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Application of a Flexible Link with Mode Control
by Optimal Regulators to a Hammer Robot

Yoshikazu Hitaka* and Teruyuki Izumi*¥¥

Abstract

A flexible link hammer can not only absorb the reaction force at hitting but
also shorten the impulsive force easily. However a flexible link vibrates with
many modes due to a distributed parameter system. The hammer robot system must
suppress all the modes of the vibration in a swing-up process before hitting and
the second mode or higher modes in hitting.

In this paper optimal regulators with a pre-filter are applied to control the
vibration modes of the flexible link for a effective hitting. As the mode to be
suppressed is different according to the process of hitting, the frequency
characteristic of the pre-filter is changed from low-pass property to band-pass.
Therefore two kinds of feedback gain vector are provided. The regulator with an
observer is implemented by Digital Signal Processor(DSP) which is able to
calculate very fast. Two kinds of the regulator are changed according the process
of hitting so that a multiply-add operator can be used effectively.
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Fig. 1 Hitting by a flexible link hammer

Table Parameters of the lower modes of
the vibration

i1 Q27 .1 ¢ L) | $7(0) by
1.86| 0.1244| 6.22x107° | 4.192x107* | 243.78
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473.141-0.0109 | 1.84x107* | 1215.x107* | 1.09

- O O e W DN

T Y7 env—i, BEBENIS 1RE-FD
¥REEM r/ Q #2ICFig 1 OB E S BHMERD, Mt
BMETS5y MHTRTEBY, CoLi, ITEE
ValRREDE IR LB,
va=(l+¢({)b)wa <))
é.1(L), b, 3TablelcRTLHILEHTH BN,
TORRE wald, WETREE v SERICRDON

B, COITREMLAEMTHIIE, Fig 101 S88

TRT AR _

O, =(m/Q 1+ 0)wa (5)
EFTHhVT—2ED LIP30 ENRES. COExELS
BN, TRV A 7NV EEL TE DI IRE-FEE
LT RTOFHFERBESEBIFRIEE S D0,

ChLII, BEROAFEKE IR EiFohicny<—
OIRBIOEE L 7%, SV ZROBMEENR N TIcE L
S5h, Thick-THELS 20U LEDERE— FE2MFIL,

Res. Rep. of Ube National Coll. of Tech. No. 43 March 1997



Bl X2 —2TE—FHBEENLZ7VXL 70 ) 7DITEo Ry FADIHH 25

B 1 kIEE T — K720 2 ITREEc AT hiE, o
RETHEWME T T v MHTRTE 3. b, hUhik
I TE5LDELTVAS.

3. HIELROHRIL

Fig. 2370 %27« Y v 7 RITREECRIHT 5
OORRERLTWS, Y27 2R#T 54— K€
— ZIITRD F D IHEIERIR, R L odi AR
xhTwa, F/, FhEhTELSRY VI RBOE
—F % d 358V Fa L —7 bEOTFEAICHES
nNTns,

3.1 AFERIE & fREFIg

Y RE—=FDANBEV A(EIHT 5 HEE w0 (L)
DIEEBBUL, Ga(s)=ka/(Tas +1)TH3. Ch
KA ke DFET 4 — F/3y 7EENMEN T
3, EERABEV, EHET7T4— NNy 7 BTk w
(tYDEZ e (tINFA L kDT T TEHYE
Xh, ZOBFEV.(t)BE—FICHMIN B, £—-%
Rk g DEER A LT TEAEE O (t ) THRS)
LTW3, V,icxtd 3 60t )DiEpu

G(s)=(r/g)/ (s p+q) 6
THB. T, r=kmka, q=kmkak:+1, pld
7;uﬂuwm%®@ﬁéﬁkﬁu5.'

