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TP ERHT TS, ZHDESTE 3 hr—T I ZHGAR, SRR O
MNTEXDHIH TR LTV A,

6 6

Controller
PiP: Tw by b

Y
>

Velocity Sensor
Position Sensor
Pressure Sensor

Velocity Sensor

Torque Sensor

U )Position Sensor

|

Proportional
Valve

7, Servo Motor

Slave Arm Master Lever
Hydraulic Pump
r ']

2.1 HiE7 L
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#*21 Hahe7 Lok

Slave arm length 1,200 [mm]
Operating angle -35 ~ +55 ]
Maximum angular velocity 45 [ /sl
Maximum payload 500 [N]
)
Es bottom ¢ 63
% | Cylinder diameter [mm]
rod ¢ 38
Pump pressure 14 [MPal]
vertical 30
Natural frequency [Hz]
horizontal 24
Master lever length 285 [mm]
3 | Servo motor rated output 110 (W]
n
%’ Maximum reflection force 30 [N]
Bilateral ratio 0~1/50 []

AL =77 — AOARIT 1200mm, EFE T 500N T, ETLv=a L—F
DR 1~ 10 D 1 DRESTHD. —FH~vAF L3, &5 285mm, K
SURR ) 30N T HE IR X XA FB LT D, A L—7 7 — AORIMEE F I,
W AT DO B % 52 5 T2, i

G MOERREEN Y, 21 30Hz, 24Hz R L T 5.

21
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2.3 HIEFEDEET & RER

2.3.1 NAZT7I)WHY—FRARXDOEET( [RE1] )

AT T INA—ROMFRORELITEL, ZOHIFIZ OV TIINAN AR THEN
FHINTWD. RFEWRFEE LT D) (M 2.2), D8 (4 2.3), [
) (X 2.4)RE<HBNTND.

DAL 13, ~ A2, AL—=TORIFm BRI ANLE S — R S T
D, YAZ L AL =T EfE—ROBFHUR R Y 7 TRATZ b D EEZ BID. T
ORI, MEOEFRESY VAT MIMZ NN & BT LT 5.

[ 1%, ~AZ &S L LTA L—7 Bl A — R R AR ST
W5, AL—7MNZ3e o ERRSHT 6N TED, ZOEFIIL LT AZ DX
NERT 7 F ax—F ZERET 5.

0fiER) 1%, IO~ 2 2N T eEN— 7 2N T OB Z E Tz
LOTHS.

IRBEG Tl O~ 22 [llE A L—TRE ANEZ T THIEER] HIES
NTCNDE, ZAL—TRDHAF I 7 ADEENDIRNT Lind, KIEO~v=t =l
— Z~OEAPIF ST DD FHI L Z b Th 5.

X 2.2~2.4 |\TR LT 8 HRODAA T T TN —ROERIZHONWTIE, 2 E TIThE
IR FHEA T TN D@D, LINLARIZE THER L T D RO~ = 2 L—F ~D
WHZEE L MRS L A ST Q. 2 2 CIEHEEE T /UCHWTZ LD
DFHEOEBEUMZIT, K~ =t 2 L—Z ~OBEHOERN S H 572 TEE%
Iz 5. WBaEbgad Tl & Dhwishly o 2 e 3 5. [mEhl) 135K
M i) CHEROEmE2A L, £~ AZ ST P RAME T AT A
INMEHE T2 D To ORI BH LTS,
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Actuator Actuator

Master Displacement Slave
?enso<

Position |¢ » Position
Controller Controller

2.2 XIF

Force Sensor
Actuator Actuator

Master Displacement Slave
Sensor
D ] r / | i )D
6 ' Tm Om 6s Ts| R
+ —
Position
Controller
Force
Controller

2.3 T

Force Sensor

Actuator Actuator
Master Displacement

Sensor

O Tm Om
Force Position
Controller T Controller
ir\j
T

2.4 JymE
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(L)%Y

MHENI e M B LT, TV TEREORV AT ATH D, AW
TRB LT HAE T 2a—T ¢ RARICK LR s AT A EE 2 5. 1272 UL
BOREEZ LR L TWADT, AL —T7 =t 2 L—& RS2 Eaietne
HTDZEDRRHEE 20D, HEET L COFBRIERTYH, BB B ES 2R
ETe BBV, FE RO IR S B X DD, I CIELE D
EWIRAEZ N & RIS, ) X DOEEBROFE A EHATS T 5 D THOGEMT
w72V VAT ADOLEMN BRI Z LITREBFETH 5.

Flov AL - AL—7 BT, (FEELZBRIET DR~ A2 & A L—T7 DI
Y ST DMENH LD, REIOKE~= 2 L—ZDEAITL, AL—7
ZEE L T AZNAL—T DL D K OB —HESE LD LETHD.
~ AL UALET =R — T PR SN DL TIE, ZOFHIIES Th 5.

(2) 7)1

IR EN T Mm%, BlEeT v ClL, ko aE oo,
AL WS, ZOONRELCIBIERIEI I N RIER W e EX B DH, FEH
MR B WEATH D, WEENTTHIET, v=Ea L—2 B3
EELTEBORE =7 AoV f#ETE D2 v bbb 5D,

U UITHERCIE, AR —Z B3 AZ L= TA L LT RBE CARZEE & 72
DM RSN AU E A IR OETH Y, oA E AW
TR, TT TN~ 2 L—H T, LA FE T v A= 2 L—F N
TL—XTRHEESND L HITHER LIZ b DNZ. L LASLL—F DL AA—DfR Y
FHFTETTHY, EENRICEL > THZDIRY K13 s. HHH L A—0iE
0 IRk LC, #ESRIZT L—% 3 ON/OFF 5 & 9 7effi 2 3%it3 2 2 &1L <,
ZOFEFIANR L —Z OAFFOFR & 720 070 467 LS FIIDO A L— X 3 E
THEIRERVAY =2 L—FZBW L, TL—F 2N T~vAZ~v=tal
—XZuy 735 FATRETHRETHA .
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XA, 0 & b I B Tl R TS SRR Z & n, WA
A LT e il de. ZOMRA X 2.5 |RT. AT AOZFENL, Wiy
DIREHERICE S TRELSEDLDLD, ZNENOHRNOEMZi% L, FHADRKEZH
ST HHROFHHEN AT TCND. ZOZENLRE~Y=E 2 L—ZITHWD 3, Z
TIN—RIE, ZORATER—RR DL D L5,

