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In rtb wo.l ,aDrlylb ind srnd.ns or RSCi (Revolut. -Sphenc,L
Cyli.drical -R.rol .) sp.ri.l Dfrt'ni$ L Dn$rt.d. Tnn sorh k b8ed or
lf,. Erncnb.lB-D.Mrn 4 r d b.rrir E.rhod ror lh. !@md.ic .i.D.r..itrk3
ol the D€ch. rm irlolvirg lh. follo*ine lhree .r$r : the cllindrlcrl ,rhe
.o cal lrd rh. one{[et hyperboloid ,These ctu.! d.riv. rh.lr n.rnss fron
lb. oatutu oI Ih. locN oa lle slider oI th.liikag. orri.*d fbm the ontpul
Jd. .Erch c$. ir thetr tE!..d $prnElt by rdrllzi!3 dkpr.riot , rL{ ,
'..c.lcnrio! d)noEi. aor.. .nd dr.rni. ldrqus itr act jotr.
Als, B€rhod ts.d or r Lr3nrgiln formul{ion & lEs.trred ro dodeliz.rb.
RSCR ectcnisn. A linll. .l.netrr nodd n ni.d ao Iudy rh. Irucrld
bch.viorot li. lihke, uti4 rie dLplr..nei.! Ef.r.(ed in lh(.igid body
tolior .otrngoalim 6 d.glls of fB.dod . Th. 6n . el.m.!t Bod.l i!'
onbitr.d *lth lh. .r r 4 rrrri.lrmnkt fo.nlLrio! rd th..grdio!! ol
Eolior .r. r,.rnd lrnn rh. l.gr.ngian ol tli. sync'n ExjIIrg
VLo.tN$ih! 2002 rypc finne ehnorr $.ucrurcl rnnlrstu pruersm rm
conbimd *ith.l r.l D...fi dytrui. rutysi! &lhniqres ro yi.ld . p.oc.dure
..p.bl.ot.ohpuritrg f R (!lod.l) vibdio. for...h.a..
Sqql Nf,crlc.l.rmd6 rE i!.lud.d in rhis rorL i.d ira lou6d rhr.
rh. b. snurllon oflh. m..h.ii.m tu h. in, cenrln Inpn. snel. r0nge for
cyll ric.l cse, While toroft{bet hf.rboloid. rh! n.ch.Dien worl, in s
llniied inpct .nsle r.!$ llmiLr ro .h. con. r!i., !I(t !s . r6ull , lh.
E..h8rho Ir .on$de..il B . rcler - Nk r trT. .
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Jl.!r ( ,rxa ) isJri iila E trar J,.!,) e iJ/,j E! d dris , n).n Jd r+i
irJ.i erur tE r i . ,!ir! C, irr! &Jl !. 8J.J i!u. s.l' &r.11 i

. ar Js ( vL, ) ,..r Jj:.$ ir. iri&r (a,.1) Aia ;,Lrr.
A {+.,4 rs,}r j trar *r J3r jrr $ .:!! , :+t6 &r dr J,r.,lr d.Gl
clrlr i.I6' r+ ( eli, - vr!, ) r,i r- i+]Jl-lr i.!..u vrI,r v,itr r! tJ....l
CJt ) eJ., o" nr+i l.a! rUl vlJri,.i i,\.19,t J'r/ ir*i Jir i.+.j !1ji

'(cr''l--

Ao = polilion ofthc iputcenk ener
B = psnion of iL. sDhdi. pln
c = polilioD oirhecylindicp
Fo = p$irion of $e outpul.dnt d.r
Ua = Mn v.dor Fpr.smli,e dE dicnlrtion ol tn.

