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High Accuracy Contouring Control by Quadrant Glitch Compensation
for a Feed Drive System Using Eight Grooved Linear Ball Bearing System

Tomofumi OHASHI, Hitoshi SHIBATA, Shigeru FUTAMI and Ryuta SATO

This paper describes the results of nano-order accuracy contouring control by quadrant glitch compensation for a feed drive
system with eight grooved linear ball guide. Three kinds of compensation methods are applied and compared in this study.
Those are; 1) repetitive control technique, 2) disturbance observer, and 3) combination of the both. As the results of experiment,
the first method decreases the height of quadrant glitch to 0.5 nm by 5 times repetitive compensations. The second method
also decrease the height of quadrant glitches to 2 nm, and the third method also can decrease the height to 0.5 nm with
repetitive compensation at first time. It is confirmed that the nano-order contouring accuracy can be achieved by combination
of the eight grooved linear ball guide and quadrant glitch compensations.

Key words : feed drive system, linear ball guide, quadrant glitch, circular motion, disturbance observer, repetitive control
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Fig. 2 Block diagram of the control system
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Fig.3 Displacement and deviation during sinusoidal motion
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(a) Occurred positional deviation by micro-sinusoidal motion
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(b) Maximum values of each cycle positional deviations
Fig.4 Repeatability of positional deviation during sinusoidal motion
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Fig.5 Experimental results of the offline compensation
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Fig. 6 Experimental result with 3 times repetitions
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Fig. 7 Periodical deviation due to sine table resolution for vector control

F7 T A AHIEESENE Uiz & & @, WiEREK &R
& OBRIZOWT, BT 1A SRR S A2 3 2 7 i 2 O fi
KA, fernidk v AT CRA T AT E 22O — 5
i, B LUEZEES ORI Fb v, TbbiliEEo
W3 AT A AR A O e Al & BE8Ic R T, HiEEko
M, fEELE2EkT 5. Bick s &, Ml m G5
AT BALFERZE DR KA, #EESORME & HITER L
TWHZ EBHERTE, SEFIEZITS Z & TO5nmfRE & 7
STWA, —F, ik ERHE CRAT A0 WA 5
FEIELERE RS &, 1E B OMIELEE, MERMKEHPTZ
LT, FOMEBRKEL 2o TWD. T, MR oA+
BRI A IR A DS, BREhO PRI SRR
LIEBIEETH LT, 4774 YHIERASIZER Ly
LEZBND. &6, MIEEOEHERZRAT A ERZED
I KAEZ oW CE, fiEEEIC & 52k Ly, 2ok
R OEME Y b Y BHCRAT A RHEICOWT, 1EH
MNHAFMECEAERTEI R LEMEEAEITY. (P ol0
AT, fERPEHFSNLEETHS. MERD &
OB/ b4mBEOREENE LTS, ZZTRELTH
LiRZEE, MERBAT v ZRICET 5 Z &L ITHT il

BEBIHR:t/Journal of the Japan Society for Precision Engineering Vol.84, No.11, 2018 927



8 U Z PV R=ILAA RZEAVIZED BRENRICH(F DRIRIHIE C KD SHEE IR

IWETHDID, A7 T4 VHIEIC L BHERREShin. Z
DOFEEECSERVWE ST HHEE LT, EHEOHIE
WO EMEMIZITI Z R ERELLNS,

UEDZ Ed, SRV =T R—NAHA RV =TE—5D
MAGOEIC L A BELR T, (EFRZEE 7 0O FBE R
W, AZFA HIEICLBF ) A— P F—F TORIPLE
EOWMENRTRETHDEVZSE. £, A7 74 VHIEEEE
TZET, RBPEROWMEET /) A—FVETETCEMTE
HEWVZD.