Force Sensor

Actuator Actuator
Master Displacement
S

Sensor

o

Slave

)

] T
Force

Position
Controller T
T

Controller
(2.5 G G - SR s)

2.3.2 CHEERENC K B AFIHEARDEE ( [BRE 2] )

VEBDM OO EMEMEIFZER & D BIXD NSV, F @ E OFtEHIE L7 13X 2.6
IR T DI, EDLDTERWANHENTA L EZF LTS, X 2.6 D WL
NTA L, VAT AT INELTR L, DT e LTS TEIUTktT
DIERAETEDLZLER LTS, b bIMERREI O E Y —R AT, Z2EERE)
SOEEBENCLLART, OO THAMEDOREVRTH D, i@ sl e LT
NIRHETH D0, — TR IHlZ L b D & LTWD. AIFZEDIHN OO
&OTH DRSS Y B MEEDOEBUZIE, BRAF72THHEEER AR R T 573,
W OMESREICIE, ZOERNNEE 2 LIFAATHS.
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FEAECR DRI mn T 5 L, X 2.6 OFNLEEIIZFA AT AT LD

TIAT VAR LTCND., ZOWEEROI L TT7 A4 T AL, X 2.7 18748
FESDT 4 — KRy 72X >THIEITX 5.

»
>

Pressure
[MPa]

(%2)
I
T

‘ ‘ i ,
03 02 -01 0O 01 02 03 Input

v
N (V]

X 2.6 JHTESILT OHRSLEFETA

Slave cylinder
A2 A

— “il|

e
=
o
c
jurl
+
$
v
v
5
<
(¢”)

X 2.7 ARJIFESIDT 4 — Ko7
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X 28 I[ZJEN T 4 — RN I,y XD arT oA T v AREOERERZ

~LTe.
g
5—
apep, -ty BS
p=p2_A_2p1 A=
10.5 + min. A
7 1 K,
!
357
z .maX. %
0o 2 4 6 Input
[V]

X|2.8 AfET 4 — KRk barTIA47 A

4 2.8 O I —RIP~DOIEHEE, HiihE U o Z DR F ol vy PlloZ%E
JEARLTWD. K28ITRTEINIJENT 4 — w774 OEINCHEST,
AN T 2 ESEACDEE NIRRT D, T OMEE (ILE— R R E AR L 7B
DOIFHMAPEEZR L TEBY, BA AT TA4 T ADa L ha—/VHVA[RE/ R 2 & &R
LTW5.

LINUENZ 4= Ry o 54 OfInE & HiZ, AL—77 —LONNEES)
DFEITES 2 VT ORFEBIER L, MEOBIEHEIE L<HTDH. 207D
VAR =B 2 L—Z @ TR E LT BRO X L—T 8L O—REIIRE <7z
5. PCEmIEWE & SIHlEEE, Ee D ISR T D AIIIE) 7 4 — KRy o
[ VERETDHELBEZBNLD, KREEWOWEN O - NUEY £T, 44
T 7 LU VDRI E A BT D72 DlE, ZOTTETIIA R EERS
No. ZOTORMITIS CTENT 4 — KXy 775 & ml L L, HEOEX 2.8
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WNOFEE A DIREEN D7 B DIRREE CEILE® D Z %252 5. JE/)7 4 — KA
I TA T, AN DN LY v =2 TV TERT L HELEZ DD,
BMEDNEMEC /05 2 LN TRRESND. FZCHBINCITEN T 4 — R 7 F A V% H]
BT HIHEEERD.

FNTIEESOM TAEESE, OREINRER SNADIE, v =t a L—2 3 HE L<
FHITEVIRBBICH D56 E A LT, FIIICA L —T v = a L— X OB
TV, ZOREBE LT, KVATATEHAL—T == L—& OB
LCIENT 4 — RN 7 P, VEIERSE D TN T V3 ) R AERD Az,
AERITRQ IR TR LD TH .

20 (2.1

ZITK, I FENT A= Ry I 5L Y ORKIETH D, BKRIEK ,, ORE 7k
[ZOWTIIRIRT 5. £72K, 1%, HWERMBIONRZFEFES L2754 o Th 5.

ZDOAL—THEO, BN AE DL TS5 A T AREHOA A— kT LK 2.9
DX/ D. 297 T L DA L—T O, DHEHEA R E N & Z I ROMIME
% FIFCRTEHIEIE A 5T 5. W0, DRERHEAY NS & X I TRORIMEZE TP C,
FIHEME T 2 7 N TH 5.

. BUEE
¥R

2.9 RAVL—THEIZLAA LT T AT o AHREORE S
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¥ 2.10, [ 2.11 ([ZAHUETROFTRFER 2777

B 2.10 (IEAT v FIEDOFEEFER TH L. MEDAT v FIETE, AL—7
7 — AT EH T X (0, = max ), R DITRIES T 4 — Ry 2 A VK 13,
ZOR/MEZID. TROBROL T T4 T AL, K2.8 NOFES A OEIED
WREL 720, ZORERBAFRBIERERMS DAL TN D, Te725H] 11ms, FFEEL 43ms
1%, AR ITENEFIN TERN L)L TH D, A TFOA— " a— k&
PRERIREIN L OND D, ~=a 7 WM ETIISERR AT v TIROFEENRATI ShD Z
137, BRI 2o T0Zan. BEEEICEIERIS0, =0 L7220, RITH 2.8 NAT
5 B Db o & BRMEDIRY RAEE 72 2728, X 2.10 [ THEA RO 72 D13 HAEIZIUR
LTEIEL TS, 2BAL—7 7T —AOHEOKRETL, %ibd 25 HEMEICL ST