o\ial disrince of the slid.r lmm a Ea.r.nc.
hi = l.ish ol rh. coupls

,l = TraNnf,natioD M.kir lo dcfinc a coordinlt

i

In tg73 .t{uni.K.H.rrr studi.d
th. gron.rricil condiioft ol r
slrti.Dory conligtrErion for th.
liDtise ol (R*olut -Sphericll-
cvliDdricrl.Rev.l'.r
rlioML: mrtr^i . 'Fi,rlm.chuism Bins TBid Compon.
' aid prcs.nling i*r.riv. mahods of
sdlysn lbr . .ylindric.l 6. rvlil
lioit d uclc oilv. FunhelliM-
rL,id6. ix!' (;id a. -- "roic sheer Lypcrbnod for e Robor
Eorlsw.. rh. m6rn malvsi. in rha
popcr hs b.€ rp9lied 6ing rtr
ealysis and optimal synrhcsisorthr
RSCR Drhmism trhich rr u*d hv
AdninruElL C. K.Fr iispn. 01
amlyrns tn lhre co*s (cylind.r,
..n. dd on. snel hp€rboloid ) lh.
ndhod is lihicd o rh. ditplemor
mly. rnd n u\.d rhc rsmda.basLl

: agL bc$d s)..lind.iql p.ir dir md @upl& in thci. ,la.
- rollrion oftn. irPur c6nl

= ogulur ,osnir orrlE ouP( {nk
= coDpon.ils of the oeulf &cal.ntio!

l hsc aE a difi.lent s.thods
whicn & rd ir DitFing ft.
nechmi.m likr Yuai. M.S.C. .id
Fdudenr.in ,Fh! prc*!6 scEr
cmrdinaB merhod K.D3.H Y. rnd
Suh( HL' dc\clooed Slnrhelis hd
anrb!s ol sph.ri(al <yl,ndi.cr
(sc) li"r h\. \dcr m.rhod, *hile,

of ;sioliod ir mehuism d6isn
usi.3 conccps olvitul displ&oenl
and rohridn A Ecursiv. fooulalidn
k i.toduccd ro obbin thc cllle
laidio oi r body ii r.ms of l,E
$,ic vari.rion of ! juDcriotr bony ind
ol rh. Gldive coordimt.r aions rhe
ctuin, ov.v.r .ll fius ab.v€ studi6
nraioned E for fiDn d msl., aDd
ilso il is wry dimc ror
ptugramting by tlt. conpuer.

Slndoi G. N .nd Edmr-
A.6 rrr ako sh'r c\.J E r.,l Utr1... J.
Rr" 6.d o;i;ii-Hindbst a\a



Mstrir Msurod o s)'6csL drd
anallsis r[e spili.l mlchaDism td fird
od $e disprslcmon. \cto.rn iid

develooed oro.edtrP; irr [P d! mi.
fo(r 'aturisr of \rdi5t rniare .
SnnE P.r u.ud rhr deromplrlrn

'ed'ni4ue 
(.. c Ln ,a 

'h? 
iornr, lnd

charges lh. n..hm sm to in open
loop) i! simplily fic n heiraricaL

In desietring a high -p.rfamance
mechsis for prcpo dln.nic
charade lrics. The ket lactor G i6
narural ticquencics, Thh is be.ausc
ofthe se(ling iine! olits vibratons
.Nalu.al lieqEnci* of a sPdial
nEchannm slnen n influenced by
the iiienir rid ll,\i6ilN.rrhe ihls
and joinlt ,lrtrk orifiaion md
compon{ts .ofprisins rho dlnt and
lodd shatu. Link orienhlion (on$ts)
increase fie fl.rihiliN ol ih.
Deohanish syslem ,loseri it! natural
fiequehcr_ Finitg cl.mgd nxdics dcah
prinaril-\ wiih rbe efto.l olir$ a d
fle*b:li!. ol rlre lrfks and joins ol

Sunadr { Jrd Dubo$sL\.
srr: ' inrodu(ed rhe appt(arion ;l
F.EM. lo th. dyramic anallsis oa
fle\ible spatiol & oo-plancr linkas.
systos ,also $ey $udied fie
dynmic aralysis ard bchrvio. ol
lndun al Roboric M!tripuktor *nh
ehdir mrflb.n Turi. DA 5fd
MidM l'r dcrllopcd 