4. SELA TH—NIZ & BHIE

TEEY I B 12 351 D AMELOHEE J7ikk X Uil ik &
LT, BifEET vERWEARLA 7= B — iz v s
NTEYW, G A T — R EEREET L E AW RIRERED
MHEFESDWTHHESNTWSY, AELA 7T —"ZHi-
SELA R, BIMER TV L RIFICHIERZRD 5, VWb
LF T HIEL DT, LA, T A RIIE & RS
AELA T — NI K BAELNFIEFEO T 1 v 7 8 ZE10
VR BICRT X 90T, (oo sy X 9 g
BRI, HEAORES & EERS L 0 S SR A EA RO
AL —RNART A NFIZTTANEN T LI HEE
NELAHETH. HPL 137 o TERTH S,

Pt RAEDHIERERAZBINIRT. ZokEn—nRAT 4
AR FIENRE L, 200y A TZEERIIAT T4 40
EOBEAELFRUHzE L. Kickd e, 74 UHEI
Lo TARERIT2mmBEEICE TEMTE TS Z Wb
5. HaEEERCA U AMEFEEICOWT, 71 CHiEE
FT7 A4 HIEOREREFRBEL THBH L, 774 UHliEE2
B Lo ds R L R E O IER RN A T4 HiEIz L b
HRENTWAZ Ebind.

5. AUTAWE+A T T4 VHIE

50 HEAKREEBRER
R LRI L 547 54 AAlIEE, 74— F74+0—F
HHoO—fTHD. —F, HELA T — A=A T4
HWIEEZ 4 — Ry ZHlHTHS. 74— K74 U— Kl
IHEROREMICHEE 5 2 i, drF A UHIE L
FT7TFA CHIEEH LT HHEROREMEIC RS RITS
. £ZT, ZOZHOOMIERIEEMABEDEIHELITY,
FOYMBREMR L., AT VIEE AT T4 UIEEM
HEDETHWAEE, LFTOFIETHIERTT > LERHS.
ZOFEEMEIZLIEEEG, PRoTRENHAKT DS
MUETHD.
Step 1l A>T A UHIEE A Ui RIE CIEK A4 ER)
T, ZOEH) b oM REEE TR 5.
Step2 frffR7EZCHE LI E & LR CALERAICHL,
e LI RELAFIERE LT L2 0%
WEHOMFEES LT 5.
FrTA IEEBEH LIZIRETA 7 T4 VHIIEZ T o724
AOEGFEREEFRI2ZTRY. ERIIIAHEIT-TBY, Kho
DA TA P HIEOREZER LizHa, (A4 4
Ex(To 2 RIETH T T4 VHIER 1A LB, Gk
FrTA AAFEEITHRIETA 7 T A iIEZ2E0EH L
EHREOHRTHS.

928 BEIZFR

102 | — - Direction reversal(Maximum value) | -
X | = 96 - Max speed(RMS) :
.‘\ — & - Cycle change(Maximum value)
hY
E 10! ek
2 :
= f"*“tif‘*--*——«
3 \ i
2 10 R s T s
\ e P
x--*—"**"*"7§
107! '

Repetitive number

Fig.8 Relationships between the repetition number of the offline
compensation and deviations

6 -
|
4 Ist to 2nd
= 2nd to 3rd
- 2f 3rd to 4th
o
g0
3
o-2f
-4 F
_6 I 1 'l i '}
9.98 10 10.02 10.04 10.06 10.08

Time s
Fig. 9 Positional deviations around the offline compensation signal

changing point

- 2

Sl
+ Ts
A r Y
fref fd + | | o1 x
+ Ms2

Fig.10 Block diagram of control system with disturbance observer

125 ¢ Displacement |-
100 F Deviation
5t
50 F
25
0
25 1
-50 F
A5 F
-100 |
-125

Displacement pgm
Deviation nm

0 2 4 6 8 10
Time s
Fig.11 Experimental result of the online compensation

FrFGAHEE AT T4 CHIERHASDEIZFIEICE
35, A7 F A CHIEOBR LA &, 4 LifiimE s o
BRI DWW TRNSIZRT. AL, 47 T4 HIE & SR
L 7B, TEH) 7 A BEHE o 564 B AR 2 O de KAl, e
%D HERETRAT AR FEED T REHELR, BLO
ESLHEFR S O AIE) 0 B B, 57 B a0 BRI
AT DR AED R KO R EZR L TN 5.

