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Dynamic Control of a Manipulator with Passive Joints
in an Operational Coordinate Space

Hirohiko ARAI and Susumu TACHI

The authors have proposed a method of controlling a manipulator with passive joints which have
no actuators. In this method, the coupling characteristics of manipulator dynamics are used, and no
additional mechanisms are required. In this paper, a method to control the tip position of a
manipulator with passive joints in an operational coordinate space is proposed. The equations of
motion are described in terms of operational coordinates. The coordinates are separated into
controlled coordinates and compensating coordinates. The number of the controlled coordinates is
the same as the number of active joints. The accelerations of the controlled coordinates can be
arbitrarily adjusted by using dynamic coupling of the manipulator. The effectiveness of the method
is verified by experiments using a two-degree-of-freedom manipulator with a passive joint. The
experiments show that the controlled coordinates of the position of the manipulator can be controlled

precisely by use of the proposed method.

Key Words: Robotics, Manipulator, Dynamic Coupling, Passive Joint, Operational Coordinate

Space

1. #&

BEOT_Eav—FREEHCT7 /7 Fax—5 %
1ETFO&KS, BHEL 7 7 Far—Y OEKE 13—
b . v=FParv—syoE=l Fxirry—it, 2
AN VERBRNELT, T7F22—FHED D
%L OBEEERHIET 2B OFEMRESNTET
2, RTINS RET 2 b 08P LTH S,
EEOE, T7F 22— 2FLTZORLY CFEF
TV—F 2z HERHES R E T A v 2L —%
%, BEEOBHZRTB2AA L CHET 2 Fk%
BELY, ZOFHICLZ 28BHEY=E2v—530
PTP&#IH%ERL P, ZOFEICIhEv=aL
— P RHEEEEMZ S RS, T Fazx
— I EIDLHLOHBESHETE 3,

ZOFEEBOCIIIERBEAMORE 7L — £
BLUERBEZBI26H8REELRS > M
%, IhEFTREESHHO FETIREHEERIZ

*EK2E6RIH wRT 4 7R AH b=y AFEES
P90 IZ B UL TUEE, BREM FR2H£9A13H.

*IER, TESMMERBEMmERRo Ry b T¥H (8305 >
JIEMIEAR1-2).

* E8, WRAFLHEIERGNEY > ¥ — (8153 ER4E
EXES4-6-1).

BLTHEHIEZT-> T § b bIERBIEE c BiE
HER 52, ThEEERT5 -0 OB ES
XUt vo 2RO, BEBBEEIOBE X IEEX BRI O
BiEES L UESEROTBHIC L > THRES R, L2
BoTCvoEab—F BROMBRRET LI LR T
Expot, £ IABEROEEOER 2% 2 1255,
BORELEREF OOREEERNICBF S ~v=t
2V — Y RIROMUBTHS, # I TERBTIIY=a
L — 5 SEImROAE 2 BEEIEER Tk  fEEEERT
HET 2 FELEET 2, v 2L —F OEFHHIE

AEFEEREEAVCERL, RAMOTHEFIHT

NI, EEBRETOMEE & B U RO KA TEE D HEM
HEE5252e0TUETHS. 2HHE=E 2L
— S ERAVREERICLY, AFEOEEERT.

2. EFAREAOIERERRIR

HENERE 2 HEEDY=EaL—F L L, 205
bEEBIBAR I ~ [, FRBEHRED n—r HE T
3, == a2l —yDOESHERI,

M@ GHBq, )=t +wrerrermversrrsnsennnns (1)
727U, qER" ZEEFIEE~RY v v, M(@)€R™™ i

BT, blg, )ER*Z2V A Y - &mLS, ENB

XUBEENAZ L LORITH S, R (1) & EREEE~

—203—



1622 FHEEHEHET 5~ = 2 v — 3 OEEEER I BT 5 BHIE

ZJIVPpER" EAWTERT Z L %E2 5. JER™”
EYaICTAE T 5 &, FEESDp LBEEEq &

DI,

P=JG cerereereeeeereeseeeen, (2)
EVIBREMBE D LD, R(2) ZHHTHMST S &,

BTG dq ooeeeeeemmermreee (3)
A(3)&D,

d:J*l(ﬁqu') ................................. (4)

¥, TZTRO XD CBL.
_ x n—-r _ Ml T
p—[y]r M_]:Mz]n—r
)" b, )"

u:[O]n—r b:[bz]n—r

H=J"'=(H,, H.
7o72L tER7 IZBEEBAET b LY TH B RE TN D
o, FEEZE p D> bES y 2HEHIEIRS & L
TEENCBEDOEE 25 2, BV O S x 2HlE
B4y & LT 2 Ui ERIER s> 0 BIEEE 2 EH T %
1:HOEHEITbE S, (4), (5)2(1)RATS
L .