'eercialized

equarions olDroiion ror de dj_oami.
analysis ol .hsi. nrchrnGm sy em

wrFENFvFi mxd. i FF
ipprorch io Yeclnintrnsotrrl
KinetoelNod\nrni$ B.noull.N
er a 116r .d.v;loprd , F.E.Mod.i for
rhe dynamrs oincxible manipulalo6
*hile Sd.ili.A and Basci.
Jlr?rconduded .rpei enhl and F.E
nod.l .Mllsk ol plandr 

'nechatrisDsshh lhr.c-din.ishnll ec.D.ties
Roy, r ar erlI, pksentd irududl
deslgn oprimiaron and cunpadnc
,dlrsis r ns hilh perf.mrnce
hh.r ,!m vi. FF A FiisLlr

D}noftadd&dft}d$hdh

cesrroyr. J and Schoberl JI'l
devel.pcd a lhree-din. F. E
spprorh to llsxibk nrulribody

The RSSR oechanis,n car be Ned
only for function ge.eElior due ro a
passive dsgrce ol llecnon of its
courler, Pl lo RSCR me.hanisn can
b. usld lor rhe puDoses olfuoctiof,
path atrd moti.n Aenenlion.

Spati.l Kircmsric Anaf sis
Fln.(1.2) sho*s rhe RSCR
n*hdnhm, points Ao & Fo are fixed
$liile B an'l C are moliDgpoinrs. The
locusoiB is3 circle in space ir spa*
in a plane rhar h nomal ro Ulo lith
..nr.' 

^. 
oi oiher l,3,id rhe locus

olc,6vie$ed lrcn $e . put sido.
h a sudaoe stosc sl'ape depeids
upon rhe r.lariv! oie.tarion ol th.
output cruk uis md the cyliMrical
pair uis i. rhat posilion. lhE

b alilh.lhEe cases, iir c@rdinatcs
olde spherical pan Ioslion (i.c,poi
B) ii foutrd ir rhe firsl srep [4]. since
tiE scp is coomon lc dl caes it is
discu$ed sep8ntely here. For aiy
gieen vaLue ot rhe input ffait
rcialiotr l.coo.dinater or poiil B
.a. easlly becrlctrla€d usjigthe

&-
(*, I
rls(l) rhe LtEe mdfiEumrion:

uI



rGi-"d u:;gT--r*,,..c

T.tlc No, O) d.n.Yil - glrre,b.ry

5-aconicol , RoErio. ,bour y by - 6

'bor. lh.{ : io6rion d.ur x b, - 6

3, dro

spalal d.tion manii desoribcn

Frg (2) RSCR M(haikm

This equiion nat5 fiar ia
th. loop is trr!.6ed ,.nd thd
dinreNioi. ol .fth link !id rh.
odios Md hBldioos of ech
joinr d cotuid.Ed , lt. coodin .
s!66 .t lhc end h consrc silh
lhc on. .. lh. b.Sinning .th!l ir ,IE
pldNr of .I rn. m!tries b cqual to
rhc idenrity marix .lhis .quflion ij
ctlled fi. loop-closurc equ.rion .li i!
a ,@/ra, mDt equrion rhr. nusr
b. solvd durinB thc posiiioi analysis

Pdiriolt.rblh-pM.drE
A geneEl posniotr lmlysi!

procedur n bed on a Nc*ton-
iaDhsn n.dir. Pltrcd@ I3l
commoil, us.d for lhe solution of
loDlin€r,For this proceduE ,$e i
Juobkn tud br tE @n-liJ,d
cqutrions tu EquiEd. ntu k r marix
ol lhe fi*t panisl d.riv,liv.s oa th.
<urioB win rclpet to rh.
d.p.idcnr vrirblcs or d.

