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Study on Improvement Methods of CMM (Coordinate Measuring Machine) in Workshop Environment

— Evaluation of Articulating Probing System—

Tohru OHNISHI, Shoichi NAKANISHI and Kiyoshi TAKAMASU

In recent years, the CMM (Coordinate Measuring Machine) quickly has been spreading in the manufacturing industry.

With this phenomenon, the environmental condition and installation site of CMMs has been changed from the

temperature control room to the workshop environment and the production line without air conditioning. However, even

in severe environment the demand to high accuracy measurements by CMM has been enhancing still more. Therefore, the

methods to evaluate and realize the high accuracy measurements by CMM in workshop environment have been

investigated. In this paper, we evaluated the influence of measurement error of indication within form, size and location

errors by articulating probing system. Furthermore, we experimentally tested the influence of measurement error of
indication within form, size and location errors, and proposed the method to evaluate location errors with the value of the
squareness error of the position of the reference sphere and the position of measurement.

Key words: CMM, coordinate measuring machine, workshop environment, articulating probing system
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Fig. 1 Relationship between reference sphere and 5 orthogonal positions on articulating

probing system
Table 1  Specification of articulating probing
system
e 25 poke
S e Type PHI0
- Y N Horizontal +180° in
25T ) Total direction 7.5° steps
angular - S o
movement Yemgal 0" to 105" in
L direction 7.5° steps
{225 O 2'
e Cycle IZ/[,ZXi nsltlil:l 5 seconds
ﬁ time < 3.5 seconds
el 90" move
Repeatability of position 04um Qo)
t Manufacturer Renishaw
Fig.2  Aiming point of probing

W 2
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N »
L,
L :reference sphere

Ly reference sphere

Fig. 3 Positional relationship of reference sphere and test sphere

Table 2  Probing error of positional relationship between reference sphere
and test sphere; unit is pm
Lir: front of the left Lcc: center
AL AF AS AL AF AS
L 3.9 6.2 0.6 2.1 4.1 -0.5
L, 3.6 5.3 0.6 2.4 3.7 -0.4
L 3.5 5.0 0.4 3.2 4.3 -0.5
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(a) AL of XY plane with P2 and P4
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(b) AL of XZ plane with P2 and P4  (c) AL of XY plane with P3 and P5
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(d) AL of YZ plane with P3 and P5
Fig. 4 Location error (AL) of XY, XZ and YZ plane with P2 and P4 or P3 and P4
probe

Table3  Comparison between simulation of location error and result of
location error measurement

Squareness error  sec Difference . . .
L of Simulation | Location error
Position of | .. of of location | measurement
reference h squareness |- or pm pum
sphere testsphere | orror sec
VP24 2.4
tyc | 04 |ty | 38 | tga | 3.4 1.6 Ypas 22
tyc -0.1 tyop -5.1 tyod 5.0 24 Zp3.5 3.0
tec | 27 | ber | 19 [ tea | 08 0.4 Zp2-4 0.3
Cirehe 1 Cirelie 2 Cinlg 3 il 4
: Plave Ieane B
Seal 1ol Ll I
Culioder A Oy laler 13
Clinder Az ——
Fig.5 Measuring clements of cylinder gauge ¥
z Plane A Z
Y Plane B
Plane B
Plane A
X
X
position X position Y

Fig.6 Setting of cylinder gauge on X and Y position ®
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Fig.7 Relationship between cylinder gauge and articulating probing system
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Fig.8 Arrangement of measuring point on plane measurement
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(a) Geometrical deviation of cylinder gauge on position X
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(b) Geometrical deviation of cylinder gauge on position Y

Fig. 10 Geometrical deviation of cylinder gauge on position X and Y
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Fig.11  Arrangement of pillar of MCG

Table4  Result of squareness error on different measuring positions; unit is sec

by bz be
Lair 2.3 0.4 2.3
Left Lmic 2.5 -0.8 25
Lvis 2.1 0.5 2.2
Lvicr 35 3.7 1.6
Center Lavice 1.3 2.8 1.6
Lyvics 30 2.8 20
Lvire 37 -5.6 22
Right Lvre 1.6 4.8 22
Lvire 3.8 -5.1 19
z
vt
P3 AL Yz-c1

Ps

(a) AL of Plane A measurement (b) AL of circle 1 measurement

on position X

P4 ALyzci
P2

(c) AL of circle 1 measurement on position Y
Fig. 12 Location error (AL) of plane and circle measurement on position X and Y
Table 5 Evaluation of location error using squareness error of MCG and

minimum value of geometric deviation measurement
; unit is pm

—
e | Lo | Le | Lec | gpon

Flatness A 021 0.77 0.86 0.29 -

Roundness 2 1.16 0.83 1.75 0.38 -

Position X Roundness 3 1.92 0.07 0.99 0.38 -

X) Cylindricity A | 1.16 | 0.87 | 1.80 | 043 -

Cylindricity B 1.96 0.07 0.99 0.43 -

Cylindricity AB 1.96 0.87 1.80 0.43 -

Flatness A 0.03 0.53 0.62 0.53 3.17

Roundness 2 0.33 0.01 029 0.00 1.67

Position Y Roundness 3 0.26 0.07 0.21 0.08 1.76

(Y) Cylindricity A 0.33 0.01 0.29 0.01 1.96

Cylindricity B 0.26 0.08 0.21 0.09 1.89

Cylindricity AB | 0.33 0.08 0.29 0.09 2.15
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(a) Simulation result of geometrical error of cylinder gauge on position X
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(b) Simulation result of geometrical error of cylinder gauge on position Y
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Simulation result of geometrical error of cylinder gauge on position X and Y
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