RSN TS,
(°]
A O
0.7 of (58
3 ¢ ’
X S
> T=43[ms]
% 11[ms] |, ]
N X
|
@
A v | -

time [s]

X 2.10 HHIET LVONE AT v FIE

X 211 (/M E DS RFE R AR T. X 2,11 OFBRTIE, A L—7 7 — A3
PROBEEZFLTRBY, 7T—20FEXIEEr THS. TbbRQDDENT 4
— Ry I A ATRKRMEHR T, AT LDa L T34 7 A FX 2.8 Wit s B D
Ho L bR L 72D, ZORER, BAFSHIBIEZ AT 5 HER N ER ST
WD 723 I DB Z DU TR B D B IE Cfifi 5 .
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B!
[N]

235 \ —

Master motor torque \

saturation
Linearity :1.6%

Deadweight Hysteresis : 2.4%

ingredient
/

0 T T T >
M 4 8 12 [MPa]
-6.5

Cylinder prejsure
AP=P,-LP,
4,

Reflection force

X211 B#ET /L0 JHfENE

X 2.8 WO FADES T 4— R Xy 774 N5, BDOBEZE 1104 72> TWA.
RBREAL T TAT  ADEAMEZIRTET DIESIT7 4 — Ry 7 A K, D)y
i, BENEIFLLTO X 512 T A5,

(5 MiE]

ME~ =2 L—X DX )R REREWEREOR T, TEEROERFEC X 2 IRE)
PR E 72 00370, K210 ISR DD FRBIRBNO JER 034 5.8Hz CHRCR O
AEEELL V. AT e v U A EOREITE L, BREOREI DN EE
ZHNDHDT, ZAUTEI/FEHOEAEEOREBIZ L 2 b0 EEZ bivs. (Fliho
JEREERITRASTEO BRI L0 RE BT 5705, Rl EAIT O/ W— R OES
AT BCUE, AFENM O ERZ T 2 1 7R SO 5 f5F2EE(3.5 X 104(1/MPa))
WRET D L, FRE K<—Ed 5 2 EMREBRAIZEN G TV D, Z ORAIZ v
TR ORI X D EAIRESZ T 5 & 5.2Hz &7 0, 13T 2.10 DF%E
IREN I VRS ST (RS ). 1EBhMOEREMEC K 2 IR OIS
%zV7347yxﬁﬁmﬁw1méﬁmEﬁ®74~Fﬂyﬁﬁﬁ%fkézkﬁ
FNHITUNDH@IE), [¥] 2.8 Wil A DT A %, ZOFEEZ W CHEIERBEISH
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DB IMBEIZERE LT 5.
(5 KA ]

T IA UEVEER EITRO LNDMI 72 iDa s b a— DD, IOIEAFT
PEIEIX 2.8 NRLH B OIRBED L 912 TE D ITFFECVRAEIZH D Z ENEE LU,
ZDTEDIITENI 7 4 — Ry 7 5 A v RESMODUENH DD, TA RS
BHE, HOFERNOIET) T 40— RNy 7 )V—TORIENIGE 5. ek IhlEx 5
& e DVENMIBIE O A, (RREAV NS W EHNIEE LV, 2.8 NFLS B O
TA AN, V=AU THIR— FOE FEZMZELZ S - & b LWRIET, Eh7
A= R 7 =T 38R L7V KBS ERE LT 5.

2.3.3 HH\ELOEEARDIEE ( [BRE 3] )

2.1 DHHHET /MIBNT, ERRO L AT NI OFR R, KRR,
T — LR OENE ), £ LT RY, AL—TZNTNOHERE, 210
Mo TG, v AKX L AN—CRRE R N2 RESET, BV IOBEIEEEHT %
2L, NSO NANLOMENRVLETH D, KU AT AT, LLFORT Z20HiE
ZIMZTWND.

(1) LR A

BRI Y AR, [AERES, SRR & OKINAFET D03, HElE T LTI,
P AT OEREE I ER 2 O TR 5Tl Y, FEIZIES Y o Z D
IEEEE SIS I L & 2 LD, K 212 ITA L—T 7 — A3 ) o X OEEEE O EHA
FERAE T, eV 2L JIS OfEREL ) 2T, BEA MR ¢63mm, 7 v K
P 38mm THD. 77 7D L FRIERFRIRDITIAL—T T —LDHEZHMi>->T
WHTEHTHS. M 212 1R T X912, BET VO 220, 2T 0.83~
0.85MPa [T T 25 (L3 5. F7- Z OFRIEEEEI Y, ARTOFEELHE Y
LT E3bd. 0.83MPa OFIEEEE )Y, BEET VDA L—7 7 — LS
(ZHAEL L C 180N D) & 72 0 S ITE 7200,

FEEEE L, X218 1R T L 212 ) o FEWEO N & 7o THIN S, [X12.13
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OffEN L, 2L TEREN Y —R T S ~D ARG ETH 5.

A Ce
aP-p-2ip 2T
A2 A $§
R
& d = 196[N]
S Load =
o .
S g ‘
S \_Ad=0
)
o0
gt
0 10 20 30 ['o /Si
T\ s sTD. Cylinder
($63/438)
9212 AL—T7 T —AI K DEEEEE
' T
40-
ot
e
r‘/
30 .
I I e
30 input
[mV]
/(
//"
A
~ -401
(1218 ##IFEEIIC L DU o X O
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2.13 D L 9 e NI LTS, filifE & LT b—EEEZ ANLDXIRD L < W
D, AVAT LATHM 213 ONERFAELE LT 2.14 (TRd ) L—EEKEZ L
THAORNIMNAT-. K214 DAL v F o 73, ~AZIEMEEG, 125> TITV,
Y AL L= EE T & FRHSZ OBWES M~ 7 AT MA TN D, 72365E
BICAT v TRDAA v F o Tw2ATO L, T2V 7l LT VO TE O

[Tk = e QAT Y o
S>>
ASE
5=
7[mV]
_5 R
0] s 9
[°/s]
-7[mV]

2,14 ARGHFRIERIES

Fr IR ORERE R 2 X 2.15 1RT. X 2.14 DRFEIZ LY, RN REIN
B2 N ST 5.