A s!.eml loop-.losu.

t,
A.d !x.uy.u orc lhc k,y iid z
conpoicnt of !.o,and sO=sinO
cO -coso a.d vO "ve6O -1.
osO.. For Ermird..pansuf
rhe ncchanism ,.s in fig (2) is gen.Bl
4x4 t esfom.rion nanices ee u$d

. 5fiSrS1rSJ6S6o=/...(l)

Cen.El .quation ol rh. .lo*d loop

,,1* 
li



sG Dk(qnrsl.(k-t)..s(n r)nsno

Any otr ernabl. in 'mechrnis d.!. bcd bt a loop-
dNE .qution n Nhotl) conhincd
in onlyono olmad.q, makins up thc

pnder .l thc ewpl.
$str, rhc vffilbte d.notd by qm is
conhin.d n,n rir S(l-l) oily.

i! ,. {.4. .&._
-SoSr:.......s1k'(qd)qSrr-r

{heE q lll. pDF } pe of dni\.ri!.
oPcnror Darix for rh. Str 

'r 
matii

r-(si,s,:......so.r.)\sdsu,,,...s&

zq-

.C.!c

.. D.=( Si,S!:... Sr.r0

$'h.E Dm : d. deriv ivc opsaror
nnlnr $nh Espcur !o rlrc m{h

A g.iel ,h ,r milrn n.de np ol
o produ.l of 41 4 .l.m.nr.ry
t.Bfom.rion o mrtix:

i=r;,3

Fu tta tdtation-.nlr ndt!!*

P6i{o! aDltri! (Nsto!-

E",hs-=L..... (9 )
l,.r lqr I = rhe !.clor of ind ependc ir

Lct Iq o I = rlr. v.cror ofd.D.idot

E\prc$.d ii hs olinc vlnahhs as
defi ncd abov., d. nonliNar eq.

lh. ddn{ir op.drou for l,t

...(r0)

Using Oi R) neniion D@.duE[8].

', " ",, . i i:dL"'r', =o

wnee E n $o br.l numb.r of il,
hdepcndenL.d dep.hdedt !lria6l.3

o, sn,*, ( Dis. a4, r=0... ( 12 )

or :(Di&r-s.1
r=lE(i\i)l

'lh. d.rix .v. is dcrodlnr otr i,.
{.om.io ol Ihc trEchanisn . and
.oirrns rhc GquiEd iDf.m.rion of

t, r,

'.=[:: I
loo 0r

',',, (8)



.onfisuErion od dnnEn3io!. inodq

t s, s. 5T!r,t .=.t-- =i!l*,- ,"-.,"-,, l"4il r,ri

The .h!nS.s ii rh. daD€nd.t
rti.6l6 e add.d b th. cum

h,l-h"l.t^s,)
This ils{ion p,celuc co inG
until rl* chanaq {Aq,) !'c srau

dd Solpp@hc dE id. ity

j -,r,. r

::

.:

t-I o-r I

l=l .;,1

.. tDd +lc I=

rsrti)= -Fl
fs,, s" s,'lllD
| , , l1'-".

4-lr = { $!o4."
s"=-tsDlr(6d+ts,fi,
+ts,Ii,)

DylmL lonc rt Torq&  ..ly.r.
ofRSCR Sprli.l Mcf,rlh

Th. .bsoht velooity of a ,oio link I ,ilh .erdinn.s xiYizi is
f@nd t, dinanriltiis .qudi,on :

vai.bl* =7 in rht RSCR'nechanirm)

or 34 soodr - EDr 4r.o '(r5)

4o)=tsDl ltsl{4u,+ rs,l{q,})
..(a)

4.6""
*d'.\11;u,,="

,,,08)

-ih,=;o,
... a,s- _

(qr)qser)....t- ...(20)

(21)

R.=II x,

R. = U li4t

i-2.!,..,7



.i'&rahiobr'.vol,24Ndr,:0o!

4 n rhe input r.loqiry , U, is rh.

u, - 
,ia,r,q1

-,',,,,.,. (]7)
B-SrSr.... ...S.rqSi.,....Sr
i=r,1,....7
,nd 4' is rh. dsiua!'c or -,.
larioble grwifi Bp.q ro rhs tnpr

Coisid.r? plricle ofm.$ dD oi linti ol rhc melLanrm and h.vire
tuodtMb X,Y/, r 

'he 
cm/n,;

stncn olrh. link .rd XiYiZi in rhc
f6 . (abstlt ) coordin e svq.m
Th. kineti..,.4y oifiis p.;cE n:
ari=)(x: *\'*z:lu e^w
tq (26 ) $is cin be *p.$ed !s

i-4,....... . _?

