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Investigation of Design Method of Synchronous Motor for Machine Tools

Based on Quality Engineering
Takakazu IKEGAMI*, Toshiki HIROGAKI ** and Eiichi AOYAMA **%*

(Received September 27, 2016)

One requirement has been emerged that a compact synchronous motor with a high speed and a high torque is needed to drive a
rotary axis and a spindle in machine tool manufacturing fields. However, there has been no report dealing with design method of its
synchronous motor for a rotary axis or a spindle in machine tools. In the present report, we propose a novel method to design a
synchronous motor for a rotary axis in machine tools based on quality engineering. The CAE (computer aided engineering) is
combined with quality engineering to develop a direct drive motor for a rotary axis of machine tools. As a result, it is demonstrated
that a proposed method is effective to optimize the design parameters of a compact synchronous motor with a high speed and a high

torque for machine tools.
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Fig. 1. Input, output and error factors.
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Fig. 2. Rotary axis of machine tools.
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M: ——| System |—— y=BM

15t electric current (f:torque constant)

T

Control factors
(a) In the case that output y is torque

Control factors

Input l

Signal factor Output

M- ——| System |——J-

Voltage based on Induced voltage
trigonometric T

function

Control factors
(b) In case that output y is induced voltage
Fig. 3. Model for motor design system.
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Fig. 4. FEM model for analysis.
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Fig. 5. Control factors.
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(b) In the case that output y is induced voltage
Fig. 6. S/N ratio for signal factor.

Table 1. Estimation of gain.
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(b) Sensitivity
Fig. 7. Factor effect chart.
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Fig. 8. Relationship between signal factor and output.
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