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Abstract. A Portable Coordinate Measuring Machine used in precision
measurement has complex physical structure built than conventional
coordinate measuring machine. The operating environment in which it is
being used experiences many limitations due to varying operator perception
skills, probing practices, cyclic changes in temperatures and other factors.
The single point articulation test is a quick test used to analyse the articulated
arms performance capability to locate the point precisely. This paper
describes the results of interim check process which is directed by ISO
10360-12 for six kinematic nests with touch probing method of coordinate
metrology.
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1 Introduction

In today’s swift manufacturing process, the Coordinate Measuring Machines (CMMs) have
their significant contribution for three-dimensional metrology in making complex parts
which has tight dimensional or geometric tolerances. CMMs are versatile precision
metrological instruments with accuracy range from micron to nanometers. The interim check
are the intermediate checks for reliability of CMM performance. Period between the two
consecutive calibration run is out most important when there are abrupt handlings,
overloading, operator skill changes and cyclic fluctuations in surroundings demands the need
for interim check methodologies to ensure CMM accuracy and reliability [1].

The traceability certificate mentions due dates for subsequent performance reverification or
calibration for CMMs. Always there needs a meticulous observation for quality of the
measured readings. The time slot near the due date of calibration of CMMs is very crucial as
the confidence level of the metrologist has always weighted doubt for the results [2].

The aim of this work is to study the performance of the Portable CMM also known as an
articulated arm CMM. It is done by conducting single point articulation test (SPAT). This
test evaluates repeatability of the single space point’s three coordinate location measured
with standard plan. This is a particularly tactile measurement process using Portable CMM.
This work has a specific objective of verify the quality of repeatability of measurement
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systems for three Cartesian coordinates axes.The SPAT error in portable CMM has various
contributors [3-9] as shown in figure 1.
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Fig. 1. Cause and Effect diagram for SPAT error.

2 SPAT method for Interim Test

ISO 10360-12, ASME B89.4.22-2004 are two of popular international standard used for
portable CMM performance verification [1,10]. This laid guidelines for an interim check test
process. This test estimates Single Point Articulation Test (SPAT) error value of a portable
CMM. The scope of this paper presents the interim check results and verify the condition of
portable CMM for its use following ISO 10360-12. Simply it is confirming to the specified
benchmark value mentioned in traceability or calibration certificate. It tells about its
condition for use.

SPAT error: This error is the repeatability error which represents the ability of the portable
CMM to measure the same cartesian coordinate point location. In regards to this the ISO
10360-12 has given specific procedure to carry out the interim test for portable CMM in
Annex D.

Specifically, it should be understood that the interim check is not a substitute for calibration.
Technically rather it is a qualitative verification of measurement capability of Portable
CMM[8,11].

2.1 Metrological set up design and procedure

To set a point a physical artifact is comprised of three hard balls of same diameter. This set
up is called as a kinematic nest within which a measuring probe is placed in socket to sense
the center point of measuring sphere (see fig.2).
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Fig. 2. Kinematic Nest

In the Section D.2.3 of the ISO 10360-12 the procedure to carry out to do an interim test is
very well described in detail. There are total five specific elbow positions to record the five
readings in one particular sequence and direction and then five specific reverse elbow
positions reverse to first direction. A set of ten points readings are taken for specified elbow
articulations (see fig. 3).
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Fig. 3. Portable CMM arm positions

In this metrology process it is ensured that the measuring probe sphere makes gentle contact
with kinematic seat formed with trihedral nest (see the fig.4).
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Fig. 4. Probing kinematic nest
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Hardened balls of three diameter sizes 4.74 mm,6.46 mm and 9.48 mm are used in total six
kinematic nest’s construction. For each diameter size there are two kinematic nests are
identical (see table 2). The balls are glued with super glue to make strongest adhesive joint
with plate.

Method of calculation of SPAT error: ISO 10360-12 specified how to derive SPAT error.
In observation readings we take a set of ten readings for a point in kinematic nest . For each
x,y and z axis directions the average coordinate of the ten measurement readings for a point
are calculated. The half range of these three axes are calculated and the maximum value
amongst these three axes are treated as SPAT error. This calculated value should not cross
maximum permissible error (MPE) given in manufacturer’s specified limit or calibration
certificate values. If it crosses the single point articulation error limit then attention to be
made for servicing the portable coordinate machine.

The experimental process uses following specified portable CMM (See table 1).The
temperature inside lab maintained at 20+1°C.

Table 1. Measuring Machine Specification

Portable CMM Specifications
1 Make Hexagon
2 Model 8325-7
3 Measuring Range 2500mm
4 Probe dia. 6 mm
5 Tests Standard ISO 10360-12: 2016
6 Single Point Articulation Error 0.053mm

2.2 Observation readings

Following readings are obtained by the portable CMM in the interim check process.
The corresponding graphical deviation for the x,y and z coordinate directions are graphically
presented below.
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Coordinate Deviations from Average
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Fig. 5. Deviation plot of X,y and z axis for nests

For each of the nest there are ten readings taken in each set of interim test.

3 Results and Discussion

Results for respective nest are given in Table 2 below,

Table 2. Measurement results for six nests

Nest | Hardened ball average Single Point Articulation Attentive axis
No. diameter, mm Error (SPAT), mm identified

1 4.74 0.041 X

2 6.46 0.0415 Y

3 9.48 0.0405 Y

4 4.74 0.093 Y

5 6.46 0.0395 Y

6 9.48 0.042 X

Looking at result of SPAT for nest numbered 4, there may be constraints like abrupt handling,
probe operating Pressure, over friction, fiducial indication limitation, more contact time more
force by operator, material /environmental changes can be challenging points for the interim
test process. This necessitate a fine control of above parameters during metrology. However
there are also type B uncertainties which may have impact on results of interim check
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process[12]. Limitations of interim test conducted is as the ISO 10360-12 recommend any
point the volumetric range of portable CMMs arm it is certain that location choice is very
important. If point of test is closer to the base of machine it will be giving reliable
measurement result. But in extended arms and the region near the boundary of portable CMM
range it may produce more error. This is because in the Portable CMMs physical construction
less prismatic parts are used than that of the popular bridge type CMM [7,13,14].

4 Conclusion

The analysis of the test results for SPAT error values are under control of specified 0.053
mm as per calibration certificate except nest number 4. This is to pay attention and more
work is needed to find out the causes of erratic values. Looking towards these points in
discussion there arises a doubt on the measurement result quality. Though the results are the
output of ethically followed procedure as mentioned in ISO 10360-12 the random selection
of a interim test location may lead doubtful results about condition of a portable CMM. In
future the error and uncertainty investigations can be carried out for better interim test results.
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