" '!"('"' Y
a=2J,..........6

=;t\t'\u,tiLltqi

D@'i.id,.lI(dd.Eh.jl
oanscRP,tud4is

:\. h. srslcm iotr Ms nvo d€Crc.t
.l 6r.d@, q, and .\. Norice rhrl
\hei fi. conrEifu tb s3s h.td
consilol therc w., a ercs pr.du.cd
i" lh linl ty th. imio otlh.odEr
mvine liits. Who liie coinBinr h
alloNed ro dov! i.ely, fth nr$ h
Emov.J. SBpp.sc drar an ext nrl
fone P is arpli.d in Dl&e of rh.
mksing mnnmi fofte Then thG
.pplied fo(e P mun bc ih. some s
d. 6shii. loe ,hth *s
rmov.d ln *h joinr oIfi.l'nkrg.
$se !( rht. foE$ lnd rhE.
moh.nr *hich 6u, b. .v.luated.
TEe r.lid I6p.qurion qirh I
d.fomdion bd\Yen hnk i ind tinl

s...s,=l ............(33)
whore S h dE rrsstbmdioi rarltx
ed Q^ is d op.ds mrii
cnnsisr0n( trirh prniculddcfoootion

Brr=srs: s,jQAs,...s, ...(r4)
-rhe 

cqurtion r0 th. posnion ol i
Doi 6lint J *illaleb.diffftnt.
lf lint , comes b€foe thc delomErion

R,=s's: si n i=2.r.. ..i
..{35)

How.vor , ir link j com.! !Re, lh.
d.fomdotr , $s psilion of lhe poim

B, = s's,.q.r(l+QA A)S,..s. rj=i-1.....7 .(16)

]'ic wrocn_\ ora poi onoicofthc
,1ovillg link! s loonl by ti'nc
difiet.nri.rine.q (16 ) Illc rcsuk is:

(17)

'^v,'h,'

dn =ihk{tk

,'lr,b,U*

sunp.$ for ! iromenr thar ol rhce
conslruinG 1verc rc:nored. rhar onc ol
ih. dinrens,q3l p.Md.6 . sry hi ,
trlE frcc b chmee . 'l'hir cnange k.
larblion ofrhc oonft.iit . denot d$



i : r $-Fi l

_ii" *^".* "*.
r , lr3)

rjr-a:rls? t teq .r rrJ

::i-.- *" ' * ., ,..",
'5rs2 si-loasj-r,jj 139)

-=:'r,:,u,,,€ ; i
.,,, i.*,,.1^.'

'1t,at,Ld tzt L\e ^ ral

Dy!rmicJoirl3 RectioG
CoDslder noq g. Lur&ae
de,aibina rhe morio, or ihe

-'}/'t )L4.t -= al _rt r:! J u ,01

.: at, 2=d ,

, 1.. i .. ,. +-, . .. ..r.,, r
Noricing Ir r. kace ofa matn is
equ ro rhe h.. or 6 k,n\oose_fi;
ar r"" km. (o.b ne hA,i
c= r2t"1"t;4 75!a14,^.a ;q,-,,

-r,lr,-"t.!! o. .t Su t !! ",
Thc panial dcrivaljves Equired i, Ihis
exprc*ron can be fou.d ht
d,fteE Er,"q.qur0^ tRr -d, ro',
and.A, uri,s rhe m\utrs ar 

^ 
=0

= 
ittshr,c|+ t)"t )BbB, 

r"qL,tL

*here ,;is rhe *coid paniol
derivarile ot qh Bfth rcspect to thc
ilpur variabl. qr , -a f6f..i,
,b,"=.ts2 sb tabsh

