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Analysis and Design of Redundant Parallel Manipulators
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Abstract

and provides design guides for advanced parallel

manipulators with high performance.

: This paper presents the analysis of the kinematics and dynamics of redundant parallel manipulators,

Three types of

redundancies are considered which include the redundancies in serial chain, joint actuation, and parallelism. First,

the kinematic and dynamic models of a redundant parallel manipulator are obtained in both joint and Cartesian

spaces,

and the kinematic and dvnamic manipulabilities are defined for the performance evaluation.

The effects

of the three tvpes of redundancies on the kinematic and dynamic performance of a parallel manipulator are then

analyzed and compared, providing a set of guides for the design of advanced parallel manipulators.

Finally, the

simulation results using planar parallel manipulators are given.
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Fig. 1. Examples of planar parallel manipulators.

HaEE 259 719 5 s Bad SR <
o7l vheld 7]t gl gest mde] WEY mRe] Fx
oA wAE Hegea dound]-[7]. 53], ¥EY
yel gust nd 2dE F A} SN fEd
F oAz, A #=R1E g3 A9 AR el dad
TE XRIE BAE R?‘éﬂé}ﬂ# Fae Y T A A=
Aol Aad A4 w3t P& FPIH AR AFE BE
Y 2Hel 7)4e 2 BHE BdYe] B0 oefd =9
of of AFrel JFE HHds wgshe | dvtn & ¢
et

Agtxon ZRo v|Fst @ FHEH e FE
manipulability/3 applicability % 7} % manipulability ol
ojaf Hrte 4 UuBl HHEEY ZHE9 £X manipulability
(3l applicability)= 7]# zdo] oA %5 ZRUE £k
(72) 33 o 99 ded dsde Ad 3¢ 49 £=
(tﬂ) W2 AHeolxio] HwHaHd Ko 7178 A 22 Y
of tg Agd)E Jehdch HEE 229 7H4E mani-
pulability= €& »dd 2A 5% RJE EA ¥ A
o] &g dol dgHe FHY I " c}g] 7tz HeE 39



Journal of Control, Automation and Systems Engineering, Vol 3, No. 5, October, 1997

/39 iﬂyr ﬁ%s}—t— 73%—, 29l

A Ao A A 2 YHE 3 w2o] g 9]

B =R 4 £33 of AR EYo| HEY 2RI
7178 2 Hdsto) vxE GES dMsta, olE 8 1
Am Wdyg wyo Ay YL vid d o] Ak A
A, WYy 2R 7)¢e 2 B mdg fEsy, HHF
A Ay Byl #gyezs 75 2 FHE 4 manipula-

#P9 AR AFE7 PEY
wiel mAi gisel mAs dge /1T L Ny

45 ol Af YUY 2ol

0.4y =%
Bodeld WEy 220 /39 ¥ s vdg #
Lol uhetoz slpe R B 4% Poh g

5 77z 4,9 0, =1 ./ i olFF Aol A
Hol e A& x,, i=1,-,4, °l2t dxh ¢ HA e
7)1 e

xi = Ju 8.+ J, 8, i=l-u M
ANM T, e=ap, T ¢ WA thEl AzuRb J.9 B
Aoty WY 2y T¥ ZAE P £l
o &g 77t 9, = [ 8., - 0,al 1, ea=at¢t
2 34, (D&

T ZRJE T Yo e ZUE o uet 4%
sloz wdyg zRo 2E &5 A3 #BAE
0.1 _ [ 17 ; .
[ ,oﬂ] [ &] @ (3)
A7 6 = 2 Gr. Wuy 2yl WY wel Adl @
7 AXNE x, @ a2 (9 (oRFE, WL TR
7] -8k
X, J, @, (4)
o474
J,=J.+ 131, G (5)
24 Way 2ol Apmvletolth

g 4 % 7, 283

2 bzl b4 Qo) Azl oal, B)F W2,
ra=[1c’][ ’a] 6)
Ty
, = I, f, v

JojAs 27t WA 2R £
AASE eas ey 2u0 29S 3
3 6), 28 AP FL A = ]t Dek (ME B
asne,

E Ea A st A A o
o L

rBLI'foZ'L:‘..

