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An Experimental Study on the Rotational Performances

of NC Lathe Spindle System

Hyeung Sik Lee, Bong Jin Lee and Ci Moo Song

Abstract

In order to improve the rotational performances of NC lathe spindle system in high speed
range, a new type (Floating-type driven by V-belt) spindle system was optimally designed and
experimented. Through the results of the experiments, the rotational performances of the new
type spindle system was discussed and compared with the three equivalent conventional lathe
spindie systems.

The spindle rotational accuracy (radial error motion of spindie axis), the accelation and the
temperature rise of the front spindle bearings for the non-cutting operation were considered as
the spindle rotational performances. The radial error motion of the spindle axis was measured
by applying the modified L.R.L. method.

Compared with the equivalent conventional spindle systems, the following results were obtained. _
(1) The new type spindle system reduces the radial error motion of the spindle axis in high
speed range (1800rpm-2000rpm). (2) The new type spindle system recuces the acceleration and
the temperature rise of the spindle bearings considerably with increasing the spindle speed.

It is also confirmed that, by this new type spindle system, the max. allowable speed can be
increased with satisfying the spindle rotational performances.
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Table 1 Design conditions for the new-type
spindle system

Details ’ Final results

Diameter of | D max.=250mm
I

workpiese i D min.=25mm

¥V max.=150m/min
V min.=15m/min

Cutting speed

Main force component:
P,=900kgf (8820N)

Feed force component:
=900kgf (8820N)

Transverse force component:
P,=270kgf(2646N)

Cutting force

N max.=2000rpm
N min. =20rpm

Spindle speed

Spindle power } 201p

AE-2 Table 13 7t}
= Fig. 13} o] &3} lolns
A5 Eelshel WA 29gos a2 014}
Wed 93 FEHE FrUwgon By
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@ Spindle-nose (@ Two-row cylindrical roller bearing
(NN 3024, NSK) @ Spindle-box @ Lubrication hole
® Angular contact ball bearing (7024 ADB, NSK)
(® Bearing spacer (@ Lock nut Main spindle ®
Timing belt @ Two-row cylindrical roller bearing
(NN 3020K, NSK) @ Deep groove ball bearing
(6028, NSK) @ D-section pulley @ D-section V-belt
Bearing supporter @ Sunk Key

Fig. 1 Floating-type spindle system driven by
V-belt
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Table 2 Comparison of the special features of four test spindle systems

Type of spindle
systems
Special

B Conventional-type | Conventional-type | Conventional-type
New-type 0 @ @)
features T
1. Maker [ KAIST PMTC W N | D
2. Model No. | WL-435 NSL-400X1250 | SUL-1500
o Gear box is seper- R R R R .
3. Driving 7 Gear box is conta- | Gear box is contai- | Gear box is contai-
mechanism %Eid from spindle ined in spindle box | ned in spindle box | ned in spindle box
4, Bearing

supporting-type

2 point BS-type

3 point BS-type

2 point BS-type

3 point BS-type

Bearing span

Front bearing-rear
bearing; 340mm

Front bearing-center
bearing; 185mm
Center bearing-rear
bearing; 260mm

Front bearing-rear
bearing; 335mm

Front bearing-center
bearing; 290mm
center bearing-rear
bearing; 200mm

Bearing type

Tapered roller

Tapered roller

Tapered roller

Tapered roller

bearing bearing bearing bearing
7. Max. limit of
rotational speed of | 3300 rpm 4500 rpm 4880 rpm 3900 rpm
front bearing*
8. Lubrication Forced oil Forced oil Forced oil Forced oil
method lubrication lubrication lubrication lubrication
9. Lubricating | Shell tellus oil 22, ] Shell tellus oil 22, | Shell tellus oil 22, | Shell tellus oil 22,
10. Spindle bore ’ $72 ’ $52 | 450 ‘ $54
11. Spindle diameter ’ $110 ] $72 ] @75 $92
2. Spindle speed | 90000 rpm | 32—1800tpm | 792000 rpm 25—2000 rpm
13. Spindle power é 20 ’ 5P ‘ 5@ 7.5
14. Swing over bed \ 560 mm l 435 mm I 400 mm 501 mm

*: dxn=>500.000 for forced oil lubrication
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Fig. 2 Polar plotting procedure for radial error motion of spindle axis
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@®~@ Capasitive transducer(Briiel & Kjaer, type
M0004) @ Master ball (KBC, ¢2.54) @ Cylinder
(Eccentricity 0. lmm from spindle axis) & Wobble
plate ® Bolt @ Spindle-nose Head stock @ CT
Fixture Front bearing @ Accelerometer (Briel
& Kjaer, type 4370)

Fig. 3 Experimental devices for measuring spindle

rotational accuracy

@®~@ Measuring amplifier (Briel & Kjaer, type
2607) @ Band-pass filter (Briiel & Kjaer, type
1621) @ 90° phase shifter & Multiplier ® Addi-
tioner (7 Storage type oscilloscope (national, type
5072A) Datacorder (KYOWA, RPT-110A) @
Digital voltmeter (P, type 3435A) Heterodyne
analyzer (Briiel & Kjaer, type 2010) @ Level re-
coder (Bruel & Kjaer, type 2307)

Fig. 4 Instruments for measuring spindle rotational

accuracy
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