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Design of High Precision Spindle System for Grinding Machine

Young-Shik Pyoun*, Keon-Beon Lee™, Jeong-Hyun Park’, Yoshiyki Yokoi™
Jin-wook Yeo™, Gun-Jun Ahn™"", Cheol-Hoon Kwak ™"

r Abstract }

Any one of the high precision spindle systems and guide way systems, the high stiffhess of structure, the error compensation
during assembly, high accuracy control system is inevitable technology for development of high precision machine tools.
Especially, among these, design of spindle system is one of the most important technologies leading high precision of
machine tool and high quality of manufactured products. A high speed and high precision spindle system, which will be
used for final machining of ferrule, is designed considering the effect of heat, cutting torque, cutting force, and work-piece
materials. The detailed design and analysis process are presented.
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Table 1 Specifications of spindle system

FE AAEE
Radial stiffness [N/mm] 70
Radial nm-out [mm] 0.5
Rotational speed [rpm] 5,000
Heat generation [TC] 7
Vibration amplitude [mm)] 0.7
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(a) Layout of transmission system
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(b) Results of shaft analysis

Fig. 1 System design and result of shaft analysis
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Fig. 2 Schematic diagram of spindle system

Table 2 Main dimension of spindle systems
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Table 3 Data of applied bearings

Parameters Bearings

1 2 3 4

Inner diameter, (mm) 40 | 40 | 40 | 40
Outer diameter, (mm) 68 | 68 | 68 | 68
Contact angle, (deg) 1501515 15
Ball diameter, (mm) 476 | 476 | 4.76 | 4.76
Number of balls 26 | 26 | 26 | 26
Material of balls S S S S
Bearing preload, (N) 101 | 101 | 101 | 101
Type of preload Fix | Fix | Fix | Fix
Type of lubrication G G G G
Gil viscosity at 407C, (¢St} { 20 | 20 | 20 | 20
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Fig. 4 Engineering drawing of developed spindle system
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Fig. § Elastic deformation model of spindle system
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Fig. 7 Thermal model of spindle system
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I'ig. 10 Mode shape of shaft vibration by bending moment

Table 4 Results of calculation of spindle system

.. RPM
| Chamcteristics 1,000 | 5000 | 10,000
" Radial stifftess, (Vum) | 806 | 800 | 763
_ Axial stiffness, (Num) 19.0 18.8 17.3
i Real bearings’_preloads, (\)
T-st bearing o1 | 102 11
2-nd bearing 01 | 102 12
3rd bearing o1 | 102 11
 4th bearing 01 | 10 111
" Natwal froquency, (Hz) | 501 | 500 490
Rurrout, (ym) 197 | 203 | 2m
N Bearings’ temperature, ("C)
T-st bearing a1 | 27 | 98
2-nd bearing 01 | 298 | 402
31d bearing a1 | 298 | 400
_ 4th bearing a1 | 96 | 395
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