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Analysis of a Planar 3 Degree-Of-Freedom 
Adjustable Compliance Mechanism 

Whee Kuk Kim*, Dong Gu Kim** and Byung-Ju Yi*** 
(Received June 24, 1995) 

In this work, a planar three degree-of-ficedom parallel mechanism as another type of 

assembly device which utilizes joint  compliances is proposed. In order to generate the ,desired 

operational compliance characteristics at RCC point, these joint compliances can be adjusted 

either by properly replacing tile joint  compliances or by actively controlling stiffness at joints. 

The operational compliance matrix for this mechanism is obtained explicitly by symbolic 

manipulation, and its operational compliance characteristics are examined. It is found that the 

RCC point exists at the center of the work~pace when the mechanism maintains symmetric 

configurations. Compliance characteristics and its sensitivity of this mechanism are analyzed 

with respect to the magnitude of the diagonal compliance components and two diflerent matrix 

norms by measuring compliance sensitivity. It is expected that the analysis results provide the 

designer with a helpful information to determine a set of optimal parameters of this RCC 

mechanism 

Key Words: Joint Compliance, Parallel Mechanism, Remote (7enter Compliance (RCC) 

Mechanism, Sensitivity Analysis, Adjustable Compliance. 

1. Introduction 

Due to the limited precision of the position 

controlled robot manipulator system, one can not 

successfiJlly perform insertion tasks requiring 

high precision such as electronic parts assembly 

tasks (eg., peg-in-hole). Furthermore, imprecise 

position and/or  orientation of the assembly bed, 

position sensor errors of  the robots, non- 

uniformity of assembly parts, and non-rigidity of 

real bodies altogether hinders successful assembly 

operation. That is, they can increase the task 

completion time, and cause jamming or wedging 
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during assembly operation quite often. 

To cope with these problems, various control 

schemes have been investigated: force feedback 

control via Force/Torque sensor (Yi and Free- 

man, 1992; McCall ion et al, 1980), compliance 

model based control (Cutkosky and Kao, 1989; 

Peshkin, 1990) for robot system and task environ- 

ment, and compliance control using compliance 

devices such as Remote Center Compliance 

(RCC) devices (Whitney, 1986; Brussel, et al, 

1986). These approaches can be categorized as 

active accommodation, passive accommodation, 

and passive-active accommotion (Whitney, 1987). 

Active accommodation method adjusts the robot 

position by utilizing force feedback signals to 

actively control the contact force occurring in 

contact with the task environment. Fmce control, 

damping control, impedance control, stifl'ness 

control, and vision sensor or proximity sensor 

based control belong to this method (Hogan, 

1985 ; Kazerooni,  et al., 1986). Passive accommo- 

dation method passively corrects the position 

error by utilizing the deformation of the compli- 
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ant device attached to the wrist of the robot. 

Control methods using compliance devices, com- 

pliant work stations, air or gas stream, and 

magnetic force belong to this method. In general, 

when the passive compliance devices are used, the 

bandwidth and the stability of the system are 

increased, compared to the case when the active 

accommodation method is used. However, its 

position accuracy is decreased due to the use of 

compliant members as compared to the active 

accommodation method. Active-passive accom- 

modation method combines the characteristics of 

the above two methods. Control methods using 

IRCC (Instrumented Remote Center of  Compli-  

ance) which has both compliant  members and 

Force/Torque sensor belong to this method. 

However, it is not cost-effective (De Fazio, et al., 

1984). 
In general, these RCC devices are made of 

linkages and compliant members such as elas- 

tomer shear pads, mechanical spring, rubber, or 

flexible members (Whitney, 1986). And its charac- 

teristics is represented as having a RCC point at 

which the operational compliance matrix is com- 

pletely decoupted, and therefore when an external 

force or torque is applied to that point, the 

deformation occurs only along the direction of 

the applied force/torque. Optimal location of the 

RCC point in assembly tasks has not been theo- 

retically established. However, Whitney showed 

experimentally that the position of RCC point 

should be located close to the contact point as 

much as possible to successfully complete assem- 

bly jobs without causing jamming or wedging 

(Whitney, 1982). Based on this part mating the- 

ory, most of compliance devices and RCC devices 

are implemented by attaching to the end of 

(wrist-type) robot. These RCC devices or compli- 

ance devices are used in tasks involving contacts 

with environment such as shaft insertion into 

bearing, rivet insertion into hole, bolt insertion 

into nut hole, and press fit and electronic part 

assembly tasks requiring high precision. 