MH G +MHj—MHJG+b=t- (6+a)

MH, i+ MH, i — MoHJ G + by=0 - (6+b)
EEARERNIEEEE R A RS L, EEEci

53K (6-2) L FEHEBBEIFBE T 2K (6-b) i BEIS
n3,

3. HiEnKE

KE T, FFEREEDKAMOTFH2HE LT, £
SRR & 7] U300 oS AR O BN # 54 T &
L ERT. ThERELT, FREED S b HE
HR I B B £ 5 2, B OWERS
AR O B 2 ER S ¢ 2 2 v OEB %
ST B HER KT 2.

R(6)ZBVT q, ¢ LEABERAT 2 &, 751
M, H, J, X7 M)V bDEROSHKRES, 512 HH
HRS y ONEE § BB 523 &, R(6D) I
¥ ARAME T A EI—KARR L e 5, (REGT

2

S| MH. € R 7" HSEAE 5 1K (6°b) 3 —E I iR
{TEMBTET,

F=(MH\) (- MoH,jj+ Mo HI g —by)--(7)
£72R(7) %2R (62)icRATHIE,  OBEE%E
BY57:0D M7 r25KE 3,

r={M\— M\ H\(M.H,)" M,}(H,j — HJ ¢)

—Mle(MzHJ_lbz‘i' Dy eeeeererereeniniens ( 8 )
ZO MY T REBEM B TRETRE, y RS
DEENEE § BE o5, Tbb r EOREENRIE
MV T2k 5T, T 2L — 5 Sl B DR
B0 5 v BOREHES y CEBEOIEEZ 52
LIEMNTE B,

HHEIEE S 0 BAZ#E > & NERE BigEz ko, &
(8) &V b7 2EHETAHN—THEO AT, 4
HREFNVBEEICL D = 2 L — 7 BEHESRE, S
AnsBNNH B, £ I TCUTOFETHL— 7
2T 2. BHIER S ONLE, EE, IR o BEE
BENTN Yo, Ua, Yo EBE, IRD & 5% PIDHH
Bl%ERT 5, '

V=ba+ Kga— )+ Kp(ys—y)

+K,~/(yd—y)dt .............................. (9)

K, Ky, KR 3z h e h B, B, BH74
YERTHATHTCH S, (DD F2R(8)0y
WRALTR® A b2 ¢ 2EEBIBASIIC B WL TRE
T,
(Ja—§)+ Ko{hja— 4)+ Ko(ya—py)
+K‘.[(ydﬁy)dt:0 ........................ (10)

EWHERIE LN, Ky, Ky, K; 2 Y ICEREH
HEHRE S y O BEE yo ~OIRESRIES NS,
1 CHIER SO 7oy 7 B E R,

4. % 53

41 EBREE 2HHEATFSESiv=ta2v
—SAFEEBERL, EBRET ok, K2 ERIC
Huz 2 HEE~Y=Eav—4 257, 1813
BEEIBEEN, 55 2 #h(¢) XFFEREBAET T h 5. HEENAENIE

_ﬁEh

+ Y y l T
K, +K,stK/s Calculation of eq.(8) l—b Active Joints | q
_ +

Passive Joints

y

{Kinematic Calculationl~

B 1 HER O

— 204 —



JERBMEi 2 AT 5 v = 2 v — 5 OEEERER B T 2 BIRvHIE 1623

N—F=v 7EEEEZNL DC Y —RE—F THEIX
o, FEHEHFORE TV —FIEE T L —FTh
3, M3 vt alb—FDETN, BLIZKT R
—yDfEERT. EBAER(L)0REHES,

%mle + %msz +mzl?cos¢d+u
M=
—%msz +%mZL2cos¢

%'m2L2+%mzL2COS¢}

%MJZ
— moL%singdé ¢ —%mzlfsingﬁgﬁ 2+ Did

b=

% maL?singd?
............ a1y
4.2 EINEERICEITEIE 0 FEEERLL

CTEIMEPEES L T2EREERE2EZ L, ZOBS
RAENEEAE R b © VEEEIE R N D EEIEAT T,

Fl REaV—FONFERTX-F

m | Mass of link 1 2.0kg
me | Mass of link 2 1.0kg
L Length of link 1 and 2 0.3m
D, | Viscous friction of 2.2Nms/rad
the actuator
Ju | Moment of inertia of 0.24kgm?
the actuator
Encoder :|l 300 300
Motor Gear
Brake
Encoder

2 2HHEv=CaLV—7

3 =P aLv—FDEFNL

z=L-cos¢+L-cos(¢+¢)