2 Szt 2uy
;WA dele] ZAE E3F Beste] e ol Fof
ks 8t

., = M, 0 + =1, (8)
ad71A M, = M,/2X ; WA thele] #BAolL, =
goloj & ¥ Holty, M,= ROE A, 18I B X
JE 94x 9 x| FFAS FES}EL Q)& v 24

E 77 $F ZRJE THE JFod
HEEF

Ty Mpa M/)p
AN M, = My a.f=ap B WA 3
A8 1, 1 F HFOlOj A e AR

(3)3} (B)S o], (QRFEH, ¥E I
T B ste
T, = Mu ..0(1 + Ttub (10)
7] 4
M,=M,+ G M,+ M, G+ G' M,, G = M,/UD
24 49y 2y $3 B0t @k (DE olgak
pe=y, HEy 289 29 I3 g9
f, = M, x, + f., (12)
o17] 4
M, =13, M, 117"'= M/ (13)
24 Way 239 §5 |k
3 717EE 45 Bt
Hed 280l 4£% manipulability R, <, (4)o] 2A,
5% 2UE 4R F0 49 @9 4 | g, 1" < 1274,
R, x, 03, 317" x, =1 (14)
sl WEy 2Rl 3 applicability R ;3= (Dol 214, &
¥ ool B3 3 Ao w4l g, [P < 12470,
R f,/ (73, 1114, <1 (15)

(14)9} (15)e] Ebel 7] }EW oguje] FAE 2
ol (4o (7)o o F fJ Al b EE
4 S __I»X-I Ms ®I}

Wi Pl g¥o e g HE S f,.= f,— f,
gt st f & Y W R & (I5ERRH,
R fo+ )0 T, JIC £, 4+ £,) <16

(
£, WEdy 2¥ol 74 manipulability R, <, (12)]

x,)'0 M, 3, 1
( x, + x,) =1 17

(16)3 (7 Bde (14) ¥ (159 28 FHo] dgon
HE "ol sl o) vho]oj 2 gate] ]Qlghtt

M, ]

s H7t A F7F 2+ E UIE
%Eﬂ H#Eojor gt} Frlg
E 9] slghe) ¢ 38
o}t 7}%@4.



1.7l 7ety zdal

A dejo] 7Y 5% XRIE Fo HFE e,
i=1,,1 o2t &ti, do] ZAE HHAY 2R F7t 5
T XJE 19 '?’]i]'é 8,=1 alyly , 0[r[ 1'e} 6}7‘]'.
oJof xQlEe] Z7e wheh (D7} ()
x, = J. 01r+ J 01« + Ju blﬁ
=7 8+ 7., 6,+ 7, 0, (18)
o7l F, = [ J, 01 ° W J,& 3AA e
o] 2= Fo| Amuigtolty, $% ZAE Fo §19 ol
27} & 9 1E T TP AR ¥ 2= w2
Aoz doj XNE #HAY 2R ZJE £5 A7 &
AT
.0,‘ I 0 .
= o I [ _0,} (19)
8, G, G g,
J 017 3 2 3
o718 G 36 (183 (192 F Y, oo RJE H
4y wye) ek
x, =11, J,,][ ”] 20)
of 7} A
I, =1, +13,6, 2n
2 Jo] RQIE WAy gRo zuigtolty (2002
o) T o

la HEY 289 Aaau|gte]

