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Abstract: According to many customers’ requests, optical measurement module (OMM) applications using automatic
measuring devices to measure the machined part rapidly on a machine tool have increased steeply. Touch trigger probes
are being used for job setup and feature inspection as automatic measuring devices, and this makes quality checking
and machining compensation possible. Therefore, in this study, the use of touch trigger probes for accurate
measurement of the machined part has been studied and a macro program for a hole measuring cycle has been
developed. This hole is the most common feature to be measured, but conventional methods are still not free from
measuring error. In addition, the eccentricity change of the least square circle was simulated according to the roundness
error in a hole measurement. To evaluate the reliability of this study, the developed hole-measuring program was
executed to measure the hole plate on the machine and verify the roundness error in the eccentricity simulation result.
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(a) Stylus X/Y offset calibration
Xoff (X offset error)
Yoff (Y offset error)

l

(b) Stylusball radius calibration
Rx (Stylus radius in X)
Ry (Stylus radius in Y)

Fig. 1 Calibrating the stylus ball radius and X/Y offset
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Fig. 2 Calibration plots of pre-travel variation
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Fig. 3 Center finding from 3 points calculation on circle
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Table 1 Measuring G code cycles

No | Measure cycles | G code commands Inputs Outputs
Al Probe length cal. cycle |, N
1 ir??)e']‘{enuh G800 Al. Zz Tt Zz Ref. surface position I();lt offset
alibration Tt Tool offset number update
- A2 Stylus offset cal. cycle -
. Stylus Offset . . . s . #502 X offset
2 Calibration G800 A2. Dd Zz Dd Ring gauge diameter #503 Y offset

Zz Measuring height

A3 Ball radius cal. cycle
Dd Ring gauge diameter
7z Measuring height

#500 X radius
#501 Y radius

, |Ball Radius N . P
3 Calibration G800 A3. Dd Zz

Aa First measure angle
Bb Second measure angle
G801 Aa Bb Cc Dd| - X
Ss Cc Third measure angle
o8 Dd Boss diameter

Ss Work offset no.

Work offset

4 |Bore Measure
update

Dd Bore diameter
7z Boss measure height
Ss Work offset no.

Work offset

G801 Dd Zz Ss
update

5 |Boss Measure

Dd Bore diameter
7z Boss measure height
Ss Work offset no.

Work offset

G802 Dd Zz Ss update

6 [Sphere Measure

G codemods
| Stylus XAV offset ‘ | Stylus Ball radius |
& p

|

CGallmacro inputs. Callmacro inputs Call macro inu uts all macro inpt
7.7 D7/ Dd, 72, S

GO0 A1 G800 47 \ G800 A3 Gam /s [

4points bore/boss | ‘ 4points sphere ‘

Callmacro inputs Callmac:o inputs
A B r ok Pd. 77, S Dd. 72, S5

G801/G802

1 1 T 1

o] - | [eomsaema] [ e |

I I I

Probe length Macro varizble Macro varicble Work offset update
Offsiol npdale #500, 4508 updale: #500, #501 npdale: Varizble updale

Fig. 4 Macro program flowchart for Probe calibration
and 3 points bore/boss measure cycle
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Fig. 5 Simulated hole roundness error and an example of

Fig. 6

the calculated least squares circle
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uniformly spaced measuring points
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Table 2 Specifications of roundness tester(Kosaka, EC-2A)

Specificaions Details
Table turning speed 6 RPM
Probe mahr(Germany) millitron M1240
Resolution 0.1pm
Data acquisition speed 6 Samples/sec
Measurement range 0~ 1800pum

Table 3 Specifications of touch probe

Specifications Renishaw, MP700
Sensor directions +X, Y, +Z
Transmission type 360° infra-red optical
Transmission range OMM: 6 m (19.7 ft)
Uni-directional repeatability 0.35 pm (0.00001 in)
(max 2 sigma at stylus tip) With 100mm stylus

Pre-travel variation in XY plane | #0.25 um(+0.00001 in)
XYZ (variation from sphere) +1.75 um (£0.00004 in)
XY trigger force — constant 0.19 N (0.68 ozf)

+Z direction trigger force 3.25 N (11.69 ozf)

Fig. 8 Hole measurement on machine using Touch probe
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Fig. 11 Eccentricity variation from hole measure points
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