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Quadrant Glitch Compensator Based on Friction Characteristics in Microscopic Region

Ryuta SATO, Yoshimichi TERASHIMA and Masaomi TSUTSUMI

This paper proposes a friction compensator based on the friction characteristics in the microscopic displacement region. In order to
evaluate the motion accuracy of feed drive systems for the NC machine tools, circular tests are generally applied. It is known that the
large quadrant glitches are often observed on the circular trajectories, and it is caused by the friction forces of the mechanism. In this
paper, the relationship between table displacement and total friction torque around the motor axis is modeled by a simple fiction
model which can accurately estimate the behavior of the friction torque. The proposed friction model is a function of the table
displacement, not a function of velocity. Based on the friction model, a friction compensator is invented. The proposed friction
compensator consists of a table position estimator, an inverse transfer function of the servo motor, and the friction model. From the
experimental and simulation results, it is clarified that the quadrant glitches can be effectively eliminated by the proposed friction
compensator, even if the radius and feed rate of circular motion change.

Key words: feed drive system, circular motion, quadrant glitch, friction model, friction compensator

1. # =

BlEHI TR T AFAIRAIRRIT R » BEEhRIZ & b XS
EhThY, BVEBROESRELRIETHHEL LTHE
EERBRAH DD, HEBREBREZITO &, FHOEEHFRSKE
THRIREIY BZ RS, BERROBBRAZE, T4bbRR%ER
BELBZ ERELNTWAD, Z OHBEEIE, MIEH
RO L oo THNB D KRERBEL Y, RBEEOH
EIZELTE OMEREMTONTE .

AEHY R Tung HY, BT 5V 130 FEROBERSICTY
4 —F7 U — FRIESEENT 3 2 & CRIRESE 234
BHFERREL, BELI RO Me b I3SMERORE &&F
HFHL TUBESE2BETAHFEERELE. £z, SBE
BRI EEN 181 S RIS B B3 D IR
DIFETHDEDEZY TE 3%, BEAOELEZFHLTH
VTG T £ — N7 4 U — RPN Z 2 FEIZ OV TE B
RENRELTNBIENTD, HEEHEBROBS RO
BEIMZICELWEEZ, ERMRKERICEIBRORN S
RESEBHEY R, ERHAREMOBYBOHANIE T
BB EERSICNET B HE D PRESH TS,

L LIESREDFETIE, RESBERNTA—FZRELZTD
SRR L RBRANE L L, MESOREOHRVHEERL
LIzl T A— 2 OESRENUE L 72 572 EORENER
INTRY, TOL D RMEEBERT LD, NTA—FDH
BEREICRET AT LTI TV AR 9 s g I
L ERENTOND LI THS.

AT, BNEMERICBITAEM EER MY L OB
REMELRHEXTCETNMEL, EOBBET MIE-S< BEEM
ERPER L. ZREVIal—i gk WV EOFELNEE

* ERESAT EELI19E8 A 21 A

T E £ B ERBIRFRER G, ZEEEER) LB

HRETFERT ; SRR TR O AR 8-1-1)

MOERBETRERER TS ATHRE G/ N& P

T 2-24-16)
TE £ B ERBITARBERER GERE/NEFihRT 2-24-16)

622 WBBILPERETE Vol 74, No.6, 2008

FER L&A, HEBDONT A—FIIEERETE, 10
ZhERANC BIRZEH A B IE TEX O THET 5.

2 R B K B

AR CHER L EREESR 1 1I0RT. ZoEBRERD,
TAEMRORE Y BREISR OF& A L7z XY 7—7 /T, DSP AR
— REHBAAIE Y 2 - THIEEE 0.5ms THIEIS R
TWaA. Y# (B PV Rz X (F—70) RO
WZipoTRY, T—7 A0 ZTEER 190kg OEERT —7 v
PEE SN TS, AFETIE, 205 b XEe Y #he E=5RiC
ERT 5. 7 — 7V SToEREE RIS, X 8T 240k, Y
I TIE 520kg TH D, A br—2 I L H 2 400mm TH B

X&he YHEIY, Dy TV T ERALTACYH—FRE—FLE
BENTEAR-LVRCICEVEE S, T—7WE) F—F 0%
DOHEBEEES ) BN TEEINLTWAS.