.ol A

i=1,-,1 281, 01&1 xRAE HEy ZE F7L T
¢ f

ERAE w9 ¥3E r, = [ Tl,v,

7 QoA %z %‘04 Bl dy 72X
A AL} A8 = -
9] :{:°JE s lﬂ“’?} {Wﬂ (19)eF (22),
(2007} ( %
2. %Ei. —t’i*. oAz

A thele] slete] FrtE BE EQE o ¥y dlol

chg3t ol Folzrka sk

r, = M, -0,, + 1, =1, (24)
71N M, = M,ZA F7h 2JAE o] 4ol r,m
= Hloloj A Kzolt) 7|E FAE F(AMHI 2tz

EAY T
FEHE 4Y FEE o FERZ, @)% @EYE, ku
chels) EQIE ¥R $HE thedt 2ol H@Y & Ack

-0 ir —l' irh
0; T

T

i=1,,0 (25
of e w4, :lah °,
= 0,24 YAzl 1 AP dehdc 7}

2
~
x
B
i
B
m
>
ol
xU
1o
© ok
uv)

MO - Aisst - ArEtZst =2K K3 A HM5% 1997.10

& 71E % 2B F, 28T 4% 2YE 7

T, M, +m o, o, _07 T,

T, | = o, M, M, 0, |+ tu, (26)

Ty 0, M, M, —0,, T b
714 M, = diag { M,, =, M, } = M,/ m =
diag { m,, -, m,} = m/, 283 @, = diag,
{@pe =, @) = 0, a=ap oW @,, i=1,2,%

0, o F3Ho|T},
(198} (2% o] &3W (26)02BE, ol ZAE WY
x| 2AE I FHIE

M, O [ ."f]+ [ :'rb] @)
war Ma 011 Tab

o] 7] A
M,=M,+m+ G, &, +®,G, + G' M, G,
- M, (28)
®,=0,+ G' M, + 2,6+ G M,G
-, (29)
2003 (23)& ol &3H, 27) H, d9 2QE HEY 2
Yol 2] F3k HHEe
f, M~ x,+ £, (30)
o 7] A
~ ~ -1 ' -1
M = [[ 1,3,1] M 2. I, ]
o, M, 1,
= M- (31)
A do] 2QE ¥EY 22X §& Aot 53], G,
# o, 7F FE3 FAda AFEsE, F M, = M, + mo]
i o, =004, G2
M ~( M '+ M) (32)
7] A
M, ' =J1,(M +m)" 3 (33)
24 abgre) &% axvh xekd stde) f8 "3y oo
th 32)RHE, Ao ZREE Tdgowy wHE 7o
FE AEg A £ JdSs FESE o2 T4 P

gt Bt
3 717EN Ms "ol
4o 2JE H manipulability R

L
Q0 S, R @ % e Be ERE AA 5%
- : 1

ZRAE &% F Aol wel & || @, 1P+ || 8, 1° <
24,
R, %171, 1)+, 117 x, =1 (3
ol % (14)%} vlushy,
R.,"DR, (35)
j’\i °‘°E1 EEQJEE?: Q&) HWHEE 22X #X manipula-

K
: 3 (23)9] o]F BAE ol
P\_, Yoi Z=RAE HEY 2539 3 applicability R &

Ry £,07, 1, +1 3 1, <1 (36
ol& (15)¢} vl w s,
R CR, (37
24 oo FEoz 9 HEY 2X F applicability 7}
HaEe ougch



Journal of Control, Automation and Systems Engineering, Vol. 3, No. 5, October, 1997 485

4. 3HEH M5 "ot

Ha, HEy 2R 3t
f, — fo 2 39, do ZQIE HY
He R, (36)9.§¥E1

*

Ry :( £+ .03 3/ +17J, 1]

( fo + f,)<1 (38)
2ZA (16)d] ¥)s AHo] Hrt the oloq zolE WAy
29| 7F4E manipulability R &, 30 oA, (Z
HH,

CoC R+ k)L M, 1 0, 1)

