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Abstract

Liquid dynamic pressure bearings are widely used in the spindle system of machine tools, playing
the role of positioning and support. Compared with rolling bearings, they have remarkable fea-
tures such as large load capacity, small overall size, low frictional power consumption, good im-
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pact resistance, strong resistance to shock vibration, and high rotational accuracy. In the past, the
bearing design only considered the temperature rise caused by the heat of rotating friction, but
the additional temperature rise caused by the dissipation of vibration in the bearing caused the oil
film viscosity to decrease, which affected all the bearing characteristics; therefore, this paper dis-
cusses the bearing design characteristics caused by the shaft vibration on the influence of oil dy-
namic pressure neck bearing. Based on the fact that the bearing temperature rise must consider
the heat rise caused by vibration dissipation in addition to the heat generated by rotational fric-
tion, the effect of vibration heat generation on the characteristic parameters of the dynamic pres-
surized neck bearing is compared and the design of the dynamic pressurized neck bearing consi-
dering the heat rise caused by vibration dissipation is proposed. Therefore, the effects of spindle
vibration on journal bearing performance are discussed based on the numerical simulation re-
sults of five design cases.
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Figure 1. Finite element model
1. BRTTHER
Table 1. Physical parameters of spindle modeling
1 EHERNESH
BB BB B (m) TLEREH ) Hh1% d (m) R A (m?)
1 0.200 200 0.07 3.85x10°°
2 0.050 50 0.07 3.85x%x 107
3 0.050 50 0.07 3.85x10°°
4 0.20 200 0.07 3.85x107
Table 2. Wheel component material properties and physical parameters
2. BEBHMRIMERRES
R i 5 (kg) % i (kg/m®) AR B 1P (kg-m?)
LS 80 7850 1.56
Table 3. 1 case design of vibration displacement calculation results
3. BONGIT 1 RN ITELER
i L2 BE 5.76 1153 28.88 57.57 123.89
RENHIFE X (1072 mm) 42 8.29 020.8 415 89.1
PR Y (1072 mm) 11.0 22.1 54.9 109.7 235.9
Table 4. 2 case design of vibration displacement calculation results
2 4. BHRGI 2 IR T EL
Lo PR 0.57 5.75 17.27 28.81 29.94
PRENHIFE X (1072 mm) 1.4 14.0 422 70.2 73.0
RENHIFE Y (1072 mm) 43 042.4 127.2 212.9 220.5
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REG BAMFE 57, PIASHIRRASZ B FE AR AT w = 460 N, SRBI3LFRBTT[14] [15]
[16], HoAth RAEBe 2 (13T S HOTH A fl& 4% r v 35 mm, 42 A B FR ¢ A 0.125 mm, 8T T8 25°C.
KB ARFEARELR, T BTN [ A Fe 3, SR RORFR, AGHR R 3L, I SAE code LA fli K
B, HApRE%t 2 Rt 3 AR C A, Z R EEBEE & AR REOR R, RO 4
JVEit 5 N O AR, HRIE S8 EARAISRL . T AR R HS R RN . BT R A5
B OEE e, 1 H] ANSYS F 15 151 52 3R i 25 (Harmonic Solver) SR Ao &4 O 125 /U 7 T 36 5 FG) - S5 et 7K
I AEAL B BT S RS AL RS o 35 1 K5 4 Wk R B TE A 2 Axial grooved [B 4T 7 58 B 2K,
VA PO KK B % 35 mm, 5 5 B SR 120884 R GRS K, SR 70 mm. Wit 1 B o
A 500 rpm, AR XA A S 23,090 mm?, B R L he, = 15.3 W/(m*C), JET LR SAE20, HR3)
RERETHRLLE BN 2% 3 Fiom . it 2: #3 o 24 1000 rpm, A 2L AR A A 23,090 mm?, #4528k he, = 15.3
WI(m*C), JE¥EH%ESEE SAE20, HRENAIFSTHE L RINE 4 iR, Wit 3: #3% o v 1000 rpm, 2K
A h 023m?, BT R S hy = 33.5 WI(M?-°C), iM% SAELD, IRBIAIAEIHHELE FRind 5 fion. Bt
4: HE5H o 92000 rpm, A RHEAN A ¥ 0.023 m?,  HOR R EL he = 15.3 W/(m?°C), i ik SAE20,
PRI TS N2 6 Fiom. it 5: #3 Jy 2000 rpm, ARG FL A 24 0.046 m?, i 24k he, = 33.5
W/(m?-C), JETE ks SAEL0, RN L RIE 7 Fin.

Table 5. 3 case design of vibration displacement calculation results
2 5. BHZI 3 RN ITELER

0o R 0.58 5.756 17.269 28.783 29.934
PRENHIF% X (1072 mm) 3.24 16.13 25.81 32.26 58.07
R Y (107 mm) 13.26 66.28 106.05 132.57 238.62

Table 6. 4 case design of vibration displacement calculation results
2 6. BHILIT 4 IR ITESER

{0 B 0.575 2.878 4.605 5.756 10.362
R X (107 mm) 157 3.13 9.40 15.67 40.75
TR Y (10° mm) 11.41 22.82 68.47 114.11 296.69

Table 7. 5 case design of vibration displacement calculation results
2 7. BN 5 RN ITELER

0o FE 0.575 2.878 4.605 5.756 11.513
R X (1072 mm) 1.04 5.21 20.84 52.11 72.95
TR Y (1072 mm) 2.63 13.13 52.50 131.25 183.75
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TFB SRR, BR 75 S e FEERREAE S, 108 T IRSHAERE, [R5 X PR BE I AE, I 4 fi
ARG RE B AR A Z [AE BT, BRI A 22V . ISR A 5 AT DA T A
PRBI AR AR, TS SR e 1R R SR B RERE IS A U T R S BBt 10 3
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