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Abstract:

The performance of linear axes is often tested
on the basis of one set-up per one or two types
of deviations from a NC path. With the applica-
tion of multi-axes machining the contouring per-
formance in more than two degrees of freedom
is of interest.

The paper describes a measuring instrument to
check the contouring performance of a machine
tool in the six degrees of freedom. The three
translations and the three rotations of the
relative movement between tool side and
workpiece side are measured simultaneously.
Results of first measurements are presented
and discussed.
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1 Introduction

The performance of a linear axis, i.e. positioning
accuracy, straightness, roll, pitch, yaw, is gener-
ally measured on the basis of one set-up per
one or two geometric deviations. For
performance testing of rotary axes (or spindles)
the simultaneous measurement of five degrees
of freedom is common practice and this can be
found already in existing standards [1] [2]. The
simultaneous measurement of the five degrees
of freedom of a spindle is helpful for the
interpretation of the dynamic behaviour of the
spindle.

For the contouring performance of linear axes of
a machine tool the measurement of two transla-
tions in a plane are common, which is already
described and summarised in standards [1] [3].
This is helpful for the interpretation of the devia-
tions from a programmed path.

The simultaneous measurement of five to six
degrees of freedom of a linear axis with a
straightness standard is described in [4], a later
development with laser-interferometers is de-
scribed in [5]. These systems are mainly used
for point-to-point measurements (static mode)
parallel to a linear axis.

2 The system KGM+

The system KGM+ allows the simultaneous
measurement of six degrees of freedom as a
relative movement between the tool side and
the workpiece side of a machine tool. The path
to be checked has to be nominally in a plane.
The plane is preferably situated parallel to a
coordinate plane of the machine tool, i.e. in a
XY-, YZ- or XZ-plane. Within the plane the path
can be freely chosen, it might be linear, circular,
a step, etc.

2.1 System-description

The system KGM+ [6] is based on a Heidenhain
grid encoder [7] which is a two-dimensional
linear scale. With one optical head the two
translations in the plane of the grid plate, e.g. X
and Y, are measured (Figure 1).

The combination with a second optical head
gives the measurement of the rotation in the
plane of the grid plate, e.g. C.

In the version used here, the grid plate itself is
touched with three linear displacement trans-
ducers, i.e. the grid plate is taken as a plane
master. The probes are incremental Heidenhain
probes equipped with linear scales. By this, the
signal processing is identical to the signal pro-
cessing for the grid encoder.

The KGM+ (enhanced cross grid measu-
ring system; Gi..optical head (grid),
Ti...linear displacement transducer, TCP..
Tool Centre Point.
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