS L, iR
3800[rpm]A* &5 F £ VAT — W HFEAEL TV b, F 4Lk
7 — VIR R E O B & IR A S SIS L
TVBHEPGHI 5. MEREGGEIETIE, JHIREE D 28
WA LCTB Y, MEEHR3400rpm]E TH A VAT — )b
A L TV HAG 0% BEEEHINEO A VR T —

VS A IR & BRI L2 A A Vs 7 — VIPCRIRE o o]
RBAZHIA00[rpm] DD Uz Dld e A7) ¥ ZABIG A
HEL7zorEZONS, Fightd 7 ¥ /NT ¥ ARG
2 Hs£5 o [l iz b #IRE(Run-up) O B I BUS A il 2 7R LT v
%o IR BIM NN O 3101 53 D & FEATRE R O F T D 5 o
BRI T Y NT Y ADAE L WA ORFEREIGEETH
Bo FHMERBIZE VO =517 YN ¥ ADGE L2 IRGE
Thbo WINHEEIHIMT % &4 TORWEEA CTIHEMEL
BMLCThbZ NG be FITHANKRT —VASEL
TV 5 MBI BV TOZDOHINAK & WEIG 0
D, HBREE G A VR T — e T VNG v ADRERE
RIS RE BB 522 b0EE2 N5, 727
VNG Y AHPFTE L T WA TIRLKfE RS L O A
EAREIE L LT BN TWe2s, 73T Y A&
ZISEMOBENMNC X0, HHEEAH 2 72720 (B4 HRBY L
231500[rpm]2* & 2200[rpm]fif ¥ 12 b B T v 5 FH 550
bo FIAMIMEREOBME A A VAT —VHFEET D
0] i U A 72 DY SAE PN BE L TV B HD 55 5o
Fig6ld 7 > /35 ¥ A4 W5 ¢ [al iz o # H (Coast-down) D
JERBIEE 2R LT W5, HREEINIG OIS ZE & Rk
fE 2 7R LB Y [l ik & ok cli ki e 27
VY ABEDIEE L TR LD h 5o MR HEE O+
AV AR T — VAR 147 $03400~3800[rpm] 2> S 4 F - T
VB, MR EETIZE 27 Y ADEEIZL )+ A
VAR T — V& iz 453000~ 3100[rpm] F THifE L T2 2



W0 I AT B HIBHREN A A VAT — 49

LD Do 3200[rpm| Tl A A VAT = VIZFEL TR WEATH

Fig.7%* 5 Fig12 % T3 SCEREY I o [l iz D 4R ALIE] ) Dl O mlEE ORI Y ZMANTH B, F UK L CFig8D
PR FEENOR LT Wb RIET Y NT Y ADHEFEL T Al §i5453700[rpm]d> 72 V) 7> & & 4 )V R T — L D ARG IS
W, BRI OIRETH L. T O@DKE A X0 R E ORI Y AHIN L T %o Fig9o [l #5
WofhmzKEEE2RLTW S, Fig7o [ & 4100[rpmid K EH + A VAT = VIREZ R L TB Rl

.
¢ —run-up---coast-down
Ivsteresis /
/
5 >

I'nd ot o1l whirl

4 3400 rpm|

I'st critical speed
Beginning of oil whirl

3800 rpm |

2 P

Frequency response function|mm/s]
w

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Rotating speed [rpm]

Fig.4 Result of frequency responses without unbalance (run-up and coast-down)
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Fig. 5 Result of frequency responses with unbalance (run-up)
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Fig. 6 Result of frequency response with unbalance (coast-down)
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Fig.7 The trajectory of rotating shaft on X-Y plane (Rotating speed:3200 rpm)
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speed:4400 rpm)
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Fig.ll The trajectory of rotating shaft on X-Y plane (Rotating speed:4800 rpm)
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