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A study on multi degrees of freedom fine motion measurement for milli-structure

Fui Won Bae(Mechanical Eng. KAIST), Jong-Ahn Kim{Mechanical Eng. KAIST), Soo Hyun Kim(Mechanical
Eng. KAIST), and Yoon Keun Kwak(Mechanical Eng. KAIST)

ABSTRACT

Current technological development toward miniaturization requires smaller components. These components usually
generate complex mult-DOF motions other than simple 1-DOF motion. Therefore it is essential {o develop measorement
methodology for 6-DOF motions. In this paper, a new 6-DOF measurement system for milli-structure is presented. This
methodology basically employs the Optical Beam Deflection Method (OBDM) with a diffraction prating. A laser beam is
emitted toward the diffraction grating which could be attached on the surface of a milli-structure and the incident ray is
diffracted in several directions, Among these diffracted beams, 0™ and +1™ order diffracted rays are detected hy 4 Quadrant
Photodiodes. From coordinate valucs from gach detector, we can get information for 6-DOF motions with linearization
method, Required resolutions for milli-structure measurement are sub-micrometer in translation and arcsec in rotation.
Experimental results indicate that proposed system has possibility to satisfy this requirement.
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Fig. 1 3-dimensional diffraction of a monochromatic

incident ray on a grating
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Fig. 2 Structure of the measurement system
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Table I Linearization error

Max, linearizaltion
. Range
Axis error
(tem, arcsec)
(i, arcsec)
X +0.316 + 100
v + 0,227 + 100
Z + (.409 + 100
a + 1.580 + 216
B +(L126 + 216
¥ +0.410 £ 216

Agge] o8 or)pe T4 4A & 5 4
st AEE FATo RN A9y 20 A8
A Ak o3 2As HHAYd) vz 3§
4 e 23E IXe Y99 E delE da
7t 3l o2 siE R AEE PG X
E2ARgdde s HYHH ©F o4 7 o
gHagd disad A9 gt} d¥sle] fgid
F& wsgg vaeEe Aolad M¥E a2
Qe Eelth oF A% 2 s FHo MY o3}
2 F93tn Ax &4 494 dizsldg Ao Ay
SA 19ejdlel =AS AFAAE dd9e FE
gich o] 8 Table | o] YeERHRICE

l__“_?: AQ D

He-NeLawr

Fig. 3 Experimental setup
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Fig. 4 Sensitivity of —1* order detector
(a) Translation  (b) Rotation (cx: yaw J: pitch y: rell)
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Table 2 System performance
Range Resolution
(1m, arcsec) {pm, arcsec)

X + 100 0.083

Y + 100 0.118

Z + 50 0.027

o +144.3 0.262

B +103.1 0.022

¥ +103.1 0.059

5. €E
APz AR AN5HL A P
S A 4 TEEZ F& BuE e 7R

_42_

g 5 slo B 1%L AYAE Boid
FAEE FASI. AVE Fojol AU
nlol2z uleolete $HEE T B + dt
g ne T

rﬁ[ﬁ

i—

i

% 7]

rie

T BK21 AFgelA 4R Xdg Bglsd

HIE#

1. T. Hirano, Long-Sheng Fan, T. Semba, W, Y. Lee, 1.
Hong, S. Pattanaik, P. Webb, WH. Juan, ead S. Chan,
“Micro-Acutuator For Tera-Storage”, MEMS '95, 12®
IEEE International Conference on , pp 441 —446, 1999,

2, WS, Park, H.8, Cho. Y, G. Byun, D.K. Jung, NY.
Park, “Measurement of 3D position and orientation of
rigid bodies using 2 3-facet murror”, SPIE, Intelligent
Systems and Advanced Manufacturing, Vol. 3835, pp.
2-13, 1999, Bostan, USA.

3. 8. Tadokoro, 8. Yamagarmi, M. Ozawa, T, Kimura and

“Multi-DOF  Device Soft
Micromanipulation Consisting of Soft Gel Actuator
Elements”, Proceedings of the IEEE International
Conference on Robotics & Automation, pp 2177 ~
2182, 1999.

4. E. H Bokelberz. HJ. Sommer III, and M.W.
Trethewey, “A six-degree-of-freedom laser vibrometer,
par I: theoretical development”, Journal of Sound and
Vibration, Vol. 178, No. 3, pp. 643-654, 1994,

5. H. Gamer, K. M. Lee, and L. Guo, “Design Analysis
of a Grating Interferometer Sensor for HDD Servo-
Track Writing”, Proceedings of the IEEE/ASME, pp
126 — 131, 1999,

6. D. Post, B. Han, and P. Ifju, “High Sensitivity Moiré™,
Springer-Verlag, 1994

7. LA Kim, K.C. Kim, E. W. Bae, S.H. Xim, and Y. Kn
Kwak, “Six Degree of Freedom Displacement
Measurement System Using a Diffraction Grating”,
RSI, Vol. 71, No, &, pp, 3214.3219, 2000

8. Fiji Higurashi, Renshi Sawada, and Takahiro Ito,
“Monolithically Inteprated Optical
Sensor based on Triangulation and Optical Beam
Deflection”, Applied Optics, Vol.38, No. 9, pp 1746 —
1750, 1999,

9 KBS Lee Y. Cal, and A. Joneja, “High-resolution
multidimensional displacement monitoring system™,
Optical Engineering, Vol, 36, No. 8, pp 2287 — 2293,
1997

T. Takamor, for

Dusplacement



