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Modeling Method for Volumetric Error of
Multi—axis Machine Tool
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1. Introduction

To predict how the performance of a machine tool
will be, an error budgeting method is used to
combines the effects of multiple error sources. Error
budgeting was first applied to the design of an
industrial machine by Donaldson [1], and then it has
been improved and extended by several researcher as
Treib [2], Slocum[3] and Okafor [4]. In these
researches, a series of homogenous transformation
matrices (HTM) were used to combine all types of
error in each machine configuration. This process can
help determine the volumetric errors, which are the
effect of errors on the cutting tool accuracy with
respect to the workpiece. However, the limitation of
these methods is HTM models of each machine
configuration must be defined in detail the spatial
relationship between the axes depending the chosen
configuration. Consequently, it is very inconvenient
and time-consuming if the machine designers want to
change to another machine configuration in the
design process.

Therefore, in this paper, a new HTM model is
introduced to overcome the previous limitations. In
this method, the HTM model is built to predict and
simulate the volumetric error for multi-axis machine
tool in multi-configuration.

2. Build the series HTMs
In a machine configuration, errors in each axis can
have numerous contributing components. Hence, to
make the reconfiguration process easily, all
parameters of each axis (including three translation
axes X, Y, and Z, three rotation axes A, B, and C)
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should be enough for making machine frame. Except
the motion errors each axis itself, the relative
parameters when it is attached with others including
the coordinate offset and perpendicular errors should
be defined in detail.

When axes move, the HTMs will describe the
relative positions of axis coordinates respect to the
reference in Fig.1 and Fig.2. After combination of
these motion errors and nominal moving of axes, a
single HTM for each axis are addressed in Eqg.1 and
Eq.3. In the machine configuration, an axis must be
joined other axes. Hence, beside these motion errors,
which were mentioned above, the HTMs for relative
parameters (offset and perpendicular) should be
identified as Eq.2.

3. Calculate the Volumetric Error

The HTM matrices must be multiplied to obtain the
series of HTMs for tool and workpiece group. To
model errors as the machine moves along a specific
path, the elements of the HTMs can be numerically
assigned values at each point along the machine’s
path. These positions of the machine’s axes can be
generated by the same means that the machine’s
controller will use to determine where the axes
should be relative to each other.

Therefore, the volumetric errors, which represent the
translation of toolpoint’scoordinate with ideal cutting
paths, can be calculated by using below equation.

RT -1 RT -1

EV = Ttool reaITwork—reaI Ttool Twork—
Where: RTyo01, X Twork are series HTMs of cutting tool
and workpiece group, respectively.
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