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ABSIRACT:

Inttis pcr, we fuira ttc dpmics of a freo.
floditrg, tcdink flm ryce miphor in tm
difrcmd aryoofu. In 6c ft$ ryoadr, we uln
\nrMl UoiE*mc ( \nvl ) mc$. Th scmd
ryEch b cdd Pymfcany ngaU
ttlaleOlr ( IEM ) ryqL Ttc DEXrd aollcepa
alhs ns b wriie th dynmics as a f:rcdtac
tmiFil+r. Tffu pcrpm tb dymfts dtb
nunifhr uiry fu VItt d fu DEM poa*
ad ddfon rtsb ac giwn !o shol tb
eqdvzle|E' d the d5nabs Awtonod udng bfi
qpeaps

INTf,IDDIEK}I{:

S1re r6ds will tsry i4pcld dcs in arrdftrti'n
mdrmirrtmence of rpace Sdions tU. Itr ql&r lo use
ryce nmipllrs emcU$, wre must 6ffiol th€m
Fecirdy. Tte nain difercne befren a
cowcntinal fxod&se nsdFl4or and Wce
naniplmor is the inFractim banrecn the naniprlatm
md thc bse d whicD the mfiitrildtr is mu!€d
ftereere efutorg ee d5mmic Eo&l d a ryae
mmilnbrc is more codiicded tbm training tbe
mo&t of a cmwntimal fi:cdftse ftrripdrtrr. ftc
of the pqoccd m.thodb in the Est is ViruBl
Umiel*r ( VIvf ) m.frod I2l. Ttc \rlvt is a fixed
t ec mbot whoe first jofint is a pssirrc ore
r€r€sedforg the ft€o-fleting rdrc of Se ryce
maniDulztor'g bas, AnAher Ec$od is p,Wosed by
I i'ng ct al, t31 callcd Dynmbally Eqtitalclrt
ttlniplur ( DEM ). Ttc DH\d is rlp a firedtuse
r0ot wilh a pssive ftst joid. The min rlftrcnce
betnrcen th€ \a{ sdrbe DEM is th the w{ is an
ielized m6sl€$
siqmlqted in a cocnn*e. fogrm; h[ thc DEM is a
rcal tuod'bsc rdC which cen be pftSnically hrilt md
crpcrim.lly lred fs $dying the Qmmic
bchrior of thc rye naniprlnor. In Ois per,
dpamia d a tw-link, flamr, ftec,floing ryoe
noiFl{n is &irrcd udtrg bdh lb \ { ed rhe
DEhdapoochcs. Simuluirns re givcnto shorv th

eqfialence of tlc dynamics Aev€lryd tV
n€thods.

Lllytruic Model Udng Ib YM Apprc*'[:

both

C.
Fry. r Thpnnpdnsyu

A treltuk dna r$d Dmiprldc milfled otr I
ftoc-fl@ling base is shoum in Fig-I. The
comtinatftn of trc nmiplalr ad its base forms the
ryace nmiptatr E/sem- SIe asnrme rh4 tro
er.t€rnal fws c lfiWcs ac Sied m th€ Soc
miplifior. nertforc, 6e d€r d mrc Co
rc,mins ftld in iutial ryce udo be sebcfed as
the origin of thc inertfort coordinuc frme.

The kin€{ic wgr of tbe ryoe nsilnt{a ig
giwnas

-ifirt i), i,+f,a,'ftr,6fi'+] or
i-.=t Lz

Whue m, =Idass 6ilink i.

p,= Limrclcity of tb CMdlinki wi6
r€spoct to me istiat *rne.

ar, =Aagnlarvelocity of link i.

Rl. =Tte rwtim mtix fu describes the
ooondinde franc j withreryoct to
frarnci.