Kz k5 &, fRlh T AR O FH RS, 37t b RRgEE
et AHIESSRIE, 47 T4 VMIERIEETER L84

s%/Journal of the Japan Society for Precision Engineering Vol.84, No.11, 2018



8 U Z P R=ILAA RZEAVIZEDBRERICHF DRIRFICHIE C KD SHEEIRLHH

BEbEWNIENbME. Z0L X O REOR IR
0.6nmfRETH Y, 475 A HIEDIRZS5EER LI-85a &
RSO EPE LN TS, LL, 751 CEZEL
WHT S &, M RAEREMLTLE-STWD, Ei, ik
YRR TRAET DA RAED R FHEHFREAD &,
FT7 A AHIEOREBEA LI256 & RERER TR &
Nbohd,

THEH J5 [0 A% B iE B SEIR C oM R ZE O IR K 2 RN 4I2 R

B eh DR TR 758 TS O T I S RliE T 5. T,
1AM LAy EERTIRRELTNS. [icks L,
VA B o J I CIE s J7 1) S inth o SR 2SR I S 3 507
EmZENFEAE Uiz th, IREVOREESAE L TWD, 2T
FFF—_EAVSZLiIck iR ENREBTHDR, =
OIEMATRET S A D =X KON TIHE, BB CIIBI
o TWRW. A7 T A HIEE B M U7of R 4E R R
DOWHERTHD &, WBHMEERICE L H5RRERICH
W AR ERICHE L TWA Z EBHERTE 508,
ZOHOEDHPIHBESATLESTHWAZ ERDbMRS. Z0
ZEW, FArTAHIEEFT T A EIIEERAES DR
EFET, A7 54 HIEOHRE LRIFEZES L L &2, W
FEORKEPREL B-oTLEIFRKETHS. ELEHESO
JAME Y b 0 RHZ AT SAEmECOWT, 1AM 54
JAME CEERTHR LM REEZEISIRT. HMholofiz
R, ERSEH SR THS. T4 VHIE
LdbhEGHEA LA, A7 94 MEQR %A L%
GRALNELIRHERDORT v FROEITELT, *
HIZHES IREI L F 4 Ly, LisL, SMELA T —~oBEHIC
ERT A HHEARED B AL TLE TS,

Loz vk, A4 HIEEAT7 T4 HIIEE 2
BEDELZET, 774 UVHIEEZHE R THRPE
BOMEET ) A—FVUTFIRETERTESEWVWZS. &
%, SELATF— B LI2BE104 C T S IR 2 (K
TENIE, LM ATZ T U RHEERBERAT S Z & BAHE
LAY, X BICEVRTEE T O ETET) HIH 23 FH T & 5 e
5.

6. #%

il

AR TIE, 8FR—NHTA FEHW=—lhoDik v BRI
DOWNWT, TORPEREFET 572012, BIE LHEIIZ L 540
EHRiEE, HELATF—"ERWEHEEATLNIC X BHHTES
BEMEAL, ZOSRERFELE. EBIZEO_>OHIENE
EHAGLEEHEEOMEICONTHIRGE L. TORE, L
TARTZEBHEN LTz,

() 8KV =TAHR—NHA FL)=TE—-FOMABEDEI
£ 520 BEVR T, (LERAREOBRESE <, 47
FAEIL L DT A— A —F TORIRER DK
ERHETHSD.

Q) A7 RHEERETZ LT, RREROWMISET
A—FVETFETCEBTE 5.

