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DESIGN OPTIMIZATION OF THE HOUSING OF A HIGH-SPEED SPINDLE WITH
HYBRID DRIVE

Current trends in the development of high-speed spindles operating at rotational speeds of
100,000-120,000 rpm impose complex requirements on the drive system. One promising
configuration is a hybrid drive combining a BLDC electric motor and a pneumatic turbine,
arranged coaxially in series on a single axis of rotation. Among the several advantages of such a
system is the possibility of cooling both the electric motor and the spindle bearings by means of
the air exhausted from the turbine. However, providing effective cooling while minimizing the
overall dimensions of the assembly constitutes a challenging optimization problem.

The present work addresses the development of an external housing component of complex
geometry for such a spindle [1]. The housing has a fundamentally cylindrical shape and
incorporates several groups of functional elements. This arrangement is dictated by the need to
perform, through the housing alone, several distinct functions: high-stiffness fixation of the
internal components, protection, and regulation of the air-cooling process. The air exhausted from
the pneumatic turbine expands and cools, thereby providing thermal stabilization of the electric
motor and the bearings. However, simple openings in the housing may prove insufficient for
extending the operating range of the spindle. In the present project, it is proposed to supplement
the main housing with additional movable rings featuring openings and linear guides that regulate
the airflow upstream and downstream of the electric motor. Owing to the complex geometry of
these housing components and the stringent requirements imposed on mass, overall dimensions,
stiffness, and durability of the movable elements, additive manufacturing is proposed for their
fabrication. This approach will permit the production of thin-walled parts with openings of
complex cross-section, as well as variability in the design solutions for mounting the spindle to
the machine tool. The geometric parameters of the movable rings will be established through CFD
simulation of the airflow, while the load-bearing portion of the housing will be verified by finite
element strength analysis, including determination of the natural vibration frequencies to ensure
adequate dynamic stiffness.

The proposed approach is expected to provide effective thermal stabilization of the electric
motor and bearings, to broaden the range of spindle variants without substantial modifications to
the basic drive configuration, and to ensure flexibility in adapting the spindle to diverse
technological requirements.
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