401

30 ianJt
[mV]

ol -401

X1 2.15 FEGHAHER F
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— 7 TTIIURIEITCIE, AL—T7 T =AMz b ko T AZ LR
—RENSNDREWENEE CTH D, & UKD AL T 7 F U BT,
AL—T N U H OB > THD T AL LAA—RENE 3720, v U H
DB INENWEI T R & 70 B % 5.2 5. 1K 2.14 OE ClE = ORBEOMERIIZ2 570
WETRISNIZD, FERIZAL—T T — A& A5 &) 2 E & |
WIS BEA-L, 2TNTRLTZIE )7 40— Ry Z RS SOV 7 I BE T 25 5.
S BITK 2.5 DEEG A T T TND TG D3~ 2 Z LAS—ICEWEE T 2155 D
T, BARMEMENER I WD, HEFET L TIE, AL—T7f b~ AKX L—
ZENDT IO DE/NIIE 10N TH 5.

(2RI T pgAeiE

KNS, T T T NTlE, AL L A—L AL —T T — DN ERAEE, AL—7
T AN L R LT AZ LB L CND DI, F8aEE kAT
UTATERZE( RL—BE T D &, HI-nb T I ET 200 X 9
IR B AR —2TH2 5. MRS TT7 TR TIE, PR 7ok R )
L0%, ZO =T L LBEHURZR AR ) OSBRI R E .

BN E T D 7o DITAEB O AR 2 4 L CRlisd b L7=X 2.16 DX 572
MEFRZE R 5. K 13 SVT OWRETA L SIVTRRENT T DFA v E L
THLDOTERTHD. AT ) X OWHMETHS.

Master input + E(5) K 1 Slave output
—>»0 » — >
- Ts+1 As
X(s) Y(s)
valve cylinder

4 2.16 HhE T L OALE Y —AR
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X216 DY AT AT, v AZ AN &L AL —THIIDIRZEGS) 1ZRARTHEZ 5.

X(s) (2.2)
1+G(s)

K
(Ts+1)As

E(s)=

1L, Gls)=

T AZANTIX T TIASIV(S)=vIs* M- L ED AT AOEFRZEe 1T
BAEDOTEHZHNT T TE2 b5,

£ = lim sE(s) = lim SV(s) 1nnsl;/1+—_li__
=0 1+ G(s) 0| s (Ts+1)As

A
= Ev 2.3)

FTROOLIHAL A 55 5T, £ = Av/ K [ZEIH 2 8B MBI N TN D &
AR —ZITE L HND. ABFIE TR & T D RKEREEWET LV AT AT,
WU AW A 1IREL, — A VK I3ZFEERESIA Z L TER
WOT, ZORBIIEHTE RN 0L TRINS.

ZORRE LT 21T DRIV AT 2 EE 2 5. X217 13X 2.16 DV AT ATH
FEOEfmEN—7 L WEEZ MR T2 b DO TH 5.

Ks [«
. E(s) ‘
Master input  + +¥ + K 1 Slave output
_»C [

*» 1 — >
X(s) -[ + Ts+1 As Y(s)
K,s valve cylinder

\ 4

4 2.17  BELUREIEEEE ) O MBI



X 2.17 TK, \LHEEERETA K, (3B 7y A o Th b, X 217 252
¥ 5 L% 218 TEHEINS.

Master input K(1+K,s) Slave output
, ' ATs* +(A-KK, +KK,)s +K '
Vis)=v/s Y(s)

% 2.18 [X] 2.17 DEAME

%] 2.18 D AT IMZHONWT, X()IZT T ASIV(s)=v/s* ZIMAT-8E DO E TR
EhRODH LR L 70D,

_A-KK,

© (2.4

e =limsE(s) = lim| s /14— KU+ K:S)
=0 =0 5 ATs"+(A-KK, +KK,)s+K

R2.49)T, WEERREY A VK, K, =AlK LFGUIEFRAITHESN, S
AT T T NOEHIRI R N IAE S0 D 2 L 3bhd. — X 218 DYV AT
LOREZIERIE, X217 O7 v v 7 NOSRECESI, BOIET A v K, i
RS ETURT AORENERD Z ENARETH H. KV AT A TILZOFEE,
AL—"T, wAZ DTN THIEL A T T F )V ORHLREMEEER ) ORifE 21T -
TV, X219 IZEHEUREMEEE ST HlE O S8R R A= L7z,

X 219 1%, vAX L AA—TIRIEKN 20" OFEZRROBWERR S 252, ZOEO
T AL L= ~DBER N 2508k LIZ b DO TH 5. 55 EIR I B DN 2T i
HICET DX ITEEL TS, K 219@)0)DENENDT T 71X, ErbvAK
KAE,, AL—TT—L0fE0,, ~AZ L@, #&K LTS, () O
WAL, A L—T7HWE O, R E R AHE TR E I~ A X L= /I F, 78
FAELTWD, FEFIREN LR GENTWD DI, RERLA—KINCEVIEL
WIEBEEDRREE R -0 Th 5. — HEERZ BN L7-0) TlE, ~AZ L 3—KT)
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F, B XE 80%EB S TW\D., EIAEFEIE BIRFIE LWIERKE THE A 5 Z LR
TETWD.

Master reflection force

o / /\
En 0P — ———P
t
-10N+
20 Slave position
6 0 /\\é\/f ™~
t
-20% ..
202l Master position
6, O x}/ \ >
i Nt
-207 1 2 [s]

(a) Without compensation

Reflection force reduced(A80%)
10N+

i 4

-10N+

20°
0, 0,/'\\ 7 ‘\\ 5
. t

_20"_

20
5 g ZT ™\ e

1 2 [s]

(b) With compensation

2.19  BELUREMEEERE ) OmiER A
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728 2.19 O~ AZKITE ATBWEIIRG B EEN TN D HDEBEZXHNS. B
HEINZOWNT BB AR SO0 DI 2R, MiET 2 2 LASAThE

DN, HEPMERRZIL, B Z~ A LS—ITBE LIRS, B0
R RIBLTE D & O TR DHIEIIAT> TR0,

(3) B EAHE

HEE7 /LT, AL—77 =20 E Y YV FDETIT>Tnd e, A
L—77—LOHEbAMERZEL LTRIESNATWDS. ZOHERSZHICY AL L
NUpET D E, V=7 2R L TV RN ZICHEENNELS 2D, AX1—%
DIEFNEEDN D, FTev AZLA=ZHHERDHY, THa XA RNOEMET 52 &
T EESICDOFIR E 72D, Z DD~ AR, A L—T ZNENOF: B E 2 E
TOHVMENDD. HiET V2% 2.20 DX HIZET/UET 5.