“

M 1( %, + X, )0<1 (39

AN k. = MUt D 39ERE, I
ZQEy HEd 25 7} 5 manipulabilityo] vIA = 9

L 3w R TG R FE
Ag M, "o HA232) FR) AL wa dakFle F=5

V. 2o 5 WY 2%

& dolM HEY 2] #58 2UE T URE S
TR dAgens oAl 4o T HEY 2ES
gt Jo g BEE 2iRe 49 ndge e
A 5% RAE F 58 Aol o8 2UE Lo HEd
gk AHelol lew, 4 Bk A oA T R IS T
EAT QA 55 ZJAEVE A E|ofof k. 7 XIE
9 5% ZUE tA weE 71e 5 e Axte) W
g7F fivkar 7hg sk

& A z29)
E F 5 Ao i ¥ 55 2JAE Z, 13 FH
xﬂ<>1 T 2 HA FE E RUAE Foz FHFE Ve
Way 2R A9 £U3 Ay o8 gk Yo
T yEy 28 59 Ao BF e T Y9 B
ags 4z 8.9 1, 28R FF A TE5 XJAE 9
Axe B2ag 4z g9 1B A dod FF wHEy
239 74ty g#ste] 74z oL o] FHEcha
314}

x, = 1, 4, (40)

. = 1. f, (41)

=Y Aol woll uhe} Axsjne,

[ 0. =[ ﬁ] B, (42)
ﬁa I
AN G = S ae g ee, Wz
2H, ¢
o= Qctl][ I(] 43)
IH
(42)9 43)2 do +% HEy X9 =Y Ao &3
& Aol 7o A3 #FAE eI
TE ZOJE % A= wHEAY —)‘%«l %i’%?’

A R E (@ oA, diA
A 5% RUE S5 T
+ 0l 8,17 < 128,
Ry: 8&[ G' G +114,
24 9] Aol viE) Aok oled fE HE
B4 2AEY 55y dAgd B &E
ok g, do TE WEy 23ol
bility R  *&, (40)ell oA, (42 HE,

RO
Loy
e

!

=
ox Ml

j=1]
B
o)

IA
S

Ho 7ha
3

2 Al 7))
45 manipula-

G G +1)"' 1,1
x, €1 (45)

R )'(,,' : )'(nt [ .Iu (

WA, (422 (43 olF BAE oW, BY Aol 5%
ZRJE 79 f8& EZA 1,,—4 w9 RI =, (M) 2R,
R,: 'l G' G +1]17" 1z <1 (46)
24 o9 g vl Ak ol#d fE Ea WY Fvh
8 e 5¥Y WA g ey 434 )
igich b, (40)z (41)e) o]F WAIE o]&sly, Yo
T5 HEd £¥9] 3] applicability R "%, (45) 21,
R: f,[ 1, G G. +1)" 1,71
£, <1 (47)
_ J x i @0
}3 _ o _ 1y
gk, ], ) a8l G i o o1y
IO G G +1)7' 1, =
a_x, o 6\'0 8 . (08,3 01" (3x,
I 4, (a ﬂ,,) a4, (a ﬂ,,) d 4, } (a 0,
9 x, 0 8,\'3 6, 1" 14 x,\
- aﬁ(,[(aﬁa aﬁ,,] (8ﬁ,,) “8)

L(G' G +1)"' 1,/ = [(a "")"—i] (49)
0 x J x,
ol o TE WEE zye % manipuiabilty 2 4

applicability 7} WA 55 ZAES} A= ¥ 57 Ao o
4 T RIE ‘71«] "15’1 = Faehs 9]”]'@@.