3) HEATF—NCLBF TS AAEERERTS &,

1251 - . ~| = Displacement |- ¢
100 - . I Deviation 8
5t 16
E. 50r 14 £
g 2 2 =
;0 ° %
£ 257 H 2 3
E s ! 1 14 8
“I5 T | 1 1-6
-100 f i i 1-8
-125 * ! : -10
0 5 10 15 20 25 30

Time s
Fig.12 Experimental result with combination of both compensations
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Fig.13 Relationships between the repetitive number of the offline compen-
sation and deviations in case of apply both compensations
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changing point in case of apply both compensations

BEBIHR:t/Journal of the Japan Society for Precision Engineering Vol.84, No.11, 2018 929



8 U Z PV R=ILAA RZEAVIZED BRENRICH(F DRIRIHIE C KD SHEE IR

AT T A AHIEE 2B U 7= R & R oS RS
WMESRENGOND. A IFA VFHIEL AT T4 HIE
EEMAGDELIET, 7574 U HEEFBIE S22
Th, HREEOEmEEF ) A— FALTFICE CERT
5.

S, SNELATF—REBEHA LB AICE LTV SIEDD
FREZHEMNT L E E I, FOEMEZEETL-H0F
REMETSHZ LT, L0 R LRI A A L, B
HR73 0 BN E V226 0 BB R IS 31T S SRR B RE D RRA
ICHE L2 EE 2T 5. £, AlEEEe100um, Hikk
0.1Hz®, {Ei# A8 2z FIERh 2 04 & L CIREBTFEOSIR
ZERAHEMERE DT 21T - 7208, 4%, L0 KEAegomd
72 RN BV TAE U A IRERICOWTHHES RiIzon
THEEET ) TETH 5.

2 £ X W

) KEZE, BAREN . EESMERDICBT DT i — PR A
B hu=s X LEERIC T B T v — b, R LRI, 81, 10
(2015) 904.

2) THK: =V 5 —F A0 LM 44 F SPS/SPR 7 # 17 &, 362-4 (2010).

3) e, AR, FEEZE, SUEBHL, RELE o EEEAE Y = —e

FHA RIS 5, BiE T, 76, 6 (2010) 602.

4) FoLdE . TBEEMEARY = — v 2 H 4 FIzBT 581 ickob5
i, KT, 76,6 (2010) 614,

5) Zamberi Jamaludin, Hendrik Van Brussel, and Jan Swevers @ Friction
Compensation of an XY Feed Table Using Friction-Model-Based Feedforward
and an Inverse-Model-Based Disturbance Observer, IEEE Transaction on
Industrial Electronics, 56, 10 (2009) 3848.

6) WidFELRY, WP, RIER « iR TR RS © T O BRI
OB, R T, 66, 11 (2000) 1781.

7y WREPA, ARARECRE, TTHRK, (lERETIT o B & LT PR
TEEH O FEF MR R BRI, R A2, 74, 6 (2008) 616.

8) R. Sato: Generation Mechanism of Quadrant Glitches and Compensation for
itin Feed Drive System of NC Machine Tools. Int. J. of Automation Technology,
62 (2012) 154,

9) Peilkik, SFhagl, BIER - SUNEMETSORERIMHEL B E L 2SR
ZERCHiME, BV TaRE, 74, 6 (2008) 622.

10) BRI - I - 30 Rk H oD ORE LY, FRCHEHS
#F (2008) 185,

11) B OH60E, TORRMER, PellMRK, IRIEED : NC T{Ebbe Bk i L
BT B AF%E- R vy 2Rzt 5 BB S IR AR MR O -, R
TAEREE, 76,5 (2010) 535.

12) RIS, SemEy, ReaksE, TROE, K 8 R ) =7 RN A

K& Fv 7= 26 0 BRI R 350) B o P SIGI Bh g o0 FE SR e & SR s
DR, R T2, 83,8 (2017) 796.

13) A F oo 0 & 1 4 208 960-19 (2016) 37.

14) PEFEAE, R, LA, HURU B LS, ook (1989) 16.

15) KEAE : #ELA T —RickdnsA bE—vararbo—i
AAERy e, 11, 4(1993) 486.

930 HBEHBIZFR5E/Journal of the Japan Society for Precision Engineering Vol.84, No.11, 2018