McCallion, et al. (1980) proposes a compliance 

device which uses the shape of Stewart platform 

mechanism that has been used as a flight simu- 

lator and a manipulator. They replace the six 

prismatic actuators by the same number of linear 

springs. However, the compliance matrix of  this 

device is not completely diagonal (i.e., decou- 

pied), and the position of  the RCC point is not 

adjustable since it is fixed in the upper plate. 

Also, they proposed an improved RCC device 

(passive compliance devices) that uses three rigid 

prismatic links with the elastic membranes placed 

between the links and platforms. These elastic 

membranes represent 4 degrees-of-freedom com- 

pliance joints. Cutkosky implemented an actively 

adjustable RCC device that uses the hollow rub- 

ber spheres (Cutkosky and Wright, 1986). The 

location of  the RCC poinl  of the device is adjust- 

ed by controlling the hydraulic pressure inside the 

hollow rubber spheres. 

Most of Commercial  Remote Center Compli-  

ance (RCC) devices have been designed using 

deformable structures with constant magnitude of 

compliance. Therefore, their functionality as 

RCC device is very limited in that a certain job 

may require adjustable compliance characteristic 

during the assembly operation. 

In this work, we propose a planar three 

degrees-of-freedom parallel mechanism (Fig l) as 

another type of assembly device which utilized 

joint compliances. In order to generate a desired 

operational compliance characteristic at RCC 

point, these joint  compliances can be adjusted 

either by properly replacing tile joint  compliances 

or by actively controll ing stiffness at joints. 

2. Compliance Characterist ics  
of  a P lanar  3 - D O F  Paral le l  

M e c h a n i s m  

The proposed mechanism in this paper consists 

of a floating ternary link, a base, three serial 

sub-chains, and a joint  compliance at each base 

joint, as shown in Fig. 1. Each of sub-chain 

possesses three revolute joints c, onnecting two 

adjacent links. 

rq~ denotes the joint  angle of nth joint  in the r 

th subchain and rln denotes the link length of the 

nth link in the r th  subchain. Also, let the output 

posi t ion/orientat ion vector representing the cen- 

ter of the upper platform be u=(m y ~b) T, and let 
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Fig. 1 A Planar 3-Degree-of-Freedom RCC Mechanism 

the joint  angles of the r th  serial subchain be ~ff-- 

(~r ,-r ,-r r. Then the differential relation 

between these two vectors is represented as 

~ 'u=[~Gg]&r r =  1,2,3 1) 

Assuming that Jacobian ([~Gg]) of  each serial 

subchain is non-singular, the inverse relation of 

Eq. (1) is given as 

#~r ldu, r =  1,2,3 (2) 

From this equation, the differential relation 

between the input joint  variables which consist of 

the base joints of three serial subchains ~b~--(tff~ 

2q~1 3r r, and the output variables u = ( x  y r  

can be obtained as (Yi and Freeman, 1992) 

8r = [G~J t~u (3) 

where 

[,C'~],; 
E ,,3= [2Gr (4) G a ~u  - 1  

where [~Gg]~) denotes all the ith row elements of 

[~Gg] 1. Especially, when the nth link lengths of  

three serial subchains are the same (i.e., L~=~l,= 

2l~ 3l~, for n=1,2,3)  Jacobian 

obtained explicitly as 

/1 S j /"l S l /'1 ~2 ] 

3 [ ~3 

[G~] can be 

(5) 

where C~2 implies Cos(~r + ~2), and so on. Then 
the inverse relation of Eq. (3) is given as 

_ u ,{u=[ g<~j l ~ _ [  g~]6.r (6) 

Let r = ( r l  r2 " '  r~) T and f = ( / l  /2 "" f, .)r be 

an actuator torque vector and an external force 

vector applied to the RCC point, respectively. 

