Initiatives of precision engineering at the beginning of a millennium (edited by Ichiro [
Inasaki), Kluwer Academic Publishers (Netherlands), 2001, 634-638

EVALUATION OF STAGESOF NANO-CMM
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Abgract
The Coordinae Measuring Machines (CMMs) ae widdy used for the
three-dimendona measurements of workpieces For solving the limits and the
drawbacks of the traditiond CMMs, we have darted developing nano-CMM that
meaaures three dimensond parts in nanometer resolution. In this article, we evaluate
the repeetability and the Sraightness of gagesof nano-CMM.
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1. INTRODUCTION

Coordinate Measuring Machine (CMMs) have been devdoped and widdy
used to measure quickly and complex shgpes with high accuracy as improving
precision of indugtrid workpieces. The system and the key technology of traditiond
CMMs come to maurity in this 10 years. However, the limits and the drawbacks of
the traditiond CMMs are dealy such as the limit of accuracy, messuring range,
measuring peed and so on.

Therefore, we have garted deveoping nove systems and key technology as
“nano-CMM project”. in this project, our intention is deveoping the CMM with
nanometer resolution to measure three dimendond posdtion, orientations and
parameters of three-dimensond features.

2. BASC CONCEPT OF NANO-CMM

Figure 1 shows the badc condruction of prototype nano-CMM. Almog dll
gpecifications of nano-CMM are 1/100 of the spedifications of traditiond CMMs. For
developing nano-CMM, we egtablished the spedifications and key points of each
factor, such as scdes, actuators, tables and a probing system. Firdly, we decide that
nano-CMM has smple and the symmetric condructions made of single materid for
the gability of measurements.
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scde : an opticd glass scde for abdtract accuracy, large measuring range and high
Sability.

Actuator : A friction drive sysem for large moving range, high resolution and
feadback control by scale.

Table: Symmetric congruction of diderswith a scde and an actuator, and adouble
Vee groovewith Teflon filmsfor gability.
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Figurel. Badccondruction of nano-CMM

3. EVALUATION USING ELECTROSTATIC CAPACITY
DISPLACEMENT METER

The draightness and the repeatabiility of sages of the prototype are evauated
using the measurements on a surface of agauge block. A opticd glass scae has been
used as the scde to measure a gauge block. However, the graightness of nano-CMM
isso andl thet the glass scde can't evdudeit exactly. Therefore dectrodatic capacity
digolacement meter is used for measuring. Table 1 shows specifications of the optica
glass scde and the dectrodatic capacity displacement meter. Figure 2 (8) illudratesthe
draightness of X-dage measured with the opticd glass scde and Fgure 2 (b)
illudrates the draightness of X-dage measured with the dectrodatic cgpacity
digplacement meter.

From these evdudions, the draightness measured with a optical glass scde
shows gpproximately theactud condition of the Sages.



Table 1. Specifications of the optica glass scale and the dectrodtatic capacity

digplacement meter
opticd glasscde dectrodatic capecity disolacement
meter
acouracy 100nm 4nm~40nm
resolution 10nm 01lnm~1nm
messuring renege 10mm + lym~+ 10pm
in contact without contact
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Figure2. Sraghtnessof X-dage

Table2. Straightnessand repestability measured with the opticd glassscdeand the

eectrodatic capacity digplacement meter

opticd glessscde dectrodatic capedty

digolacement meter
draghtness 30~40nm 30m$m
repestability 20nm 16nm

4. MEASURINGATILT ANGLE OF THE STAGE

We messured draightness in order to evauate precision of stages till now.
However, weredlize only 1 dimension of length by messuring straightness. Therefore
we meeaure atilt angle of the stage in order to redize three-dimensiond behavior of
the dage. Two glass scdes are usad for this measurement. Figure 3 illudrates
conditution of the experiment, and figure 4 illudrates the difference of measurement
vaue of two glass scdes and thetilt angle of X-stage.

From these evadudtions, we recognize, when the sage changes direction, the
tilt angle changes in discontinuity. It is because the contact Sate between the stage and
guide shifts
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Figure3. Conditution of the experiment to meesure atilt angle of X-dage
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Figure4. Reault of theexperiment to measureatilt angle of X-sage

5. DEVELOPMENT OF NEW SITYLE STAGES OF
NANO-CMM
we develop the new prototype to solve the problems of our prototype. The
mainimprovements are liged asfollows
materid : low therma expansion cagtiron.
shape : moresmpleand symmetric shape.
actuator : adapt friction driveto Z-gage.

Figure 5 illudrates the congtruction of X-stage and Y-stage of new prototype. In
this congruction, X-gtage is amplified and downsized and the center of gravity of
X-dage move into the lower pat. Figure 6 illudraes the overview of the new
prototype.
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Figure5. Congruction of X-gage and Y-stage of new prototypeand old prototype

Figure 6.. Overview of new prototy

6. CONCLUSON

In this aticle, we introduced our deveoping projects “nanc-CMM project”

carried out in the University of Tokyo. We reeched the following concluson from the
deve opments and the series of experiments of nano-CMM :

Weintroduce the bas ¢ concept of nano-CMM.

The prototype of nano-CMM are made and tested using a.optica glass scdeand
adectrodatic capacity displacement meter.

Sraightness of the prototype of nano-CMM measured with aopticd glass scde
issmilar to Sraightnesswith adectrogtatic capacity digplacement meter.

We measure atilt angle of the stage, and recognize, when the sage changes direction,
the contact Sate between the sage and guide dhifts

We develop the new prototype with low therma expangion cast iron.
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