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Development of Servo-clinometer with Rotary Encoder and Electronic Level

Kazuya TAKAHASHI ,Chengri CUI, Masaomi TSUTSUMI and Ryuta SATO

In this study, a clinometer which automatically measures the angular positioning deviations of a tilting axis is developed.
Multi-axis machine tools consist of translational axes and rotary axes. The positioning accuracy of translational axes is checked by
the laser interferometer. Although, thére is no proper measuring instrument to measure the angular deviations of the tilting axis whose
center line is lower than the top surface of table. Thus, a clinometer consisting of rotary encoder, pendulum with electronic level and
servo motor was developed. The developed servo-clinometer mounted on the tilting rotary table moves around the tilting axis, and the
pendulum moves by the servo motor so that the output of electronic level becomes 0 degrees. Through the experiment, it is confirmed
that the developed method is enough to measure the angular deviations. The developed devise could be applied to the horizontal plane,
however it was not able to measure inclined plane such as multi tasking lathes with a milling spindle.

Key words: multi-axis machine tool, positioning accuracy, tilting axis, clinometer, rotary encoder, ball-bar

1. # &8

W, ERVEATHWS SEf#E~ =72 20T
58 MO A MILIER 2 ¥ 028 TEMEIT, Bt & ik
Ei iR S, TREZTEDICH L TR 2AE» D
HSTFBZENTEZI LD, BMELEREZLSBRD
MIBFETHD. L L, MIEBECLIEMEE, @
PR ENHIELEEIREIC A U A RBRREL CEEEICER Lz
MEMNEDL, MIKBECRTZHL. 20D, TIERE
OBEZTML, HETLZLPEETHD.

ZTORBEFMO—SIMEBERDEEORER H 5. Hx
i, BEEEIZOVWTEHL—FRERZHAVEZLICE-T
BE U2, EEEHZOWTIE, L—YTFEE e EEg
HUBIZ L > CTREYTE 2. LvL, BEic k> TiHEl
L2 EEFOLCERVATONRVEERHD. TOBE
I, ERAEHERAVTHERZITI 2 LeRkd Y Lal,
BlEgElAL, REELERAEEHT, BRL VO XE2R
ETAH, BRIV ZDDLEIR L TAELZSHARD S
ABRFEEIT AP THS. ToOBEHAEHZRIBAL ClE
ZiTo &, MEREEZBESTETTRL, BEb O TIEH#
BMCIEELZITODAER AR RIETHREENRL S =
EnD, BEAERHAIN TR,

FIT, BEOEn—F IV nra—FLkEREHAWE
ERAEHZARL, TOEMAEHEZRAVD L THEM
WOMBRDBELAECEXS Y. Lo, AIEENAER
EFREETCHETILERb LI, MERMZERL
TLESHBEARD -, AR TR, ZoOMESZMH
THEEDICHEMICHESTLO Y —FEAAER 2 H%
L, ¥—7MEEE 5 @ MC ICEH L, FOZYMEE2RE
L. ¥£7, EANMTESEOEMEMO L 5 IKFEREL b IE
W B ~DFERIC OV T HRE L7z,

* JFARSEAT ERL 20 4E 6 A 23 H
s PASE HRBRIIERER (MEHfhEre-24-16)
wor BB TT AR RER
s BB BB TRERREI AR 2RI
wer BEE ZHEEH (B  MBEITRATRN (RERRBET
B OAHET8-1-1)

412 BBIZRE Vol 76, No.3, 2009

2. $—REAAEHORKE L VHERE

CNC A7 —7VICR Y (i) 7= — R EH A EHZE 11T
AT AR LAYV —FEMAEH I —F o a—Ft
BIKEREOMIZF A VI PRI T2 RNEY 417
b EETHS. m—R VT a—FOEERRIZIES Y
ZABEROFITIENTEY, FOVr T heT—FRH
TV L oTERENRTWS., &6, v 7 bo—
WCITEFRERBTMY b Tnad. Zhick-> T,
D—F)Troa—FQELFA VI N T TE—FDE
BAERIUETFKREBOEXAERIRALIZAS.

BT KEBROHAN KRB LIEA LI VT
F—FOEREGRZHMETAIIETCu—F Yz ra—FOHh
CEEBREOERAESRACICRY, AN ER D EE
FRATETRZIENTEAMHMTH S, F—REHIZER
Licn—F ) xzra—F LEBFRKREROMARITIZENL TN
F1LRR2I277.

ZIZT, M1 TF-RNMEMAERHERETWD CNCHT
—TNEAFECRAERZDO—2>THY, HEL74—F
Ry 7Aoe—F2xra—FEHELTRBY, ZOELHE
HBBHZETT—TNOEREOREGAELREL, b—=R

Direct drive motor

Electronic level

§ Coupling
Axis of rotary encoder Shaft

Fig.1 Structure of servo-clinometers

Table 1 Specification of rotary encoder Table 2 Specification of electronic level

Type Incremental ~ Measurement range | %£5.75°
Resolution 036" Resolution 01"
System accuracy 27 Linearity +20.7"
Repeatability +0.18 7 Repeatability +0414 "
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Fig.2 Angular Positioning deviations measured by the
servo clinometers on the CNC rotary table
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Fig.3 Angular Positioning deviations measured by the
rotary encoder for feedback to CNC rotary table
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servo-clinometer and ball-bar
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Fig.12 Positioning accuracy of tilted CNC rotary table
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Fig.18 Measurement result of correcting setting error
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