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Abstract: spherical tip attached to the end. The tip is mednn the
The fiber probe iS_ well known in micro-coordinate focal plane of the imaging system of an optical rdomate
metrology. The 2D version has been used for maaysy®  measuring machine (CMM). It is mirror-coated on kwer
measure injector nozzles, turbine blade coolingicand a hemisphere for reflectivity. The fiber is fixed am optical

variety of other small, tight tolerance features. . . .
deveI())/pment of this probe, t%e 3D fiber probe, basn CMM by a three curved prong leaf spring with lovffeess.

A

commercially available for some time.

This arrangement ensures the flexibility of thelygran all

In a cooperation project, PTB and Werth Messtechnilaxes.

have continued investigations on this microprobéisT
paper reports on the recent achievements. Veryl styélis
tips with diameters down to 25 pm with isotropitfisess
and novel probe designs are now possible. Dualrepdued
L-shaped styli have opened new applications foesialith

The determination of the tip position in the horita
axes to the optics (x- and y-directions) is simtlarthe 2D
probe: The image of the illuminated stylus tipadsdted in
the camera image of the optical CMM by correlation
techniques.

large aspect ratios and recessed features. Scatesisghave
resulted in form deviations below 0.4 pm.

This paper explains the operating principle, repanm
test results and describes some of the applications

The stylus position parallel to the optical axis is
determined by a laser distance sensor which meadhee
height of the upper end of the fiber (see Figuréof). This
sensor is based on the Foucault laser principle [5]

Keywords: Coordinate metrology, microprobe, tactile-

optical probe, WFP 3D, 3D fiber probe CCD Sen;c
lllumination
1. INTRODUCTION LI X Distance
' . : . . Imaging—| (——# | Sensor
The fiber probe combines tactile probing with the Optics T
accurate optical measurement of the probe tip ipos[i].
In comparison to other tactile microprobes [2] the
measurement signal is not transferred mechanitsllyhe Leaf Spring
probe shaft. Therefore, the probing forces can dry low /
(1 uN to 100 uN) and stylus tips are available withch B 0
smaller diameters (down to 25 pm). The 2D versibthis Stylus T'DN/Optical Fiber
probe has been used for many years with Werth Quented q Specimen

Measuring Machines. It has been frequently combinid
other sensors in a multisensor approach for various
applications. Several concepts have been developesh
attempt to accomplish 3D fiber probes. For examipie,tip
deflection in the third dimension was determined &y
second optic, stereo techniques, or the evaluati@peckle
patterns created at different focal lengths byréfeaction of
alaser [3, 4].

For some time a 3D fiber probe has been commeyciall
available which determines the tip deflection meliwith the
optical axis by an optical distance sensor. The nmai
advantages compared to the other 3D-setups aremalini
hardware, robustness and small drift effects du@eédasic
principle.

Fig. 1: 3D fiber probe: Top: Principle of operatjon
Bottom: Probe measuring a ruby sphére (mm)

2. PRINCIPLE OF OPERATION 3 ADVANCED PROBE DESIGNS

Similar to the 2D fiber probe, the 3D fiber prolsed
Figure 1) combines tactile probing with accuratdicah
measurement of the tip position. The microprobesisis of
an optical glass fiber acting as the stylus withsmall

3.1 Improved spring design
Fiber probes are light and very elastic. Even small
probing forces (<< 1 mN) can result in large displaents
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of the stylustip. This is especially the case ftips with
smaller diameters and consequently smaller shafheliers
To create probes with nearly isotromiompliance special
attention has been paid to the springigeby finite element
method (FEM)calculations. The parameter describing
isotropy is the ratio between the compliance inxXy-plane
and the compliance in the z-direction.

Figure 2 shows the standard spring design ant
improved version for probes with smalkylus tip:.

220 45 40 5 0 20 15 -0 5 0 5 10 15 20

mm

5 10 15 20

Fig. 2: Designs of the leaf spring: LeStandard design,

Right: Improved design.

The spring design is depicted in blue. The outdraiecle
symbolizes the edge of tineounting. The inner circle shoy
the boundary of theamera'’s field of viev

The standard design consists of thceeved prong and
allows compliance ratios down to 1.4dr standarcprobes
(tip diameter: approx. 250 umizor smaller tip diamete!
and consequently thinner stylithe compliance ratio
becomes gradually worse and tleempliance become
bigger. This results in small@robing forces If the probing
forces become too small, significant adhesion &
between the tip and workpiece will occur.

The new design is intendéd increase the probing forc
while maintaining a complianceatio of 1:1. Compariscs
between the standard and the improdedign show that tF
probing force has been doubled whiletaining the same
compliance ratio. With additionaminor modifications,
complianceratios of 1:1 can be achieved probes with tip
diameters of less than 100 pum.

3.2 Dual-sphere styli

In addition to the standard desigtyli with two spheres
are also available. With the standadésign, shadowin
effects occur if steep flanks are measuidtese effects will
be eliminated with dual-sphere styli.

Both spheres are arranged on the shaft with orieed!
below the other. During measuremenih a single sphere
probe (section 2), thephere is deflected with the workpie
and its deflected position is monitored by the optiwith
the dualsphere probe, the lower sphere is deflected witl
workpiece while the deflected position of the upgginere i
monitored. Thus, the potentiadrfthe optics to pick up tt
reflection of the spheren shiny surfaces rather than -
actual sphere is eliminatedhd& displacement ratio betwe
both spheres must be calibrated e prior to us.

