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Design of High Precison Spindle System for ferrule Grinding
Machine
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Abstract

In order to improve the international competitiveness of ferrule industry, the core technology of the
second stage for ferrule grinding system is under developing. A high speed (10,000RPM) and high
precision spindle system(Radial Runout 0.2 micrometer) bearing more cutting torque and force is
designed considering the limitation of cost and size, the effect of heat, and various work-piece
materials. A CAE software for machine elements and general machine system is used for preliminary
evaluation and selection of design parameters. A dedicated program for the analysis of spindle system
is used for fina evaluation and selection of design parameter. The process how to evaluate and select
using such tools are presented.
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Fig. 1 Drawing of a light ferrule
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Table 1 Specifications of spindle system

3 =%
Radial stiffness (N/m) 100
Radial run-out (tm) 0.2
Rotational speed (rpm) 10,000
Heat generation (C) 5
Vibration amplitude (¢m) 05
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Fig. 2 Displacement diagram of shaft
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Table 2 Main dimension of spindle systems

1 2 3

(A)mm 45 45 45

mm 45 45 45

mm 68 75 75

(B)ymm 49 49 39
N/m 3975 4825 4825

1004



2003

Blie=
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Fig. 4 displacement diagram of shaft

Table 3 Result of calculation for shaft

1 2 3
AR = 0.454m 0.4¢m 0.25/m
2.2
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Table 4 Data on bearings
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Bearings
Parameters 1 5 3
Inner diameter, (mm) 45
Outer diameter, (mm) 63 | 75 | 75
Contact angle, (deg) 15
Ball diameter, (mm) | 7.94 | 830 | 830
Number of balls 16
Material of balls Steel
Bearing preload, (N) 147
Type of preload Fix
Type of lubrication Grease
Oil Viscosi‘ty at 40C 2

(cSt)

Table 5 Results of calculation of spindle system

Characteristics
1 2 3

Radial stiffness, (N/im)| 87.6 96 108
Axial stiffness, (N/gm) 11.7 11.8 11.7

Real bearings” preloads, (N)
1-st bearing 313 278 313
2-nd bearing 313 278 313
3-rd bearing 313 278 313
4-th bearing 313 278 313
natural frequency, (Hz)| 488 510 542
run-out, (zm) 2.54 2.31 2.26

Bearings” temperature, (C)
1-st bearing 49.8 499 49.8
2-nd bearing 49.8 49.9 49.8
3-rd bearing 49.8 499 49.8
4~th bearing 49.8 49.9 49.8

3
45mm, 75mm,
39mm 3
24
CAE
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Fig. 5 Engineering drawing of developed spindle

system
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Fig. Al Elastic deformation model of spindle system
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Fig. A3 Thermal model of spindle system
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Fig. A4 Dynamic model of spindle unit
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