= 
l8br. rorba (45)

d l.h1 P,,tTl-tu=rl' e rc I

r, ir rhc ilynrmic fo.ce apptied jn rhe
novrng co.srainl
Gni, crrh. hnks / r-rhe unln.wa
rorce . rhe bcantrA nnUion ii r,re
d'E!rion of rhe \a4 rAronnBrDtdue
rn rhe ii€nB of ttE molrns,nt_
ro pmd!.e . pos nr! ,dnalion I\ud mKr be doie br rh. .r\rm

sga rn rh. rorce p. ,ds rhe n.yqne

When the .rpresion for kifttic
eiers,, eq (.10), i subnhubd ini. eo(41), ge dineEnhiotr perfomj
and rms 

'n 
A and A iet otrat ro

zem I 0l, su

P=q&./.LLiA, -"ftt'"+' \\'Ierc 4Br is defincd jn a fashion



,th^=y

..t!.-

} r,-i,,,.","-imi,.,
-i!;;r.,..,. . .. i.r,
Th. dyn.mic tc.rhC rcerios f e
now be lbnnd b, substjluriig lhce
$njal dernldv.r inro.qudon I4l) .

Exprndin8 4, rM Ut, rcording ro
th.n d.finilions .!d e.luitr B at .! =0 kdes whicll giv6 lhe beaing
rcrtid in rhe dirrion of^ du. ro

','! f;la' .:,;' .

link E' !.d rh. glob.l coordimr.
lecror " q" is given hy lfr. flnililr

Mi + 6i -Kq =a

wh.re B. rhc 'comr.rihihy hadir,,
rd &. nn link ,rd is, in sereE ,u
tim.. varlins tun.lie or $. nomin.l

.ioinr !n!16 , For structrtrcs- rh.

B, n.ri6 e consrani. Thc atneni
dyndnric equrions ce no$ b{ urineo
in grob6l mrJii{cs by blin3 rhc
rime derivdiv.s oa ., ei*n b,
equ.(51) and substirurirg lh.m inro
eq(s:) lor ..ch link Th. E$ltins
.quatons E lli n praulripli.n b,
B'7 ed sumned ovsr ill lh. links,
rhG eliminttins d€ untnos joinr
in!.,f&c lorces lid produciig lhe
toll@ing global .quiiont ofmdon.

......(r3)

rhe inrti.olihe oving links I

,=,,$[., 
],r.rf e, r.la". ]

. =,.iila'.'1t.,... 11n"'1;

''r l:l'"^'!-;, I

v= i s'r./,
c' t a';, a *;ttrNt,s
K= lBlriB, r I3 !,3irs,

.1.,.,.b.""-t".,"1,'"' - .

e,0,-B,A t

h',. [i NL-o. of linlj ir th. m..h&;m
The ts isfer lunctior ol$esrn n ro
aoyF. odic iiput,Q, i! ohaincd byFinil..l€m.it rorhulrtloD :

lhe Synem Dr!6ni. equ.rions .r

M, A +c, A,+K, a,4i ti2)
h se,.nl, rb€ claridJ D of th.
rcducc'l cooilin rc vebr of $. i$

via:r

'i'

a=0c'
A$mi.grlt cp.r a* .ls b.

d1-ot'vt@ a*xJ'' A .6e)



h!,.TqtmbP,vol2i.xo'.'mJ

Finally ,the iarunl fF4&trci6 A,

sidioory n.clmhm 3rc otbin.d
*ilh. llous.h.lder QR ei3envau.

Th. fiNt sum.rical enhple involv.!
thc qylirdd..l 6nigur.rior. Ih.
econd effpl. ao th. @nc
con63@ion, rhil€ rh. rlrird .bpl.
fo. $e on. sh.ci hyp.rboloid. 1r
op{num d.iis! posiliotr dd
oriddidn lor d,ese cxrnpLs a
slEsn in fic r!tl6 berN
rcsp.clively, tlE 6at.ial th.t used is

TL RBDI rd Disuslor
Fi8.(3) shols lhc va .rioi or rh.
sphcicaljoinr 8ks p, r,., fss,

Dyi0ftldd!'!nd'b.