/, = lnertia tcum oilink i
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f,lapa'al*rgrrlrrr€tocitisofeachlinkapgimin rcspoctivdy. ncrmrning &itztiws in
thcbtbwingeqrmims: €{Patim (t) yt€lds the fnmdcs d the ry

mmipttam syst€rnas

[- .i *to - arAerr,a, - arrB eosarr]
p, =l - ^ wr a - drA.rrn a, - arrB fu ar, 

I
LOJ

a)

| 
- -, *ro - drC eosa, - drrB cosarrl

pr=l - *rsin a - ri,Csin e, - arrBfu ar, 
II

LOJ
(3)

[- a, cosc - qD ensa, - arrE easo"rf

pr=l - ersin a - riDsin a, - arrE sin ar, II
LOJ

(4)

wturc ar=a+q ddn=Q+q+e2
a : Rmim mgle dthe bs rdeiw to the
igtblfr@e

4 = JoiO mel€s dthe mmiphor.

lol lol lol
o\=l ol,r,=lol,r '=l o I (5)

LaJ Lal La'J
wtereMA#ue
A - r ,  +1, -R, -Lz, B = rr* l r  -Rr -L,

C =  r  r * l r -Rr ,  D  =  r ,  + l r ,  E  =r r+ l r -Rt

R, = Vedoromectingfre Cfd dlink i tojoint i+l

L, = V€ctrmeEtiryiftt i b fu Cfd d'ffi i
, 3

r,=R,{lal, l}*r) (O
l=l Lel

r-l 3

I;r1\nrt}nr) CD
L=l t=l

Since the ftee-ading, spca nmipddor s5tst€n is d
actod upm by thc grtyitdiont frrtps, tte leragiu
of Se syscm is esnl to ils bffiic €o€rg/. essming

o[o et Qf asttcvecuoftheewntizld

cofidinses kgtugitn's eldim cil be writlcs as

*r#)-#=o' i=,,\i (t)

wtcre Q, is the gco€taliz€d forcc oanepdiry to the

gemnrWsA cocdinoe q,. Since m forccs is diod

to lh h6e, Q1{. Qr=e, and Qr=r, are thc

torqucs rylied io theltitrts I ed 2 of the

l- 0.lr l
rrr(qlti +cte,4>q=l c, | (e)

l l
Lr')

wh€fieM( q ) is 6e iEtbEsix d C(9, 4)
reF€s€ots Se Ccblis nd cen@rl fuaes o,f tle
systeor. They ae 3x3 @ices ild ghrEn h
lpendixA

lL tlynrnic Mothl UCrgTfc DDftAIEtrd:

The DH\t isaf:redfuee miftdc u'tme frstitid
is arciw jdn- ThE lre dthe sysE|n is letedd
the CX\d of the ryece nmipntrr sydcm d lhc
praEcn€rs d the IErt silidy ttc fdhnine

equatims:

3 r - t t
rhl=m,(L., t(Zlr', Zrrll

L=t t=t t=l
i-r 3

4 = I, w,=r,+1,, lo=L,(2^rl lzr* 11t01
t-=l t=l

The rrcctss 4 rEFEs€d thc link kngfiGofthc tEItA

lni istle maes of thc ith link dthc DHrA .I,f is te

irErtir te$or, ud td is ttc wctfi ftm fre IEM's i&

joid to sc cM of thc ith Iint, rcgectinc*y. Fls. 2
shows space mmilulato'r and its oneryodfing DE]f.

Fig.2 Tbps*ffrdrsffiIEM

Using abovc prffiGrs ild srtrcrilkml fagnngim
pynamics afoech fu fxcd'tore mlrlrlors t{,
the dynamfos d the p nanifUrc aystcm is
&rhrcda:

fo l
_ l l

*rr?ri '*t(q,4r4 = 
l"i I (il)
Lr'r)

urtcrc Ml od Cl uc tbc istie ed Cdidis ed
sfrifugll ffils dthc ryce |nf,|ntr|lldc syffi
wtcn tbc dynmics has dcfutcd uning lLc DEM
apo6ch. Thc €oEfus of there nauice ae girrn in
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Afcoer B. ti d ri arcrberoquesdidlorhe
joidsdrhelxM

Iimg et al [3] bv€ sbfln th dpamics for a
gffil spce mmlFlldc syrilcm &iv€d rniqg eG
\A.f d thc IEM fftho& ale ogirald- In this
lnlrr, xE 6hffi the eglmtre of tbc dynmics of a
tc,o-li* diltr ryce m*nilnkrtc thilmgh
sinuLtfuns. Wepcrfrrned s(re oonlrol ecp€rio€ds,
Fdlowing sim gesere *innr&tion rc$hs.

