5t

2
=

X Ol
cE

a5k

-
=)

ot

S|X M 29 835 pp. 845-852 August 2012 / 845

—

ournal of the Korean Society for Precision Engineering Vol. 29, No. 8, pp. 845-852 http://dx.doi.org/10.7736/KSPE.2012.29.8.845

23U JIN5BE Cl0|0ITY EfY HEA ZEHo Ay

Development of Diaphragm-type Stylus Probe for Ultra-precision On-machine
Measurement Application
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The diaphragm-type stylus probe was developed for ultra-precision on-machine measurement
(OMM) application. This probe is equipped with two diaphragms which are parallel and one
capacitive sensor is used for detecting the vertical motion of end tip in the stylus when it is
contacted to the optical freeform surface. For better performance of proposed probes, several
design parameters such as axial stiffness and the lateral deformations were investigated with
finite element analysis techniques. To verify the feasibility, the profiles of the master sphere ball
were measured on the ultra-precision milling machine. The measurement results show that the
proposed probe can calculate the radius of the circle within the accuracy of 0.1 um for the ultra-
precision optical surface.

Key Words: On-machine Measurement (7| &4%7%), Diaphragm (CHO|OFZ2) Ruby Tip Stylus (8154 FH|
Capacitive Sensor (3™ & MA), Axial Stiffness (FY4& Z4), Least Square Circle Fitting (£| 2Xts
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K, = Axial stiffness of diaphragm

C,, Cs = Plate constants dependent upon the ratio a/b
L;, Ls = Loading constants dependent upon the ratio a/b
D = Plate constant
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2. 7|45 EXY 24xd

A4 z2n e 7154 EAE Fig 13
o] XLZH ¥l(Probe tip)T} moving part, 78
Al A (Capacitive sensor)® TAET. HEH2] T2H

2 AgsE PN A 53T Aol
A HE 24 A Aol m4uPel WA 5
stk whekA AHI Zzn Aeld] HEEHWS
BRye Axsh AA AR £40FS Be 5
=S AAslof ek £ Fig 19 o422l 7
Sob ol N gHARAY Hugon Fol 2
S AT WA ok, AAl ASsh ol I
Yoz ol Al Hw, WAHE BuEo|
S moving part 7} EEUAL HAFA Hol =

f
o
I e b

C?Jacitive
ensor

OMM
Moving Part

Prove Tip =
A Ideal case Real case
ZalN Error ) N
‘hl

Fig. 1 Influence of the lateral displacement
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(a) Schematic of OMM probe
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1.  Ruby-tip Stylus 4. Cap (Front) 7. Capacitive Sensor
2. Moving Part 5. Body 8  Cap (Back)
3. Diaphragm (Brass. 0.05 mm) 6.  Sensor Holder B Alminum

(b) Photograph of OMM probe

Fig. 2 The diaphragm type OMM device

AREet AHLFE A= 54 Al moving part

o] ~E=Z o] W moving part & FHAE=FY Al
A Afolel Azl WaEE Zqete] AWl FAAR
£ WolEole H9&3 St ADE Technology
it a5 036 nm, £10 pm =HH e A&
ZFy A AFgslTh Al e 42 ADE-8810
el 2812 wan muR F4Ho] glon Ag
o A8 A ] AFSES Table 1 ol A2l aklTh

Table 1 Specifications of capacitive sensor

Unit Value
Resolution nm 0.36
Working range um t10
Output signal \ t10
Bandwidth kHz 1
Accuracy nm 116.70
Linearity nm t12.68
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2
L = iﬂbj —1+21nz:| (6)

Table 2 Parameters of diaphragm and axial stiffness

Diaphragm Material Brass
E (GPa) 103

1% 0.33

t (mm) 0.05
a (mm) 14
b (mm) 3.5

K, (mN/um) 0.726

WS, [fraction = -1.0)

Fig. 4 FE analysis result of the axial stiffness of the
diaphragm type OMM

24

22

2.0

18

16

14

Axial stiffness (mN/pum)

12

1.0

Stroke (pm)

Fig. 5 Axial stiffness of the diaphragm

AE A
(Finite element analysis; FE analysis)= &3l
4L =31 thFig. 4 9k Fig. 5). 71454
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Table 3 Thickness of the diaphragm (unit : pm)
No.1 | No.2 | No.3 | No.4 | No.5 | No. 6
1% | 52.59 | 47.02 | 53.46 | 50.98 | 49.50 | 49.99
2™ | 51.48 | 49.50 | 52.96 | 49.00 | 49.78 | 49.21
Avg 50.48

WD14 .5mm 15.0k¥ x400 100u.m

Fig. 6 The SEM image of the diaphragm
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(a) Deformation shape of two diaphragms and shaft
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(b) The lateral displacement vs. diaphragm distance
Fig. 9 Lateral deformations of two diaphragms
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(a) Experimental setup in the ultra-precision lathe
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(b) Resolution of the displacement sensor
Fig. 10 Resolution test of proposed probe
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Fig. 11 Linearity of OMM probe
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(a) Solid model and photograph of ultra-precision milling
machine and on-machine measurement system

(b) Photograph of OMM probe and master ball
Fig. 12 Measurement of the master-ball using diaphragm
type OMM

Table 4 Measurement data of the master ball (unit: mm)

Constrained Radius Unconstrained Radius
Radius PV-error Radius PV-error
™ 12.7004 | 0.000090 | 12.700428 | 0.000090
2™ | 127004 | 0.000088 | 12.700369 | 0.000088
31 12.7004 | 0.000117 | 12.700340 | 0.000155
3.00E-05
2.00E-05 "
B e e
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£ SRS R "w LRI LA W\m WL L
= evores 1 AR
I T
~6.00E-03 ‘,’
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x-axis Position (mm)

Fig. 13 PV-error of the measurement data (constrained

radius)
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