Then from the virtual work's principle, the fol- 

lowing equation holds : 

d e  J r  = du  ~-f (7) 

Inserting Eq. (6) into Eq. (7) yields 

r = [ G g ] r f  (8) 

When the joint  compliances at the input joints 

r162 2r 3r r is represented as Cr Cr C~3 
respectively, and the relation between 8r and r,. 
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at each joint is given as, 

~ a i  = Cc i t t  (9) 

the relation between the inputs and the outputs 

can be represented, in a matrix form, as 

~ = [ C + + ] r  (1o) 
where the joint  compliance matrix is expressed as [c 00] 

[ c o o l  = 0 C ~ 2  0 ( 1 1 )  

0 0 C~:~ 

From Eqs. (6), (8) and (10L we have 

a u - [  c;g ]a~, 
=[ G: ][c~ 

�9 ~u T f  =[ (;~ ][c++][ c;~] 
- [ C ' ~ ] V  ( 1 2 )  

where the operational compliance matrix [ C~] is 

defined as 

[ C~,,]-=[GN] [C'~][(;g] T (13) 

or noting that the following relations hold, 

[K,,~] = [ C, ] 1 (14) 

[K~+]=[C++] 1 (~s) 

the stiffness matrix can be represented as 

, u  - 1  , u  T I [K~]=([CS~][Kr [ G . ] )  (16) 

In order for this operat ional  compliance matrix 

to be symmetric, the off:diagonal elements should 

be zero. And these condit ions can be written by a 

matrix form as 

Cy+J L Az2 A:32 A:~:~J k C~33 

where 
_ 3 ~2 ,a ~ ~ ,2e~wc~e:*  S ~ S ~ )  (18) A . -  [311 ( -s  ( C 1 2 , ~ 3  - -  k~[2 ' -oaJ t  J 1 2 J 3  - -  3 

Al2=[3l~ lc3v~ei~a cl c:~wCl S3_S:]C~a) (19) ~ O 2 2  "~O3~ 1 2 - - O 1 2 0 3  l~ 12 

_ _  2 ~3 2 ~1 ~2 1 2 1 ~2 AIa-AI~(S~) (&353- $3S1~)(S:~C1~ C~S~) (20) 
A _121l~112(C2 ~3 ,3 ~2 2 ~3 2 3 

2 1 - - / 1  t 3 1 0 2 ~  t i2< I 2 - C 1 2 5 1 2 ) ( S i 2 5 3 - $ 3 , ~ 1 2 )  ( 2 1 )  

2 2 2 ~3 ~ 1  i 3 ~ 1 ~3 ~1 ~3 A~2=l113(SO (C l2  l~-Cl2Sx2)(S~ 512-5125~) (22) 

A~3- Ii 13(S~) (SI~CI~- CI~S~)(SI~Sa - $3S1~) (23) 
2 I 2 ~2 ~ 3  ~3 ~2 3 2 2 3 C12S.~) (24) C I 2 5 1 2 ) (  0 1 2 S 3  - A~= [i [3(S~) (C13~ 1~- 

__ 2 2 2 ~3 ~1  ~1 3 1 ~3 ~3 1 CI~S~) (25) C l~Sl~)( C~'~53 - A32-lt 13($2) (C12, t2 - 
2 3 2 I ~ 2  2 '1 "2 '1 1 2 - C I ~ S . O  (26) Cl~5,0(C1~53 A ~ =  L 13( S0 ( G'~ 12- 

The condition for Eq. (17) to have a non-trivial 

solution is that the determinant of the matrix A 

should be zero. This condit ion can be satisfied 

especially when the symmetric configuration of 

the system is maintained and the joint  compli- 

ances attached to the three base joints are the 

same; that is, 

2 4 

C~=  C~I = C+2-  Cr (27) 

In this case, the diagonal components of the 

output compliance matrix are given as 

2 l ,  12/~;1~2 
C x x =  ~ r  1 ~  2 1  3 - (28)  

C~,y 2Cd~(S'J)2 
3 (29) 

{'~ ]21" Q 1~2 

*+ - Yl~(S~)2 (30)  

It can be observed from Eqs. (28)--(30) that the 

magnitudes of the diagonal components of the 

operational compliance matrix are functions of 

the joint  compliance, the link lengths, and the 

joint  angles, and that the following two condi- 

tions hold 

C:~ = Cyy ( 3 1 )  

C .... /:~(S:]) z (32) 
Cr162 -- 2 

Note that the magnitude-ratio of the translational 

component to the rotational component of the 

operational compliance matrix is related by link 

length L and the angular displacement r 

A most desirable property of a RCC device is 

having a low compliance sensitivity about its 

RCC point. In the following section, the sensitiv- 

ity matrix for the compliance matrix is derived 

and sensitivity analysis is performed. 