MEOEY LIFfaAEBRT 0, AET74—Fy
JEFDOSWHEAL ShirBEHEE—Ficxhd, L
T, AERABEV, Ick->T7VF TN Yo%
B#d 2 7@HOMAE I BGI)RDOMBISHRESNS. O

DEERELBZIVFLT IV Y v DIRENES. 3 (2)T

Fig. 2 Block diagram of a control system
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Fig. 3 Strain signal of the flexible link
without control
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Fig. 4 Strain signal of the flexible link
controlled by optimal regulators

FHTHGSHIVERMERE 5435 FRIFE3IA



28 HiE RA- R

i

KoThHREh, 1KRE—FLIMCEBRE—FE]AT
W3, v, (t)ht =t s TEHEALTVEDT,
N =RHARMEITRLTWB Z EnbME. CDIT
ORI L >TIVFI TN« Y23 E 5104
RS T3S, Fig 3z, BrMi#EZEZ T, 1%
FTORFEERLTWS, t=1,425VWT2, 3%
E—-FEADPE->TVWEDT, N v—HRRNEMmE
77y M TETHIEW,

O, UFal—2AEHIYET, 0<t<t,4T
B74 =Ny 254 UDFS, t>t,aTRF XS
LYV BATRAREERELL. ZTOLEEDV,
(D AEFig Aogd. COROTFTEHD 2 #EHEIR
TA4—FERNy 54 v ORBEELTVS, Q05D
PBEIC0L S, aTIRT 4 =KXy 2 5L VIF
2E BTV, Thick-> THEEE ¢ = 0icRa: X ¢
Shtc2, SRE-FRFIBITRIFD t =t fhETIZ
PEDBEIESATVE b5, DSPITHR
&2 v, (t))DBBUSENERMLT, 74 —F/3y
T4 L EFTH=NEBFICHOBATVAS, HLL
Fyick»>T, 1RE—-FEEGUTRTORBES 2
BIXh TV 3 T EAFig ADISbIE. COKES

BOBETEICE-T, 1 7 NVOETRENEN G BE

253,

5. H&h&

TUFL T e Yy U ERWETRa Ky PEEET

BB Bt b - RELF 2L -5 TY V)
DFRFERELI.. FUFI TN Y v 7IF3RETE
FbEh, 4RUEOERE— FEHT 50127
KEOBRORB 7 4 M7 ERO TTREION V7 —
B0 LFBICiREBOSTHOE— %, TRPI 1KkE
—FERELSERE- FEPHS & 24805 -0 T,
CHITIE U THIE 7 4 V7 O BBEE T b @84
EHRAEE b, Chictb-TRES2

DA 7Y =T EDORBLUF 2 V-7 2L, T4

THENLTFNTak vy EICHBELT, TREARR

RIELTHhRATHIHL.. Chick-T, 7L &Y
TIe YUy e ny—DRHENNERTET, R

WIS TR EAR] RIS 7T - 7z,

BE

D) f, BB JLF TN - T—LDEFY VT L
BIGD, A& SUED, 25 -1, 64/70(1986) '

2) & W 7UFLTNT - LM - 2 U b ik
RBOFIHER, FMABHERELEE 2T A,
422/128(1991) '

3) D.VWang, M. Vidyasagar : Control of a Class of
Manipulators with a Single Flexible Link - Part
IO : Observer-Controller Stabilization, ASME
Journal of Dymamic Systems, Measurement, and
Control, 113, 662/668(1991)

4) AH, #E, L0 SRS b d okl U
¥al—5 &2 OKMEHFRENOHIE~DOICH,
ﬁﬁﬂﬁiﬂﬁlﬂ?ﬁ?ﬁ)ﬁﬁ, 25 -4, 448/454(1989)

5) AH, WO, bl : KMFHBEYOLRHIMER
—LQRODNV— 7RI X 5 /Y X bESELL,
SHAlE BB e LR cE, 28 -1, 107/115(1992)

6) B/ KB : ABBUKTES L AW /LRI DR
it EhBBRIEELRSCE, 29 -5, 547/554
(1993)

DE BE: 7UF TN« Y V2 E2BOBITROEy
O HOITRRE L AEOHIE, BERoKy ¥
£3, 11 -3, pp.436/443(1993)

8) H.H.Pan : Transverse Vibration of an Euler Beam
Carrying a System of Heavy Bodies, ASME Journal
of Applied Mechanics, Ser. E, . 32, 434/437
(1965)

DR BE: TLFITN VYT e nUT—DiTR
HERY MVOBRFEETITE Oy bADIEH, B
AooKy bedk, 12 -1, pp.99/104(1994)

(R 8 479 A24R %¥)

Res. Rep. of Ube National Coll. of Tech. No. 43 March 1997