220 HUBFET L OBEFETL
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X 220 (ZBWTCAL—T T —LAOBHELXHET 2DIZETHES P, BLO~ A
BZLUN—OHBEEMETDE—F NV T, 1, BFHEICL Y 22N
(2.5)2.6)THx b5,

2W, cos0O
p,, -2t @3
A, siny
JO&E+y%) sin(@s —tan”' y)
72121, siny= 2l
\/(x—ycos&‘,)z +(y-ysin@,)’
T,. =Mcosﬁm (2.6)

maw 10

Y AL LAR=D MVTFREEND O DEEH TR, L= bFEL
THYRELA=RETT 52 L1380, Silili~v=t" 2 L—Z DA, wHEREDH
BRI CTESNER DL, ZOBXFHFEERLTHNWD Z ERRETHD.

2.3.4 R T LOFHE

X 2.21 (A AT LD AR LTZ.

VAH, AL—T ONEY—RRITIEANIC PD HlfEck S CRBY, i
2.3.1~2.3.3 HTRA-EHIESF X E M5, K, K 1, ZThEh~AZ LA
—, AL—TT—LONNETA, K, , K JIHHRNSA TT TSR 5 B
MRS OIS A v, K B EO 7 A v Th D, K I3RS, ZT 5
N XD INBRERERIET D37 A—2ThD. fu, funlTIE ZNZENH2.5),
2.0 THEZDBNDAL—T T =LA L AA—DHEMEFREBS AL TN,
FIZAL—=T T —AF Y U HEERWZY 7T SN TERY, VY UH AR
n—7 x LAL—T 7 — LA, ITHEEIMRICIT. fIZINEMET S0k
M ENTH D, I — R LT 5 —RT o7 L e—F ZHET 5E— X

39



N

B

&

&)

NI ANTHIRG T, =7 U ATERITED, T—F 7 A TR
BIRREDER T G T D DRKIDMEMEC 72 D728, ZIUHITEI L T 2.
XA & TR OIRGIERIT, & o & b BURBMEMED S DAL D mA TR
Wiz, HEET LT, BEZHEL70%, A 30% DL 725 Td. /3
TTINHHR(Z AL LAR—=K A =TT — L IIOENE 7 v > 7 K, TRIZEZH
FCEXDH IR LTV D, AR 0= 7 Z7/W)~1/50 FETHD. ik
D REIMEICEET 2 2 L b ARERED, ~ A X LA HAOY—REe—2 Hhof
FOFZENTRLS 720, BEEITAFE L <7220

HlE 7 /W ET — L0 E FEWEOL ORI E T LG 2 bW o FEERO/EE
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JNWENESEIR A FEIRT B 72010, AL —T~v=F = L—Z ([ IREZEE - 5.
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L,, L,, L, D KV T OIS EMIEE TORES
w,, W,, W, L BV OERY 7 4 OERITERT D)
W, D Yoo L— X OANER

I, T, L Y T DBRE) LY

6, o, D BV 7 OIERIND DAL

3.1 TB gAY OE—=AL FOOD AN, FTATREND.
filyc086 | - f,L;sin6, -~ WL, sin6, =0 (3.1)

[FU<AREDYDE—AL FODYEWVT,
(Wng2 +W,L, )cosb, - f,L,sinb, — f,L, cosf, =0 (3.2)

XB.DGB.DEEN AL LT, f, filZOWTRELS &,

= {—W3Lg3 sinf,L, cos0, + (Wng2 +W,L, )cosé?zL3 sin6, } /A (3.9
fi= {(Wng2 + WLLz)cos 0,L,cos6, -W,L ,sin6,L, sin 02}/A (3.4)
erzL,

A=L,cos6,L,cosb, +L,sinb L,sinb,

gji,
f5=WL+W2_f4 (3.5)
Jo=Wi+ 1, (3.6)

45



X 3.1 DV 7 HBEIEIRREZRHDT- DIV EER, CHBIV DY 27 1, Vo7 4D
MLI T, T, %RkD2% L&,

T, =-f,L,sing, - WL, sind, — f,L, cosd, 3.7
T, = f,L,sin@, + f,L, cosb, (3.9

VAT 4 81U > 7 ROTL = L, £-RB.6)@E.DICR(3.9)(3.4)(3.5) &\ A LTl
ﬁéék:

T, =-{(W, +W,) L, + WL, + W,L,, }sin6), (3.9)
T, =(W,L, +W,L, +W,L,, )cosb, (3.10)

XBYGIONLHSLN LSS, T XV 7 1OAEe,, T, 1V 7 2Df/AFE6,
DHBTIRED, MOV 7 OFWEZF 7N L3bnsd. -2k 233 11
THER LT Lo B EMEOHRERIL, V148D 7 28A LT a F & A
TEHT TGN ATREE 72 5.

3.2.2 YARAT=E1L—42DENMEEE

CAR = 2 XY, FOERAL—T =t o L—& LI ZFHEIEO (H
SR &, AR — X OBEEOEENE~OB A E BB L T, AL—T <=t
a bL—Z LITRR D~ A2 WD TS D, e hEATET LT
X TAEER ) 2Z25008LT 5. o TvAZ Y= a2 L—X DI, AL—
Tv=talb—F LERED 4 i) 7 BEOREZEEN LT 5. ok TG
D= AL« AL—TITHOWTITHF b ETHET 5.