3 .  S e n s i t i v i t y  A n a l y s i s  

To assure one of  excellent RCC characteristics 

such as low sensitivity of the compliance matrix, 

the sensitivity analysis of the operational compli- 

ance matrix is required. The compliance sensitiv- 

ity matrix of the mechanism can be derived by 

taking partial derivative of [C~]  with respect to 
output variables u, as 
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a[c=] Fa[c~4 a[c~4 aEc~41 (33) 
au L ~ au~ "" a u , 7 - j  

where the output 

u - - ( zh  u~ " '  zt,,,) r is a m • 1 vector and the input 

~ = ( r  ~ " "  r iS a ~Z• vector. Noting that 

[ C ~ ]  is a m x m  matrix, O[C~,] is a r e x ( m •  
8u 

m) 3-dimensional matrix, where 8[C~u] is a m • 

m matrix and represents the ith plane of the 

compliance sensitivity matrix. Also, noting that 

[ C~u] is a function of joint  variables (~) as shown 

in Eq. (13), the (m, ~) element of the ith plane 

matrix (8 [C '~"] - )  c a n o u i  be obtained by using a 

chain rule as follows 

am \ 8u, 8u; 8u, / 

[C~.] ...... 

a[ c,,.],,,:,, 
a62 (34) 

a[ c~,,].,:., 
8r 

Then, the partial derivative of the compliance 

matrix with respect to u, can be represented, in a 

simple form, as 

(35) 
8u, 8u , L 

where 8[C;,,] is defined a s  

8 " [C~,] [ 8[C~4 8[C,,,,1 8[c:,,,j ] (36) 
a~ ar 8r ar 

This 3-dimensional sensitivity matrix is arranged 

so that the matrix [ 8[C.~] I represent s the ith 

plane. The operator ( �9 ), called as a generalized 

dot product, is used as an operator performing 

dot operation between the row vector ( 8 ~ I )  r 

8[C~]~;,~ which is formed and the plane vector 8~b 

w i t h ( m ,  n) elements of each p l a n e -  - -  - [fl--[8~'~] ]. 

Thus, the whole 3-dimensional sensitivity matrix 
can be written as the following form 

[ - - 1  ( ;" 
8u 

( I 

Using Eq. (13), Eq. (37) can be rewritten as 

[ 
+r~,,,ir,-, i a[(;~] T ] 

r , , r 1 6 2  8@ (38) 

See Appendix for the method of obtaining 8[Gg] a~ 
indirectly via the second-order kinematic influent 

coefficients [Hg~] (Freeman and Tesar, 1988). 

The desirable properties of RCC device are low 

and uniform sensitivity of the compliance matrix 

at RCC point. Noting that the compliance sensi- 

tivity matrix is 3-dimensional. the Frobenius 

norm or the 2-norm of  each plane compliance 

matrix can be employed to find the optimal 

parameters of the device. The Frobenius norm of 

the matrix ,4 is defined as the square root of the 

sum of the absolute-square magnitude of all the 

matrix elements, and is given as 

1 k 

where ao denotes the ith row and the j th  column 

element of the matrix A. The 2-norm of the 

matrix .A is defined as 

[[ A IIz=supx=o. ILA~Sl2 V A ~  C ~ "  

(40) 

and can be also obtained as 

II A II~= a ( A )  (41) 

where d ( A )  represents the maximum singular 

value of A.  Note that these two norms are equiva- 

lent norms from the following relation 

II A Ik<_ll A Ip_< v~ II A Ik (42) 

Although any of the two matrix norms can be 

employed in the analysis of operational compli- 

ance sensitivity, the concept of 2-norm is em- 
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ployed in the following sensitivity analysis. 

The largest singular value of ~[a C-'~-'~] implies 
OIG 

the largest deviation from the current  compliance 

characteristic. Therefore, the largest s ingular  val- 

ue of the sensitivity plane matrices _~LC'~:,] for i 
Otl i  

1,2, .-., m can be used as the measure of compli-  

ance sensitivity. It will be denoted as s,,~x. 