S Lesingt Losin(g gy T (12)
Y a T J i
—sing—sin(¢+¢) —sin(d+¢)
J=
[cos¢+cos(¢+¢v) cos(p+¢) ] 13

y RO R BEEKS, x RO HERS LT 556,
x B R HHEIERK S, v R 2FERS L T58850
2BOBEZLNE. ZNSHDEFREFNIEDWT, #ik
REED & HHER SO BEREIC R T v 7ROELE S
2 BOREO % 4 1R T . FIHIESE £=0.4m,
y=0m Th3, (a) Ty RAE=HHEHETE LT
E#E{#E % y=005m, (b) Tt x B & HEIHEK S &
LCHE/fEY x=045m & BWi:, EBHEE TR, %
SRS 0 SEHME (F240) 13 BAEE (BHR) IR L Tw
3, IHREOBZE,» > ofiEREE, (a)Tik0.14

y
0.05f-f--=
(m)
0.5 1(s) TIME
0 L "
(a)Controlled component: y
X
0451 - /==
(m)
0.5
0.4 . }(S) TIME
(b)Controlled component: x
4 AT v TR
y
0.15F
(m)
0.1}
0.05f
0.5 1 TIME
0 . 1(s)
(a)Controlled component: y
X
0.5¢
(m)
0.45}
0.4}
2 0. 1 TIME
0.35 .5 1 (s)

(b)Controlled component: X
5 BLEEHRE

— 205 —



1624 HEHHEH 2 E T 2= 2 V3 OEEEERICB T 2 BRvHi

[
I
|

®
NN

X0=0.35(m)
Yo=0  (m)
}"o=0 .2 (m/S)
§d=0. Z(m/S)

6 BUEBHDORHR

mm, (b)TiZ0.08mm Tho7:., /N5 iZikEtE
REED & HHIEHR S BEESE R 5 2 BOIE &R
7. BESEE LT, BERE» 5> —EHE THAIHE
R R NS €, BU—EHE CHEIERS 2@ &
3 b0EMA, BLERE,SEXHD 2B &
CEE ARSI Bb 2BECIEESAET 50
Z MRS T EHIE (58 13 BAEHE (B 1B L
Tw5, FHERESBEH2EE L 25 2 RE» S
—EREOEHEHNEIC y KO BHSELBO<=
Fal—YDOEFHER6DRAT 4 v 7EHICRT. v
EABN—EOHE THML T ikTFrsbhr s,

43 MH, OPEHE®R 3T BWTH(6-D)
VEREL, RFEROHIHEHNERTE 2 L0 DEM4E,
75 MoH, OTFEWECH o7, ZO&MEIF 2 GHE~
Z¥aLv—F DS, MbH *=0Th3, #I TERIZ
Auwlkv=tav—yBLTMLH=0 %355
DFEMBEE 7oy PLEbOER TR, (a)id
y BB HHIERS & Lga, (b)) x KD 2
HRSE LIBATH B, ‘

Iho DEBTRBERS B TUIRELZREL
THHHARSOMEE CHELRIZT I L3 TER
V>, HEIGEHIRR 23D NGB B 13 R R 5 D I & ERE{R
WRoEa2Vv—FDEBBIUVHEEBICI > THRESN
3, I3 LEEBHFENERERDEE TCEARFEOHE
ARR#ETHS EFHRIN, BALGLOTNVITY XA
EoTINO5EMET 2 Z U BETHS, (a)k
(D) ZHELIEE, ZhoDBESORENEA %
BOTIRHEERNCE > TwE 2 EnBEIh3, T4
bbb y RALEIEEEZ S T x RS EERTgE T

(b)Controlled component: x
7 BHIFERNRRS

b0, x Ko HIEREEL ST y BRI RERET
bb, ZOZeEFBTAE, FHEHERS 2L
OORRSEBITIHEEER TR EEIOND,

5 &

|

7O F 2t~ 2Rl WEREES2E T 2=
YL — OSERAIE %, BIEIERR Tl < fEERE
ERCHIET 2 FEERELE.

v a V-5 OEFHHER 2 EEEELAWTE
WL, RAEOTFH2FIATAE, EBEH LR UK
OEFGCEBROEEMEESE52 2 Z LBARETH
3, FEEEGHEET S 2 HHEXTFSESfIv=-a
V— DRI E R EREEZETRL, ZDDESFD S
H—FH 2 BEYEIGER S ¥ A EBRICE D, AFED
Bt R LT, AFRTREAL—TEHIE BRI N
T30, HELPETVEEOEL T T b HHIER
Bl CIERESHHEMTRETH 5,

X [

(1) s - £, Al e ESIEE £moU R, 25-9(1989). 1012.
(2) FiHt - £8. #aR. 57-534. C(1991). 619.

— 206 —



