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Design of High Precision Spindle System for Ferrule Grinding Machine
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ABSTRACT

With the rapid development of industrial technologies, the demand for high precision products has been increasing
drastically. For this reason, the need for developing of high performance machine tool, which can ensure high precision, is
desired in the industrial ficlds. Technologies on the spindle system manufacture, guideway manufacture, error compensation,
design of bed structure, protection against vibrations, and system integration are core technology for developing of high
precision machine tools. Especially, among these, design of spindle system, which is leading precision and manufacturing

technique, is one of the most important technologies.

A high speed and high precision spindle system, which will be used for final machining of ferrule, is designed
considering the effect caused by thermal, cutting torque, cutting force, and work-piece materials. The detail process of

analysis is presented.
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Fig. 1 Drawing of a light ferrule
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<Table 1> Specifications of spindle system

Nzwe A 2 BMsHE

= 1AER | HF B8
Radial stiffness [N/um] 70 100
Radial run-out [pm] 0.5 0.2
Rotational speed [rpm] 5,000 10,000
Heat generation [ °C ] 7 5
Vibration amplitude [pum] 0.7 0.5
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Fig.2 Schematic diagram of spindle system

<Table 2> Main dimension of spindle systems

FENLH TE |1 2 3 4

slojd 7vA (A) | 40 40 30 20

wolgl 7+A (B) | 200 180 140 120

oy 27 (©) 95 90 80 68

Wolgl WA )| 60 55 50 40
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<Table 3> Data of bearings

1 2 3 4

Inner bearing [mm] 60 | 55 | 50 | 40

Outer bearing [mm] 95 90 80 68

Contact angle [ ° ] 15

Ball diameter [mm) | 7.14 | 7.14 | 635 | 5.95
Number of ball 26 24 24 22
Material of balls Ceramic

333 | 323 | 274 | 235

Bearing pre-load [N]
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Type of pre-load Fixed
Type of lubrication Grease
0l viscosity at 40°C [cSt] 20
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Fig.3 Elastic deformation model of spindle system
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Fig.5 Thermal model of spindle system
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<Table 4> Spindle low rotation speed = 1,000 rpm

Spindle structure| 1 2 3 4
R-stiff. (N/um) 142 120 106 69.4
A-stiff. (N/um) 34.0 32.1 29.6 26.2

Real bearings’ preloads (N):
Bearing (1) 325 315 268 230
Bearing (2) 327 317 270 231
Bearing (3) 327 317 270 231
Bearing (4) 325 315 268 229
B-freq. (Hz) 598 574 549 481
A-freq. (Hz) 197 209 222 248
run-out (um) 2.07 2.08 2.08 2.09
Bearings’ heat emission (generation) (W):
Bearing (1) 6.89 5.68 4.09 2.39
Bearing (2) 6.89 5.68 4.09 2.39
Bearing (3) 6.89 5.68 4.10 2.39
Bearing (4) 6.89 5.68 4.10 2.39
Bearings’ temperature ( °C):
Bearing (1) 21.2 21.2 21.1 20.8
Bearing (2) 212 21.2 21.1 20.8
Bearing (3) 212 21.1 21.1 20.8
Bearing (4) 212 21.1 21.1 20.8
<Table 5> Spindle high rotation speed = 10,000 rpm

Spindle structure 1 2 3 4
R-stiff. (N/um) 125 109 101 68
A-stiff. (N/um) 29.8 28.8 27.7 25.2

Real bearings’ preloads (N):
Bearing (1) 391 368 298 246
Bearing (2) 393 371 300 247
Bearing (3) 393 370 299 247
Bearing (4) 390 368 297 245
B-freq. (Hz) 571 554 539 476
A-freq. (Hz) 185 198 215 243
Run-out (um) 2.32 2.39 2.41 2.46

Bearings’ heat emission (generation) (W):

Bearing (1) 136 116 85.1 53.7
Bearing (2) 133 113 83.1 52.6
Bearing (3) 134 114 83.6 52.9
Bearing (4) 139 118 86.7 54.4

Bearings’ temperature( °C):
Bearing (1) 43.0 413 40.5 36.8
Bearing (2) 439 | 422 | 415 | 376
Bearing (3) 435 41.9 412 374
Bearing (4) 41.9 40.9 39.7 36.3
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Fig.7 Relationship between bearing distance and radial
stiffness
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Fig.8 Relationship between bearing distance and bearing
temperature
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