On the other hand, in order to ob ta in  the 

characteristics of uniform compliance sensitivity 

a long any direction, the average of the largest 

s ingular  values of  each sensitivity plane matrix 

#[C'~,,] for i=1 ,2 ,  �9 . . . . . . . .  , m can also be used as 
c) zt 

another  measure of  compliance sensitivfly. It will 

be denoted as s,,,u. Furthermore,  compl iance  

sensitivity norm can be obta ined by providing 

different weights to the largest singular values of 

each plane of compliance sensitivity matrices, 

depending on task requirements.  However, in this 

paper, we consider the case of the same weight. 

In the following plots, we call the former norm 

as "largest 2-norm" and the latter norm as "mean 

2-norm", for convenience. These two criteria will 

be used in the analysis of  operat ional  compliance.  

with the z,  y positions of the floating ternary l ink 

fixed. In simulations,  we investigated the cases of 

five different values of ll ti.e., l~--0.3, 0.6, 0.9, 1. 

2, 1.5). However, since the results from different 

values of 11 shows very similar trends as those of 

the other cases, in the following, we only discus- 

sed the case that the first link length [~ of  each 

serial subchain equals to 0.9 . For each of  three 

different output  or ientat ion angles (~b . . . .  30 ~ 0 ~ 

30~ we will examine the characteristics of both 

the two compliance components  ( C ~ =  C'xy, C,r 

and the two different norms (i.e., s,~x and s~,x) of  

the compliance sensitivity matrix, at the RCC 

point by varying the l ink lengths, 12 and l:~. 

Figures. 2 ~ 5 ,  6 ~ 9 ,  and 10~13 represent the 

contour  plots of two different norms for compli-  

ance sensitivity and those of Cx~ and Cr for the 

fixed orientat ion angles, 9/, . . . . .  30 ~ 0% 30 ~ , 

4. Analysis of Operational 
Compliance 

It is shown that when the three degrees-of- 

freedom mechanism mainta ins  a symmetric con- 

figuration, a RCC point exists at the center of the 

mechanism. Without  loss of generality, the three 

base joints  of the mechanism are located at the 

corners of the equilateral tr iangle with its lateral 

length /4, as shown in Fig. 1. When the distance 

from the base jo in t  to the center point  of  lhe 

mechanism is set to 1, it can be shown from 1he 

symmetric geometry that the lateral length /4 of 

the equilateral triangle is equal to v~3. Also, the 

posit ion of RCC point  with respect to the base 

coordinate  system shown in Fig. 1 is obtained as 

14 / 3  l~ 1 
~ ' = 2 - =  2--' Y= 24J~ . . . .  2 (43) 

Symmetric configurat ion of the RCC mecha- 

nism is decided by four parameters (l~, [~, [3, (,) 

Fig. 2 Compliance Plot C,,-~ -C,:, : /~-0.9, (~:- 
_ 30 ~ 

Fig. 3 Compliance plot C',r l~ 0.9, ( , - - - -30 ~ 
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respectively, under the assumption of unit magni- 

tude of the compliance at each base joint. The 

maximum threshold value of the norms for both 

compliances and compliances sensitivity is set to 

be 10 and the minimum threshold value of the 

norms is set to be 0.1, respectively, for conve- 

nience. Thus, the norm values greater than I0 or 

less than 0.1 are not shown in the plots. 

From Figs. 2 ~ 5  and Figs. 10~13, it can be 

observed that as the magnitudes of both the 

orientation component and translational compo- 

nent of the operational compliance matrix 

increase, the magnitude of compliance sensitivity 

tends to increase. However, from Figs. 6~9 ,  it 

can be observed that as the magnitude of the 

orientation component of the operational compli- 

ance matrix increases, the magnitude of compli- 

ance sensitivity tends to increase, while the char- 

acteristic of the translational components of the 

operational compliance matrix is not coincident 

to the one of the compliance sensitivity. This 

different trend in Fig. 6--9 can be easily seen by 

observing that magnitude of C~  is varied more 

rapidly then that of Cxx with respect to the varia- 

tion of link lengths t'z and /3. 

From all these plots, it can also be noted that 

two different sensitivity norms (Smax and savg) 

show a similar trend, and that as the design 

parameters get close to the singular configuration 

(or unreachable configuration: marked lines by 

cross), the magnitudes of norms for compliances 

rapidly decrease, but the magnitudes of the norms 

for compliance sensitivity rapidly increase. 