— %A D BRENR OB Y, BRA—, EEA—T,
FLTHBAL—TD3ECHBEN—TB5H5. B1 ORRESE
T, A AC B—RE PATESE-FCERL, EEL—
FEMBA—-TDEF Y3y TS, Zhicky, HE
M= ENLBN— T ENIHER ORI 2 A RICRETE,
R T 2 EERGEBROAE DL EROIC B RIECE 5.

NEHIERIZOMEE0lum D U =T A7 — I X > THRE S

Rotary table

Fig.1 Experimental set-up

NI | -El ectronic Library Service



The Japan Society for Precision Engineering

NAEBEE TN u—X FA—THETHY, HEHITEH
AT, T—¥Bon—& ) —nra—FicXoTRBEND
-y EERAESRERS LTERTS. B, £—87A
VIETEBEYREL 125 L 5 ICBITHERERICRE LT,
AL TRTRERRE, SOV =7 2 r— MK HHIE
EREAMEE LTLERLZLDTHD. HEBORIEICIX
WER—AA—DMEHENEDR, V=T 24— L BHER
BLR— N AL ARERED—BT AL, FRNCHERE
HThD.

3. BUNERISRIIC BT HEEIRE

AR TR T HEER T, EETT VRSO TTHE
BMIOBEFHL, MIEBSIIT74—R73+U—FH
WZEINI5 2 T, BB RV OB IR B HIEROBRER
NEHETD. 00, BEBEEZET VL TR
ERH B, BIREEEIIEA um A TOEMBRICRT 55K T
HBHDT, TORAEITEE T RERE % O N IERIZR
DB LTV Y,

B 2(a) 2, #EiE Soum, EEL 0.05Hz OIERIEFEES 21T
STBEITBIT D XBIOEMN & T—F PVT OBRETRT. K
TiL, HEHERNOHAISNS MRS EE—F VT L
LTW5. EEOIERL—TOBNEOREIC LY, T—F
FZ B VTR L ITESIT—BR LRV, K2 DX DTk
FIOBOEEITI, ERA— 7 OBNIAERANCERTE B,

F7n, B—F P ITIIBEORIEM T — A > b LR5EEESR
DEENTVAD, X2 OREEESCIIMmEE, EEL b3k
BIRSL, B—F N2 3B — AR OIERER F V7
WELLIRBEBZLND.

2 FORENTE—&F M7 EDOFHER LTS, K 2a)
& B E, -S0um OB GEMPEMT 5 L &ITIE I b
BhrE & HITHML, # 20um BEOEL TR L T—EE L
5. BOBSITHEBEOELERL, XTI VAN—T%
B NTWNB,

Ok 5 I, EHEEES Y BRLR—/LR CICRBWDTE
BEh, SRR E LTabhTns B9, gelsmiin
DT T RIZ DV T B ODOFFEFIN & 525 D), &
WETIITE BIRY HEIC, BAOBEEHE UTXOITRIEX
TEFUL LT

f = f.(2 tanh(ax") ~ Dsgn(%) )

I, A —n RNV [Nm], x WEBRRERAL
BADOENMM]TH Y, o EBFHERR OB b Ly O3
HERY ZRETAELE[I/M]THD. )% x* THHTDL
UTDLoizis.

% = 2af,(1- tanh®(ax")) sgn(%) )
0.6
g 0.4
Z 02 il
% 0
5-02
& .04 </
0.6 -0.
-50 0 50 -50 0 50
Displacement pm Displacement um
(a) Experiment (b) Calculated

Fig.2 Relationship between table displacement and motor torque
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Fig.3 Block diagram of proposed friction compensator
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