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Study on Motion Accuracy Enhancement in NC Machine Tools

- Development of Autonomous Quadrant Glitch Compensator Corresponding to Torque Change -

Takuro HIGUCHI, Yoshiki MANABE, Ryuta SATO and Masaomi TSUTSUMI

In this paper, an autonomous compensator for the quadrant glitch was developed, and its effectiveness is verified through
simulation and experiments. The autonomous compensator composes of the newly developed torque following compensator
and the friction compensator, which was already developed by our group. The principle of the developed torque following
compensator is to correct the difference between an ideal torque and an actual torque with changing of torque due to friction
changes. Only the developed compensator was applied to the controller, and simulation and experiment were conducted. As
the results, it is found that the height of quadrant glitches only decreases up to about 50 %. However, the developed
compensator can effectively correct the fluctuation of the height of quadrant glitches due to friction change and the
difference of the heights by the friction force change has considerably become small. Then, the friction compensator was
used together with the torque following compensator. Thus, it was confirmed that the quadrant glitches effectively

disappeared.

Key words: feed drive system, quadrant glitch, circular motion, torque following compensator, friction compensator
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Fig. 1 Schematic view of setup of XY table with servo control system
and measurement positions of circular motion
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Fig. 2 Reproducibility of experimental results: Relationship between
measurement date and quadrant glitch heights in circular
motion (feed rate: 3 m/min, radius:25 mm)

T BEHOu—F )T a—FRRY T HR TV 2.

HIfHLERE Y, DSP R— REHE# LI/ Y 2 (PC)E Y —RT
V7 & CHERR & 41, DSP R— RN CALE &EE ORI, Y—
RT TR T M7 HIEREREITOR TN 5.

ARFZETIE, SLEHEN BRI, SEEERIEIC A - ol
MERANTEY, ZRENOFIEFRIZZ V7 7 —X F—7
HIEARA LTS, MEAL—TTIINMFEI um DY =7 =
va—FIl L ABRHERE T A — Ry I EFL L, #HEL—
T F IRICE Y T 72 3 fFRE 0.0001 D —F J v —
Ak DR REEZEEMY LTI 4 — RNy 7B L LT
3. I Zo0REN—71Z PC ETETEH, PCHHIT
NIESEENHEIENS. 2O M IRSESE—RT v

FIANTBHZE T AC b—RE—FZEFEHL, T—T NV %E
BEED. TP —RT U TOTFr ST AD i
BT Sh, T—#HI M ORIERTE .

PED XS, 0BT, XEhe Y 8hif 507 —7 VERL
X EEREEE, E— & H Vs ZRIFHCEIE T, HIHER,
WEE, S EALEHICRETHIENTES. RFETIE
TOEBREEBL IOV I 2 L—va YETAERERTS. 2k,
KRR T TR TOERBRIZY =T = a—F T L H8IE
RRETHD.

3. ZBEEESOZEL

BERRBIOREMELZE X THESZHRIELITY, ZIR
BHE SN ED XL VT B0 EFR. HESZIT 5 (L
1, LWRLZZX 91T, MgmoR—vhatics L TeE—2 Ml
ZHIENE LT 5 Position 1, R—/L3 L O ABENE &
% Position 2, R—/via UoE—Z R & ROl 2 JIERLE &
4% Position 3 D 3 T TITH.

FERTIL, ZHH=2>OBIENME T T Y #HEE 3.0 m/min,
A% 25 mm TRV IR LFGEB 21TV, RREEOS S ZRIE L
7o, ZOHRIEEE ST, X 8T 1807, Y #iTIX 90" DALE %
AR KR E LT,

B 2(a)ic X i, [ 2(b)iC Y BRI 2 RIBERLE S ORIE
RERATT. Bickd e, BIERICL > THBEROE S BE
LL, BIEMBICL > THLZEOEmEINELLTND I &3
%, ZORICRIT 2 HRIRERE S O Kl & fIME & & iy
e, XHh YEhe BT 45um OERH D Z LN 5.

IO X IITRBEROR IVENT HREL, EREEE—
PR ZER O ERICERBE L TV D b 00, KBTI DI
REIZ L > THROBEENE(L LIzAEE, EREELIREOR
a2 T, MESIZIT O 72 O BREIEAE O BRI ) -ORE R 72
EORMENEL LI dTh B EEZLND.

536 BEBIZRE V076 No.5 2010

(a) Experimental model

(b) Ideal model
Fig. 3 Feed drive mechanism models for simulation
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Fig. 4 Block diagram of torque following compensator
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Fig. 5 Feed drive system with torque following compensator
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Fig. 7 Simulation results: Circular motion trajectory and its quadrant
glitch heights (feed rate: 3.0 m/min, radius: 25 mm)
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Fig. 8 Effectiveness of torque following compensator in experiments
(feed rate: 3.0 mm/min, radius: 25 mm)
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Fig. 9 Effect of torque following compensator on quadrant glitch heights
in circular motion (feed rate: 3.0 m/min, radius: 25 mm)
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Fig. 10 Compensating effect of friction compensator in experiments
(feed rate: 3.0 m/min, radius: 25 mm)
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Fig. 11 Reproducibility of compensating effects on quadrant glitches with

friction compensator (feed rate: 3.0 m/min, radius: 25 mm)
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Fig. 15 Reproducibility of experimental results of compensating effects on

quadrant projection heights in circular motions with autonomous
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(feed rate: 3.0 m/min, radius: 25 mm)
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P CTE B ENbrolz

TOEIE, TOoOWEREIFATLIILE T, L ERER
SRR OMIENFTRRIC /e o 72 BHIE, BFH L7z b2 BT
EERORMEICHD. Py BEHERL, v Ial—vard
FEBROFERIZH R LIZ K 9 ITHAELER E K50 %A T IR ¢ &
BT Tz, BEEAEID X O 2RSSR ORHEE L L AEL
FERIZLDEBREEDOIE S S EZMHITE 2/ HERHY, T
MR & o CTEREAHERR 2 e b BN R & F4E C & 2 @B AR
DIXLDEDDIRNRIBIZELS Z 2N TE LB LN,
PLEIRA~T= X 912, ERMZRHERS Th 2 EEMERIC by
7 BIEHERE AT 2 LT, SRR A KIEICHE T,
BERO- BT 2 RRERE L DT A — X 2RSS
Z L7 BEMICHIHITE B 2 bo T,

1. ¥

AHFFECIE, FERPEICEEE T VR o2 e SRR
WHEREARR L, TOMBELED DD TIZRS LR
WEBLOAI DL TELIZOPREEDD I LNTED
ZéE, lal—vardEROICEoTHEELE. AR
FZELTHAONEERMREENTIEROLIICRD.

(1) HEBRBLUMONELE X CHIEBEZITH &, RIBERL
DOEEIBET 5.

(2) B U7= b7 BIERIERRT, BIRZEE %K 50 %L, FIZ/K
BT, BEMECHERZEXTHLRUMENESN,
SIRERE S OERILDIEDL DX E/NEL TE 5.

(3) F-IZBA%E L7 bL 2 BRERHERE & T CITBRR L7 R
BREEPATAZ LT Lo T, SRR A NIBICHHITE, A
ENERHERZEZ TS, FICHIRIEREAIIHTX 5.

BA%E U 7= B SRS ERE, WEICEBET L E LD

il
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