;?'51 Y Aol T¥ RUE Fo M) Wizt gli-
A% 5 1, = J,,OI A, (14)9F (45) -~ (15)9F (47)3
],

R,"CR, (50)
R, DR, (51)

24 o fEeg 9ld HHAY THel £ manipu-
lability 7} Z+45& 4¥Hd, 3 applicability:= &7

st

3 Sasts Ms o)

WA, dof 7B HEY 2o &S A KE Y&
fo.=f, — f,8 39, & do HY R 4D
ZRY,

R ":( fo+ f,)0 1. C G G +1)7" 1,0
( f,. + £f,)<1 (B2

Yol ¥ WY 2o 7}

(12)e oA, (52)Z52-H,

X, + xu)'0 M, I,( G G, +1)"!

1) M, 1( X, + x,4,)<1 (53
E3], 59 Alo] 5% RSE Fo Add #H3} 9= A
S (17T (53) 0 ZHE,

A (168 Z23e E}"
£ manipulability R =

=
4=
=

R.,":(

X



R,”DOR (54)

22 9o pxo Qi WHI ZHo| 4R manipu-
lab111ty7} Z71E& o g

V. 2of cle| HEYE =%

¥ Aol 2EY 2ol teld F7HHoRM dolA
oo the wWaEW 2R A4, oA A%E F
detel 4% Af ARE WAY 2re) WA AWE o

S mdge WAL
Qi g7t A

o)
N
2 e we BeR WA S 22E7 el5)

A 2
of o Wol Tl i kelm 27 sht olael v
zles AUn glov, B8 WA §F A= F e

]
8 zyol 499 o] zZtz (M Mz FFAT
M e el zAde O JAE 9, i=1, 4
azln 9o ale] WA 2EY TE ZUAE A9 A
g7tk 9= B9 9SS B0l s
s 7E Yy 239 $4Ye waErg (HEHEYH
3, 0 = 3, 8. i=1, .k (55)
o37)A J,& A do thele] zhmugtelrh o) 7bd
ol®, (55)ZRE,
o Q7
8, | = 1 8, (56)
9, G
{ o,,} -[ @] e 57
0(1 I
o 7] 4]
~ -1
R 1
Q = P ] (58)
i

G chgfe] WA 2QE

role ahah 7}

agn Q.5 Qo #¥gelrh
o 5% 2JE w9 EaE Z4A 1
A (56)3F (5EHH,

~

T
r, = [(Q1J1,) 1 G] (59)
Ty
r, = [ Q. 1, 1][ ’a] (60)
T,

GeyE (59) zElx (573 60y 4zt oo T

2xol 2AE AT A 2B F T =

o AF BAE e

2' EEﬂ ;‘-X‘l E%EI

ol theje] Fste] that o] Folzlthi dtat.
T, = M,- 0 + T, i=1, 61)

o714 M, = M,/BA A g dEle) B, T,
Hpoloj & EFoltt (9 (B1IZHH,

RIO| - KI5t - ALAEIES =2 K32 H5% 1997 10
T M o0 o 8 T4
T, |= 0 M, M, 6, |+ Ta (62)
Ty 0 MPa Mpp .00 T
oj7] 4
M = diag { M,, ~, M,} = M (63)
(56)7 (59)E o]43tH, (6)EHE, dd v HHEyg 28

o] zQE &7

seste

r, = (M, + M,) 0, + ta (64)
o 71 M
M,=(QJ,)M(QI)= M (65)
BHZFE, Jdo Tz ) HEy X FE uA
o] M,olM ( M, + M, )& Z7H9e FE3 ek e (7)
g olgalm, GHZYH, Yo thel WAy 2R HY F
B
£, = M x, + fg (66)
o 7] A
M =073, (M, + M) "' I 17" 67
24 oo e HEy 259 f5 APty 53, 7t
7+ A olH, (67)2
M = M, + M, (68)
o714
- 3, M, 3, (69)
24 9o gelo 5 d@elth (68 g, o gz <

™M, + M )ZE

S8/ 01 Q) Q1,111 8, <1 (70

@9 dofl vl3) #Atk o]EId FE & HHY Z:

oo thale TE XQEV ZE &% Al 71

. ampulablhty

R &, el oA, (T0) 225 E,

R Q. Q.71 +1)7 1]
X, <1 (71)