In the design of RCC mechanism, one of the 

design objectives is to obtain a completely decou- 

pled compliance matrix and a various magnitude 

Fig. 4 Largest 2-Norm of Compliance sensitivity 
(Sm~x) : /~ --0.9, ~b-- - 30 ~ 

Fig. 6 Compliance Plot Cxx=Cyy: /1=0.9, ~b=0 ~ 

Fig. 5 Mean 2-Norm of Compliance Sensitivity 
(s~vg) : l~--0.9, 9-- -30~ Fig. 7 Compliance plot Cr162 I~=0.9, ~b=0 ~ 
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of  diagonal  compliance components  with small 

and uniform sensitivity of compliance compo- 

nents. However, from the above analysis it is 

shown that there exists some trade-off between 

compl iance  and its sensitivity. Therefore, when 

the magni tude of the desired operational  compli-  

Fig. 8 Largest 2-Norm of Compliance sensitivity 
(Sm~,• : 1l--0.9, r ~ 

Fig. 11 Compliance plot Cr162 l~-0.9, ( ,=30 ~ 

Fig. 9 Mean 2-Norm of Compliance Sensitivity 
(sav~) : 1,--0.9, (,--0 ~ 

Fig. 12 Largest 2-Norm of Compliance sensitivity 
(Sm~x): 11=0.9, (,- 30 ~ 

Fig. 10 Compliance Plot C~,~,= Cyy : It =0,9, ~=  30 ~ 
Fig. 13 Mean 2-Norm of Compliance Sensitivity 

(s,,~) : [t =0,9, ( , - 3 0  ~ 
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ance components and the tolerance level of com- 

pliance sensitivity are given, these plots can be 

used to identify optimal link lengths and optimal 

orientation angle of this mechanism. 

Note, however, that in this study we only con- 

sidered the cases for five different fixed values of 

/t's(0.3, 0,6, 0.9, 1+2, 1.5) and only three different 

fixed output orientation angles (~b .... 30 ~ 0 ", 30 

o). As an alternative way, a set of optimal parame- 

ters can be obtained in a systematic manner by 

defining a cost function which simultaneously 

represents the characteristics of compliance and 

its tolerable sensitivity. 
In the implementation of the joint  compliance, 

several types can be considered. To obtain a 

passive compliance effect, a passive coil spring, a 

rubber, a joint member with a neck-down section, 

etc. can be employed. However, since the compli- 

ance of this kinds of passive type is not adjust- 

able, a compliance effect which can be actively 

generated and adjusted is preferred. This effect 

can be effectively obtained by using pneumatic 

type of actuator in which the inner pressure of the 

cylinder is controllable. 

5. Conclusion 

In this paper, compliance characteristics of a 

planar parallel 3-degrees-of-freedom mechanism 

using only minimum set of joint  compliances are 

investigated. It is found that a RCC point exists at 

the center of the mechanism when it maintains 

symmetric configurations, and that its compliance 

characteristics at the RCC point can be adjusted 

by varying link lengths, joint  compliances and its 

orientation. 

Compliance characteristics and its sensitivity of 

this mechanism are analyzed with respect to the 

magnitude of the diagonal  compliance component 

and two different matrix norms by measuring 

compliance sensitivity. It is believed that the 

simulation results can provide the designer with a 

helpful information to determine a set of optimal 

parameters for this type of RCC mechanisms. 

As future works, we can investigate the compli- 

ance characteristics, when placing the compli- 

ances at different joints of the mechanism besides 

the base joints, when placing compliant member 

at more joints than the system's degree of freedom 

and when imposing antagonistic preloading 

between the joints (Yi and Freeman, 1992). 
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Appendix 

The sensitivity matrices _~?~_G_g] and 9 [ G ~ - i n  a~ a~ 
Eq. (38) can be obtained via the second order 
kinematic influence coefficient [E/g0] (Yi and 
Freeman, 1992). That is, noting the: definition of 
the second-order kinematic influence coefficient 

and the definition of the sensitivity matrix ~[G~] aO 

the relation between these two 3-dimensional 
matrices can be established directly by switching 
appropriate index, as below, 

[ 0[Gg] It, ...... =[H~]~:p:,~ (a3) 

Likewise, 

c)~ 31, ....... ---[ ~o]~,;p ..... (A4) 


