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A Study on the Determination of Shaft Size Using the Extreme Vertices Design

Young-Kug Hwang*, Choon-Man Lee"

ji Abstract |

The spindle is the main component in machine tools. The static and dynamic stiffness of the spindle directly affect
the machining productivity and surface integrity of the workpiece. The static and dynamic stiffness of the spindle
depend on the shaft size, bearing arrangement, bearing span length, and so on. Therefore, the selection of shaft size
and bearing span length are important to improve the spindle stiffness. This paper presents the determination of shaft
size and bearing span length in spindle design step. In order to select the optimal bearing and built-in motor locations
with constraint conditions, the extreme vertices design was applied. The results show that extreme vertices design

is usable for spindle design with design constraints.

Key Words : Extreme vertices design(Zr4|% A|&), Spindle design(AHE A7), Contour plot(5-3L4l A=), Bearing span
length(H]o]® 7+2), Natural frequency(1-& 25<R)
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Fig. 2 Rotor shaft-bearing modeling

Table 1 A basic guide for vibration design of rotating machines

Forced vibration

Self-excited vibration

Separate the operating speed with a £30% from the critical
speed

Precise balancing for the residual unbalance

Design except the asynchronous force such as fluid force

High critical speed

Shape design of labyrinth seal, seal and etc. with low
unstability force

Selection of bearing with high damping and low
stiffness
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Fig. 3 Design variables for bearing and motor locations

Table 2 Design variables range and design constant

Design variables | Lower bound Upper bound
X [mm] 30 90
Xz [mm] 16 136

X3 [mm] 85 135
X4 [mm] 80 150
Xs [mm] 15 165
Xs [mm] 20 145

Design constants Initial value
L [mm] 436
L [mm] X, + Xo + 40
L, [mm] X5 + X4 - 50
Ls [mm] 436 - L, - L,
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Table 3 Design variables for verification analysis

Run X Xz X; X4 Xs Xe
order | [mm] | [mm] | [mm] | [mm] | [mm)] | [mm]

1 65 30 120 70 30 121

2 90 50 90 100 40 76

3 55 30 110 120 35 86

Table 4 Comparison results between ARMD and EVD

Run order [ARMD [rpm]| EVD [rpm] | Error [%]
1 52,775 52,678 0.18
2 54,089 53,273 1.53
3 47,311 47,965 1.36
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