)'(,,‘ : )'(n, [ Jo ( JD

53] 3,7t 7t Ao,

t

R.%: x, 1 1L

x, <1 (72)

Q. Q.+ (17,

o|Z (14)¢} HlutslH
R,"CR, (73)

A oo oz Qs B a?sg 23] &% manipulability
ZAge 9vdr,

q, (573 60)2] °olF BAE O]%G}L, =Y Ao 5F
QE 79 §F EA 9 WY R T, 0)02FH,

BorE S R

t o~

R 'l J) Q. Q. 1. +11'r,<1 (79

24 &g o vla) =2 ol8jdt §F EAY FUE
o thEle] 5% ZIEQ 91‘ﬂ o tigk A& 7]
o} e, (e (N3] olF BAFZ o) &FH, Yo v



Journal of Control, Automation and Systems Engineering, Vol. 3, No. 5, October, 1997 487

ey 2ol g applicability R, (72)E5-H,

Ry £ QSQ.+ 3, 1™ 17
f, <1 (75
ol & (15)9} w3y
R, SR, (76)
2a oo thE]l& Js) WE¥ ZH9 3 applicability”t &

7hEe oul gt

4. se3tH M5 ®t

WA, ol o %asg 2R Jt&e A% fE We
f.0 =1, — f£,2 349 K1 I WA R, =
(715) 2 %8,

*

R,":( £, + £,7)1 Q, +

CJo 1L £+ £, ) =1
ZA (16)0] wlsf A o] Atk i Jo rf] HHY
o] 7} % manipulability R (i, (66)°] 917, (THEFH,

R, :(x, + x40 M {Q,
| DI S

(7, M 1( %X, + X, )<l (78
AN k., = MUt (DI REZRE, Jo o
am Heds 2R 7145 manipulabilityol W)X &
'3 OMY R (e BHOTD ZAB)S 2
%7}((68) Bx) Aol wet geha A
tjEld ZOE o] ZaKA | °6*) =
=8 dAAH 2 7)), 18l3 el 9 %‘ﬂ(ﬂl 3 #
ZHo 7|45 2 Fe

rl r
o
o

%

s,

=2
_0_
=
#% zesl

X

2]
5.5

o

[} L

k3
=z
T
o

o o

£ 4 °539l o A=t HHY 2
52 Adwol v d3g aostd
® 1. 7158 9 58E3 Az
Table 1. Kinematic and dynamic parameters.
o -2 e 7io] [m] “aF kgl
vl o] - o= 6L = L= wyo= o = omy = (a)
19 1a) { 1.0, 0.75, 0.03 } { 1.0, 0.75, 0.03 ) a
mo= my, = my =
A1 48 L= b= I = (1.0, 0.75, 0.3, 0.03 } (b)
Y OHDY [ (1.0, 0.75, 0.3, 0.03) | my = my = my = )
{ 1.0, 0.75, 0.03, 0.03 } | '©
2 F8 h= b =& = my = my = my = @
1% Ite) { 1.0, 0.75, 0.03 } {1.0, 0.75, 0.03 )
mo= ma o= my =my = ()
{1.0. 0.75. 0.03 )
A3FE 0= b= 6= 1 = — — —
19 1) (10,075 003} ™= ™= ™~
{ 1.0, 0.75. 0.03 } | (D)
3m, = (1.0, 0.75, 0.03 )
D A1 f38d 98] %% manipulability(¥ applicability)7}
7K E = v, 7HE5 S manipulability ¥ f-E % o]},
2) A 2 FEdl o9& 4% manipulability(3] applicability) 7}
A2 7hE a, 38 7b4 % manipulability® % 71ghoh
3) A 3 FEol s 4% manipulability(3 applicability)”7}
Z2(F7h = ¥ 7145 E manipulability = %% % o]t}