The most simple design (see Figurec8siss of a stylus
with both spheres arranged verticallith one above the
other. The distance between both spheresbe up to a few
millimeters. This allows measurements of borehelglout

obstructions of the sphere lilye sidewall<of the borehole.
The dameter of the probing tip ¢ also be reduced without
affecting the visibility of theupper sphere and therefore
without reducing the measurement accu by this optical
effect. Larger distances between the two spheres le:
larger measurement deviats due to the smaller
displacement of the upper sphere. Ther¢, the distance
between the spheres should be as smallpossible
depending on the application.

Fig. 3: Dual-sphere stylus.

3.3 L shaped styli

L shaped styli are more advanced design dual-sphere
styli. These styli areonstructe of a single fiber with two
spheres that is bebelow the upper sphere (see Figure
With this design,undercuts can be measured. The k
angle can be constructed totfie measurement ta

Fig. 4: L-shapedstyli: Top: Stylus with a bend angle of
95° probing a ruby spherBptton: Stylus with a bend angle
of 115° probing a broach.
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4. TEST RESULTS The measurement of 25 points was repeated 10 times.
Between the measurements the point grid was rotayed
Probing tests according to 1ISO 10360-5 were cawiggd 36 °.

with a Werth VideoCheck UA CMM equipped with a

. . . o
standard 3D fiber probe (tip diameter: 250 um). | 0% 072,

Measurements of 25 points on a sphere (diametemm) °o ° 025
lted in probi below 200 Figure 5) 0 L0000, ¢ 02
resulted in probing errors below nRE)((see Figure 5) 06l 0 o o o e
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Fig. 5. Results of two probing tests according 801
10360-5.

Scanning probing errors THN according to 1ISO 10360-

below 400 nm were achieved scanning a sphere @igur
For this test, a probe with a tip diameter of 247 was used
to scan a ruby sphere (diameter: 2.0004 mm).
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Fig. 6: Results of a scanning test according to 15360-
5: Deviation of the scanned points from the fitspthere.

Figure 7 depicts the results of an extended proteagof

a dual-sphere probe according to ISO 10360-5 onbg r with a scanning speed of approximately 20 um/s. The

sphere (diameter: 2.0003 mm). Radial deviationsnfthe
sphere with the x- and y-position are shown aditheenter
position for each point. The diameter of the tipsv@®4 pm
and the upper sphere was 1.53 mm above the tipesphiee
ratio between the displacements of the upper spstehe
lower tip sphere was approximately 1:1.15.

The probing errors determined from the 10 data aets
Ps=0.230 um + 0.022 um ariRk = 0.289 um £ 0.076 um.
Scanning tests with the same dual-sphere stylugteésin
deviations similar to Figure 6.

5. APPLICATION EXAMPLES

5.1 Silicon standard

A standard made of silicon (see Figure 8) was nredsu
with a standard 3D probe. The dimensions of thadsted
were 3 mm x 3 mm x 1 mm. The standard [6] was
manufactured by anisotropic etching.

Fig. 8: Measured silicon standard
(dimensions: 3 mm x 3 mm x 1 mm).

With the 3D fiber probe (tip diameter: 249 um) the
inverted pyramid shown below left in Figure 8 waarmed

measured point cloud was fitted to the four planEshe
pyramid. The deviations are shown in Figure 9.

Most of the deviations are smaller than 1 um. Thkeeca
few larger deviations caused by particles. Adddibn there
are larger deviations on the left surface wheretithavas
pushed in contrast to the right surface where i yalled
across the surface during the scan.
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Deviationinum
||

Fig. 9: Measurement results on a silicon standard.

As a result of the orientation of the crystal pkiaad the

fitted lines on the respective flanks are displayéd
deviations were smaller than 0.5 pm.

6. CONCLUSIONS AND OUTLOOK

The 3D fiber probe was successfully tested to pilowe
measuring uncertainty. Probing tests according $® |
10360 resulted in probing errorB:(and Ps) of less than
200 nm and scanning errors (THN) of less than 400 n

Unique advanced styli designs such as the dualrsphe
and the L-shaped styli to broaden the applicatjpecsum
of the probe were presented and also successtksigd.
Probing errors below 300 nm were achieved.

Two applications examples demonstrated the veitgatil
of the probe.

Additional investigations will be focused on verpall
styli with tip diameters down to 10 um, on increhse
stiffness and on more complicated styli designshsas T

etching process, the nominal angle between opposifghg star configurations. Another emphasis will e t

surfaces of the inverted pyramid was 70.52 °. Teasured
angles between the respective fitted planes werés70and
70.83 °.

5.2 Thread gauge

An M2.6 thread gauge (Figure 10) was measured &vith
3D fiber probe with an L-shaped stylus. The tipnaiger
was 120 um. The results are shown in Figure 11.

Fig. 10: Measured M2.6 thread gauge.
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Fig. 11: Measurement results on an M2.6 thread gjaug
Top: Thread pitch, Bottom: Tooth profile deviation.

The nominal value of the thread pitch was 0.45 ms.
shown in Figure 11, top, this value was very clasdhe
measured pitch values.

In the bottom part of Figure 11 the tooth profilevihtion
is depicted. The deviations of the measured pdiota the

additional improvement of the accuracy.
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