BN TFED~ =t o L—& OEIERIL 1 AEFELL ik S EEZ BN Z &)

B, YAEZV=E o L —XORFIHT-- T, BEHEOMNEETHETX A LT
HE LT, AMITFENRBESNDZ0OEERA R LTz, B~ AY~v= 2l —
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[F1Y) DE—A L FEFAESEDLZ LMD, ARSI LY HEEEMEN L STy,
BEL AL COFERFITD 2. F 2 TEAELA—DREFTHL a1 AT 4
v I LS—a BB, EATMOBEERERET S, YaA AT 4 v 7 L=,
FATHIESY 2~V 8L A HEORBROBEEON TN D, TR b Ef~ &
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ZAEAFRO L A=A ha—7 1%, BEEET5~95mm FEEIZHE SN TS Z &
DO T.

WHEOY aA AT 47 LAA—=TIX, EAFROANa—7 &I/ \—DORi&NE
ICEBT—ETHDLN, ZHEERO~AZ~= 2 L—Z T, ZEATHOEERPH
X 8.3 1R T LY Rl e —RIciT e b, £ TR 3.2 THE LY A
~ =B L—Z OBWEHIPHOHLTh HJEBEEID G 350mm(=(200+500)/2) DALE T,
FEAFEOBNEENR Y a A4 AT 4 v 7 LA— LD +75~95mm & 725 L 9 ICH)
VEREIR 2D 5.

X 3.3 12 DfERE TR Uiz, FEAHMOIRY % 30° L9752 LT, HUMLETO
EAARE—2713+£92mm L7325, v AX <= o L—F O/KEHNOEWERER DR
FHEEEX 8.3 DNy F U T OHPHETH. s TOA hr—7 X+ 131mm Tl
WOV aA AT 4y 7 LA=X 0 b REREL 2D, FEA TOEEHEIIZUZ
EERNEEZONDZ L, HEEWEEEZ/ NS SRET D &M EEREME T
THLEEZONDZ LG, ABWERg CAl & Lz,

T2AETZE 2L — RO ENFREE

X 8.3 ~AX~=F =zl —FOEWEREROKIEHN)
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7-.
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TW5. T8 3HIOBRENCITH - C5GT Li-EEi e — 42 %, 7'V v/ Nd3eid v A
REFDOAAL T a A v FNEO T U U F &R LTS, Jili,  EBEoOHIEEN I 3m
JELEBIFFMOOG J866 B4 2 H L T\ D, FEBLIOY Y v N2 s lefilFpoff
HZBET LI, 2737 Rl Bons b7 e oo/ N O — AR5 2 T
W5, BHIOBRENE )L 14MPa Chek iR 2kN 1T E L7z, X 3.6 1IZRfEL
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3.7 FE&LTU v

VAR 2 L—HIAL—T v = o L—# LA T, RE TR L~ A
Bt L—X OBWEERNIINE D L 912, TOREIERE L. ZORE,
RIELTE~v A~ =2 Lb—H L, AL—T~=ta L —Z O VT RO Ar—L
BTN LIRS TS, KOO ERITIE, HHhET /L & [FRRIZ DC —ARE—
B &z, Bk 176 DX A I TV RN UTCEREIT 5 2 & T, Bifle Sy
RIANE 4 VT 4 BNy T Ty aZFBLTWD. NSV AF~v=E a2 l—
Z OIS RTO B REZAHIAT EREEDEHEC 2D, ~E 0 T 2—T 1 7eBi2IX
W72V, ZOTOFE SHIOBE I AX v = a2 L—XIIHLAE T, BlliE3 W&
gt¥aA AT 4 v 7 (Penny & Giles {1 JCP-3) 5% T C\5. ZOTFE 3#hizIIN
ATTINY =RV IAALTE LT, WEOMERETHL. LA L—T <=
Bo L—ZOFE 3HNTIE, HehEIoxt U TR E —EIREr Dl 2L <
BY, EEOEERCDaA AT 4 v 7 LA—TCFE LT 28E 1D, o
fa—Ud, FFCYAIV=Eal—F%, EFCYaART v/ 28ET 50
K& Lle, vAF~v=Ea L—2 35 - 35 - /IMED 3F8 T/ U v 74k, BifE
ENFERIZT Y v BRSO N Y A2 5. RN Z O MU H—%Ir L
TARL—Z DRI Z b5, K3 TIZvAF =2 L—X DI ERLT-.
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A, e, FEREIS KOV Y v N, B2 ETRARIE AN, T T I AP R AT
b, bbb
(1) RFRL - TR DS T T F LA
Q) AL—THEIZL DAL T TA T A
(3) FILEEER) - BRLLRGIEEEE ) - B E D JSMELAHIE

ZARBIAATE.

HfRET I L CTAL—T v = a L= OB KRE L ool Enh, #i
i, Ef, BEmRlD 8 Bz oWTIE, S T 7 T VRO FIREE HfiET L0 1/2 O
17100 (ZRRE LTz, 7'V v 7O, 7T T VHERIT 160 ThH .
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#£311c7ua A TEFLDOHEER F LT,

#31 7u My ATET AR

Driving system Hydraulic [-]
Degrees of freedom 6 + gripper [DOF]
Upper arm length 2000 [mm]
éﬁ Lower arm length 1500 [mm]
Maximum payload 2000 [N]
Maximum speed 45 [ /sl
Pump pressure 14 [MPa]
Driving system Electric [-]
Degrees of freedom 3 + gripper [-]
Master scale ratio 17 []
*?7"; Wrist control 3D joystick [-]
§ Servo motor rated output 30-110 [W]
Maximum reflection force 30 [N]
Bi-lateral ratio (Manipulator) 0~1/100
(Gripper) 1/50 d
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KETIZT 1 N Z A TETFNDOFET LB O TR~

Tu A TETNVOBEITATAEY) /A E L, KE~v=tal—X
T E 725 U v 7 BOTHAMR U=, £/ A TS D~ AF ~ = a
L— & OBEEIROBRFI ATV, EIHODIRNYAY v = a L—F ORE SERE
L7z

INHDFERE S LT E N A TEFIVORE AT, Wik ER 2kN @ 6 F i
EZRA~ =2 L—2 ORMEE R Zeolc. 207 a ML TET ML, H2E
TIRRELFIAA, FT TN~ = 2 L—F OFETEE R AT,
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4.1 #E

RET DV AT LOFIMEEMGERT D07 1 N F A TETIVE ATV EETHT
FERAAT T2, — AT TACELENEME), [mEErk], TESZOEEME] ORHlAM Thi
D MBI, T ZTIIS I HREOERWE), TRERITE] baMiicSRIzm
271z, BRI T OFHUIBN L Z DD TR, T 07 0% ~— R TH L
WIEREMA THEBEIT T2, £ TT TN —FROFRZ L H5HEHITV,
A TT TN —RIMEEMREIC b T D3R EHSNTT D, S BICZ OFHISEERD
FERANM LT, BEET VO EIT-T-.

