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Structure and Tolerance Analyses of a Spindle

for a Double-Column Machine Tool
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Spindle is the most important component of a
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machine tool. Its structure design and tolerance
design are therefore critical. This research is aimed

to analyze the structure characteristics and assembly
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tolerances of a large spindle used in a
double-column vertical machine tool. Structure and
tolerance adjustment based on these analyses is
further conducted to satisfy the required
specifications. Structure analysis, based on finite
element method, is conducted to analyze its resonant
frequency. While the results of original design is not
acceptable, further  modifications, including
lightening overhang, strengthening spindle cross
section, adding extra support to reduce span and
increasing thickness of the structure body, are
investigated to enhance the structure characteristics.
Tolerance analysis, on the other hand, is conducted
with product hierarchy and tolerance network to
analyze the accumulated tolerance after assembly.
As the assembly tolerance of the original design is
over the target specification, tightening component
tolerance with IT6 precision is employed to reduce
the accumulated tolerance. While the result, though
increasing manufacturing cost, is still unable to
reach the target, negative tolerancing is then

imposed to absorb the accumulated tolerance.
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