rhe rio., ,he,. .
(nu.-34) ; d .posniv..un.( trq
+660) md d a positiv. s!6ns at

lm1 .nd in@., b th. 0r. (35!r

and than decE.scs ro tho 2.6 .Fig.
(41 sho*s rh. odhbrioi oi lhe

cylin&i{l joid ri&; n indi@ ir
shns eE lh.n incE6.ro( -0.1!5

m) th deffc.sq ro aro. Fie.(6)

sho, th. sienbtion of lh. oulput

mluc (, =, ) is plon d vfu
lhetim.iir should bo wn lhil it san
r@E (&o1 rh.n in{]te to iB
(30') il (45' inrur .n3lc) ln.n
dece.s. ro z.ro lid lif,ally incrasE

lengrh =r99 mm di.-5 mm onrpur tnt: tenglh =10.2 mm

Tablc-l C.iic,lca;e

tud lcnslh =57.8 rm dil=5 nft ouQrt lint leneth =10 ) mm



tG-!!!lL
LSE!-ie!!?

:rl!-L:q

rynuic ird.r Jdris:d tn$nn

-ri 
='"1

:-,

Conn{1.d rod lcrglh ..3s ? dn dt..=s mm

(+301i( l80o i.pur usr. ).
Fis.(?) shos lh. egol& rchni.s o,
k lphericll Johr (a.a .u )

v.Nus rhe !in.r n is seen rhal rh.
B.chanis is .pproxinar.f $abt. !r
wlo.iry (250 d.y', h.rxED
(lJo-225") input ..sl€. Fi*. {3)
EPEs.ns th. !trgllu vclocity of
cylindical joi (n-) wreus ttq

ri6.i rhe anallar !.laii! ol *c
cllindri.al dekas5 apidl, fio'n
ru. b Bin. rnn ln. (180! inpl
.Iglc) $en incE.scs frcm min. ro

nox. due to fte cotrpler (flolils
linl), Fig.(9) sho*r th. linear v.ro.lry

of cylin!.sl joitrt v. r.os rhe

rin.t Fis.(r0) snos 0E esl![
rclGit) of lne ouiput Bolur joinr

(o,) v.6uc il,e rim. Frcm a1l lh!

lebcni.s nsu.3 i it.!n *en tiar $e
xqEk or drc inqases rnd
de6cs i, rh. joi liurd sulor
vcl@ } cohpoi.iu du. 10 E
porilivB or n*.livo EE of cha4e of
rhe joi.r osles esp.ctircly .

SiB. alv-vlYr .nd ar(Fo vo=
0) iherfo- dE ac.l*arion equll
hfitriry .t F0. ri8.(lr) show Ine

o(oul li',( letrx1h =102 inm

slk ec.lcdion of.h. sphdidl
joint(ar,a!,a,) v6m rh. dn., lt

.an h. ohs.ncd rhar fic a...l.rri.i
atrh3 sbniigtim. h innnit . Fi!.(12)
sho*s rh. onguln .cc.lem'ion of lh.
c)fi'nridl joid (42) Yeds rhc

ritu. r:is.(13) snows lhc liid,
aceleBrioi, ol rhe cylindriel joilt
(aJ venus fi. me E,s.(14) !ho%
fi. angul* lcc.leration (a ) of$e

otr9u! Bolur. v.EB th. rim.. ft cu
Lr kn rhrt lhcrc i. a sequeic. olrhc
incrcases and d.o.ascs in the li&ar
or anBuh rc.chdrion du. ro fi.
lositiE or n.g.d!. Bre of chri8. ol
&. aeul.r d lin€r rclaily

B.Ehe of F=o .a and du.lo a

.q@l infiniry .i tI. time = ao , $!
equal infi.ity !t tnlt posilions,

Fie-(lt-I8) r!o* ih. d}Imio forc.s
fiat ..ie o rnc conM.d 6odi6 by

rh. joinrs duting rh. opmrion ol rhc

oechanism (4.4,fl) vemu5 rh.