o714, 7178 2 FHEH P59

olste}, vl B4 ANE EUE

8 2R HA AL &8,

1) %X manipulability®] F4& ¥dllHes 4 1 8L =
Sihia=

sl FAAYE

%
D% off ARE WY

2) 3 applicabilityd] 448 9JaliA=
FEE Esitt
3) 7F4 % manipulability®] 48 flsirl=

A2 FE 2 A3

A2 58

A= ja=
3l applicabilityol] #3+ 3 A 2 F¥ 2 3 Fao Fyi=
U3, 71od whxe] glo] dZAFE Aelr) e 9%
of fFolof g}, HE Al 1 FF3 A 3 FEL A 2 /F
W g, HEy 3-_—‘}'\9] g 4 waE abslrg 9]
] %

VI Algdol M
Bodel M= g 1o Hw Aglg WAy 2o wg

ABEHE Fal Al frEel olf ARE wlol mi

99 o) At o w o5 4ol Wk of A
B

13 259 E}EH HE =
a e g Wy

thooods chelel disl A Pasl dejst AP
%2t 4, [m]e} mo Deglolel st pal whelel 921 ol
o AFe A4 1= (1,19 my = (my)Eb @0k
2 Alg o] }\]..Q_E] Hay @2Ro| sl w ¥y
A elaE vERdc X 13)9% Hd)= #7289 1a)e)
71E By 212 29 1o A 2§98 A Afe
AE 2R Qs UrEME%. # 1 1@ 19 1b)
o A 1§38 AF AH HEEg 2389 9l XP'LH 3}‘—7}51
® He)et 1

AhahZol A WAIA e
SRl A ol e

L _I
= a8 DY A3 F8 odf Afe HYy 2ie °‘4
B4 F7he dele) At wiE e Fed veRdc

olEmel ZHol Held A4 A the)sel $9
CP=10.0191 59 0.4x0.4 [mle) 44248 Wi o)
goba ok op A deldel A% X4E £ mani-

pulability, 3 applicability, “12]al 7}&5 mampulability E}
Ao AHew Aestn 747 4, p, 28I 4 ol
gt 19 2¢ E l@)e] 7iE HEy 2o He Af
Wstg Rolw, a9 3, 19 4 18a a9 5 74 R
b 1), ¥ Ud), 282 F 1@ 1(HY A §89
g AT WA SRol A '5 A% WekE melt) 1y
2-5904 xy HHe Y FHE 1Ya 2 F& A A4S
g ekl AAHes £% manipulability®t ¥ app-
licability®] d&AEs #Ae 5= 9o, TP CPRHYY
HojZe wel 45X manipulability®] zF4, 3 applicability
9] F7h 28]l 7V S manipulability 7HAE AR ¢
o][;]_

a9 3@t 3b)E 4z 19 2a)ek 2Ab)et vwdto g
A, A1 8 oF AR 93 4% manipulability 2]
=719} 3 applicability®] #4E #2E 3 o, 1y
et ADE 1 20 vwFoZHM, 7HEE manipu-
lability 7} $7} 29 Eeo] %#3A <z wet 7+h L
7HeE Bad 4 Ao 29 4), 409 4008 47 1
g 2a), 2% 2(c)¢} vugezH, A 2 8 oAF AH
Tol| 23t &% manipulability®] 74 281 ¥ appli-
cability®} 7}4 % manipulability ] 2718 ##g + Aok
29 528 5(b)E Ztz 2¥ 2a)el 29 vlugo g,



A 3 HE AF AFEd o8 £% manipulability®] 7HA
9} 3 applicabilitye] Z#7Fg e = glool 13 5()¢
5(d)E 28 209t nugto M s manipulability 7}

Z7b thelel BeEetn Aol weh B Fe 2 @

uye

u

CANE R ARE 3EF 229 4 A%
k-3

Fig. 2. Performance variation of an existing parallel

manipulator without redundancy.
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