mSinldlrXcxLl

Fr sirmrhrtfrn a firo-link saac mfiprfur sys6 is
used. The fe€6s of the rycc mmiFl*oir ap
giveninTde f-

Tane.f PaqrrlEsdtb cpc nwiBuam

Iilk L(1) B(r) r0gl r,(|Erl

the &sird r{couilr fu' tb 'milnrnc'frins ae
4(t)=ossfo(il)ru
Or(t)=O.SqnW
Wcfrctacdm d bfututlircd tuequiom
(9) d (ll) md qilqft{d rh3 r€$frs in t[3 sccod
dttftd lircs drbc corr*onanqg oWaics. Ib
we ffi tb eJoq rd*mOtp bctrnco the
eiviDg tonns Dd fu oorlolledpin mgks. For thc
qaemnipn*

v,1=,(3,).,
(13)

d h, = tr'l($)l M(U) ,k, = M(3,1)l M(\l) .
Fn fu IEXtt, dilb bcircGo |tc &ivitrg brgcs od frc
lftAlesce

l'-:1= "{t;)-r' *s)
L"il lo,t

In ^F/' atrd 7' etics d Mr d Cr ue rsed- We
sd€c&d a PD coupod'tolqc contsol|€r [5] to

cmfiol fts mrntrrr*or's acfffis The fuB d trc
controthis

f  r .1
l - '  l =  H (00+Kd+Koe)+y  (16 )
Lnz-J

vcfue 6d is the vEcilG of t[e rbsired t4pctcics, e is
tte Aicmy emr tccffi. Comotkr gdns ae
slecled as
r(" =d;qg(1410) d Kp=diag\t0,80).
Sinulation rc$Its a€ given in Figues 3{.
tqiectories of the base ugb ed thcftic *rdre" t6
ttc_!re nmiglatc md &e DEM se ginen in fg I
adFig e, re+ectircty.
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As w m see, thc sFlc€ nanitnbra fld the DEM
be}firc idcnricerly u/hcnunfu the sion dtb re

"n!{F 

ffis maring crors of rbcirifr trgtcs of
thc DEMae Soum in Fig. 5 andthcf ge ro afr in a
shorttirre.
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Fig;E Torqs did !o ltc joids dtc DEM

Appcndix A

The edies dM(q) d C(q, 4 ) aa giwn as
fdlom:

Mn =ar+az+a,+?a,cns f l ,

+ 2 a, oos(O, + 0r'1 + ?a" cnrsfl,

+ I ,  + I ,  + I .

M r, = az + ax+ d. coser + a5 cofr{er + e2)

+?nrens2r+12 +13

M, = a3 + arco(4 + 0r)+ arosQ + It

Mo=M, ,

3s4

I

a

a

a
a
1

rh,
I

k"
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Mn = a2 + a3 +hroosflr+12 + 13
Mn =4t+AueASar+I,

Mr,=M*
Mn=Mo

Mr, =a, +I,

Cr, = --an fu ilrQ - as slr',{q + 0r\0, + 6r)
-ausn016,

Co = -anarsin4t

- d rdr" nn(0, + 0r) - ar sin 0r0,
Cr, = -ararrdn(4 + 4) - a"arr{rn 0,

C r, = a ra sn 0, + a ra wtdQ + 0r) - a oer titl. e,

Co=-arerslne,

Co = -arorrsinO,

C r, = a ra,,f,O, + 0r) + a"a'srn e2
Cr, =ao(sind,

Crg =o

where

a, = r l (mr+m, +mr)

az=rt \Az +mrCz +mrD'

as=n rBz +mrB2 +mrEz

an--(mrA+mrC +mrD)r,

o, =(mrB +mrB +mrB)r,

da=n\AB+mrBC +mrDE

Appendir B

The emries of Mr( g I and Cr( g , f lae in tle sme
fcmsf M({) aldo(q,q'r,b'r, qi i = 1,...,6.

should be sftcfihfrodby th€ fo[owing b, i = 1,.,6.
nlues.

4 = rf(ni +n'r)
br=mill +miQr+lr)z
b, = mit
bn = rr(m'rl, + ni(r, + l))
b, = mirJ,
br=mi(rr+lr)1,
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