ARETIITEOIEETERROMER L BE, BPETT VOR L TG ~DOEAFERICHD
| ANGITaVN
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4.2 fEFRIEEMERER

4.2.1 SEERIRIZ

B 4.1 ICERBREE L 7. AL—T v al—F v RAEv=Ea L—& L, B
&% Tm OHEfZENTENZNZHEICEE L, BEITE=F VA THEBIZEL 5T
1Tolz. MHOMITAMR CHR SN TRV E 5 OITITHEH T 5.

| Operating room |

3D joystick
(Wrist 3DOF )

. Monitor
Mater manipulator

(3DOF + Gripper)

Observation
window

7000

N
A4

4.1 FEERFRbE

4.2.2 (IEEHEHE
~=a 7w = a L= ONEIBTEMEOFHME E RN ETH 5. e HALE
BUMERCT e /2], P72 T, FEBROBEEMO RERIIFRBLTE 20, W< oD
ARATEEROFER, LUFO X 5 M A I LS, A~ L—2 O'FhgiHh & OFERE
EWRERDMF DD Z L vbhoTz.
(D) AN—=Z D7 AF v =2 L= BIECLY, ShEmmPICE Y R EE TR
DOHPIEFETZ 52 5.
Q) A —Tv=t a2 L—2 S o 2 B0 A1), HEuEEET OKRFETT
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AIDNMEE & 5edk 3 5.
B) AL —T<=F = L—¥IE LWHEGEZRETIE, IR NTIERG & 70 5.
PSR SR D 7= IERRI ) & FEBR D) % Hls At 4= 5.

X 4.2 |ZEB LA AT, IR HOBELITN 1m, EET 2m/s CHHEAIER OB E
ThD. £ 4.3 ICERAEREZ KT

X 4.3@1F A T T T LA AR LT EL TG TC, AL—T v =Eal—X
SEmONREERIEIY, B IERRE B RE EI TS, —HbII A Z 7 Z il
EEOETISATT, IERIERE & I EE B L 0D, BRI L mE O
B 257273, PRERIE & SRAMEOFRMREZ RO D &, (@D T T TVl L5
13023, ODAA TTTLOEEIL0.92 THY, O)O—EMEIIEFIZENZ &2
PIND. ZHUINA TTINVHINZ L > TAL—T <=2 L— X DEME )~ A ¥
Y oEa L—HIUrz b, EERAIEGEE AN ST, DR MEEE S A
B2BHZEMTECND=HEEBEZLND. BREHICH A 7T TV & @nxe 707
B, AL—TEEL OEMEO KRBT D DNTE . ARFZE T & T D EEEED
RERKE~=E 2 L—F TiL, A T7T7 T NVHIENZ K DI D7 4 — K3y 753,
PR EOEBRICZ OO THI THH EEZBND.
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Slave manipulator

Acceleration sensor

4.2 FEEHE
experimental — theoretical —
,VA'E A vy — /1 —
ALYV — = AT
—_ ML Y Tt T\ A R\
) \\ /JYT NMAG ‘jr\ /;44"‘ ‘ rl} \‘\ ,sﬁ[v‘ W
— \\_v \/\ I, ya \h ZL\‘:/ /},& \\w w’\kv\ : ll_ A} 72X : A A
A w1
W]
 — % . =
— P 1 & BN Uni-lateral =
)| 4]
(a) Without bi-lateral control
experimental — theoretical =]
\\ /// —
— Ty ﬁu’/\ﬁ yaa ‘W -
Ol k& TP i—— Eam— o
— —— NLIRE AL — 73&" = oY
WiV AL VAV ATV
— 1 [s] Bi-lateral

(b) With bi-lateral control

4.3 NZEEHEMED FHERRER
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4.2.3 HimEH

774 o H NN Y B A RIS 27201208, RAFR S AmzErED
AR THD. K44 TINEROFHEFE RO 1 2R Lz K44 13AL—T <=
Balb—XOHT, ol bEREIA = XA — 'y hE—F+TF = — -
27wy NFEENO I BEEE T 573, BAFRIIOBBMIMFONTND Z 050
M5,

3080[N]

Slave manipulator load

WAL
WAL

A

1]s
|‘—’|[ ] Bi-lateral ratio 134:1

‘>

=3
Reflection force &

>

X 4.4 JHsEEMED SR 5

F727V o O EE K 4.5 (RT3, 77U v SOBBIITEIE L AZELIET R
U A—%ZEELTIT 2, ~HEANZ b U T—DU B IIR A OT— % H3AATe =
EMTERWY, =X I AA—ERRBO MANCE S, £I20hb-IL hEFXFT %
FAWT MU H—ZERBI LTV 5. A= X ARMEMER - 00T LG BAF BRI 345
SITIINRODS, 1IONEDO D2y ha—/UITETEY, BEDR T
HOSIRNE D ITHERFT 5 Z LITFREE B2 DL,
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Griping force
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Bi-lateral ratio 50:1
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Mater reflection force