fidk egl., ir ir cl..i drat ill lh.
.hrEisinics ol rh. chd d.p.ndt
up.. rhr &c.ld.ion ulu6 b..iu*
or (F=m,). n is cltu rhat th. t.5t



opemriotr inpur angle uge h
beseer i0''31c") i',pni ssle
Bccaus or (Iorquc =I.4) sh.r. I
h the mosent ol iFrtia aM due to
(l eqMl infiniry at $e naning ze6
so (T !qu.1 innnly).r lhes posiri.n
h is clearthal lh.E n notoqu.sar lhe

spherical joint due ro rhen ,hysi.al
prcpenies. lig{19-22) slmw the

dyoanic lorques that arke on the

connccted bodirs by fie joinr during

ihe opemrion ol rhe mcchanin
(l,I.l) vmur liccidnkdn8le h is

dear Ihd allthe cbaracreristics ofrhe
lhds depends upof B !.celcntion
lrlnosb.causeof (T=1. A)
Fig.(ll-27) shor rhe vtridiois h rh!
firsr, secoid. Ihird. fcnh . and fiath

drtural ii<uency wilh .m[ aDgle

lor (RSCR) cyiildrical spalial

mechaDnm case tor bmplere rotaiion
(0 - 160") usitrc (Io-ro'le panbolic
leuahedrotr b!ic! .].'neit) (,
elomenls = 450, * nndes = 957) A5

.rp{r.di an inherenl chamclerisric df
(ch me.hanisn G v.ified in rlat
tlEy manifen vcry lar3e vadaiions in
t]'cir nanral (ftodal) iequsncy Nnh
pcsition, so d,G illu*aes $e
importance of mludin! libri(ion
eftects in Ihc anrlysis oi high speed

RSCR spatiil mecha'sn. Th. narural

li:quencf d.pends on ths [(]
sdine$ atix, rince ,n Dadx
dcp.is on tft orientuno, ol ihe

mectsnism which le.ds rd a vrriant
valus,ra fie mlunl l&quenc} \Yitl,

lhe change oa(he mk(irDut) aDEle.

'Ihc pointofneLnum $res fallon

ris. (23 ..b,cd,c) shos tlr deformed

shapes for dre finh modes ol fEe
vibBriotr fo! rhe (RscR) cylindrical

sa* spati.l meclEiism at (40!) inpur

l- Tne ouipu! coifigurarion in the

cylindric join! leads to give thEe

case!: cllindrical, coniml and

hypedo lo id therelo rc rh is nechanisfr

.an be Bed .e.€r fixinS . cunirg tool
in the cylindrical jol'l. lo poduce

rlree kinds oi eeEs or pai ing ot

:- Wnh rcsp.d ro rh. iiputcrank, $e
outpur molute a.gh, and rhe

follo*lr lEcrioi is indiared in Ihe

eenario ol each case n was fouod

a- cylindical .a${360') so: double

b connil case (2r0) so: rocke.

c-Oie{h.d hyperbolold (2350) so:

rocker reker mechMisd.

I'The be{ op€rotion range of mgle

a Cllindlical case is belween 15'-

b-Conical c6e is besec. 0" 40'and

c-Onc sheei case is berweon 0" - 180'

wh,.alllhc forccs l.nd to h. a small

dnoun. &.oneani ( i.e. a snall inpui
po*er to oPente rhis mechanhh) in
.oniasr, all lhe olher lalues



(di{h..nrdr, y.lfti.r -a.c.ledion)
ac consrrnr ipproxiror.lt
,1. Thc llrgc vlrirtions in rh! narml
(nodrl) fisqucncics {iln rcspcr ro
crank posnion, iidi.{e! rhe

ihrcn ce of including vibdon
.ffcc$ in rhc rulrsh ol high spetd

lln desi8niie a high-p.fo6mk
ndhrDisn lik. (RSCR) mshsnis'n
tE p.op., dyot ch.€ccrisics. $e
kq ,i.ror is i6 nftBl fEqucnci.s,
Ihis i5 b.c,us. of tu s.nrins rimcs ol
irs vibnrions Natuel fi.qnenci.i orr
sPEtiil .. hanisn sr"em ( i . RSCR)

h influ.rced by the i,?nia lid
iexibility ol r!. links edjoin( lirh
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Fi-!(23) Five dclomcd shapes for RSCR mechmism Cylnrdrical
cas. using finiG elemenr ( v. N&strs 2002 proanm )




