— AR EAZEALEHC & D = Roohk ERHANC B3 2 i 5E

RMTR R LA
KEF

— IR - T POREBEMTATICEBWT, IMTOEREEl, SRz ERTLT
Bel UCH EFHII - (EEMTRMONTND DD, ZOMWKT L FHEEN R+ TH
L. F ZCAMETIE, VBT - EEEEZ AT 5 LI AT A 0MEL AN E T 2.
AWFFETIE, T v —T BN AF®  FHEREZ AT 5L, () TIFEEEAR ORE, (b)
TAYEMC R 2 IRE, (AMELIZ K ZMBEAZ IR TE 5 2 & 2 EBNRGET 5 & & B,
7R ERHIAE Ay Re &R L, ZOAIPEIC OV THREEL 72,
ZAREFEA X Y M ORE - BUE

B EFHAI TR 3 A4 B 8T A — 2%, RiEHLE, £E O R0, Rk, @wmE 4t
Bl ICKRAHITED. 209 bRIEM S, TIEEBOMER LD SN THREITKFET 5515
MR, MIEFIC R @REESD 2 ENZ . LT, AFROKLR)N HERINT
5. ZOLaORBEIE, )BIERRELSHEE, QBBEOMEVNEE, GfEEMED 3 STk
MTEDEEZD. AT, O)EWT 72O - mEEREL L, QWAL
il B Ot BN AWV ZARERE T u— T 2 BRA LT, @)OfF#EER EiconT, B
SR zEl s T2 AF y FIEOBANZ L B EIRE Uiz, BUE L2t Y o4
U—HE, WIEmICBWTHMABERE LT, Z0FEEATy R r—T7 Lo TN .
Fo, ZHMBITHE LAY v RTARy NHLESOREZRO L, ZNEAZA T A
ELTWD. ZHEIIFEM L —F OIS, A%y R AX AT ADNFRMN ekl
A TR BRICERE L TS, BYEL =B &2 W TER - RET LSRR, B ofek
ERERIED TR NP EIZ I THEIZOW T T Z ENRA LN T,

HAF Y B OREIREDNR O

B ECHES DA, RERD), oV ERROERREICLY, WEBREREETD.
INLOEBOREZBNE LAYy RV R Lz, ZOEEFREREIZON
T, AHHEBRZITOLLTF O R A2 157,

1) ERFRPERTEAOAE R, IRENVE I X D RER/BR~OEBI NN &

2) BYFFERHMORER, AXA T AL XXy ROZHEDOENILY, 727 OHEREN
RIDID, AZA T AL AFy FORFERNRRY, HAF y FIEIZ K 2 IRBIBRENR
BWINSLS D &




P E JFIR O RRE & fRR 5 ¥

INETEMRERNE T 0 — T EBMEFHOEARF v FIEZEAL, TOAMELHER L T

TWS., LLRens, BN 22AF%y RO e —78 L0, RWEERSZETF

WEWEST %A, AFy RIEOFHAE, WETH LN ROBIEIL, HHEDDE

TROEIEE B> CLEIGENRH DH. T2 TARFFIETIE, HAFy ReEUHIZENT

WHEROFAETEEZRBEL, ERBLOVIalL—varl, UTFTORBREEEL.

3) REFEREZIEZEOEQATEERL, BIROMELZ L & LTA=Asin{2 7 (X-X)/ 1}
EBE, AX Y R R4 A T ADFEEIREZ ARy MERNOBEIEEYE L THERE L
FER, ZOWERS ZMHTIUE, ToOBRSHEETELZ L

R BAEIRDRIE

L— BN A W TIRETIR A RE T 2856, = VIS8V CHIEREN AT 58,

FhEY 7 b7 THORALTOVDLONRBRTH S, LnL, EORPIARNT v U

HIZBWT EDREDREE THRTH 2 M IRV EGE L2617 <, ZORGEDRD &

NTWD., ZZTRIFETIE, BV OEEET Yy PAEORRZ L LLL T O RE2 5

7-.

4) BFETRIE OSE, MR BEIR & AT L<IEE5 EOHMBANIZZR D L)
WZTHMENDDHZ b

5) =AMEXEMNE U FICEY, =y VNEEREET 256, &P HET IR 2
Ry MERDOBENETDHZ &

ih E AR B

UV Oz IR EREROMERNE, BIEE— FEESIEEZ . 22T, WEmER

PRIEREC B 2 2 5B HOW TG L, S ETRIRGHIELZIRE L, ORI

WTLL T ORE R AT,

6) JEE DY T BRI IZ G 2 2B NS00, 60 ICERE T~ O AN I

EET— REIC LV REREELHEZHZ &

7) RS MR EHIGE & LT oY oSl A JE OB R L L — S

EER—BE FIEEZRE L, TOAIEZ ERIICHER L.