4.5 7'V v 3OS i E S R

4.2.4 HHIIEXME

FESZAEZEMEORHIIIZ LY, PEEEM R AR Y FORHEIC S KAWL B ia L
AW, T A MM $99.9mm DAF— MO Z2fE/H L7-. B i3fhzeT,
ZOWBE AT E AT DI R ET D 12O D O B — VB LTS,
— T ZNERET DU, PR $100.0mm, EX 100mm T, UL Y AF—8ThH
5. BEVBIUHLOT y VTZENEIE 3mm, 45° OmEEY Z217T-oTW\5. K
Sy, HLEBIZ 1258 BBETHS. AL —T =t a2l —FDJ ) /T U %
HEFL, ShEA M BIUTHRAET 5. MSAEEMEDRME L LT, Ea1EEDRRIZE
(IMDDIETIDRE S EAEEGE TIZES DR ORI 21T > 72

%] 4.6 \ZEHARERZ, X 4.7 IZIHRATEEORIE R LTz,
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M 4.6 D=2>D7Z7 TN LI, A TT T KD INREE FRKRITERE LTz
BEITH AT DL 4.8s THHDIIRT L, IMeiERE 1/4 127 5 L VEEFTERE
X 6.8s IZHELR, B ATMBDAERKIE T 180%F TR LIz, S DICIREL 5EE
(T U725, TEETAIREE 14.5s, BRI 280% & 72> TN d.

ZDXEINTTDT 4 — Ry 7T ENRELRDHIZ LN - T, (EEICET DRI
KIEIZELL 720, FRHCE ATIND LIS /NS Ro TS, 2D Ehh, 7~
TT IR LD AR —F~D DT 41— KNy 708, KR Z DD TERD
(ERT 22 L3bons. ETRETHHHC AT ALY, Kg~v=tal—%%
AWTZ U7 7 2 0.1mm FREEOFNIAEEN FEBLRRE R 2 & DGR ST

4.2.5 HBIEOEBERE

AWFFETINE T DV AT AL, THOAFEBIGHZIBWNT, AA A M7 L—ripl
BEF O AT ORI E LCHEAT 5 Z 2 EL TS, LIz TERIEDE
RUCEWIMZZL, AEEAHOED LI RVAT AT ELL RV, v = al—X
DEANEEND, REBRE THHO 222 BEORGMENR RO HNE., —RIC~ A
Ko« AL—T7EERANL, BB E < HIDE IS BB TR EF S ST
WO, RIAT LOBFEBWEOFME LT, LLFIZRRDFERA T o7,

FHIOXMGHEE L LT 4.24 HEFREO E ARBEIY Eif 7. 772L2 07T
ANTRRED TEUAMET 0 99.5mm & LTS, K48 ITRTLIICE L iET
—7/V FIZ 300mm DA BV TRET 5. £T~v=t a2l —¥T7—7 /L oY
YERD BT 300mm BB S, fLICHRET 5. G5 THRE V25 &HkE, FIU
R AW > TT—7 L EOJTLOMIEICRERTETE 12y FOMEEET5. Ao
VERIETE T 388 LT EERR D IR NI E AR AT LOBEICEHR L 7oA~
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4.2.6 BERFE

FREOAFESG TR OB EEITR L 72K, ~=Fa L —XOEEZ LD
P EERRECH D, Flr~vRE - AL—THWERRTIE, LIS UISEYES OJF
PN SN TCNVD. FEHIL, ~ A4 « A L—T7EELRIC X BIRIIAE R

TIERL, FAZZ=E 2 L—F DT VA L ORBORE R E D ORREIC X D5
HMNKEXNEEZ TNEDR, MEY = o L—F OO D= DIk D T %
fTo7=. MBIEEITERMMEOTHE & R U U ARAEETH D, A EITRA L —%
2 A EWERE L LT, FREAIRY MO A B — KRG, Rare < 8 U CYEE A 920 LT
H OV, ZOWA T NVEA DO AR LT,

% 4.10 I[ZFERA RS, AXL—F A, BOW4 &S, 30 5OHEEHEETH YA 2

WA A LOEINTIR OGNS, e LAMHARIZH D, ZOFERNG, KU AT LAO#H:
BRI, ARVL—X TR E T 2525 DO TIE RN EEZ LS.

11

—&—perator A
10 L.\

\ Operator B
9
8 \ -
7

————

Cycle time [s]

6 T T T T T 1
0 5 10 15 20 25 30

Operation time [min]

X 4.10 957 D SRS B

64



4.2.7 FODIESE

CHETITHATFHiEARRIC L0, B~ =2 =2 L— X OALEIB I miE e
EORHAMREIIRIF TH D Z EMERTE T, T EE D BT 2 Bl LAYV
bive. EZTRIEv=t 2 L—ZZHWNT, EOREE T CasH R EZED AT
REZRDINEHITT 27212, WL ONDTEL A hLb— g UANEEZRIToT72. TR
WA 411177

M 4.11@EFHT 7 A3y TOWETH L. 2y SIS —HHRbDOEHNTNS.
Dy TERYORLIZY, FORIME T LIV THZ LKk, RELLT
—TNOEICEL ZENTETNS. OIIINDOIEFORE -2 783, JIDER0TU
HEPHHE LTS, 7Y o M D7 4 — Ry 7 2RI L CIiZED Z L7
SHFEFL TS, (@b) & BN OftFF )02y hr—ARnTETHNDS. @iF~y
T ThD. 7V v TeyTREAFRFL, [EE Lo~ v TRz o TRk
T5. v~ v T EELNINE AN BE), ZORNF~v A S v = o bL—HF T H5E
ENRVD, BAHERENZTED LT, 1RE 100% DR T~ v FHY Zplith &+
HTENTETNDS.

INHOEEBRT, ANET L= 2 L—2IZEREND bO TRV, 7

N OFEEE TR OMEFITE ISR T E DRI 2 i 2 T\ D 2 & D3RS
TEELDEEZ TN,

65



Gripper

(c) Match striking

X 4.11 FOfOVEEEERRRIL

66
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(¢) Engine cylinder block handling and deburring
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%51 ~AH « AL—TEY 3 LD EHAE

Net horse power 19.5 [kW/2,600rpm]
Operating weight 264 [kN]
Bucket capacity 0.07 [m’]
Right hand Master-slave
(boom, arm, swing)
Operating method
Left hand Joystick lever

(bucket, attachment)
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