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Development of a Static and Dynamic Characteristics Analysis System
for Machine-Tool Spindle Systems with 3 Lobe Sliding Bearings

Jae-Wan Cho*, Seok-II Kim**, Gun-Seok Lee***, Chun-Bae Kim***

L Abstract }

Characteristics(4 2 9 2 54)

In thus study, a static and dynamic characteristics analysis system for machine tool spindle systems with 3 lobe sliding
bearings is developed based on Timoshenko theory, finite element melhod and windows programming techniques. And
the characteristic values of 3 lobe sliding bearings such as eccentricity ratio, attilde angle, friction coefficieni, stiffness
coefficients, damping coefficients and so on, are determined by using the thermal equilibrium condition of spindle sys-
tems. Smee the developed system has various analysis modules related to static deformation analysis, modal analysis, fre-
quency response analysis and so on, it can be utilized to perforn systematically the design and evaluation processes of
spindle systems with 3 lobe sliding bearings under windows GUI environment.
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Fig. 1 Eccentricity ratio and nondimensional oil flows
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Fip. 6 Setup of shaft data

Fig. 7 Setnp of bearing data
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Table 1 Data of spindle-hearing system

Shaft data
Node No Quter Dia Inner Dia, Lenglh Densily I G Pogson fa
{1mmn) (i) (1) {kg/m) (GPa) {GPa) Ratio N}
1 2.6 2200 JR00 783300 206 80 80.00 0.30 000
2 57.6 22,00 2800 7833.00 206.80 B0 00 0,30 0.00
3 a0.0 0.00 16.00 7833.00 206 80 30.00 030 0.00
4 600 0.00 17 00 7333.00 206.80 80.00 030 0.00
5 70.0 04do 23.00 783300 206.8¢ 5000 0.30 (i Oa
6 70.0 0.00 23.00 7833.00 20680 8000 4.30 noo
7 70.0 000 23.00 783300 206.80 5000 030 0.00
& 0.0 000 24.00 7833 00 206.80 80.00 030 0.00
£l 770 0490 20.00 783300 20680 80.00 030 000
10 102.0 000 14.00 783300 206.80 $0 00 030 000
1 71.0 0.00 2500 7833 00 206.80 8000 030 a0a
12 714 000 26.00 783300 206.80 8000 030 | n.oa
13 71.0 0.00 26.00 7833.00 206.80 8000 0.30 ¢ oo
14 710 000 2600 7833.00 206.80 80.00 030 G 00
15 7o 0.00 2500 7833.00 206.80 5000 0.30 0.00
16 70.0 0.00 2300 783300 206.80 80.00 ! (330 0.00
17 70.0 000 23.00 733300 206 80 80.00 030 0.00
18 760 .00 2300 T833.00 206.8¢ 80,060 030 000
10 7040 0.00 24 00 7833.00 206 80 8000 030 000
20 60.0 0.00 3100 7833.400 206 80 2000 030 0.00
2] 30.0 0.00 2100 7833.00 206 80 2000 0o 0.00
22 50.0 000 21.00 783300 206 80 80.00 030 00
23 50.0 i 000 22.00 783300 206 80 80,00 0.30 Q.00
24 43.20 1600 2200 783300 206 80 80.00 030 000
23 39.50 16 00 2300 | 7833.00 206.80 8000 r 030 000
Bearng dala
Node No Shaft Dia | Assv.CL| B1 Lead } Speed | Pin(Qul)| Tenv | Tm(Oil) | Vwind | Spec Head | Oil Deng o)
{mm) (mm) ™) (rpim) (D) (C) ('C) () |/ ke/ Ty | (ke/iy
7 69 963 0,012 400.0 21700 1 1.0 20 25 0.1 1940.081 8050 |IBOVGS
18 69.965 0.012 ‘ 3000 21700 I 10 20 25 ] ot 1940681 | RO5D  1SOVG3
Stalic chaiaclenshics of bearing
Mode Na Tavg, Tout | ToutTm | Viscosity | Somm. | Br.Ece | AL Ang | Hmn Torque | il Flow | Renolds
: () (C) (6] {Pa - s} | Number!| Rateo () (mum) M) {lmm) | Number
7 38542 45313 | 20313 0 a0z 1733 | 0.0a% 41.571 001] 1130 0.176 | 112778
18 38.337 45006 | 20006 0002 2346 ‘ 0048 40,772 | 0012 1.059 BI76 | 112349
Dynamme chaacterisics of beanng
w . Kasx Kxy Kyx Kyy | Cxx Cny Cyn Cyy
Hode Mo Lnection (MMN/m) (MM | (MM {bA™NAM) ‘ (Nms) | (KNAnfs) | (kNAds) {(kMN/m/s)
7 Radal 41262 373 86 33833 467 71 324505 6745 LT 3508 47
Moment 0.0 00 00 00 0.0 0.0 0o 0.0
18 Radial 388.22 343 65 -315.87 428.50 3028.98 45.93 4974 | 3231.08
Moment 0.0 00 0o 00 00 00 00 | 00
2,170rpm)o| o}, iz 2 Table 12 Fig. 659 A& F A& Grkele fﬂ ALgE ol ] =54 RE
A9 AEEE He A2 Al viEhd Ao a4 2= Fig. 124 lef‘l ek 2 A3 e FEAE
Fig. 11 Fig 9 41712 392 v slolgel 47 Aol 2 27 z.u W Bo] AFFES THNLEL o)
Aest AATE EHE 5 gy (Mo @4 s Heg, Alade e ad disdE BT dARsES
Fo] SRk R 8T of A FEoe| FH W Eoafs dotss] FdStn gIvh Fig 120 FAE
YA E e T ok o] gt Alade Ad B4 4y MD(multiple document interface) &2 # & &
e g oing dddge A0 FaAY 38 7 Aned g, L2 AU 0 AEEEe
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Fig. 9 Dynamic characteristics of bearing

Spindle Drawing - HANWHAIS.Inp

Fig. 10 Visualization of spindle system
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Fig. 11 Static deformation of spindle system
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Fig, 12 Modal analysis of spindle system
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