U EDOFREREND, ZANERNT 7 —T BAEHE A0 CRBEICIIREHIIT 5121%, Ot
CHD2ODZTNHRDOZTNEE B SEDH L, Qi E: TIEMIER~Y tr e —
BIEH5Z2LQ@Qmy VIR LAR Yy MREZEEICT 5 Z & OWER R ICIRFAETFIE
AT HZ L, BDRBEIIRDLZEEH LN L.




Measuring Three-Dimensional Shape Using a Laser Displacement Meter on
the Machine Tool

Graduate School of Engineering, Nagasaki University
Tatsuki Otsubo

In the field of precision machining, on-machine measurement is necessary to improve the
accuracy and the efficiency of the machining. But it is seldom used in precision machining. When
on-machine measurement is applied to the machining processing, there are necessary conditions
that are measurement time, measurement resolution, ease of use of a system and a reliability of
measurement. The authors proposed the triangulation method sensor with the optical skid to
remove the vibration error and we have showed effectiveness of vibration rejection. In this study,
we have carried out research in order to get the high measurement accuracy when we measure the

three-dimensional shape by using the triangulation method sensor with optical skid.

Optical skid sensor

Measurement objects are surface profile, waviness, and dimension. Surface roughness depends
on the machine conditions than the performance of the machine tool. Surface roughness is not the
measurement object. When on-machine measurement is applied to machining processing,
necessary conditions are the measurement time, measurement resolution, ease of use of the
system, and the reliability of measurements. The on-measurement sensor must be able to perform
high-speed scanning in a non-contact mode. Therefore, we selected a laser displacement meter
using the triangulation method, for which it is necessary to remove the influences of vibrations
between a measurement surface and the displacement meter. The authors proposed a triangulation
sensor method that uses an optical skid to remove the vibration error. A triangulation method
sensor with the optical skid method made using a new design concept is proposed. The developed
sensor comprises the irradiating optical system, and two optical receiving systems. In the
irradiating optical system, the averaging effect of the optical skid depends on the spot size.
Therefore, the ellipse beam laser was used to obtain a smoothing effect and a high horizontal
resolution. Each optical receiving system has an imaging lens and a detector. Instead of two laser
spots of different sizes, two detectors with different sizes of receiving area serve as the optical

skid. We evaluated the characteristics of the developed sensor.




Characteristics of the skid sensor for removing vibration

We evaluated the effectiveness of vibration removal of the sensor, experiments of vibration
removal were carried out by a PZT actuator. We applied the frequency vibration and the transient
vibration to the measurement object by a PZT actuator. The conclusions reached are as shown
(1)-(2) below.

(2) It is possible to remove the applied frequency vibration by the skid sensor.
(2) As the results of evaluating the dynamic characteristics of the sensor, the receiving light
amount is different from St and Sk. So, the time constant is different from St and Sk.

Therefore, the effect of removing the transient vibration decreased.

Problem of optical skid method and reconstructing method

In on-machine measurements, measurement of the surface profile with long wavelength is often
necessary. If the spot diameter of the skid is not much larger than the surface profile wavelength,
then the smoothing effect of the skid is reduced. Therefore, the amplitude of the measured profile
by the skid sensor is smaller than actual amplitude of the workpiece. We proposed a method of
reconstructing the surface profile from the measurement results and the obtained effects of the
reconstruction method from simulations and experiments.

On-machine measurement is used to measure dimensions, shape profiles. When using the
displacement sensor with triangulation method to measure the edges of the shape profile, the edge
affects the measurement. Therefore, detecting the edge position correctly is difficult. However, no
study has clarified the relation between the displacement sensor output and the exact edge position
experimentally. Therefore, this study was conducted to determine the relation between the
displacement sensor output and the exact edge position identified using the anti-pinhole method,
which the authors proposed. The method uses a spatial frequency filter to detect the edge with

greater than sub-micron precision. The following conclusions were obtained from this experiment.

1. The light receiving unit is needed to set with =£=5deg. or parallel to the step-shape. In this case,
the sensor feed direction is not important.
2. For detecting the edge position of the step from the sensor output, the detected edge position has

error in the feed direction of the sensor from an exact edge position.




Influence of inclined surface on measurement sensitivity

We have carried out research in order to get the high measurement accuracy when we measure
the three-dimensional shape by using the triangulation method sensor with optical skid. The
free-form surface has various shapes that are a curved surface. There shapes cause the
measurement errors. The inclined shape of the measurement position changes the measurement
mode. We evaluated the influence of the inclined shape on the measurement sensitivity. The

following conclusions were obtained from this experiment.

(DWhen the measurement surface inclined to the light receiving unit, it affected the measurement
sensitivity. On the other hand, influence of the inclined surface of the vertical direction to the
light receiving is small.

@When measuring the surface profile, it is necessary to match the optical axis of the sensor and

the normal vector of measurement surface.

According to the results of these experiments, measuring the object shape with high accuracy by
a laser displacement meter with optical skid method is needed as follows: | -IV
I.  To match the received light amount of St and Sk
Il. To match the optical axis of the sensor and the normal vector of measurement surface
I1l. To make the long axis of the ellipse spot vertical to the edge of measurement object

IV. To use the reconstructing method
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